2 9 DEC 2005 WD 03/003420 *166166* PCT/ USO2/ 20695 TI TLE OPTO ELECTRONI C
.DEVI CE | NTEGRATI ON FI ELD OF THE Mmmmﬁml ﬂm his invention relates to
opto-electric chip integration a icularly, to highg peceodh dense
i ntegration of opto-electronic devi cessisdBACKGROUND FIGS. 1 and 2
il'lustrate apRy@afiliss, t hat have been used in the prior art PCO/UH2A6R 10
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chip. According to the approach of FIG =% ltiple | asers, are formed on a
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(i nterchangeably referred to herein as photodetectors) on their own or on
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detector 108 devi ces . Dependi ng upopaAdGREOUNDCUl ar techni que used, the
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| ocati on ermﬁﬁﬁgﬁ?@c’t&ﬁ | é(gfectro%)i(g: waf er 114, and bonded to the Si

el ectroni c wadevices tb femumi intygvatsd wleatre-eptierl ¢hiPi p- chi p bondi ng t echni ques.

Fol | owi ng bonding,, t he. ent | , BB dsark, &% fbanedone wakirisutsttate
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using conventional techniques such as wet or dry etching to form trenches 1 12 among the

devices 106, 108 which separate them into a series of discrete individual lasers 106 or

50  detector 108 devices . Depending upon the particular technique used, the etched trenches 112
may stop prior to reaching the substrates 102 or extend partly into t_he_ substrates 102.
Following etching, the substrates 102 and their associated dgvices are inverted, aligned to the
proper location over a Silicon (Si) electronic wafer 114, and bonded to the Si electronic wafer
114 using conventional flip-chip bonding techniques. Following bonding, the entirety of the

75 substrates 102 are thinned extremely thin, by conventional mechanical polishing methods,

conventional etch techniques or some combination thereof, to on
the order of about 5 microns or less to allow for close optical access to the devices and create
an integrated electro-optical wafer 116. |
Optionally, the integrated electro-optical wafer 116 is then patterned, using
30  conventional techniques, to protect the individual lasers and the individual detectors are
coated with an anti-reflection (AR) coating 118.
A related altemative approach to the technique of FIG. 1 is shown in FIG. 2. In this
approach, lasers and detectors are formed as described above. However, when the technique

of FIG. 2 used, the trenches 112 are etched into the substrates 102. The substrates 102 and

T

100002%



approach, |l asers and detectors are forned as descri bed above. However, when
.the technique of FIG 2 used, the trenches 112 are etched into the
substrates 102. The substrates 102 and 29 DEC 2005 WD 03/ 0% g

PCT/ US02/ 20695 their associ ated devices are then inverted, al |§ gdzqao t he

‘proper | ocald @meRyer a Silicon (Si) electronic wafer 1ldpcposhhe0sled to
the Si electronic wafer 114 using conventional flip-chip bonding

t echni ques., Fol | owi ng bondi ng,, the substrates 102 are then wholl >(/ iiem)ved,
by convdhtif #isediatadeeviess @ thepgnyestsiyaiishet tedbpropyiocsHen OYFaAR SEICR Ridchni ques

or sone QuLoRRicRAAN4! BRMEMed t Bedi ERVWIIH weteP Rt Qg SRVenfieRd Sfp-Li8pt he

devices and create an integrated electro-optical wafer 116. Optionally,
t he i nt edroading tehoigneso -Ropowing|bovding theisubstratest 198 argihen whallremeveds bY ect t he

i ndi vi dual | aser t. Ladi v : | an '
anti - r ef |SBY B%X%lg%%%?Pé\%ﬂn\éﬁﬁ%’g{?‘%%‘&‘g{s‘ﬁc?%hg%c?ﬁah%érwl&and FIG 2
make ist poatbildtien tieraétio alddw falcloke bygtical awrest fo thptledads ahé miseats apiegratedough t o

the devices to capture e appropriate light without allowing |ight com ng
from or “g%tﬁgopp& “éaé?ra}ggnt devices to affect any of those adjacent

devices, a proRicaEngMuHtedsitedeleossbplidal wiktpil Ceds!then fatiéried @ Gbtéctthd hat the
separation di st'ance between a device and an optical_ fiber or_optical

mi cr ol ensndiziduaklgsernand thepdividualdietectontrie eoateriity an Frrisleion (ARl BEsUr e
that th L onid i D% OF PER 2L ANE Enosk | i
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of the device prevent rom escaping $ : e thinning
t echniqueoptitalAeBes dlosesmtaugisto thradeviceciornastarethe appeongiate light withent eBewing02 t o

about 5 nigrons.or. |less .a t he ) I I V. bstrate
T02 ent 1 i SR om STEP P by e0feBRRG R R el or b PR RSO R O
t hese t ecjroblehEimolvawe Yabsstalltiarkypicelly, sliis ahirgs thateld epapion-didtace betwieen ehi ps
that 20 have heat dissjpation proble uring u and | eave the individual
devi ces Vé’esaéag?f’?%ig erOfP,%tFCFﬂgtFJC ﬂ%‘#’ﬁéﬁé&?&jﬁo t¥8%¥ses produced during
t he manuf act ur A #dtiona09 Siscth teblBHRE YnsufetHatGhdig adendisitntiibaht Berbiag ldykdset i mes

and, accordingly, decreasing ylelds and overall chip life. reover, for
t he aphr oRitek thsrachvg Iegiopef %%GW@F@IMP?H%@%H %°m§E°éR1P$ ERES e £ and

FIG 2 (Waghfqld rFaaDeldiales e BBl SRk e CEMNGAD 105hE5RSmENIRSE! enced by
the devices are 26 primarily transferred to-the ver I n optical device

| ayer whi lebs 4nsl threppseach of BIGa RIrgoaywsa kiesubstygter ltOZGntitemeYeG‘égg galtipihybolly here i s
s sensi (PR BB BB TGt r et ural st resses resul Ling from
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- devi C55 hﬁésvethve\gt 15\{9%32’6{(?& prfogfemg laltll%jlgnlilsg Und leave tﬁe individual devices more sensitive to
thermal and mechanical stresses produced during the manufacturing process, thereby
reducing individuai device lifetimes and, accordingly, decreasing yields and overall chip life.
Moreover, for the approach of both FIG. 1 (where the substrate is extremely thin) and
FIG. 2 (where the substrate is completely removed), stresses experienced by the devices are
25  primarily transferred to the very thin optical device layer which is the structurally weakest
part of the device. |
Thus, there is a need for a way to create an integrated opto-electronic chip that is not
.as sensitive to the thermal and or structural stresses resulting from processing and/or use.
In addition, a manufacturer of opto-electronic devices has two avenues for obtaining
30 the optical and electronic wafer — they can manﬁfacture either or both themselves, or they can
obtain one or both from a third party. By manufacturing both the optical devices
(interchangeably referred to for simplicity as an “optical chip™) and the electronic wafer

(interchangeably referred to for simplicity as an “electronic chip”), the manufacturer can take
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unrel ated wsenmle, dhipsicentainingk Apide Fattngertirabeaveh 1asFS: RAFOMEMIEIRYFEEY wi | |
all be- 'O%Q\Figﬂaée?s hﬂﬁibg?é&%eéﬁb@&abp%\j %Pdikthb&tg&mgg%%%é&@rémg?lasa ikl e

with the el’'ectroni é chi For exanple, as shown in . a single_ optical
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pads 302, 3J0gf edsleélg" SS%S,PI"SF’ e g e ‘HE‘FWES °°‘HP?“§’E%‘H“§@‘°5°?FS%I%‘H?%&% G 4.
25 This present qroaemgm, QoW iR FGI 3, akingleloptitdl derdld 300thas bentiatpads302, mat ch”
devi ces. Mbreover, i .chip is desjgned wth connection (t%o a .Qartei gpéar
ot her &R p 304 placadin thepositiqn et fehby ’éﬁ)ﬁ?ﬂ“gaci‘ﬂ’@a@em&hﬂé%%"te COHQEC X3 PPRr ent
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position specified by its manufacturer. If the optical device is flipped over, for flip-chip type

bonding with the electronic wafer, the contact pads 302, 304, 308, 310, of each will not be

aligned as shown in FIG. 4.

25 | This presents a problem in that it limits the ability to “mix-and match” devices.
Moreover, if a chip is designed with connection to a particular other chip in mind, and
sﬁbsequent events create a need to use a different device with a different contact placement,
all the planning and coordination done for the original device will be irrelevant to the new
device.

30 Thus, there is a further need for a process that facilitates the ability to mix and match
devices without there being any coordination between the designers of either or the use of a

standard or common contact placement scheme.
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sol der on the contact pads e height of the resulting solder bunps,
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electrical contact pads to be protected as well.

20 In addition disparate treatment of devices causes other processing problems when the
processing must be performed on a chip having electrical confact pads in the same area. For
example, if a chip has electrical contacts near the devices and electroplating, electroless
plating, thermal evaporates, e-beam evaporated or sputtering techniques are used to place
solder on the contact pads, the height of the resulting solder bumps, renders it difficult to

25  pattern areas to protect lasers from AR cbating because the solder bumps are much taller than
the optical devices. -

Prior art lacks a way to eliminate the need to pattern a protective layer over the lasers
while allowing the entire wafer (i.e. lasers and detectors) to be AR coated.
Thus, there is a further need for a way to permit integration of multiple types of

30  devices on an electronic chip so that any additional processing steps, such as anti-reflection
coating, can be done on the whole wafer at one time and without special patterning after

integration.
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First, it must be possible to get optical fibers or optical lenses close enough to capture

20  the light without crosstalk. Second, there must be no absorbing layers above the active
region of the devices that would prevent light from escaping or entering the particular
devices. Third, there should be a large enough thermal mass attached to the devices to allow
for efficient heat dissipation. Fourth, the structural integrity of the devices should be
maintained during processing so that stresses or strains experienced by the devices do not

25 impact device performance.

As noted above, the approaches of FIG. 1 and FIG. 2 can satisfy the first two
attributes however, neither of those approaches satisfies the third or fourth since neither
approach results in a large thermal mass attached to the devices (i.e. the substrate of the
devices) or reduces stresses on the devices.

30 Although applicants are unaware of any such case existing in the prior art or
otherwise, the approach of FIG. 1 could potentially be made to satisfy the fourth attribute by
leaving a thicker layer of substrate on the device. However, this could likely only be

accomplished if the operating wavelength of the particular devices were very transparent to
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Furt hor - welin b oy SREHEEoni 3P Stenbriay o AP uP e ies aret d 1o

produce, hlsﬁ hisihg Mbeted addidret mhﬁthﬁd paied ﬁhdnﬂﬂs&ddf StillAurftlier, Sive &5 adtanabed he
invention involves a nethod qf i ntggcgratl ng a.chip a back5| de 15

active opti%8! the RigY. mﬁméer@aeﬁgwc 19 RreduSH thighsT y161|4. aag frarroxgd qpgradipe Bffe

optical device, gy ﬂ?eéafﬂ@qﬁxteﬁﬁoﬁndaveslaqﬁém it a@&ga {ith 86hdicéRe
regi on and an opti cal i nactive region each abuttl ng strate, a

bondi nd3si @étlmﬁltcblpt Hdieheelisids asiihoptiogd ghip hawestileast Qﬂﬁl%k??éé%"lcel'h%’lmhod
invol ves if,. fe%&%

M crons over ?‘ﬁSl&u nﬁlurdﬁl %e'm%ggﬁy\sldgﬁ?%% Bﬁaﬁ%cdk%ag lh%g%s(u reg{hea])geléll‘g t he
optically mubmtﬁ,egpmhnmdd: epHosite/ihe gotive sideasd a devisothicksesss Themetheder t he
obtical 1y 1RAGhla1Puk SsRRe nBONCI0gL BERRL A&t Pod iddIS oShSRd LBRME, O P
using a fli process; L& over
optically aactwe/&gon,etglmng theﬂmﬁ:e!mmdvmﬁm@ncaﬁy acﬁue reglmwhﬂ@}eavmg/atllaaets a

hybri d 2%' ecstogn%-sg S Ia‘cce%ver e Qpn %ﬁy e region; bonding the optical chip to the electronic

chip using a flip chip process; and creating access ways in the substrate over optically active
regions. |

A second aspect of the invention involves a hybrid electro-optical chip having an
electronic chip and a backside active optical cﬁp is also described, wherein the hybrid

25  electro-optical chip is created by one of the described processes.

Althird aspect of the invention involves a module that has an optical chip having at
least one laser, the at least one laser having opposed mirrors defining a cavity therebetween
of a thickness, an electronic chip bonded to the optical chip, a substrate over an active region
of the laser, the substrate having a thickness of between about ten times the thickness and

30  about 100 microns, and an anti-reflective coating on top of the substrate.
These and other aspects described herein, or resulting from the using teachings

contained herein, provide advantages and benefits over the prior art.



el ectronic chip and a backside active optical chip is also described,
wherein the hybrid 25 electro-optical chip is created by one of the

descri bed processes. A third aspect of the invention involves a nodul e that
has an optical chip having at |east one |aser, the at |east2@nged 2008
-havi ng opposed mrrors defining a cavity therebetween of I s, an
el ectronic XH?ﬁy%Bﬁﬂed to the optical chip, a substrate ong¥E%&é@ﬁ§ve
region of the laser, the substrate having a thickness of between about ten

tinmes the thickness aRohi30AReYAd AOAr¥idedcBBEd hetdifl al)h BRI tHeahhgCt i ve
coating on top of the substrate. These and ot her aspects described herein,

or resul t i atyahiages anddeaierenayailatle fipmgapressotitiug eraepditaens #nd 259 Brepatedalialat ages
and benefi 1sisP ﬁ%&%&%&?ﬁlk g'ge i%{;etntioé % %cﬁﬁé&@%@rsto\é@ﬂ%ﬁh@Q %I%t%%t Rl US02/ 20695

The advant ages™ an escrib ein are a few of the many
advant agescasilefeddimitationaaraihk adyvlerticnras mefimdrbyshetlaimsyer lantabighhemepuvatettsar e

pr esent gd 0 sist in understanding the in ] d 3

under stsgod%tn*?gff%%%%&nétaﬂ% S %Iéhes% 8%’5 6 ?32']56 *“P%r@]‘gﬁ%%"?‘% ﬁglc%)ﬁﬁiﬁfggla?% ent i on
as defi nedcdinot b@siﬁlh]ghﬂéﬁuslyapregénmntaasﬁﬂgmmmimqm 'Slﬁtlﬁeiﬂlyfp‘soﬁle:‘.jadvﬁﬂi%es b msh
For instance, some of these_ adyvantages are nutua contradictory, in.that
they canneplisebleiihone aspebaking YRRy pnd lﬁapfhﬁ?lﬁlﬂeg@(?%% g‘é}“ﬁ’eﬂ’fs. Sugi;?ﬁry oy,
some advanrea%és AdCdvARReh Gl Endt Be SIRiRRAWdpofive iR AeteRMVATHEI cGilivaldhed.

i napplicable to others. Thus, this sumary o features and advant ages

shoul d not Additippakfeatures andidypasages of Geiinvegercyill berorae anparephindhe Pllowing

Addi ti gpal \éfmz .Lavention will becone apparent in
the fo ovmd%%%gfﬁ&g?so%?ﬁ%?%on, S?%@frf{ot%glteg%angs, and fromthe clainms. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 illustrates approaches that have been
used in the prior art tomgﬁg@m‘m%m devices to form
an integrated el ectro-opt n S approaches that

have been used MG halBkdt@rapproaciesthat lipebedrilstd il the phwataktamagachtriultiple devi ces

to forman integrated electro-optical chip, FIG 3. illustrates a single

optical debpéemmmiingdariesio fapenintagraisd plecrterisatiiBon  specified by its

manuf aggurer angyg, i’ﬂ,fu%ﬂraﬁgb a%f;roﬁéhe@hﬁ?ﬁz{v@'%éhm&ﬁfth fidt 2600 aAsdh datslepl aced
ie [

in the position specifi y its manufacturer; 20 FIG 4 illustrates a

si ngl e opt bottbmcavilting davices te Sormepntintogrgted slegieeraptioal ¢l position specifi ed
by its manufact r OF: 1 | ; t Okt 158dea M 1R s59RLACt pads
pl aced in the %@i%?@gu%%sgac{éélgg‘m%& ‘%?lscgnl‘"gﬁlﬁ g@% ?%?ﬂ ofe whi cﬁ) each w ||
not be al i gpedfiedbyGEts Mmanufichstr Bl @epoitivngif ap leftianit wafghwithe oaritach pads\plased inone

X | h. r.di .
exanpl e ap%gggsmo%cs%gmﬂe«fﬂr its manufacturer;

20 FIG. 4 illustrates a single optical device with contact pads placed in the position
specified by its manufacturer and a portion of an electronic wafer with contact pads placed in
the position specified by its manufacturer of which each will not be aligned;

FIG. § illustrates in sim.pliﬁed high level overview, one example approach according
to the teaches of the invention;

25 FIG. 6 and 7 illustrates several different access way variant examples;

FIG. 8 illustrates an optical array in which fibers are supported by the substrate;
FIG. 9 illustrates an optical array that accommodates an array of microlenses;
FIG. 10 illustrates one example process for creating an electro-optical chip variant
according to the techniques described;
30 FIG. 11 illustrates one example process for creating an electro-optical chip variant
according to the techniques described;
FIG. 12 illustrates one example process for creating an electro-optical chip variant

according to the techniques described;



to the teaches of the invention; 25 FIG 6 and 7 illustrates several
different access way variant exanples; FIG 8 illustrates an optical array
in which fibers are supported by the substrate; FIG 9 illustrates an
optical array that acconmpdates an array of mcrolenses; FIG 10
illustrates one exanple process for creating an el ectro-optiZ®IDEEh2B

vari ant acq)%qj;@gutoo the techni ques described; 30 FIG 1lpphidsihaises one
exanpl e process tor creating an electro-optical chip variant according to
t he techni ques described; FIG 12 jllustrates one exanpl e process_for
creating an el eBiG-d3 SHsteigs orgxemplgiressss fonereding an GlecEo-pplical i MTHgk s
descri bed; o £ Qﬁ%é@% ued@eL3hQO3420 PCT/ US02/ 20695 FIG 13 illustrates
one exanpl e procgess or c?eatl ng an el ectro-optical chip variant according
to the techni quEKs.ddslustisted andthaBGopto£ldcirbuis dedeeleizguaediesin epranne sasilardai ¢
devi ce bei reat ' \nner simlar to the devices of FIGS. 10-12; 5
FIG 15 i |ﬁ‘g§’t%¥1§?se§q"§b§r g%gg’s usabl e for bottom active devices; FIG 16A
illustrates a pFIGassllusatse ptaesstusqhdd fhebattm saivddeiicss; FI G 16B

illustrates the ocess where the contact holes are coated, but not filled,
and can assi sth(% lgg‘l H ;apﬁ?cé?sufg%goﬁz)%ldﬁﬁctbvﬁtedie?ﬁ?s’chi pwithits
contacts rer out grz DYBARLERER HIRGrbdealt@iEerOthe thiact 1O1es tisTbited, dut ot e nd he
contacts on another chip; FIG 16D shows the contacts on an electronic chip

rerouted byapisistinudliggmentaces on the substrate to match the contacts on an
optical chip; -chhﬁﬁclsﬁowlswgﬁﬁcamﬁ) @itlﬂ’ft@%%a%ts’frbﬁh{eé'babﬁ’d Ag trSd20 WA tHeN
Figure 16A except that a carrier 1iI's not used; 15 Fl 18 ilTustrates a
connectlion sdistrptede matthgheeontdstspnsseliencdhiigonnect different devices; FIG 19
illustrates ano r i I t O i vSaferhinb AL opar i ant
of the adapter &:?ﬁ ) 106? n%\hgs:)‘}tg ?ﬂé)énc\égﬁil:tgm\]/gﬁg%@ﬁc%%%uﬁgrﬂﬁgps| % actsiove

devi ces; FIHa suB§tAuté folmatth theesnta¢teomsaraapticalghipf t wo or nore devi ces using one
of the techniqu ording to the inveptiaon: F 0B.i . a
nodul at or st ack bﬁQ’ﬁBf)ﬁa&?ﬁ%@r?cﬁsesFmﬁ%;{%{gha{osn8w8$9 F#e”%tlgéh%:%fhltehs% b g%%glfdi ng
to the i nventdtered;

15 FIG. 18 illustrates a connection chip or adapter chip used to connect different devices;

FIG. 19 illustrates another alternative implementation, which is a further variant of the
adapter or connection chip variant, usable for topside active devices;
FIG. 20A illustrates the stacking of two or more devices using one of the techniques
according to the invention;
20 FIG. 20B illustrates a modulator stacked on top of a laser using one of the techniques
according to the invention;
FIG. 21 illustrates an array of, for example, one hundred lasers created using one of
the techniques according to the invention;
FIG. 22 illustrates the steps in creating an array for a DWDM application using one of
25  the techniques according to the invention; and

FIG. 23 illustrates the process of FIG. 22 from a top view.

DETAILED DESCRIPTION
FIG. 5 shows, in simplified high level overview, one example approach according to
30 the teachings of the invention. This approach overcomes shortcomings of the prior art while
permitting close optical access, removing absorbing regions, providing a higher structural

integrity, and having better thermal dissipation characteristics.



FIG 21 illustrates an array of, for exanple, one hundred | asers created
.using one of the techniques according to the invention; FIG 22
illustrates the steps in creating an array for a DWDM applic Bion L ng one
of 25 the techniques according to the invention; and FIG Zg 05y ates
<the process 2..22 froma top view DETAILED DESCRI PTI shows,
in sinmplifi é‘gsﬁ%ig)%zloevel overvi ew, one exanple approach acg%jF F%O%S 30
the teachings of the invention. This approach overcones shortconi ngs of the
prior art whil eln theappredch ofFEF. Os e lasgtwaferl 502 (oadesyp afdasensiintggrated whithiang

oot of bt 1 3el  Mahar Ivbter s Gipas B SRl BRI sEhiE L 0o)
PCT/ US02/ 2(363finea, foh examé, 03GharfachkiGy tiem Bingasenvenibedl t@biqhemds up of

| asers integrated with a substrate 102) and.a qege(gto waf er 504 (made up
of det ect oP¥chase SgmeAnAPPIPEAeANEd Ry Adlemetve]y, alybRh AR BWde FRPT ihnpl e, by
manuf acg ur i gg Eﬂ?&@té&?&r@Qnt%rﬁ@@%ﬁﬁ?a'o@ﬂﬁilonEﬁﬁﬂ&b,%?eﬁinp@é{ in fiCAIBMBtidg OM an
appropri ate tlgnrd party. '_ternatlvelcéo, a hybrid wafer made up of both 5

| aser s andpattereor athes grovping sstreanufictuiedorobising substrate, for exanple, in
sonme alternatin e Wl -quglg ; I ned.
Trenches 506 argreé@ge%tggé?Ig%écpgégbséro%%%?é@g?%dt%dﬁ n |1\t/i&§&:g§ ﬁ%eew cggﬁt?by

et chi ng i ntie subdtated vl sahegasex; jntd appsapriateganps pf deviaes,fppexappleassshgwoips of
devices, for exanple, as shown in . 0 nl .y, assigned..applicati.on entitled
Redundant BEFRERNAAssgngd @BEF%BHSHF@Q%FWH@F&C@ qulﬁcﬁgoW%“ﬁlyi s

I ncor pep at gere¥th €ind viMcH BifiofRERLd Réteif b§ Riféiende)bpetthig flid tielsabstratein Some

pl aces while stopping the etch prior to it reaching the substrate in
others.  Aseme placesveillp stappingdhy eigh piisy dhit FoRRIRg theSEPSTRE 1B PESHS: on of the

optical chip it ﬁlfnaﬁ%, sife (e ifiventiBfisnbOBE broftidf of ihtEopiRiIhip i&é@,}’jﬁfgf"%é;f the

devices, or etc g to Created discrete devices), the above woul g
ski pped enf(i.¢, dhecréation hEthe yeafaagrowtefdls deyices onelehipg fterdetidisgpele deydcesy: 15

made. The ti.cal i ) i s . -
el ectroni C%E)\A?aafbé?e gg@\éé)(régh\ﬁﬁ%ﬁ énéeﬁ Y %ﬂﬁ@hg%@é lgéci)vr‘{?fcggﬁ %‘rg %yﬁégléar?gj,? for
exanpl @5 camdentional flip-chip bonding techniques or sone other
appropriate proprietary technigue.that acconpl.ishes bonding of th i cal
wafer to the el d0f PRPfaLIGHRIeaYatr Sglegﬁvfg?ﬂcaélq% ﬁnetaeqvleﬁ%nl %ecrl%gﬁlﬁe“fa&er%g %A

Al t er nat i velordedad theasldciohiRRE SR ukifg, ForBxagpleSsonvéntiohidlipphipbesdngng of the

substrate 102 can be acconplished, as, descrj hed thredi at eLé/ beé,ow, &i t her
prior to bAPRANINYCHT SOFEiothsr appropriate proprietary technique that accomplishes bonding of the

optical wafer to the electronic wafer in a suitable and reliable manner.

&

20 Alternatively, and advantageously in some cases, further processing of the substrate
102 can be accomplished, as described immediately below, either prior to bonding an optical
wafer to the electronic wafer or after bonding, so long as it is done before cycling the devices
over operational temperature extremes by device operation if done after. Such processing is
unsuitable for the prior art techniques described above in connection with FIGS. 1 and 2

25  because, if used, it would dramatically increase thé cost of producing devices by requiring
individual bonding of each discrete device if the substrate were completely removed or
dramatically reduce the yield, due to stress and/or strain problems when the substrate is very
thin.

Depending upon the particular wafer(s) and optical devices used, different processing
30  variants are now possible.
In a first variant, the substrate is thinned down to a thickness in excess of 50 microns,
typically to within a range of between about 50 microns to about the 100 nﬂcron thickness

typically required for close optical access.



wafer to the electronic wafer or after bonding, so long as it is done
-before cycling the devices over operational tenperature extremes by device
operation if done after. Such processing is unsuitable for the prior art

t echni ques descri bed above in connection with FIGS. 1 and 2 25 because, if
‘used, it would dramatically increase the cost of producing del/iDEE

requiring igglhvdesid@l bondi ng of each discrete device if tm/ﬁggg%gﬁte wer e
conpletely renoved or dramatically reduce the yield, due to stress and/or

strain probl ens when the, substrate is ver t hi.n. Dependi n on the
particul ar waf dp asseond dariggh thegu ﬁeﬁeé@ﬂt%‘éaaamq@wrogﬁttwls?@e@g&% 30
vari ants ahRrdRWn®2suat Pthelnés c@rré%[uﬁdmg’t%rth@tﬁlchlésg‘ 8f t?nu Bﬁttdaaamespohtunmted
down to a thickness in excess of 50 microns typi cal to within a range

of betweerthaB®ar. 50 microns to about the 100 nicron th| ckness typically

required for closufPlda o868k il Rifernaifl Soodt S0 A60024enout s0

PCT/ US02/ 20695 Tn a second vari ant, e substrate 1s thinned to a thickness
of bet veenmabonst 100 mcrons and about a thickness correspondl ng to the

t hi ckness of t cal. on. o t he wafe |rd [Jant,

t he substrate PE“‘&E ‘ea&mt her ﬂ%ot{ cg%ess ff tEf)SUbSt&a}%lr?sa{)%lﬁ {] cn%sl

m crons. |detaeBplicﬁldbvicapbmnhpfﬂdaesraéartﬂhmﬂﬂgimkatmued t he substrate i's about
equal to the t . of th ti,c i ce por.t fer
thinning is not ‘fa&ant tlhﬁs'g’ g? %V‘SF"fé totaﬁ@ fé‘t?ﬁ%%"ﬁ{ 1ﬂ?ﬁ nned down

to a thi Ckme@lb@ﬂ{eoﬁﬁléﬁﬂhevﬁ&ﬂohﬁméﬂﬁ&d&ﬁass of the optical deV| ce port| on
of the wafer. 10 As wll be apparent fromthe description bel ow,

accor ddhce wit hAﬁ Wil bepppsrentdipm thedlesqription briaw, i pccordanes waity the 1@{95%% thee
coul d al sogRg KGR fﬁﬂe% V\gﬁtri sidahte tHQa Litb Bgﬁgﬁﬁr&?ﬁﬁ%&@&l&icl&ﬁés ndebRSG fopt i cal

access, for exanple e access ways are constructed (as descri bed bel ow)
to allow élose eptsalracicsn fafexamplopvhara heckistyeays ote cristiuoted (rs desrribed bdowkicess

ey 10 2 SRR AL BRAPL Gkl B LRGSR Wl Lo ool AR ARl by

access range. IS expec SUC case
An access fiam thd Geviderwithivethe olose qi’ucal dccesn cdnger Howdver, iitsis axpsoted tich sgthar
drill efstl n the ubst ra[te over the portion of an optical device where |ight
i s em {1 ed®F vdl 889'818 for exanple, using conventional etching or
drilling techni Aﬂ%&cesmw ﬂOpithﬁefoaﬂnlo)faheﬁoH digoREsodtciici@r drikethin theng
Z:J]P fs telr. Z;S ISIHJts?r(a:tte over tfg)eepno?tllglngofuag%gtléaq %e\p gg vtv here L It 1sseli|111)1tsttt3 &td%te%tl:’]eg tg{? g)ga(r:n%ﬁ
using conventional etching or drilling techniques, while preferably leaving some of the
remaining substrate intact. Depending upon the particular substrate and device(s) different
20  techniques can be used including laser drilling, etching or some combination thereof. In
addition, depending upon the particular technique used, the access ways may have straight
sidewalls, sloped sidewalls or some combination thereof.
For example, in order to produce an access way 510, having initially straight
sidewalls near the substrate outer surface and sloped sidewalls near where the substrate meets
25  the device, in a Gallium Arsinate (GaAs) substrate with an (Aluminum Gallium Arsinate)
AlGaAs stop layer (supporting optical devices such as VCSELs and/or photodetectors
(interchangeably referred to herein as detectors)) hybridized to an ASIC (collectively referred
to as the “Sample”), the following approach can be used:
First, the access ways 510 are resist patterned on the substrate.
30 Then the sample is loaded into a 13.56 MHz parallel plate reactive ion etcher (RIE)
and evacuated to a pressure below about 3X10.5 Torr before introduction of the precess

gasses to reduce or eliminate residual water. Once this base pressure is reached, the first part

of the etch is initiated at the process conditions of Table 1.

10



20 techni ques can be used including laser drilling, etching or sone

-conbi nation thereof. In addition, depending upon the particul ar techni que
used, the access ways nmay have straight sidewalls, sloped Zlgd g\@lm or
sonme conbi nation thereof. For exanple, in order to produce an access way
510, havi Ngyuj bl y straight sidewalls near the substra urface
and sl oped ‘s‘icﬂié‘z/?/gﬁktgs near where the substrate neets 25 t.hﬁe&cfg%/b?@gﬁﬁi n a
Gal lium Arsinate (GaAs) substrate with an (Al um num Gallium Arsinate)

Al GaAs stop | ayer (supporting optical devices such as VCSELs and/ or

phot odetectors (inter changeeﬁﬁ—pat-er—t—ed t 4h.er ei-- as detectors))
hybridized to an ASIC (col I edtiS'81y referred”¥8as |the "Sanple"), the
foll ow ng approach can be use€@gpgFiTST, TNe PLeRas ys 510 are resist
patterned on the substrate. 30 Then the sanple is | paded into a 13.56 Mz
paral l el plate reactive ion etPedssure (R B) amP@vezuated to a pressure bel ow
about 3X10.5 Torr before intreguet+on—of—thepsecess gasses to reduce or
el imnate residual water. C)nce‘ﬂ]tﬂﬁfger%%se pre3sosJu(‘Fe i$ reached, the first
part of the etch is initiate®FERowdne proceswocwatdl i ons of Table 1. 10 29
DEC 2005 WD 03/003420 PCT/ US(Q2,20695.Si Cl414 scan SE67 sccm Pressure20

i nTorr Chuck Tenp.30 C RF Povétd29 watts Bi a—gf’réy@c Time5 nmin Table 1 This
produces a straight sidewall [EFgEemdmg fromthg;Surfiace of the substrate
into the substrate for a digtance towards the devige. 5 The process
conditions are then optinized to produbabla he portion of the access ways
510 having sloped sidewalls wth, in this exa e e

selectivity negfhls Pﬁocfjiflﬁefstaﬁrﬁ%%mdrﬁwﬁﬁﬁﬁ '5‘219/ )grgﬁﬁlé%%%ége ‘i’fnT'ﬁ%Sé';A{:\r%tg %@%ngr *he
process codubitrite fg aaligasdeaywardsthd dbfice. 2. Si C1414 scan SF67 sccm Pressure70
mror r

The process conditions are then optimized to produce the portion of the access ways
510 having sloped sidewalls with, in this example case, GaAs to AlGaAs selectivity near

infinity with minimaldevice damage. In particular the process conditions are shown in Table

2.

SiCl4 14 sccm
SF6 7 sccm
Pressure 70 mTorr
Chuck Temp. | 30°C
RF Power 92 watts
Bias ~-190 Vdc
Time 30 min

10 Table 2

11



Chuck Tenp.30 C RF Power92 watts Bias-190 Vdc Tinme30 mn 10 Table 2 11 29
-DEC 2005 WO 03/003420 PCT/ US02/ 20695 Then the process conditions are
optim zed to getter the residual O fromthe AlGaAs stoplayer. This is to
prevent further formation of HO (i.e. performng a wet etchicgﬂbE?f t he
“Sanpl e is unl oaded fromthe processing chanber. The process -t for
this portio _ process are set forth in Table 3. 5

Pressure70 Mfr)srloogr%gcl c Tenp.30 C RF Power50 watts Bi as-2§g®3g§@i§%§ mn
Table 3 In the sinplest case, the access way will be as small as possi bl e,
SO as to nmaxi niThen thegrocasaasnditiofs webmintiadddo [getdr tionresithen] @2 fomahe AlidnAs

remai ni ng substrate provides .a.riqgid fra r.k ich prevents th

D v dual TR ity BaRpraRaRAGtieh oo dE BT (e, PRt B H R el Ay toe

at t achnentgahi1d 8 GnBh&FRR He pAeSing dRRRBRCTAEpieRER chiiti@R o thid partiof@¥i ces
and substrate used however additional rermvaf) of substrate may further be
per f or med,the procesg arepeteforthin Tade 3 ne  the access way is created, or by
patterni ng the substrate at sonme point, for exanple, followi ng attachment
to the electronic wafer. It should be noted however, that if renoval of
addi tional substrate is not prpBEsly 15 pl%sesmd, as nore substrate is
renoved, the thermal dissipati of eaa‘vanta 370'%’?:0&:’6 reduced or even

el i nminated. Moreover, depending’ Upon how |nuch; “ang/ or from where,

additional substrate is renoveGhuddemabi[3063C to W t hstand stress and
strain may al so be decreased. | However it _can belappreciated, that, in
some cases, by selective renovaRFdO%elpbst i3 ¥Shef mal  di ssi pation can be

i mproved by increasing the overgts surface_zgr?@'—m the substrate w thout 20
sacrificing nuch, if any, of the structurfal advanfages. Thus, it should be
understood that the - Time 3 min

Table 3

In the simplest case, the access way will be as small as possible, so as to maximize the

amount of substrate left on the device. The remaining substrate provides a rigid framework
which prevents the individual devices from undergoing stresses, for example, during
10  attachment to the electronic wafer. Depending upon the particular devices and substrate used
however additional removal of substrate may further be performed, for example, at the time
the access way is created, or by patterning the substrate at some point, for example, following
attachment to the electronic wafer. .
It should be noted however, that if removal of additional substrate is not properly
15  planned, as more substrate is removed, the thermal dissipation advantage may be reduced or
even eliminated. Moreover, depending upon how much, and/or from where, additional
substrate is removed, the ability to withstand stress and strain may also be decreased.
However, it can be appreciated, that, in some cases, by selective removal of substrate thermal
dissipation can be improved by increasing the overall surface area of the substrate without
20 sacrificing much, if any, of the structural advantages. Thus, it should be understood that the
- important aspect of the substrate removal is that sufficient substrate is left on the devices to
ensure the deéhed thermal and structural characteristics are achieved.
Moreover, depending upon the particular technique used, provision of the access ways
may advantageously be, in some cases, performed before or after bonding is performed, for
25  example, before, after, or while the trenches separating the individual devices are etched.

Optionally, an AR coating can be applied to the detectors, if desired.

12



| mportant aspect of the substrate renoval is that sufficient substrate is
4eft on the devices to ensure the desired thermal and structural
characteristics are achieved. Mreover, dependi ng upon the particul ar
techni que used, provision of the access ways may advantageouz$ \DEGe2008 n
“some cases, d before or after bonding is perforned

exanpl e, ?‘P(?g"%é% or while the trenches separating tﬁ%{/lﬂﬁélzgéaual
devi ces are et ched. Optlonal ly, an AR coating can be applied to the
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shown in FI%@ q%@t‘e s@kﬁﬁﬂt\}ias% ?R.’%Ag ’n%t %@Ngf‘:‘i) %@ Virely 8&?@%8"% 4rom
the out gr Hbnl aeeuRt sirhike sEhkitetet®a &p@f@hé}emﬁss&ameﬁlumtgr@%@dyww ni ng
directly over the portion of an_optical device where lig is emtted or

det ect ed i $hertien hﬁ@tdewe@wﬁvréthéhtys praittsd pdetgched léi‘&ilﬁfﬂ ddutset shown in
FI GS. 6c, ,g,m? rB{TBjn ectly
over the p%g;[n ge%logeﬁ%oﬁé&%foﬁlca Feggs{/lg%gnv%r(}gegp B’tﬁ%gdem tte%lgﬁ%?ldﬂhget ected
will be recﬁubmtetrgmalmﬂg Cbtmé}ssveotheabdlm of e Ollﬂl@al derdcowhére fghttiperaittabbe cl ose
optical 10 [ t

reduced to % %gggﬁn&éﬁg‘%@%gﬁﬁc@egs &Iag&g 16?113&3%8 J}Eiests% %ﬂﬁ%ﬁys&*ﬁ%u or |ess,
al t houglo t yqncesatd the tévded. Hnokiree sasestiiel thibenes iy be ﬂc&mednmat@at 5F miwbomg tor 20

m crons to .about,.50 m cron Addi ti onal on th art.i.c

Ceas way [EPoiR Sop SeaT 2R aitay i atiyel Ribrcats Mk B RRt B g
acconmmodat efa@gédmt,dnﬁqblﬁlbmhogbeﬁtmmhg as shown in 15 FIGS. 6a, 60 7b
or a mcrolens, for_ exanple, as shown in FIGS. 6b, 6d, 7a, 7c. Thus

enpl oyi ng one of @H@%ﬁﬁép@&m%&eh@pa@ﬁqucesawaaﬁFWQ ﬁiile\ﬁﬂ’ﬁeﬁﬁvaé’rfﬁéy of
fibers are gHRRYbLE e myﬁée@mcgsﬁms@a?e O;ﬁfcﬂaﬁb%ii h5UGRApRSasIAMNRH N FI G

8), an optical array that "acconmodat es one mor e i ndi vi dual I'y pl aced
m cr ol dﬁsesFlﬁSpébﬁpeZmehm16$Lﬁoscmmb, aesfiown HG:FT&& 6, (dsésfcas shown in

FI GS. 6b, 6d, 7

array of mcrol er“{ge,gb Zjﬁh%ylg%r ea d(bsuc Bé)s?ag |n§9§§8&3%n%?10?ed
above, the Shdsire am@ontadlbﬁttﬁecsummm‘wnwed (csuc’rmsghe\mn A Gs B), frageicef t he
substrate and | rease t osed su ‘éi‘([ﬁ a,for better th rbmj%

di ssi pati on® aIy ﬁ%‘iﬂnﬂn% eﬁrﬁ’B grged “fl ypiﬁe‘%@fcﬁﬁleﬁ%s‘{@% qUe%s
described habgtdle can b créat@Misitd as Shtlwat in A1ES. @b;@u;h@dk B)! @B @ptiod hkayxhbtrari |y

not propagate to gQptical devices, but rather
P f g accommoda%es an array of microlenses can be createdvzlsuch as showanIG 9.

As noted above, the substrate can also be patterned to roughen the surface of the
substrate and increase the exposed surface area for better thermal dissipation.
It should be appreciated that, by using the techniques described herein, i.e. leaving
substrate attached, stresses will primarily not propagate to optical devices, but rather will be
25  taken up by the connecting medium or the electronic chip, both of which are better able to
withstand such stresses.
FIGS. 10-13 are each example illustrations of the process of creating electro-optical
chip variants according to the techniques described above.
FIG. 10a is a simplified view of a single bottom surface emitting laser device 1002
30 thatis part of an array of laser devices, the rest of which are not shown.
The device 1002 is isolated from its neighbors by isolating trenches 1004 and is
supported on a substrate 1006 made of an appropriate material, for example, Silicon (Si),
Silicon-Germanium (SiGe), Gallium-Arsenide (GaAs) or Indium-Phosphate (InP). Although

13



25 taken up by the connecting nmediumor the electronic chip, both of which
are better able to wthstand such stresses. FIGS. 10-13 are each exanple
illustrations of the process of creating electro-optical <chip variants
according to the techni ques descri bed above. FIG 10a is a sligrrﬁ t fopggd Vi ew
of a single bottomsurface emtting |aser device 1002 30 that s part of
an array of @&%3{1?“ ces, the rest of which are not showpcdg,d6¥: ce 1002
is isolated fromits neighbors by isolating trenches 1004 and is supported
on a substrate 1006 nmade of an appropriate material, for exanp
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to thermal fact 1 b b i coet fi ci -
expansi on BDHE BEPRr- WEOTe BeotperpT i e TR, LA Vo Rncions

cl osel ys aSoﬂ@?}SﬁsﬂLxﬁofbbtlﬁﬁle,smhhe two should be of the sane material, so

that the coefficients 5 of ion of both .are the sane. Electrical
contacts 1008, Xis¢ °ﬂ§@ﬁa?t638@z€fo ‘Eﬁ%?‘? é?ﬁ?fc?ﬁmgaﬁan ‘ﬁf?’“g’i%?gf &% arg?l“n?regdu nt ed
on a stand.}Qidnd 104161 fos sPREH OnSBRL 10M6| 1008 6f cath tBcipicaleantactelcaes ki cal
contact acts as an electrodée for the | aser device and the ot her. end of

each is a pldraddor the e dswice augibe Rthsrend of exc s 2839 10201 cpio iy i al
1024, such iyl ol i BigeddBMbdiRingkRe AR to an
el ectroni ce%g?g?l?}p%ﬁgm&%mgeﬁ%&gm%h%c%gi%fgm&g’\}?%gb 18€0ggof FI é 1 Ca after
the | ager an0ip dnzxdechresnwafamverted and positioned over correspondi ng pads

1026, 1078 of oty SELASRL VBT PTRn rELC 10108 N b o ce

1002 after it h c ctronic wafer 1030 via a sol der
bond 1032 hgleyed and frritioesheet careespadingpad0]026,0228 of R électiapkgwales1B0G  10d

e e e S BB RS DR AR L Spat e veen

about 20 m cron OWS evice after the
access way 1h884ahas1decRinda08abadeéntht feepestitesiadat @20, 10126,1026) 1628.s case vi a

etching instead of drilling. Note thaj in this e le, t acgess, wa

ext endd5f r om t h&IGul0dahew e laser @U’ﬁgﬁjrg‘gtﬂ%p sl‘g@@tet ﬁ)%gﬁ’és h@{}?@@“%&%&?"ﬁ@y | ayer
1038. 20 Flagout%fmﬁ%%%éﬁ%umﬁbn@f FIG 1Ce after an optional thernally
conductive nateria 1040 has been applied to the device such

s, for
exanpl e, a | ow HIGcHlkishgwy &e dptics AREc\AeIcss war 1034 bgeibeeavesiaddy a{eﬁg?srtfﬁﬁe
epoxy havi “19)09918%5 s oR! et&xﬂ&qﬂﬁgddvdftdﬁllwg.eﬂoﬁ%ﬁ% this example, the access way

extends from the surface of the substrate 1036 to the device cladding layer 1038. _
20 FIG. 10f shows the device of FIG. 10e after an optional thermally conductive material

1040 has been applied to the device such as, for example, a low viscosity (so it flows well for
good coverage) thermal epoxy having good thermal conductivity when cured.

Although the above was illustrated with reference to a laser device, the process would
be that same for a detector type device, except that the detector device may also be AR

25  coated.

FIGS. 11a-11f show another opto-electronic device being created in a manner similar
to the one shown in FIGS. 10a-10f except that this laser device uses the semiconductor
material of the device as the stands 1102, 1104.

FIGS. 12a-12f show another opto-electronic device being created in a manner similar

30  to the preceding devices. As shown, this device is of the type where the device
semiconductor material is not used for the stands. Additionally, the lasers of this opto-
electronic device are grouped so that they can be used in a redundant fashion. As noted

above, the creation of an array having redundant lasers is described in the incorporated by
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Al t hough the above was illustrated with reference to a | aser device, the
-process would be that sane for a detector type device, except that the

det ector device may al so be AR 25 coated. FIGS. 1lla-i if show another

opt o-el ectronic device being created in a manner simlar td@%BECME shown
-in FIGS. 10a-10f except that this |aser device uses the seni conductor

mat eri al of MOS89 ce as the stands 1102, 1104. FIGS. 12aRCEYSRRAWRS anot her
opt o-el ectronic device being created in a manner simlar 30 to the

pr ecedi ng | ; entifld ' ' ) esphes deyi ce
sem condué@hﬁd@eﬁﬂP%&&lﬁcﬁ%@%{}&f r?gﬁga?gﬁglgg%gl tS | onaﬂlg’fm?hggl asers
of this opbevs mosdiaceilasersdn fhearray svhgreousdditionto qreating b poeesyvdel034ed in a

redundant fashi qn. | . r j Ng
edundant SrAB e ngtig 4305 a0 BeRfed i e SEERHAAL QL PLRLEREGIBTY |

03/ 003420 eRabeWshiqRes &ba deptie flet @moectptht groupiap penchas 1 312, @304 wikkesbnRedundant
Optical Device Array., S L ficall Fl 13 hows two adjagcent |asers in
the array %é&ét,mg %g%m%ﬁé-ni%@sﬁ%ﬁﬁ }%éo%{ﬁr‘lo&gfag%rg Az a_fff?ﬁe o fygﬁﬁi ng
trenches 43R onk3efwith 8nebchie® sbiidghe albasiplastg, satihad destrtbed dEomisibnly known
etchi ng techni ﬂues,_ to a depth _that connects the gro,ulﬁj ng trenches ,1302,
1304 wi t h assgred@ppliratiorentilsd Refwngdant Qpicalevigsaiaray) Whiethjsdnqasppraipd hergly of
nore | aserg, . HE§ arranged to share a conmon fiber with one or nore
serving as”a back-up |l aser, such as described in comonly assigned

appl i cati on entOreladvantegd arising fro@pgrpering behs@renﬂhﬁayarmléﬁhaitxwldnfgb% por at ed
her ei by.. t [ S f ' s in

thi s e RHEE SR AR, ARG ol o S B el JRpeBS8E ' 1,
exanpl e, vdaihfaged, e atheyfcaybouged din itsplees  Aniothepprgeritiabadvantgge walemged can b ot her

can be used.in its. .pl.ace. Anothe ot.enti.al advan t | be
an incr easaé‘dn‘frF”fsga }1.;@1:1\&3‘91 @ﬁ@pt(?bcﬁe nggg??%em}'«%r 8’23\1/#?%%1’[9%? gge&ag%ﬁ’?gfe%aﬁen one
| aser of t#pnpaids, if theNakls\aréle@emallyl, ifdependeasnigrselectalsie gh¢ sacomd layer can be

i ndependent ]y sel ectabl e, the second | aser can be selected and brought on
line in plwketedrnd prough@nding n pigcaRfithedadiang: achi evabl e advantage is

reducegd cost t oy@GhiEMEcRIRPaY advahilgdit rédibed dosHTB HitaéRlovie BF BRER I hg t WO
advant ages. Since the increnental cost of increasing the nunber of_|asers

on a waf erimmeediately prricpdieg tyhedvEppgesy Stoy fhelirerammntal cost of ingkeing theaumbtided
life is v i ib]d 3nnRRovea i shdidtRetdbnitPx iRl BSRt at i on of
an exanpl eéigé#géyér%a?’%%ﬁ%rsgg%]@é@ 20 J'Iu]g{?(?]g tthe techni queﬂg{f FIGS. 12a-12f. The
array 1306virtsallyt fresstrated fromthe top of the device
FIG. 13 also shows a functional representation of an example array 1306 produced
20 using the technique of FIGS. 12a-12f. The array 1306 is illustrated from the top of the device

so that the access way 1034 and remaining substrate 1006 over each laser is clearly visible.

As shown in FIG. 13, the lasers are grouped in fours, a group 1308 being defined by the
grouping trenches 1302, 1304 which ensure that there is no current path between adjacent
lasers in the group 1308 via the substrate 1006 which is electrically conducting. For purposes

25  ofillustration, some of the isolating trenches 1004 are showﬁ although none would actually
be visible from this vantage point.

FIGS. 14a-14£, show another opto-electronic device being created in a manner similar
to the devices of FIGS. 10 through 12. As shown, this device is of the type where the device
semiconductor material is used for the stands 1402, 1404. Additionally, the lasers of this

30 opto-electronic device are also grouped in the manner of FIGS. 12 and 13 except in pairs (one
of which is not shown), as is evident from the grouping trenches.

As noted above, a manufacturer of opto-electronic devices of the type described

above has two avenues for obtaining the optical devices — they can manufacture them

15



so that the ‘access way 1034 and renumi ning substrate 1006 over each |aser is
.clearly visible. As shown in FIG 13, the lasers are grouped in fours, a
group 1308 being defined by the grouping trenches 1302, 1 B0 g ensure
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manuf agt Uis§iosRionePéRr Ble@Edcirfit ehif & Howeeer AhpitdlE dlathealiaficdptiesEhips aRvet has
two avenues for obtaining the optical devices - can manufacture them

: t hey_
15 2 9 DEGesigred couyuarspiiy sueroif fhey atgsivsienwicnd fabrisaisd Mithia the)fameEeardzaion ht aj n
themfro { ,@WTEQ : L (Ef Y= P aTol AN ek (referred to
her eaft em‘é%’% npli %%J%{éleggmg%%%ﬁ%‘%lb&g eilggl)0 andﬁ%]aggg;ﬁg%tﬁ?g%i c wafer
(r ef er r ed otganizhtorewith sagardge beflrtind opticelyand slegtromiethip desigmi elaskiop” ), t he

oroper |y raengeSEerTEAhaR: i Y e o b ol PRABAN, FREF R, o
posi t iignedothvaee alsh @esidned withhles oithipd parkeyer etegrationi it deyiocek fomrotieal and
optical chips are not . desjgned polgggurrentl \ ev% if1 the%?ﬁ]rg% desiigned and
fabri cat edOWFEHs fotipRplaty WA SHRSPERL ImPIOYEmeny, & CRRE S CRYFRC

manuf act UleRher &l REssitd1€ AlGering td 16648108 @Othe coiathdt padsydhbfebyirttoducing gpad zat i on

wth regard to both the optical and_electronic t%hi des%gn,, a | ack of
cor r es pondasienment ke BRRSPARHOYS ISR, eveR VNG SAY QFETEAAYP™-. particul arly

where one or 1Gyaeiali¢ulcMoliRs Lapeciotishil 58k asd Al Dby rdiasor

integration with devices fromother™ sources is contenplated. Mreover,
subsed@entopting chiperhahths opticat hhingars cpmmopisy ek apfrined from thirdipartigy (faecessi tat e
altering the:locat.io -t h t act. r i 0t i: :

i sal | gamSAETRe A gl or R e i By kS Rl R el it

or gani zat icoMBIEsers opside, re¢efivihg éetedters br lontiom redwiyng detebbas)ghatdird masse used

with a variet f dipfferent. 5 tical i ps. .but _1.h } chi are
cormodi 1 y SEBHERSBY e ABRHGH A PRl Aot el Bt e fhasi

cont ai ni n@ptitslRRkvides Wil dlltHerigeataan the shms plase, ifithdyt @evthaiwtise cognpative wythltxser s,
DFB or DBR 1 asers, topside receiving detectors or bottomreceiving

det ect@rs)elﬁthQPlC&i’@' mass manufactured for distribution to rmultiple

unrel at ed user Soriekanysle, 48 khdeal bob Ot cohhRti@eEh BIG. 0@ single optical device has

contact pads placed in the position specified by its manufacturer and an electronic wafer also

has contact pads, onto which an optical device can be connected, placed in the position
specified by its manufacturer. When the optical device is flipped over, for flip-chip type

25  bonding with the electronic wafer, the contact pads of each will not be aligned. Nevertheless,
by altering the technique described above, the invention can be employed with lasers other
than the bottom emitting lasers referred to in the examples up until now, as well as with
bottom emitting lasers having different contact pad alignments, top or bottom receiving
detectors. |

30 Advantageously, this allows for the selection and use of the “best-of-breed” chips
having the best individual performance for the application and avoids eliminating such
vendors merely because they can not, or will not, meet an electrical contact placement

requirement or standard.
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optical devices will all be located in the sane place, if they are

-otherwi se conpatible with the 20 electronic chip. For exanple, as shown
above in connection with FIG 3, a single optical device has contact pads
placed in the position specified by its manufacturer and an28l|R&h 208 c

‘waf er al so has contact pads, onto which an optical device can be

connect ed, PYQBHW342A t he position specified by its manuf aREUPER206Men t he
optical device is flipped over, for flip-chip type 25 bonding with the
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standard. 16 2 9 DEC 2005 VO 03/ 003420, PCT/ US02/ 20695 I n_general, two
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are bottom %?t ffé ea Wit} RRRARE 1R, 15196 ra%ﬁi@até/emanaﬂf&f iteasgd of
expl anatlon term "bottomactive' wll be used to refér to both bottom
emtting dlmxpmssne(dlthatehsqptawafmlﬁ@%wpmrewsmma@v|on@@1 ¢ { &Q4tag digpussed

Simlarly, top ctiwv "

emtti i}% I%lsoé(Fs ﬁI&aneéy’ﬁé% %3?13&835@3@%&%% %%I\%ﬂé%nﬁ Ive xﬁ)e@?ggmwocess
The process as E;sa,tdnanimunlgchdytet)rﬁ%- dddedy/thesefags ofthelepticelaship( 1504 usingt t om
active deyi ces% Wi, | I now be explained, with reference to FIG 15. To
facilitat ek%‘)?’ﬂ} it should be presuned that the optical wafer 1502
was processed iThé ci}iénih@i, bioa4s 1508 &elﬁﬁ&d%tbﬁlmhﬂﬁgbﬁy&ﬂS%Mbw access to
Alternatively, the optical chjip,.1504,. can av geen@ggnal ne m sone
third part{he copaptaads afihe artigakehim oI hisiis again sens hydasey O g face of
the opyj Cag)(a‘}t%ﬂlé)#tﬁgﬂ'laﬂﬁér'&ged HPQWink %&%ghqim in WafRf &mmed\ﬁﬁcoﬁﬁndnuﬁs 1508

are create Insulating | ayer 1506 to allow access to the contact

pads of t hessigned eplicetions entithgddMuly-PaegsiFiber Optic Gympensat Apt Mpnyf ﬁ‘ﬁ‘%?g etchi ng,
for 15 exa%&ﬁu%él?fcc;m&ﬁl gl%glﬂfl ?Ilﬁd ﬁE@ﬂaﬁg b qg'gpfeﬂaﬁééas in wafers

described in"co assigned applications entitl I'ti-Piece Fiber
Opti c Conponent Ammammth@mpmmggor vias 1508 can be pre-formed in the insulating layer

prior to attachment, for example, if the contact pad locations are known in advance.

20 Then, the openings or vias 1508 are made electrically conductive by applying an
electrically conductive material 1510 to the sidewalls of the openings or vias (which may
optionally have been previously coated with an insulator) or filling the openings or vias with
the material 1510.

Advantageously, if the openings or vias are not fully filled, they can be used to aid

25 alignment. This can be done if the openings or vias are wide enough to allow the solder
bumps on the other chip to “slot” into the holes, thereby providing an initial alignment
between the two. Moreover, in some cases, capillary action will cause the solder to be partly
drawn into the openings or vias as it melts causing a better connection and further aiding in
alignment.

30 Optionally, and alteratively, if the openings or vias were pre-formed prior to
attachment, the coating or filling of the openings or vias (as desired) can also be performed

prior to attaching the insulating layer to the optical chip.
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Technique filed concurrently herewith and incorporated herein by reference.
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anot her —opgf hdwddhigd 1534 GH 188 emiPh Ybiad Ap.chilf te@RERE ol P byl B thel 0 Whi ch

the optical chip is optical Igﬁht ransparente10 the electrical traces could be
patt er hed patieuar cegecthinning of thhsubsteits sanovplpidemwbgirate eptizely.cr dagvipg af iechi ps
al ready co | i L N L
rerouting. %%%E Pht?gm?dgﬁ%ggg%%rpﬁésl%{ c%eﬁkg&npogggcggsgw r ggéée’gj%ﬁg%ﬂ%gg%? i bed
above, wi t thip bubsfrae,flavgng of a thhenal eendottoner pplidation of AR watingaapbe, usi ng
flip-chip t%Chniigll,égS% fol(ioweegdeta%, in the 15 particular case, thinning of
the subst r &FEOPIRREIRITr PHE U st rate entirely, or |eaving of the
Topside Active Device Process

20 The process as usable for topside emitting/receiving devices (i.e. topside active
devices) will now be explained, with reference to FIG. 16. To facilitate explanation, it should
be presumed that the optical chip was obtained from some third party, the process of creating
the optical chip itself being independent of the invention.

In addition, either or both of two optional steps can be performed prior to starting the

25 'process. The first, attaches a carrier by the top-side surface of the optical chip. This carrier
can be made of any material and is merely used for rigidity and holding the optical chip
during the rest of the processing. The second, involves thinning the optical chip substrate.
This reduces the amount of material that must be etched or drilled through to access the
contacts present on the front of the optical chip.

30 At this point, the process proceeds in an analogous manner to the process of FIG. 15
as follows.

Holes or vias are either etched or drilled through the optical chip substrate to the
contacts on the front of the optical chip.
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substrate at the thickness it is. Thereafter, creation of access ways 1516,
-patterning of the <chip substrate, flow ng of a thennal conductor; or
application of AR coating can be acconplished as desired or needed.

Topsi de Active Device Process 20 The process as usable for topgipge
Jemtting/receiving devices (i.e. topside active devices) will now be

expl ai ned, W® P28y ence to FIG 16. To facilitate expl anBET/E220¢Sshoul d
be presuned that the optical chip was obtained fromsone third party, the

process of cr eqthg RBles Blhﬁasomﬁ bifedlcomBd B filled Wifh, RELIBGLE £ARE0E mekrifine

invention. In addition, either or both of two optional steps can be

per f or med (phichmaydesindertlayeged hean ingilgiernoeting) torprengfthe santacts quiiéibe backadr ri er
by the to%sioclcgc 1scl.f]gface of the optical chip. This carrier can be made of
any materi ar & |sp'rrerely used for rigidity and holding the optical chip
during the restAl@inatihelypfoo exaasgile)df thd bentstsconbcatedisuoh vies addessniitentty frive
optical_ chip. substrate.. Thig reduces the amount of material that nust be
oF ched Sor HF bt e fprpeh e PSR st e diectin SRFEGome AeF ront o
the opti cajrokiBinPthe BNedbr ¥k e PRhéit or drilled Praxasie Peatarma ahRleaticanal ogous
manner to the process of FIG 15 as follows. Holes or vias are either

et ched or @nivgiesan be edfsd to the fopt fidsfo CBW%%A@EIB%IF?%P%‘? Vb figeondusior act s on
the front Qbitdé MRhd Gelvidsdl Roled8 29 DEC 2005 WO 03/ 003420 PCT/ US02/ 20695
The holes or vias are then coated or filled with, an electrically

conduct i ve mat ehdvahtaggonplycif theegpeniagierdias arenos fdly Biedathey eanihieasettoaisht i ng)
to bri t c S . K of ' | atively,
for exgpnpl %, th%ﬂt{ ﬁl‘éﬁsccgﬁ;ﬁ ggﬁlge 1grﬁge ﬂgglgg Se% Vlsahlca:% vt?’ﬁg% ﬁ%@‘ég‘ggﬁ’&f %%@P{/} from y5
t he back obumpseonche gthértvhipugl{sibtensubshal@t(EIGwIGBY thkactygeotitieg ehinitiabr pr esent

sonme ot her .. probl.e t he hol or _vi.as are etch or dril)ed in a suitable
ocat | o sHiEaRURsehtiae. Mprdbishdf Sorkt st STt posPpival Bk fhe2oR | o
connect t he vegaktBadravaaihtorhe Bpéiitesad vty ad D meltc Gaking g betterfcohhdctigh dndedunieas or
hol es. Advantageously, if the openings or vias are not fully filled, they
can be usetfding algnmiept. o) i gnnent . This can be done if the openi ngs or vias
are W ge eppuihe s 8 ol dallBe S6dafd@ ko aPid¥BMCidl w‘ith@h@rbfefr 16datien fop aligle@t " i Nt o
t he hol es (#LG. 16B), thereby providing an initial _alignnment between the
two. Mor eoweting with Seelecteme shipthpican alsg badaneomdihs viaver olescap dbaeamaedied t o be
part!y dr ayint Bliflact fifis BRTHY R61R sfd u¥ng Sorfbenilohal ElafpuedUsi NG @ bet ter
connecti on and Turther

As with the backside emitting/receiving device integration process, if the vias or holes

do not coincide with the contact pads of the electronic chip, electrical traces are patterned on
20 the substrate of the optical wafer FIG. 16C or the other chip FIG. 16D, in this case the
electronic chip, to provide a connection between the vias or holes and the contact locations on
the other chip. |
At this point, the chips can be bronght together and connected as described above.
If the optional step of adding the carrier was performed, the carrier can now be
25 removed. Ifthe carrier is so thick as to cause optical access problems or has an incompatible
complex refractive index which would adversely affect transmission of laser light through the
carrier, it should be removed. In alternative variants, the carrier can be left on, even if it
would cause optical access problems or has an incompatible complex refractive index, by
patterning access ways or through holes in the carrier, preferably prior to attachment to the
30  optical chip.
' In addition; if desired, one or more additional optical elements, such as microlenses or
waveguides, can be put on top of the carrier.

FIG. 17 shows a process similar to that shown in FIG. 16 except a carrier is not used.
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aiding in alignment. 15 O, if the vial or holes can be |ocated so as to
«coincide with the proper location for aligned mating with the electronic
chip, that can al so be done, and the vias or holes can be connected to the
contact pads on the front side using conventional techniques, As with the
‘backsi de em tting/receiving device integration process, if tﬁ@ & & 2005,

hol es do nQ,G9bfghde W th the contact pads of the el ectrppygsBbds

el ectrical traces are patterned on 20 the substrate of the optical wafer
FIG 16C or the other chip-FIG 16D, in this case the electronic chip, to
provi de a conné&nmgﬁwbéwﬁéaﬂﬂﬂﬁgpﬁﬁQQMWW hol es and the contact Iocatlons on

the ot her chi P Hﬁ%ﬁh 8%h

connected as deSCI’I{S&h g%g;'&gém %G{B?efﬁée?egénﬁ%%a ﬁg?ﬂéﬂ g@ﬂ%&t he carrl er
was per f ordhiplaretparchasad &omdlffannvmvﬁdsermqrmvéﬂferdnt chipeareandeir er i s so
thick as to _cause opti S nco ti

refracti ve°9“ﬁ@85?g%5éﬁﬁ%tﬁva‘c‘§%\f/%f %??%dfpg%:famf?tgn lﬁh §P{g§& nglg%eg}e Fpg ht

t hr oughs t hen eeBhd ltrdvn, drl “2880¢t" @r bme@1vE ¢BIP cal be Rbdiby fabii¢aved byatiptuyirg, thé he
carrier can he left on, even if it would cause o tical  acces robl ens or
has an i ncaThiRgshernayshaighiforprEmamper iy allowigg d %@‘c"f"é]f%% EHede ways or
t hrough hoﬁ,&geédqw{,g}@leggsrrl er, preferably prior to attachnment to the 30

optical chip. In addition, i f desi red, one or nore, additional optical
el ements, such RefemingpewdnfLs 1§rWh1%17a§bé¥§E1? sgection chipor gdepteichipdisedie t he

carrier. F Gt r pt a
carrier i séo%fa étudé e%%?gﬁg& ﬁl@ 1%éolr5§b %\%ﬁdo%oﬁtg%l?%%@l@@r&? Us%hzlllﬁglggsgspgyr?ggct i on

or Adap er pateryedAb aetomalt‘:/@acbml@ﬁ 13081818 ton pechyside fram thesperified coatacterdnpl e,
when bot h ee%org?lbfgllgﬁp 15 baqgl%g?ﬁa Elr to goqllléaé)%{ISOIP 1 5ghf romdifferent

parties or °t ére re un eration and they
have different mmﬁgcmolaadembmmememm crhied oxtﬁikdmtltaxmmdqnaﬂematmekmms td on

each i s known, "adapter” or connec n . chip can be r ricated by
enpl oyi ng 1%°°1Teéﬁ T ek i FRE cﬂnté |t8?1‘f"&6}t§\é?1’& ehcé)?l aXtt%f}.E al | owi ng

desi gn andigtioriBhen e kwd BreltPought LEERE. nevert hel ess. Referring nowto FIG
18 whi ch shows a connection chi B?(g@qtlgadapter chip used to  connect_different

devi ce$d the topfl&ildshawgpsnofeyal Frimapleraentaiion. Wrich 1S AHBH VAR PL 800 i s

10 patter n%@aﬁi& o@%orh@ctﬁh%hﬁvahﬁﬂcﬁ'sibl% §QQepsiABtivel IR e NAE£MGHSthel&dabteom t he
specified contact pad |ocations 1812, 1814, 1816, 1818 for each chipto
some conmorr gmmq@nom@hlpe]g@ﬂ has electrical contacts 1904 on only one side for direct connection to

the optical chip 1906 via connection pads 1908 and connection to the electronic chip 1910
via, for example, standoffs 1912, jumpers, wires, ribbons or other known attachment devices.

20 In this arrangement, because the devices are top emitting/receiving and the adapter is located
on the top side and, “optical vias” 1914 are also provided in the adapter to allow access to the
optical light.

Then the optical chip can be placed on top of the electronic chip and the connection
chip can be placed on top of both chips to provide connectivity between the optical and

25  electronic chips.

As a side note, although described in connection with mating optical chips with
electronic chips, the same basic process (i.e. use of a connection chip or appropriately
patterned insulating layer or substrate to account for pad nlismatch) can be adapted iﬁ a
straightforward manner to account for a pad misalignment between any combination of

30 optical, electrical, electronic, or electro-mechanical wafers.
Further Variants
As also noted above, in some cases it is sometimes desirable to coat some of the

devices, specifically the detectors, with an AR coating. However, the opto-electronic chips
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Through hol es are then created and crated or filled with a conductive
<material so as to join corresponding pairs, e.g., one contact on the top
with its appropriate contact on the bottomwhen the two are brought
together. 15 FIG 19 shows another alternative inplenentati o9 oBCc2008 s a
“further variant of the adapter or connection chip variant for
t opsi de act WRIYYHRes. As ghomn, t he adapter orpconnecti%%HﬁﬁBﬁ&?§02 has
el ectrical contacts 1904 on only one side for direct connection to the

optical chiepcritRA@bdticarsadegy dfewo ParddtehBAE M) dssinlatties of opticabdelcest r oni ¢

chip 1910 vja, far e ndoffs 1912, ers WI res, ribbons or
ot her knovihit {SFERwHHR gleggi}?‘@ég Opting; Frgneéﬁ%né{%éﬁébﬁ as%wcause the devices

are top emtti Qigd\faﬁﬁg‘éo\ih@?maa 2 @pAEAPYRfant of thelfbBl&ftocbest R6 dbRRs Mafle and,
“optical vias" are a provi ded in the adagt er to all ow access to the

optical Ii lgml to trhAR costed @«pmtélave tothedistingpished fromdaesedint prfinasily waeld apid r oni ¢
chip and g gogpection chip can be placed on top of both chips to provide
connect|V|ty etween the optical and 25 electronic chips. As a side note,
al't hough descr i Begproaesdargelycbilans MpmcmtﬂbwgdcﬁgﬁbcﬁadbomﬁmMnmctian'ﬂh ectronic
chi ps, bas I Qc use e n..chi

appr opr| at tbﬂ?g Wﬁgrs f“gé ‘F%‘a" Ty aé’fls,rs as cre ggtf(rﬁg?e% ¥ %@Cagt&%l}ed]t pad
m smat ch) @aeleb@oﬁ@l&pﬂseﬂﬂm-cmpbsﬁdlﬁgg:bmﬂlqlreward manner to account for a pad

m sal i gnment bet vvee any co i on of 0o al , tl‘l ca
el ectronic, or Bt g*%pgcﬁgumft%@glasmugﬁ@? §°¥?§ h?@(’jhenot ed

above,1g n &EQ@atE@&ﬁ‘éstﬂIbd SonSigéred iHidSreRaed to kY tﬁmms@@ahe E@él’&:aﬂf:y t Athough
devi ces, specifically the detectors, with an AR coating. However, the

opt o- el ect diffarent tmeao@ lgsgr Gevipepwil r2Quise w@ffemmsraﬁethnn@wwbﬂhz@@% ofifscr i bed
above are gﬁate' Bucid e 14a9trsef>a£1€mes% erm@uu@h&%g 5 thelasd¥Ras, Bfmopt i cal

devi ces. 'S un eS| rable to have he AR coating detrimentally affect
t he | aser scasfd/BFBageDBRy and the disfanee Yatweenthe moimers, insthe aase o VCSEEs.above

B oem e B M 5 G AP By oo R
processs | at@e ki thickieos\sf thb tasgricavies Sidwaver ifdsthickivss caﬁmmnt’roiledqmmsem n
{11 pped overh biesandon bR Bisorhepan Sl BRFETL R osor Be BEOERMY bondi ng
t echni ques asc@ﬁﬁnﬁﬂ!@%&h@ﬁx&ﬁn@ﬁﬁlﬁbl&hd@@@ﬁere EHetARGoatifig HEW nbosdct hulbrat e, only
to the point where the
ability to lase.
An analogous approach can be used for topside active lasers. In the case of topside
20  active lasers, a substrate (which can be the carrier noted above, a separate substrate applied
after carrier removal, or, if contact rerouting is not necessary or performed on the other chip,
instead of a carrier) is attached to the topside of the lasers. The substrate is either thinned,
after application, to a thickness as noted above, thinned to such thickness prior to application.

Once this is achieved, the lasers and detectors can be anti-reflection coated at the

25  same time. Thus, there is no need for special patterning or otherwise distinguishing between
the lasers and detectors during the AR coating process.

Thus, it should be understood that the above processes can be applied to various
different devices. For example, using the teachings of the invention, stacking of modulators
on tbp of lasers in an array compatible format can be done. In fact, it can be done when the

30 modulators are on top of or below the laser. Moreover, it can be done whether or not the two
(or more) devices are created in a single epitaxial step. Similarly, stacking of topside active
devices on top of either topside or backside active devices can be performed as can stacking

of backside active devices on top of either topside or backside active devices such as shown
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10 substrate could still be considered thick relative to the thickness of
the laser cavity. Although different types of |aser devices will require a
different specific thickness, the thickness of the substrate should be at

| east several tines as |large as the thickness of the |aser2 C®ect2008in the
‘case of DFB and the distance between the mrrors, in.t ase of
VCSELs. Si n?‘(’a&&?qr?gélgfeci se distance wll vary from device F%'bg%({?%%’g a good
rule of thumb is to use a factor of 15 10X the thickness of the |aser
cavity. HomEUES. 20Afant regrehtecdetskis foamoddataronduntdd anch lpckeddesahijtingiliser can be

| ess than ge 10X factor, the particular mninmmthickness being

enpirical Iy ascertai nable as the m ni num thi ckness where the AR coating
does not af f ectDevives thaitake 3 latiddei rhisinyitch Oad @xaBarly’ e Aavkbd@RUAIRPFIRACh can be
used for topside_ actjve | asers. In the case of topside 20 active |lasers, a
substratef(‘%‘l‘i"%m@éﬂdnﬂ “atla‘é“%eélpﬁf%‘?n-not ed above, a separate substrate
applied after jgamiriRf appBeRIA! devilles fibfn diﬂ&%x?c%itiﬁil%‘fér@gadt?eiﬂ@ﬁrﬁ{lgcessar y
or perfornmed on the othér chip, instead of a carrier) is attached to the

t opsi de oftogeatker oagepwmonichipnuasvaion ssalie devel. tThue, lasersridifferend iwagelengthsicdag at i on,

to athic ; m[? o ﬁgﬁ Igp i

applicati g’%ﬁ%@%@%& g‘g&}I gxggéélﬁ?%{x/gfg C%‘Slﬁ%%%t?g(%n e@?lgéfse %gé}%%th

ant i - r ef | elitision nuititl@dng@ WDV Pdpplicatiend, isib. as $imysy intHi€r2l.i s no need for -
speci al patternipg,on otherw se. di sti L.shi ng hetwe t he .| ase and
dotect or 5 dur i 1O HertaRe aB avrn g B Sratid Statv iRl SR gl R eBdd « ha
t he aluove' qaﬁm&gsh omﬁW?]ﬁﬁscﬁEp:cE}aﬁhighoy&fdng edchh Iaﬁér@élbctfdﬁ\i,i agczlspsGiﬁEor
exanpl e, using the teachi ngs t he invention, st i.ng of npduj ators on
top of | as®t% 9‘31“ﬁthaiﬂr é%fmgﬁ WEYHIOS s SAthRs Se@&‘i‘?abig?f e‘?hl?lﬁatfn@é%? el can be
done when fhPRingble HR6H kRl 81y dhanslBg kdPerdnt: it pRGiONpIcB& drAB&Y theRAieOVEr, it
can be done whet her or not g'he two  (or nore) devices are created in a

si ngl e epichangesior sffects andjwheraxpped is dimate fagiceseqoaps andeaceirasyie limifedi ces on
top of either t ks j i LG can
stacking of ba@%gélggn’g%atv ?\%ﬁ e%ﬁggg%gﬁﬁfi g]g%% Fﬁzﬁ %ﬁe’&ﬁ{% 8%2% %Fg{’gr?e gﬁ)gcs: ksi de
act i vedevingking sorshucdion ofi @ gysted that BubBEx@&0aHous\iBtDBc@0S 42DHRET/ US02/ 20695
in FIGS. . and..in ter detail..in for. nopdul at or unt.ed on a ksi de
oni ¢ i mg | AR b SEERHEL TSkl Gl pRAB! B SfeoRRofis BT OF
st acked r eafgighbits/secpf the functions the individual devices perform 5 1n a
further application, devices fromdjfferent epitaxial wafers can be
integrated togeYfrEPven ey ]E}r‘flﬁ%‘ﬁescﬂ#%keﬁﬁ‘iméym%e? %@éﬁ%%@%@?s%ﬁ?ml asers
of differefid dsrears 80! 3o BoiterBied BidAra sk ih PIGRAfronda i@ bille el Si on

mul tipl exin DWDMV) - or, | tiple wavel ength
p20 g ( As stown in lq}JG. 22Pst§ps of two dif?erent wavelength lasers 2202, 2206 are created,

as are two different strips of complementary Wavelength photodetectors 2204, 2208. The
. strips of the first devices (illustratively lasers 2202 (A,)) are attached using the processes
described herein. The strips of the next devices (illustratively detectors 2204 (Axl)) are
attached in.similar.fashion. Next the strips of the third devices (illustratively lasers 2206
25  (Ap)) are attached in similar fashion. Finally, the strips of the lastt devices (illustratively
detectors 2208 (Axz)) are attached in similar fashion.

Depending upon the particular case, the substrate or carrier can be removed or thinned
from all the devices at once, for example if they did not interfere with the integration of the
next devices, or they can be removed or thinned after each set of devices is attached.

30 FIG. 23 shows the integration of the devices of FIG. 22 from a top view. As shown,
all the first wavelength lasers are attached. Then, all the first wavelength photodetectors are

attached. Then all the second wavelength lasers are attached, followed by all the second
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di vision multiplexing (MADM applications, such as showmn in FIG 21. FIG
21 shows an array of one hundred different wavel ength |asers all integrated
on.a 10 conmon chip on a wafer scale. By doing so, and meki ng each | aser
sel ectabl e, a specific wavel ength (or conbination of wavel Zh@EGs20PRN be
‘'sel ected. Thereby elimnating the need for tunable |asers which rely on
anal og noveN¥h3003420 hhysi cal pieces or show thermal chang®sT/UYR2M0F ect s
and where speed is limted to mcroseconds and accuracy is limted. In

ddi tion. ! ) . (.
adgartion 1@%@%&1@%&@&0@% ?AM%]E Qg&' Rl IRy & %ﬁdﬁd&lam&v@&&ﬁl IS sen

t her eby construction of systemt pl'exes various data
streans attrafisédivar ehip, a peatier efwhibisisghownin aplargedformn omgsightsida effileg2%an be
achieved in ab I N - glL.aahi Eﬁ?Mfc‘r’

di fferent devi 8(2%‘30%%?"gl%lfegg‘?fé%?gﬁ%}é%gﬁe(cl%gggm ’?ete%%?&% ?B%g of lasers,

| asers. adetatagttRoprocess wetld by essamtidily thaxaerenirespebtive ofitha susihevef differéitG 22

froma cutaway side view. 20 hown.in Fl G strips. of t di fferent
whvel ot hEMEE RSB s Gep ahst Ok sronie. A ooy P Rlaph AR S 8L o
conpl ement gfvintdey/ 6 OB PesPRABOETG €S b anddfitch 2gfBeuldiicon Sivtifepscaltl t he
first devices (1l]lustratively |lasers 2202 (X1)) are attachgltlja(lusmg t he

processes deschnithesg ey dherntegation ¢gn rradilybe prigorpied on grindiwdual AevierlOr at i vel y
et oot " s o . . ¢
etectors %&{?&C‘cg%e)?)?i%ﬁ &Hchn b@&&ﬁcfb‘?gxd.tﬁblé'lﬁ@thgs' (5.55 ﬁ(ﬂ(%n? Br bj!,f“@féh}t)é, Bemshd | PS ©

the third devi us.tratlv_efi/ | asers 220 ) are attached in
similar fastbstoate 1o onadefiying theestriny 220352200, 2206, 2208 0r papi ces (il lustratively

detectgrs 2208 (A9 are. | el ' ' t he
parti cﬁ? ar.cas e,étﬁg/ﬁ%&l gﬂ%’g?l?égagﬁg%%g?rgf)lﬂeewgg%“ %ﬁwgﬁaﬁggﬁﬁ%g@@f rom
al | the devfahe wdvelenghs, af extremelynelieble D WIhMyor MWD tmadntearah be prodinged at he

I ntegratiopn of #he next devices, or they can be renpved or thinned after
each set of°i®Pl'ces is attached. 30 FIG 23 shows the integration of the
devi ces of Fl G TR, fin@bingld duvice) iaibgrafl tehawiter arfilyb fdr VDM sistenia\agd g gt h

| asers are attached. Then, all the first vel engt h phqt odet.ectoys.are
attached. ?Frailgblgiin hepaosah Sy intc@Eymednige Hﬁl@%@a FEPTA %‘%@ﬁé}&i‘?’ RaGKIEREed by

al |t hes secoRdaAs rdikedBSy 2100P.tM0 B 3( Q03423 nRfed (2559 2/r 206 3pmbrvRiranat h

photodetectors so that the end result is a fully integrated dual wavel ength
t ranscei vewag¢lengthsa oo pisingle chip andlicerpling ashiwithenhiniyg single fberoforesmnilne ri ght
side of FIG. : oL | i YerRE 8SRALPE . SRR LE Jtsed
two | asers%nﬁégfﬁ\ll)\gb et gi@&eﬁmﬁtﬁggéﬁt&e@g@ﬂr\%ﬁﬁg ebe .esés‘}gn_t ?gl 'y the sane

i rrespect i tie inforpdrated byrteferensk applichtiomsrentiedddviticRiece RibestOpsic Gomwpgnent dntlop or

advant nge. SlpREnprRctdntos SERSLRIoReo RGN Stpriltf o SRR BI e

a waf er0scaliput fiber, in some cases without the need for an opto-mechanical or electro-optical

element to do the switching (optical crossconnect).

In a further application of the techniques, a large array can be constructed that can
serve as both a pumping laser and a communica.tions laser, either at different times or
concurrently.

25 It should be understood that the above description is only representative of illustrative
embodiments. For the convenience of the reader, the above description has focused on a
representative sample of all possible embodiments, a sample that teaches the principles of the
invention. The description has not attempted to exhaustively enumerate all possible
variations. That alternate embodiments may not have been presented for a specific portion of

30 the invention, or that further undescribed alternate embodiments may be available for a
portion, is not to be considered a disclaimer of those altemate embodiments. One of ordinary
skill will appreciate that many of those undescribed embodiments incorporate the same

principles of the invention and others are equivalent.
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In these cases, the integration can readily be perfornmed on an individual
device (or device type) basis or can be done, for exanple, in strips (as
shown) or by groups, with the substrate left on defining the strip 2202,
2204, 2206, 2208 or group. 10 Still further, by integrating @Qopgs ok
Tedundant | asers of one wavelength with those of other wavel engths, an
extrenely reliable DADM or MADM nodul e can be produced at |ow cost. Thus,

since sing!ewﬁﬁyiEEZCigiggaa%gg_transni;ter arrays for DWM systens are not
available in e prior art, by'integrating |large nunbers of |asers on a

single chip,lpackagthgd 45 shzegeabihg kedHepdwiBy bnbegkatyBYaakhays of
ten or nore |lasers, of two or nore different wavel engths, onto a single
chip and coupPFhgeh SkiPof thRehPFkEdda aFhgre ePbéFalf shibxaaprsisingi ng a

fiber based gonbingt/bRYeLse;sRhi LEGE ced HQbQHgaFHi8c£§936s§HE3y1 or the
techni ques of the incorporated by reference applications entifled

Mil ti-Pi ece Fhobudipgi eanCoppbaahlyAadtiveanuéatonr and Fachpkduellyhe
mul ti pl exi ng, | tiple.wavel engths, can be achieved in_the 20 output
fiber, in soﬁgg%gggg g??ﬁ%ﬁte ﬁg ﬂ§88 t8F an°9 ng 8haﬁiE8Pd6Pg s18e

el ectro-opticpboel egebhet actoveheigw t ghling {epiteatnerpassannesgt). In a
further application of the techniques, a |arge array can be constructed
that can sePoE2S BOPRT&SHOFDI ng | aser and a conmuni cations | aser, either

at different tineseQ&nifQNGHEHENLLYtrdRchE S?ﬁuéd?Q?tHBHeBZngg that the

above description is only representative o | ustrative i ments. For
t he convthi ebeekeide hacteuderptibel abbie: desdri pti on has focused on a

representative sanple_of all possib] e enbodi nent sappl e that teaches
the principles ofn¥#eth?n§%R?EBﬁEeT @sd%sﬁV?%FF%ﬁéhgglﬁggeﬁ?téﬁp?éﬁePB
exhaustivel yoenuoerai€rahs §08si bhe opitalipnsctIhat rabtsnnatpigAbagdi ments

may not have been presented for a specific portion of 30 the invention, or
that furthertifdedesibrbe aPrernbhe erbbarhbvit achhyebseaian| ahiéefor a

portion, is be. c Lde a_ g i S | ate
enbodinents.fgézig %?d?%§$§ égﬁ?lfg§§f*g%%§é%%%a§£8tﬁ%?l%§%£yof t hose

undescri Ped omdoidi ventsgioepr porate the sane principles of the invention
and ot hers are quiv | ent. 23 29, DEC 2005 What is clainmed is: 1. A nethod

of integrating a %?iéﬂﬁt%h% PREkSRHeChiPi Ve thptPtartennpc EhéPLEEKRde
active optical rChb PcKOIPEFSEEYs ; dhndeast one optical device, having an

active side, 5 including an optically active region and an optically
Creating access ways in the substrate over optically
active regions.
20
2. The method of claim 1 wherein the thinning comprises
thinning the substrate over the optically active region to
a thinned substrate thickness of about the device
thickness.
25
3. The method of claim 1 wherein the thinning comprises
thinning the substrate over the optically active region to
a thinned substrate thickness in a range of about O microns
to about 100 microns.
30

4. The method of claim 1 wherein the thinning comprises

thinning the substrate over the optically active region to

24



i nactive region each abutting a substrate, a bonding side opposite the
.active side, and a device thickness, the nethod conprising: etching
groupi ng trenches on a portion of the 10 backside active optical chip; and
if the substrate has a substrate thickness in excess of 108 DEC2808s over
‘the optically active region, thinning the substrate over the optically
active region while leaving at |east sone substrate over the optically 15

nactive eof ofy, hondi 00, Lhe. 09t Lgal, SHLD 19 Lhe glecbroniguehp using o

flip chip pr%cess crea access way stra over optically
active reglQﬂscra@BZtoThﬁonethod micﬁbﬁsn11 mhereln t he th|nn|ng conpri ses
thi nning the substrate over the optically active region to a thinned
substrate thickness of about the device thickness. 25 3. The nethod of

claim 1 wherginrtbend fhoii 88 EOHPhI $eShebBLANERG tREnSURG! E8LErO¥eE the
optically active region to a thinned substrate thicknesS in a range of

about O rAi cromsnning aboat sWOSt ARt oR¥Er 3Dha, Oghécﬁéﬂhoacéivélé?ﬁﬂ?nmh@reln
the thinning_c g t ably active
region to 24° ZQQP%£§&266%Q£P€h$n%%g8 %95 tglcénegg gggggrghge of about

50 microns tpiebont 460aidbat obso ﬁlcihﬁsnethod of claim1 wherein the

thi nning conprises 5 thinning the substrate over the optically active
region to a thinned substrate thickness in a range of about 20

6. The method of claim 1 wherein the thinning comprises
10 thinning the substrate over the optically active region to
a thinned substrate thickness in a range of about 20

microns to about 50 microns.

7. The method of claim 1 wherein the active region has an
15 active region height and the thinning comprises thinning

the substrate over the optically active region to a thinned

substrate thickness of about ten times the active region

height.

20 8. The method of claim 1 wherein the optical device is a
laser and the active region has an active region height and
the thinning comprises thinning the substrate over the
optically active region to a thinned substrate thickness
equal to at least a minimum lasing thickness.

25
9. The method of claim 8 further comprising, after the
thinning, applying an anti- reflection coating to the

laser,

30 10. The method of claim 1 further wherein the creating
access ways in the substrate comprises:

drilling into the substrate.

25



m crons to about 100 mi crons. 6. The nethod of claim21 wherein the thinning
-conprises 10 thinning the substrate over the optically active region to a
t hi nned substrate thickness in a range of about 20 mcrons to about 50
mcrons. 7. The nmethod of claim1 wherein the active region Qﬁg g 15
‘active region height and the thinning conprises thinning thg S 5 tTate over
the optically active region to a thinned substrate thickness of about ten
times the active region height. 20 8. The nethod of claim 1l wherein the
optical device is a |aser and the active region has an active region

hei ght and 1he T mmetigodoopr ctesmt hi furtiget hehsubshrahe e¥eatihg

optically active rq?ion to ggthinged substrate, thickness equal to at |east
a mini mum | a3THg°Y N 2khetl. 2% 3UoFheahat RfBPBFS@Pai m 8 further conprising,

after the thinniagehappl yhadsapsepite £6715ti OReCORLENYLLO fhE ! aser. 30
10. The nmethod of claim1l further wherein the creating access ways in the

substrat e cdﬁ%¥¢ses: drilling into the substrate. 25 29 DEC 2005 11. The
met hod of claim1 further wherein the creating access ways in the
substrate conprises: etching the substrate so that the substrate has a 5
hole. 12. ThE nelhwdneifhed aoin dllaivhel Bi whé hei et ché ngt COIMG | 668prisE€ating a
straight sidewall to define at Iﬁgﬁt a.%%ortion of the hole. 10 13. The

met hod of cl ai m 1Sl P tPer 2t ARF it Aot se’: dekiratahigl @28t oped
sidewal | to giefiieh adf l€asthdle.

10
13. The method of claim 11 wherein the etching comprises:
creating a sloped sidewall to define at least a

portion of the hole.

15 14. The method of claim 11 wherein the etching comprises:
creating a straight sidewall to define a first portion
of the hole; and
creating a sloped sidewalls to define a second portion
of the hole.

20
15. The method of claim 1 wherein the at least one optical
device comprises a detector, and the method further
comprises:
anti-reflection coating the detectors.
25

16. The method of claim 1 wherein the at least one optical
device comprises a laser, and the method further comprises:

resist patterning the substrate.

30 17. The method of claim 1 wherein the substrate has a
surface area, the method further comprising removing

substrate to increase the surface area by an amount.
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portion of the hole. 15 14. The nethod of claim 11 wherein the etching
<conprises: creating a straight sidewall to define a first portion of the
hol e; and creating a sloped sidewalls to define a second portion of the
hole. 20 15. The nethod of claim 1l wherein the at |east one28pDEC2W8 device
‘conprises a detector, and the nmethod further conprises: anti-reflection
coating the detectors. 25 16. The nethod of claim1l wherein the at | east
one optical ' device conprises a |aser, and the nethod further conprises:
resist patterning the substrate. 30 17. The nethod of claim1l wherein the
substrate hadta The feddicd exf ¢¥mimel rﬁbdr‘mﬁflt mmru)imirh@i ng renoving

substrate to increase the surface area, by u 6, C
The nethod of cl aiff>EFuUrthet” ¢ nr’%rcfgl ng: lscear |€lgb%% le%%g &ang%g%l ¢al

fiber into thayaccess way. 5 19. The nethod of claim1 further conprising:
supporting an end of an optical fiber using the access way. 10 20. The
nmet hod of °claim 1 further conprising: .inserting a portion of a mcrolens

into the access Wik meknol& Mo of %}@EH@Q d&RLPeLs gQupri sing: 15

supporting at l'east a portion of a mcrolens u5|ng the access way. 20 22.
A hybrid el ectro-cptdmadtiocly et icf mp optical fiber using the access

way.

10 20. The method of claim 1 further comprising:
_inserting a portion of a microlens into the access

way.

21. The method of claim 1 further comprising:
15 supporting at least a portion of a microlens using the

access way.

20 22. A hybrid electro-optical chip comprising:
an electronic chip:; and
a backside active optical chip wherein the hybrid
electro-optical chip is created by the method of one of
claims 1-21.
25
23. A module comprising:
an optical chip having etched grouping trenches on a
backside thereof, at least one laser, the at least one
laser having opposed mirrors defining a cavity therebetween
30 of a thickness,

an electronic chip bonded to the optical chip,
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an el ectronic chip; and a backside active optical chip wherein the hybrid
el ectro-optical chip is created by the nethod of one of clains 1-21. 25
23. A nmodul e conprising: an optical chip having etched groupipg Bﬁﬁ@ﬁﬁes on
a backside thereof, at |east one |aser, the at |east one |aser g
‘opposed mrrors defining a cavity therebetmeen 30 of a thickness, an

el ectronic chip bonded to the optical chip, 27 2 9 DEC 2005 a substrate
over an active regdcgumétiamelaser aﬁh&ctSm@sregienhaﬂingealhhéeknehe of
bet ween about ten tines the thickpess and about 100 ggcrons

ant|-refIect|§RP§Rﬁﬁqﬁmeﬁﬁﬁ%pao?h%ﬂﬁn§ﬁ%s? ?%tw%e§4 HE ﬁﬁﬂuFémGF EPgi m

23 further coipidigldis ah@CHESSE WBY0 Igygfofgge asdi ve region. 25. The nodul e
of claim 24 further conprising an optical 10 fi ber having a portion in the

access way. 26. Thn rajtul ereflethlvie 2dosauingieen coopr p§i hjeasnbetshens
support ed by the access way. 15 27. The nodul e of claim24 further
conpr|5|ng a mcrolens having a portion within the access way. 28. A
hybri di zed nmahul errcompdisieigef anlaphi 2l fehtPe£oopmbsi 8gngt aheastekvoway
backsi de 20 enlttlng | asers each having a substrate, the substrate having
a first thi ckhess tRveéCahve ns®919R  region of the at |east two backside
emtting lasers in excess of 20 mcrons and a second thickness, over an
active region of the at |east two backside emtting | asers of |ess than
about 100 225 @hengnodne of claim 24 further comprising an optical

10 fiber having a portion in the access way.

26. The module of claim 24 further comprising a microlens

supported by the access way.

15 27. The module of claim 24 further comprising a microlens

having a portion within the access way.

28. A hybridized module comprising:
an optical chip comprising at least two backside
20 emitting lasers each having a substrate, the substrate
having a first thickness, over an inactive region of the at
least two backside emitting lasers in excess of 20 microns
and a second thickness, over an active region of the at
least two backside emitting lasers of less than about 100
25 microns; and
an electronic chip to which the optical chip is

bonded.

29. The hybridized module of claim 28 wherein the second
30 thickness is larger than an anti-lacing thickness but less
than 100 microns, and wherein the hybrid module further

comprises:
27a



an electronic chip to which the optical chip is bonded. 29. The hybridi zed
-nodul e of claim 28 wherein the second 30 thickness is |arger than an
anti-lacing thickness but |less than 100 m crons, and wherein the hybrid
nodul e further conprises: 27a 29 DEC 2005 an anti-reflecti @ REft

‘applied to the substrate w thout a special patterning of the substrate of
the at |east tw backside emtting lasers. 5 30. The hybridi zed nodul e of

claim 29 further agoRPrisineE]l el dreasla tamey @qucé@t et @he Fhbstiaite
hybri di zed mpdul e of claim 30 further conprising: the anti- reflection

coating on WHé QPtIéa§@q&%§LUP%?F%Q&&@@E@FtheZﬁNbStrate of the at

least two backside emitting lasers.

5 30. The hybridized module of claim 29 further comprising:

at least one photodetector.
31. The hybridized module of claim 30 further comprising:

the anti- reflection coating on the at least one

10 photodetector.
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