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FI ELD OF THE I NVENTION 5 This invention relates to opto-electric chip

i nt egr at iwo eamo3420m0re particularly, to high vyield dense iparagozaticon of

opt o-el ectroni c devices. BACKGROUND FIGS. 1 and 2 illustrate approaches

t hat have been used in the prior art!giéiétach 10 multiple bottomemtting
(or detecting) (also referred to as ide emtting (or detecting)")
devices to forman int ggm@.ggEgﬁg@N@ppVI@@m@E(}RAﬁm\prdl ng to the
approach of FIG 1, multiple lasers, are fornmed on a wafer substrate 102
in a conventional manner, as are nultlple detectors (interchangeably
referred to herein as photo L AL O or on a waf er substrate
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formtrenches 112 anong the devices 106, 108 which separate theminto a
series of discrete individual |asBACKIGROWMNI2ZO det ector 108 devices .
Dependi ng upan_the p rtkcul ar techni qﬁje used, the etﬁhed trenches 112 may
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conbi nation thereof, to on fhe order of about 5 microns or less to allow
for cl osr%iot@é@fp@tars) aB él@srsow of piea sheafar selstratedn epwatoa widhhthedessgy diveigally,

el egkro fi f on waf er
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FIG 2 use e trenc are etc the substrates
substr atdeslc&d)ﬂ)&;l @S Which separate them into a series of discrete individual lasers 106 or

20  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 the substrates 102.
Following etching, the substrates 102 and their associated devices 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

25  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 n_licrons 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 alternative 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



WO 03/ 003420 PCT/ US02/ 20695 their associated devices are then inverted,
aligned to the proper location over a Silicon (Si) electronic wafer 114,
and bondewotos/oodaeo Si el ectroni ¢ wafer 114 using conventi oRalr/tSo2/peehi p
bondi ng techni ques. Foll owi ng bonding, the substrates 102 are then wholly
removed,, b convent i.onal chani cal ..poli shi ng nethods, convgntio etch
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t he appr oachAgitisseHy.oth teghrfigyes casur thas thsse #rane siggifiopptrabserbinglayery and
FI 2 t.h te . tel V, I rtenced by
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| ayer whdchfliqué of FEG.SIt feth@den flad thickneak € file enfifd dubsttaté h62 WewbbeieS midrois ot here i's
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1P

as sensloss grd the approacinel I 24pmovss the substrate 402 shtitslys kaving sapplipls gvhallym

pr ocessi g, AL 05otidSdevidds addi tion, a manufacturer of opto-electronic .
devi ces rﬁ%}g two anenuees f(S)r obtaining 30 the optical and el ectronic wafer

- they can mbotf eftthesededinidues howevsotdhatabensiedalig sreatr optdrelectamc clolps dhah one

th, f third . . f ing bath.t tical devi
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"electronic chip"), the manufacturer can take . o
reducing individual 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 manufacture 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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2 WD 03/003420 PCT/ US02/ 20695 neasures to ensure that the pads on each are
properly placed so as to align with each other when the optical chip is
posi ti oneaOo®msme34eihe el ectronic chip. However, typically elPettusoraicsand
optical chips are not desi gned concurrently, even if they are designed and

fabricated wt rgani,zation ven, thasr | '
ranut aceurare! (ribawt B IROR R HRBUERE bR PliEed S et R bBar 2 a i on
Wi th regaed thogtehhcHif & meRitioaad odddhedleglonttingp. CHbRevaleiShally debitied ot
correspondence between contact pads on each can easily occur a@partr cularly
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al tesfi n@obﬂdmahomwnuhnmheforgdmmauomm&egmﬂ&) bdtﬂnéreej@ylcal(hxﬂreﬂdoudmcrch@ a pad
m sal i gnment ga\rrr‘uere none previ Qusl %E exi sted., Even worse,, if the electronic

chip i s gagngrack elropEsrAndanGs hefveen raptachRAds P Gaghy canearly eaoht cRITHEHATE  but
the opt 'vﬂﬁh e Gl RDof ﬁe%ﬁmﬁgﬁé’d V%Itﬂghesqettﬁrcrgerlér &%ﬁﬁl&%@g}aﬁaﬁmﬁf or

exanpl e, I ps contal ni ng pside emt tical cavity lasers, bottom
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char st 8 MEieaen PHP IS aleCe e AR Baaoone) o Boper ot PR g |

det ggt 0’iﬁtr&fucﬁh?tatﬁﬁhﬁﬁﬂ@nﬂeﬂgwﬂ&te%h@fn%)aohﬂ?texﬁfe% mass nmanuf act ur ed for
di stribution o mul trfphe unrel ated users, it is unlikely that the pads on

the optical deehmesseniflthe ele¢irdndc Chlbtlﬁaieélﬁl1¢drt0tb¢els§@mthrﬂ weisty efdefierent t hey
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waf er 306 . al so has contact pads_308, 310, onto which an Oﬁtl cal device can

be connégtistlasess, aﬂé%butrrl tasdbackBIFB) ehdléfﬁéereﬁll’éagg)gﬁﬂeﬁ@r WeREs keergwhich| t { he
optjgal ¢ &1"1'1 b%t?e 51891‘?19 i A¥&dth g}%%%éflsﬂ%scf}!r Pogrgyﬁﬁgri&%ﬂg? iél\ﬂtﬂa Pgnot be
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al i gned re&n&ﬂig)&m‘teatd)’l‘s folr Gotteim radeivihg detputaskthhisara nmsmbiaﬁmfactmrddl”fat dmﬂnbh’rmm ts

the abilit nd mat ch reover a.chi esi gned
w o CothetiTnuis e i e e iR e hericel S BLal dE: Svent s
create 3,0eQdnHR YiR Paddi Eialieiey ARVIESWde B afbIE MAHEME cRRASAE Ehi I acerrent
all the planning and coordinati oh done for the original device w

i rrel evant t dot branmdoy asgbotve é1 FED Theiggletoptied desica 300 h@ﬂw@ﬂta?émﬂsﬁ@ﬂ a

pr ocgess |tat sthe (rjr% es w

Phert” belAglakd b biifice PEf R el ghePRofioraf ety Mkl ke of

a st andaothadtoaipads 308 Bac tonkd FERABA bpSEA @6¥ce can be connected, placed in the
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
subsequent 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.



3 WO 03/003420 PCT/ US02/ 20695 In addition, in some cases it is sonetimnes
desirable to coat sone of the devices, specifically the detectors, with an
AR coat i 'O 08:003AR coat i ng prevents light fromhitting thePCosoi,2@9tiet ect or
device and being reflected at the detector-air int erface due to the

di fferences i:E tge i ndexes of refraction. This is inmportant for
detectors bec 16084 10SOPEFapssdhis spmefimgs desiable t"d% SPIBe Oéﬂleéﬂewtcﬁ% det ect or

itself cifR IITL e ABteBBYs, RBHCRATWRCh nto electrical signals (i.e. it is
| ost ||ad§ﬁt f(rhgm a seystsem pol nt ?%\g iew). Thus an AR coating opt| m zes

t he col | ecti oAnefR twiting pyevehtsilight ffemddting thanpuﬁedetbctopdmmrﬁl Yeirght fr om
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changes ik haps@ddt @6t dedctors BdcaliftgretlORedifht Q8 thﬁ@ha@ dB&SﬂHt tentef’lﬂ}e%efgcﬂir Ly

will detrinmentally affect the lasing action | aser not prevent it
froml asqnﬁldneam oo b conviefted lmﬁl@ptma@lmm babisr bshlhightt&bect sytstem poiain
array, the tors conve wi sdom woul d
mandat e spe{éulgélﬁ %?@e@%%ﬁﬁmﬁe“ FeCQhisr i qfficienay g &Pﬁﬁ%@%f YeBEEdt t he

| asers Ciltéve‘ll@lﬁglﬁ%ﬁlb:@ﬂgtdﬂmct@@aﬂﬁiaﬁnwﬂfa@@ase to ensure that those 15

| aser devices _were not covered by the AR coating. The protection or

di spar at e t r deASFEAOWEYEr; FrELFa A toBEeTof denntighimtefectivily in lhedepif eperateequi r es
e

processi ng so intr gi n éct ed
devi ces.will deatitngntaily afffent d&ﬁamhgactﬁin&ﬁ‘tﬂﬁd lagdr, i€ a0t Eetenp &dtorh tashig aogéthet ed as

well. 20 In ditio b @r ate treatnment of devjces causes other proce55| ng
probl ens whe PP{@fefg% QadpssEs Mdedetaséory By angrrdingrder te Mifpcemieniyghel ect ri cal

contact qadsors rboh@&ltl%ﬁﬂew@di&ﬁ‘woﬁﬂfmam e&lfa }?attgﬂ'h me% ?é%tbr' cal

contacts near the devices and el ectroplatin ectro ss pl'ating, thernal
ev apor atpssformedvaproevidho tastmdunng $puAR epatingg depcmmrqpﬁma & ensusettlattthogel ace

er ciQste?§§$1§é’s”v5argtn?tpcoggfeg}g/ﬁg?E\ﬁﬁ oggOf the resulting sol der bunps,

ren ers i 88t 0 protect lasers from AR coati ng
because the sTHed@btebibNS BfRArdRiGbathdhi &thd Habus biTRrRtdetREs SeMkGRSer Pri or

art lacks a way to elimnate the need to pattern a protective | ayer over
the |as é?%ulré\mﬂrép&cpsémgrﬁ@emh‘éh@htcmtétumf @1(1 lv(enmemctease@rtkse eastl offpesssiogs) to

be AR C%‘%l%i ntlzglaﬂées tﬁ%gcfsglbﬁlﬁ ar E&iﬁ&%lﬁg e éoc ectgé gev(%%%%y Flérballgrﬁlg?%r Wﬂt egration

of nmultiple ype evites on roni
addl t i orddctiivab cagadt pgdsstodeprotseted aawent i -refl ection coating, can be done

e whol e vvafgr at_ one time and wi thout special patterning after
| nt ration. Inaddition disparate treatment of devices causes other processing problems when the

processing must be performed on a chip having electrical contact 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 coating 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.



4 WD 03/ 003420 PCT/ US02/20695 SUMVARY OF THE | NVENTI ON W have devi sed a
way of creating electro-optical chips that, in various inplenentation

vari ant s,wowa/exe®e one or nore of the above shortcom ngs @CTiUse2/prepdr art,
resulting in higher yields and longer life (i.e. nore reliable) devices. In

particular, we have 5 devi §=1 i&lﬁ@m&&iﬁhﬁl ectroni c chips which,
in sone variants, provides=on . wi ng advantages: allows
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el ectronic chips to create an int egr ated opto-el ectroni c device,
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devices to.he AR coated, w thout special processing to protect_the |asers

or af f ePTIVryne Reltsr vigyelength coptroly ad/ondpuing Hiigheratririgrab griee y reglfingdn

i nt i grat ?évb’er‘@e?é&tseing%&g;meﬁdéxﬁi:@l%ﬁetiﬁl%w attributes are desirable to create
reliable integrated optical devices. First, it nust be possible to get

optical fibeMée bavedpttheralevisedhseny ¢d tdegranoptitel iod clagttamechi@Ototdneatd aght
w t hout . crosstal k. .Second, there nmust b 0, absor bi ng | ayer.s above the
et ve. TSGR OBl PRGN AR PTrsbe e I BGERE CrPBer] Y dtap: ng o
ent er i NehahBficR@Ed InCAd Rk dingley hiafifor o?hhxl‘@borﬁﬂﬁﬁbl%/ Bekih _eiéé‘tri%al' cdhiet foiatd h
thermal mass attached to the devices to allow for efficient heat

di ssi pat i on. SHYdhxther, whdawt dayésed e avayi tp ceagis anyintserageseopiievleeleenie Henireltheb
mai nt ai n rin [ ing so th I e strair xper.i.enced by the
devttos TRvh B B3RP AR "Rl (BINENRE ARl IRRICE

appr oac prgesindto@rotéctahel 1dséreor Zfeting sigdid Sitytibdaski rst two attributes
however, neither of those approaches satisfies the third or fourth since
nei ther appMAEHnfegsing oPichl deyiggsgatippishiyith glesisonis ehiph deurrabiribhies @i ces

(i.e. t @sil%ﬂfésﬁ)rc?éa?eﬁiiaﬁl@‘?nts\%?téhgﬁﬁéal%Vi{:%duces stresses on the devices. 30

Al t hough applicants are una any such case existing in the prior art
or ot herw sé&jrst, kemegd pe passiblofo gek Gptical fibers dr ppticahiensdsicjosb enompliao ttaptast | sfy

gg\elgégugl{qgwg{; %/Irit',hg#tﬁﬁerg? : gq%‘p@,gh«%e %ﬂisggeg]éo Lﬁ%ﬁfmﬁ Iaygrlélg é\feat g ac(:)tlnvet he
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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acconplished if the operating wavel ength of the particul ar devices were

very transparent to 5 WO 03/003420 PCT/ US02/ 20695 the wavel ength at which
t he devi cwe oopexsad ed. Moreover, for many cases, this woul e#crasorae9sif not
destroy, the ability to satisfy the first attribute and vvould likely al so
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optical device, having an actiVv inctu an optically active
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active optjcal chip_.is also described, wherein the hybrid 25

el ect r o AGHPSIRE: abﬁmbng side pResilg the ackive side: aHa ‘E@%’éﬂmﬁ]@%ﬁsbrmg@gd A third
a2t v S e AL 6 L0k sl ol el 19,
a caV| t yctiveaegibetthiaing thé swbstr’aieojvnems opiaallglaetite egion witilgiebameiadedso t he
cubey R SaE 2 et RS Do uP Rt 4DBHPE e pRCHEGiR Rant HECHGs and
subst ‘r’SFE*Q%H*?;‘?IE%ﬁlpolffa‘i?@;hé‘%%‘%a?ﬁ%%‘i‘?ﬁ"ﬁé% O o AR orm ¢ ne
usi ng t eegidrisngs
A second aspect of the invention involves a hybrid electro-optical chip having an
electronic chip and a backside active optical chip 1s also described, wherein the hybrid
25 electro-optical chip is created by one of the described processes.
A third 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.



cont ai ned herein, provide advantages and benefits over the prior art. 6 WD
03/ 003420 PCT/ US02/ 20695 The advantages and features described herein are
a few of wbe3merago advant ages and features avail abl e from Peprusspmicas i ve
enbodi ments and are presented only to assist in understanding the
invention. It should be understood that they are not to be considered

limtations on théfheﬁ%amg@ﬁ% feg@wressgenipdibseeinprgiad8y ofthq aRY at i ons on
equi val {]ﬁ% e
mut ual | 391@%%1}1 ct %?%Pgésaajlvgﬁt %ﬂaéltegéc}gﬁﬂlgt edfs?)iflerlr{tj ﬁdégg%?élﬁpr esg%(g in a
si ngl e esdixidn nnatﬁ:rstaﬁimg 1hanﬂn5ent1mmnh sholdd bt agdsstasethatthpy meatt & b one aspect

of the inventi and in J]icable tp_ot hus S _.sumar

Feat ur e ORI DRt R RO B sk 2B OB SY Bier i o JOMTABUROR FAIEH i ng
equi yal enge. clalﬁfédl”cgr'lﬂéi‘ﬁ‘lcefs%ﬁie%f@l%s@@éva@a@éﬁ%@ﬁﬁgﬁﬁuﬁf éo'ﬂ%aﬂl'aﬁﬁ}j?tlh At e/
beconme apparent in the follow ng 10 description, fromt e draw ngs, and
fromt hemmbmmﬂﬂn@smﬂﬁl a@lxnng eﬂiblEdlmeAWS@Saﬂy,Gonm adlvamtagersar@s :
appr oache t sed i,n the rt t ottom
or 14§ ngolispP e BE SRt el ot b i P o pBeRLiRER, RN piniy ?

i1 ustr ad@sred BT SBGHASes ABh1dRRY Be BRRM et sgoRitiB e &Htérﬁﬁnﬁ?teqﬁﬁa@hé@(?h
multiple bottomemtting devices to forman integrated electro-optical

chi p; FiAdditiral fegsrespnd edvaniages pethepeyeatipn sal) b@f@rrw appareBhindee fleuensd| aced
in e grﬁ[g urer and a portion of an

el e?:(?r 0%8520 &ggﬂrﬁ%ﬁﬁﬁé%%‘ﬁﬁg anhtﬁg) ;;1{;(1:3%%1E the position specified by its
manufacturer; 20 FIG 4 illustrates a single optical device with contact

pads placed in the posjtion s-eC|f|ed b its nanufacturer and a portion of
an el ectronic wafer wi BRLEEIMESE ed e Ve¥sition specified by

I ts manufact lﬁﬁr ﬂiusﬁ@ggébrp?@é&ﬂeé’\fhhﬂ hzﬂz@tbe s%h'ngﬂl% Lﬁf b0 2t chlgrﬁ'tﬁ%l]élét ﬁ: in

sinplified h eve vi ew, one exanpl e approach accor
teachesboftomkmnttmge}etficasrtofﬁfmEﬂﬁte@rataddle&tro-loptmsﬂclalpes several di fferent

acc svvayv ant. ex | es ustra ano a i.n which
FTbETe Bry s dnbor HGBSY R E O (SR8 (HEIOT LA P Ral B r ay
that acegpsRdalifmeaRviREd @Yoh aﬂhﬁé%}lat%a%%étro ~opti&al chiB; lllust rates one exanple
process for creating an el ectro-optical chip vari ant accor di ng to the

t echni ques dédor 3} dbgtratgva finge opmcalldemm: matheooniapiepads alepedinghe @@fs@on or
R L R Ee TR D T R R R
el ect r otigds@tn spbibed By 1t§ﬂ1tanufacmrer,

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. 5 illustrates in simplified 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,



according to the techni ques described; 7 WO 03/003420 PCT/ US02/20695 FIG
13 illustrates one exanple process for creating an electro-optical chip
vari ant wowoenai4ag to the techni ques described; FIG 14 ilPChgatSoazm®ss anot her
opto-el ectronic device being created in a manner simlar to the devices of
FI GS. 10-12; Fl G] 15 111 ystrat es acegr]gcess .usabllﬁ for tbo t.,om act itve

devi ces; Fl '1]63 liufiirzﬂ%wrét g4y FW%C 3 Orﬁgegglfl%a]fs CT{%’B}%HC& CIEB?'W%H devi ces;
FI G 16Ecoldibistd @b eschhpepti@eassl; where the contact holes are coated, but
not filled, and can assist in alignment; FIG 16C shows an optical chip
with its conFHetkd llasaiessmnogier pﬁptegwrpmg devige bsingereakas in ponaupstinglasta o

mat ch t not her chip; FIG 16D shows the contacts on an

el ectroﬁl%cd%g%%%gfr@rc%t@g&%y patterning traces on the substrate to match

t he gont act sFU®. Enillaptratesd probéss usdblidIor bdttdrhlavtitd ddvixes;a process simlar to
that shown in Figure 16A except that a carrier is not used; 15 FIG 18
illustrates BI@ Hiuspfes pproces uathlptadorsifspcti¥edeiessconnect di f ferent

devices: Pl Gl IR R0QNIREe HelBhit ol 4TRbALE BLAld: Alled D 15

1
a further variant o adapter or connection chip varrant, usa or
t opsi decacdssistinddignoeat; FI G 20A illustrates the stacking of two or nore

devi ces usin e of the technigues.. according t he inventjon; 20 FIG
208 111 ust r al S BB IEH AIPOR o e EaT o ey PREIHEE BRSa e
techpi aueRtraRas Al @e tonth&lS oh BNSGRIAp; FIG 21 illustrates an array of,
for exanple, one hundred lasers created using one of the techniques

accor di ng t oFiGiel GIhslemys thp corrpats orpan ¢ledtpniq elup serpied by epiéerning dleeeit dthg an

array fgr a appl i cat i Si of. .25 the techniques according to
t he inv{e?lr?ts'lu %g%qr?cfg%dé%hez?%%c Suoélggé)?oggaltcﬁlé)’pr ocess of FIG 22 froma top
view. DETAI EED DEEGRIEIY Otobsesintlas foiht shomnSih Fddiré 1 €4 eRicghthaey ebrrier

overvi ew, one exanple approach according to 30 the teachings of the
i nvent i Bt ¥Rd% approach over comes shortconings of the prior art while

e 81110, LS SRR, PRSIy I Dk O e TS0 <
char act eri st FiGS. 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.



8 WD 03/003420 PCT/US02/ 20695 1In the approach of FIG 5, a |aser wafer 502
(made up of lasers integrated with a substrate 102) and a detector wafer
504 (nmadewOp3o634det ectors integrated with a substrate 102PCTiGS0DRI683 ned,
for exanple, by manufacturing themusing a conventional technique or by

purchase fro third t ternati ver a hybr.id wafer
mde up of bt fespped el Bk suattsts St Yo GdEuB R aEr toeoBofbiH S bet  at e,
for exagmsatel 1'02}5&{3331 aétaabmafep 904 ea&de%rbf%te@ﬁot’seﬁn@métpwng a slistrate 102)
manuf actured or obtained. Trenches 506 are etched to process a wafer into

i ndi vi disdbtained, é@@xabgoleebmmwgfacmrmg thdmeusug)stcma\tea)wml teqhnlqslomebxases into

2051 oned B PO AP E S0 i R D& R e e BB R Pt 1 10

her ey t fase@ndd Wble6tdrd iStdenEed With alcehnttRrs@bdiraby fEefianpns & sdiye Alegddting i nt o
the substrate in sone places while stopping the etch prior to it reaching

t he subpeitaner pthengeupiag, is manyfashipd e gptaiggdace the i nventi on is not the

t f
creatton of, haeRR Aok Sl L ELLs wRRE: B0 o Em N REERN AT g
above wihd siblieatsldrpipedmerksdseingo h}ifpmﬂmt@girbqu déemegéomaﬁrplms}mnmhas ed

i nstead of 15 made, The aqpti.cal device fer is then erted d aligned
over an?3EPBEIPSHISSisHa] él?Pl%ﬁo%ﬁ‘ﬁlﬂeB&@é appDevige él“@bftd’ ?fﬁ?%lcﬁﬁ?%y 508 usi ng,

fory GX%QJM?%V@&%@%&O@ d?e&ﬁ@rﬁﬂlg?'i‘ﬁlﬂ%ﬁ%tb?f% H%ﬁl%o e sSOBLQhher

appropriate proprietary technique t acconpl irshes bondi ng of the opti cal
waf er t eomh plaedasemmfta)stoppmgﬂ@remmprmrs«zj 1ttraighmgahnjsubstratablll ethesnner .

Al ternatively, an dvant ageously in s urt Si n of the
Substrate.  103RRIRE SREHE R Snie BaBPHE SERREE bt Inpretrl e BIR SR e o ¢ her
prior te dendirfifioadroRs weRl, grywfhedt thddvites @r%ﬁﬂﬁﬂgﬂb%réﬁ@ffdedls&éte abiieds),

bondi ng, 30 long as it is done before cycling the devices over operatl onal

terrper athe aboes wosldeas shipped whideeliol dheaanitionl deicd orpéerarasarurciBoetingieastelssing i s
s t abl bl & for the prior art techniques described above in connection with
1"88G 2 25 because, if used, it would dramatically increase the cost
of pr oduci ng Tﬂew% &S dbyicé @afer fid then invedédindudignbdodkrng ctdctrenic ivatkirSO8 eine
device if the substrate were conpletely renoved or dramatlca%(!y reduce the
yi el d, aeadqddo theredecdroapay aier 39% @ﬁm& peioPraple, Gpnsntional dimehip Bprding very

thin. HABAR il BBICHG AR o fliqR fhaPRLchbhis 8 HofiiRg WP BR

dlfferent proceSS| ng ant are now poss rst v riant, the
subst r abpti¢ad wiakkr tm et edatvontcowafet tni ackitalsls andiredeblessarmbr. 50 mi cr ons,
typigally towithina range of betueen about 0 mcrons to about, the 100
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 the 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 micron thickness

typically required for close optical access.



typically required for close optical access. 9 WO 03/003420 PCT/ US02/ 20695
In a second variant, the substrate is thinned to a thickness of between
about 100wmiosteaz0 and about a thickness correspondi ng to twrhe/ush/aieness of
the optical device portion of the wafer. In a third variant, the substrate

e, AR DBE e A ROl o PR e S O
t hi cknegiicrofd aild¥boepPs {héckhesbesoiespdd@irel t6 thedthickhdds WafiRIoptib 4l dR%HcB ottiontAt
required. In a fifth variant, the substrate is thinned dowmn to a thickness
about eHWd’Vaf% the thickness of the optical device portion of the wafer.
10 As will b r f ripti i 0 id\n the
Fnvention, bt Oy tes DRCHbR SRR o dPeu A AR E Rt

| ar ger th@bns.he thi ckness necessary for close optical access, for exanple,

wher e access wa¥s re ,cons%r uct ed,(]as descri bed below) to _allow. for
i nsertion of h# %ﬁw@aﬁmfw glie thy thigkuess) of tle suhstinte weabqiicsual ipdle thickgess

separ at j, SRALd A8vicd ReaRevd ]%"115]- i e optical access range.
However,pﬂli]lte S exg‘ggt%%ﬁ%)ﬁat sﬁycéﬁglgt g%%eﬁo\?ﬁqiﬁlrg% atypical. An access way
510, in the Twafftbfvagarttythestbstmtehotlennes dalwmdo ettithlettsoabalit iefilad tb the t he

substrate .over e portion of an optical. device where light is emtted or
det ect eﬁ",ld?nng %tﬁfg t@?féedé"reﬁﬁmé% t&i‘?iw&iff‘éi etching or drilling techniques,

whije pref er aRlwilllbeayhdrent TRIFE tHf debBieptioh VIR i gL cSHRELS BB thdthaGitionD@RENdi NY
upon the particul ar substrate and devi ce(sf different 20 techniques can be

used i ndickaiesrplithgeverall subsiratg cowldalioriy kept lorperthebifbitigkiesnnedsssasofor | n

additio dependj ng. upon_the particul ar techni que us he..access ys may
nave st Rrgeal i Rr Risp 2t e el 8 B B B R BT Fon
exanpl ealldvd f@ideitidrooRh@UES fiver 3£ 60G6leneintdth acdddyivagtd Didpardtiod spadigd ght
sidewal | s near.  the substrate outer surface and sl oped sidewalls near where
t he subfePreihe dgdee withinghe glesejenticebaccpss rangeaHawavendists gspestqddhatsycabst r at e
Wity a”ca(s@"vﬂﬁjb@ | ium Arsinate) Al GaAs stop |ayer (supporting optical
devices suc ‘s and/ or photodetectors (interchangeably referred to
herei n as detacicodss Way BY0rindhe fodmtof aarendiSbthdle Bl dl@cdtchedloy deiit@inthd to as
the "Sanple"), the follow_.g approach can be used: Fjrs t he access ways
510 ar oS hSEptsiovEhe BPTYER O4AT PRCRL 35%19? yﬁ%ﬁe%@b’t FRBI5 1 dlsie o X TBRed
Into a dgneBolNdAtiAR ét'chi% og'dghﬁ}mgrt@@}%% W€ W RLERSBTY l(eBHg‘% sofifdr gyacuated to

a pressure bel ow about 1 orr ore I ntroduct’i on the precess
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.s 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



gasses to reduce or elimnate residual water. Once this base pressure is
reached, the first part of the etch is initiated at the process conditions
of Tabl e WO 0300348» 03/ 003420 PCT/ US02/ 20695 Si C14 14 sccmPEFAISH2/smseMm
Pressure 20 mforr Chuck Tenp. 30 C RF Power 129 watts Bias -245 Vdc Tine
5 mn Table 1 This produces a straight sidewall extending fromthe surface
of the substrate into the substrate for a distance towards the device. 5
The process conditions are tdigpoptinized t%édbﬁid”"e the portion of the
access ways 510 having sl opeg si dewal | s wi]th, I'n this exanpl e case, GaAs
to Al GaAs selectivity near [SEefinity w th |mschal deFvi ce damage. In

particul ar the process conditions are shown in Tablle 2. SiCl4 14 sccm SF6
7 sccm Pressure 70 niforr |GHeEWeTenp. 30 |CORFT@EwWer 92 watts Bias -190
Vdc Tinme 30 mn 10 Table Cl %f@m“&’ 863420 PCTUS02/ 20695 Then the
process conditions are optimzeé to*getter] The resijdual G fromthe A GaAs
stoplayer. This is to prevgrRF Paidérher forfapoemtef |HC (i.e. performng a
wet etching) after the Sanple is unloaded fromthe processing chanber. The
process conditions for thiqattion of tHe2ht¥éess are set forth in Table
3. 5 SF6 7 sccm

Time 5 min

Table 1

This produces a straight sidewall extending from the surface of the substrate into the
substrate for a distance towards the device.
5 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

mfinity 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
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Pressure 70 mlorr Chuck Tenp. 30 C RF Power 50 watts Bias -20 Vdc Tine 3
mn Table 3 In the sinplest case, the access way will be as small as

possi bl e, wem®3aa34e®@ nmaxi m ze the anount of substrate |eft Pom/tShz2mevi ce.
The remaining substrate provides a rigid framework which prevents the

i ndi vi dual devices from undergoi ng stresses, for ex rrpl(gac‘; durin

10

att achment tbhendke BNQE%SrC(S’ﬁFh@%?ISPPmBEﬁér'ﬁ‘%jf%‘?f&rﬂ&forﬁs Hel Pfram thg1Hoadévi ces
and subgf I r be
porf or rach S, 1REs ({INRUR RN L ATTHR, pABHREL WAL SoliR) e
patter nSa:ngple tsanﬂmdzbﬂlfaﬂmﬂmtprmﬂmg)dlamber f ‘Bhe poassslcendifiohd fmmhm;poraom aﬁ hment
to the electronic é JS Eoul d be noted however, that if renoval of
addl t | oREPTOSEISAT? 5§t Olft h 5l oper iy 15 planned, as nore substrate is

ed, the thermal dissipation advantage may be reduced or even
eI i m nated. Moreover, depending upon how nmuch, and/or from where,
additional substrate is renpSE@, the abi7|sb¢r;1 to/wthstand stress and

strain may al so be decreased However canbe appreciated, that, in
sone cases, by selective r enbVEFSEE  subs ?Pé@&r{ hermal  di ssipation can be
i nproved by increasing the ovghadlgrréﬁgngg—o@r?a—af the substrate w thout 20

sacrificing nuch, if any, of|[the structural advanptages. Thus, it should be
understood that the inportapRFdepect of S0Nattsubstrate renoval is that
sufficient substrate is |eft}|gna-the-devices Eln nsure the desired thernal
and structural characteristi glaﬁre achuv%(gV for pover, dependi ng upon the
particul ar techni que used, p[oW,Sion of [GgpAaccess ways may advant ageously
be, in sone cases, perforned| before or after bonfding is perforned, for 25
exanpl e, before, after, or while theldleehches separating the individual

devi ces are etched tional | an AR.coatin an be plledtothe
detectors, i]1% g%?ﬂfé canQ?‘G\BX%§ U%Wﬂgg 1?%@%/%%5% TSR ALY 4
whi ch O&n&\h@ of E\ft%&aﬂem@h %eedewm@r a6 tnning chsias RBPMes @flgldm%w&kf ferent
processing will occur. FIGS. 6 and 7 show several different accessways
var| antwh@harqyleef@ th?mﬂl\@%m'éﬁ‘éceslffom hedergqing styespgsa i ouaBPlgs@Wingt he access
e nt i te 6b,
c, X“f‘e?‘.“ lﬁld[? rn%% (l;{/ cyW {ﬁey r?%“@ﬁ Ex ent(tjhe%’ 1éu‘"i‘a$r 21%% I{dnsugét%a%%%of t he

su bst r ak@vdver i rebh@rag of idsisath &iay dlirther @@emﬂ@edd foregtmylepaelic tifnbe

portion of an optical device where light is emtted or detected is reduced
but not 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 deéired 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



conpletely renoved, for exanple, as shown in FIGS. 6¢, 6d, 7b, 7d, 7f). In
general, the substrate remaining directly over the portion of the optical
devi ce wwpop@3lodxght is emitted or detected will be reducedcCrasatdptkness
of about 100 microns or less to enable close optical 10 access to the

device. L, O S Wl GRS TR e R O

| ess, and in’s mcr

t hi cknesdiffefehi progeseinghiill dcber. FiaRge alm‘ 7 soitevefil AIfEh @R ScdRswiiR Yhrial
m crons. Addjtiognally, depending upon the Eal‘tl cul ar access way created,

the acceSdmpisy Hayexdmple eihepstaguaritveg e agsess ways amayorstand snirelin
tical 5, F b o
OPLTCoL SR O O oy 1 I A S e, By B

enpl dyi nijom ties mftertsluefaadamthe amtmaaheaeptamvmm the ghibstiatea¥miathivgdifdatlgdeler of
fibers are sup the substrate can be created (such as shown in FIG

orted b
8), an o ?P‘&@PB OfpR 89“‘{31115?"18%}5’ FEeCigat s smiftrd Qsdetpsicd 15 F?dPWdchPéthy pl aced
m crole eqLrea own in
FI GS. %%%I&MQQ%B% M&Qﬁp 16:%%%@?2}:&2%% 6%?@? t@o acc?%‘r%glé?{% €s an
array ofsumtmt@teamsmag dHﬁCthO\(Bt dat;@dm(nsﬁct}lm agicahdemicd whdrt Gghtdy emidednot ed

above, rat e 0 to roughen the surface of the

substr at e?ea?ﬁeg h@ﬁéﬁ%"e @%ﬁl é%oaftsaﬁ? 2@@ néltc’é%lsf’ ?esf)@t‘?nélpls %Hnse pafical

di ssliopatdcedss td the aBib dhb@thamrs@sc HR{Bidkdeddiay BY rétRicB@td dbBut SERRIGHST

described herein, i.e. leaving substrate attached, stresses wll primarily

not pr oplaﬁa@l@ lﬂQO@StCﬁ%eéﬂodwr@é@ lasy elthoutghdypivallyl thh ghickasss wilklre withinythe he

connect i ic. chip, both of which are better able to
AT Al BB 3

Wi t hsta resses 5% e each exanple illustrations of the

process of Crﬁatdlﬂlcﬁgtll@l @splendin@ phoie tle paktidiiar ¥evebAnis crRele@r tHe BEedsOviyRay
t echni ques dg)scrl bed above. FIG 10a is a sinplified view of a single

bot t om siFRE 8 adwantegerysly ased tofeceramodadeam opftral fker, fos eamplegds shawaiR ay of
| asqrs denisges,, 6Eh730%y ﬁll&{)le%'f&}%x@& leHQSISh?g@ﬁHFI §Ie6bd%}{'$e 74002 i s isol ated

fromits neig bors isolati'ng tre chs s’upported on a
substrat e 100Busggecmplogingappobiciahte appteachal an dpticabxeapineyvhi@i dideef (Si),

Si | S || | ndi Ph h
I by A HPPat g GO PRI e HOUTEes SRE IR G 8 SHREDY | a
used f Orarfafieha8 BEDiniAb @t drde dr ikl hdﬁ@dﬁﬁ%‘?‘id&&‘ﬁﬂcr@kn@é&%ﬁﬁ%&ie‘d%@ﬁﬂ@”de”t of

the invention, it is worth noting that stresses due to t factors can
be reducebstiale Caﬁé?ﬁ@m@tﬁ‘gi sheh ssodbvindn BKES 6bf 6&xXpatsi7eh onin blbtmab:maycthht devi ce

subs}rate and e el ect e ossi. bl deal ly, the
t wo%s)hou %D%O&%‘Eest ;ﬁleargaé’ %foﬁ%sgﬁ Car@S Cfeﬁ‘get% (]tg%@ 3@5@?‘?’?&‘? i ) 5 of
expansi on of Axaidiecdtdovelie S@¥rate can also be patterned to roughen the surface of the

(l-‘L

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
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El ectrical contacts 1008, 1010 used for |aser excitation and control are
each nounted on a stand 1012, 1014 for support. One end 1016, 1018 of each
el ectri cavodonoxed acts as an electrode for the | aser devczasangheéphe ot her
end of each is a pad 1020, 1022 onto which an electrically conductive

material, 1024 .such as a | der, ,is de ited f.or bondin he.devi c 10
To02 1 o et d iirERr U ot SR BT P et BRe Bt iBE B o
10a af t @F tHehBvdn@isR!it RiWdth hfgdBattreésay @id 1B ahandl RR®r tANRLAYRHE by
correspondi ng pads 1026, 1028 of an electronic wafer 1030. FIG 10c _shows

t he | asarateing be coeffigientstad expansipacofifeaeptigel deyire gubsiratehanddihe sleeispnie Wakter
1030 vi | d d t i . 1026,
To9. 185 iofely §5Rosabe. 1P, R W ab b AR AR Sl iNettng g eied 0

t hi nfied of expga@kior @nbotabesithe2Bmei crons and about 50 microns. FIG 10e shows
t he device after the access ma511034 has been Qreatgd in_the substrate

1006, in thi Fleckical geniacts L9184 0] hused fer laser grqiiatipp gnd septeol pregach moupted
exanpl e d r 36 to
R e o T s S S S LT
af t er arleofrbdefoakhetlhser deviby ambihd witer ved ofdaeln isad padli®20, He2 dvewhabphi ed t o
t he device such as, for exa ., a |l ow viscosi . it flows 1. for
G00d cOTEREBAN CHEIRATE WRSRT 2 Hihaoado ERer Aot B bt bR fES BiAgHCE ur ed.
Al t heughobhe, BPQuEronasSwhfel ustrated with reference to a | aser device, the
process would be that sane for a detector tégs devi ce, except that the

det ect or devifd@. Hibyshaivs thelesesmderise 4 022 e 1G-1 Gzfter the ns¢rfarsabidias Berdt her

opto-el ectroni c.device . being created i im.lar .t e shown
b B Gs el HEp SRR T S by fE 0SS ofhlbeRoni BT TES o
material of e, tRWhERs 8 Tkt deviapds02ldfk2 it hhd Bden dtlaEed thaBe dleftr@iiOwatnot her
opto-el ectroni c device being created in a mann siml Q to the

! ;i er ar 3
pr ecedi Ag3Quipiacelder hand Heigrbety eqnsthe asppective gadst L 2Rel 4329 d0%he P8t he devi ce
Semtlﬁ.ond“‘:t Ofp ¥R G éh@lvs'ﬂ?edlﬁg’etr de5R0 2R G nd Elﬁ;ét%&tériﬁgcsh chitRRAld ¥ behiien! asers
of is opto-"electronic device are grouped so that they can be used in a
r edundanboift@9hierons Asd nledied0 nabowe, the creation of an array having

redundant | asers is.described in the incorpor 14 WD .Q3/.003420
PCT/ US02/ 206%EC- Hiersbpwn e E‘f@r?t%eég’ﬁla%f‘éf FaR G g%ﬁ%an REsgidB fite %B%Zfraé%|
Devi ce Abhdun .tl§£’€%§fvi Cablite ifsteza o Arilling Rt ﬂlmnaﬂﬂsaggﬁfﬂe! M3 bsest Waf he

array wher€, in addition to creating an access way 1034, ’grouping trenches
1302, 138%nds fomttbhauface of the snbstrita] (39 te tiestevmeeladddg lagirdg3&nown et chi ng

ts gﬁg& IO]E] ues, tEﬁ)G?l (%esggvb/s %h%acfevfcg %? %‘H}S 1 (} eha?telgarlnocgjﬁioggl tthgr%gzﬁﬁlec%n&gcg%’e rr}a%grf'al W th

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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5 the isolating trenches 1004. In this manner, two or nore |asers can be
arranged to share a common fiber with one or nore serving as a back-up

| aser, swwboasodescri bed in comonly assigned applicati oRCErusor/usos
Redundant Optical Device Array which is incorporated herein by reference.

One advantage arising from groypi he | asers in this nner. . i hat yield
for a Torernsmaeplpaiondst Bl Nef Bt onest oyl iyt SPoRmEH: i P of

gr oupedsHodg e adjaber? Metsda Bhe drfay WRIFBIR gddifi&?to%r@ﬁfng%@c@c%_s Yagdobp its

pl ace. Anot her potential advantage to doing so can be an incieased

| i feti ngroppingtisachspild0|1804 prsritehedan theaempiningesvhsipite 1 00thesinpkwmser of t he

Phe. scctifig leelb ot b8 RBREURER G SHb TR ot RSP AT BicbSgBEefc o™

one.5 15th¥edolafhgtthatheaan0ey abihes devRAtAGr nford RO eth bOsiradgRd &y one or
both of the inmedjately preceding two advantages. Since the increnental

cost of cqmyBeR Abetvith pRe PrURPIESCIVERE teiskack-vprassr. waeleds doscilsyl ingpmionlt he

i mproved .yl gﬁi@- | s @] i . Life is.. vir: fhee. FIG 13
al so sh%\%%h gd nc |é§{n%r{tﬁlre g%?gg%%%g%{éﬁﬂgﬁggh exéﬂrrvgli1 lgﬂgsrl%lgy !fébeéi h%?%%uced 20
usi ng tiwerefezefuel que of FIGS. 12a-12f. The array 1306 is illustrated from

the top of the device so that the access way 1034 and. renmaining substrate
1006 over ea?Re PAEBIASE STIENE HOM SIPPRING ke lase}s%méﬁﬂawrinﬁr itgt yiekd e | aser s

ar € ogr o4Pad v aferliOHcRoas @ AR, 38Rl NWitde Fﬁi{“ gd gt%g{)écf'%serg,r@bﬁm Rgid enches

1302, 1304 which ensure that .ihere I's no current h between adj acent
| aser s damaghd, the other 4:808 wsed it HiepkubsAnathe pbGdEalvivenfags toedogg s caalbley

conducti ng. For rposes, 25 of .illustratio sone. of .the isol atj t.renches
1004 ar® ipsare oA EHBET o ARt Eetiser §or SRMPIS MR Opp B4 B VAR age
poi nt . fhAES-didd e théfaserd Bfé’%x@@ﬁélh@ﬁndégérﬁfeﬁﬂlﬁﬁéc@im& tike3dc6Rd Redangeeat ed in
a manner simlar to the devices of FIGS. 10 through 12. As shown, this
devi ce sefectstd anddreughbontive & plhee ofdhe bad ongeni conductor material is used for

th el.Sst ands 1 gtgano&éP g‘chéé%%iet alﬁleQ@tla dis ré({c])u?ecizg%g{osafgl{eg% §h§ gi?‘ Qotﬁ %tf ﬁ{eel ectronic

devi'ce are a grouped 1'n the nanner except 1n pairs
(one  ofmdiigtblyi BedddingSivovidy antages Sir¥itigeintremential Edveofimotaasing tHeindaes. As
not ed abgve, a manufacturer of opto-electronic devices of the type

descr i b¥daseEny @ WakS 1 Weelighds desinmpvedptield and(gr xoiebigpt piandeddife Bes - t hey
can rranHHggﬁ}pﬁge.them 15 WO 03/003420 PCT/ US02/ 20695 thensel ves, or they
can obtain themfroma third party. By manufacturing the optical devices
(referred toFlgeri8alsoahofwen fimiatiphalaepryseatatian of aptxagile etrayp1)0ceprddided

o St gty et pELed o oheatier ot SUTBLLFEL, 2 Bl SS5ET
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 shown 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
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that the pads on each are properly placed so as to align with each ot her
when the optical chip 5 is positioned over the electronic chip. However,
t ypi cal | ywelogooxpecal and optical chips are not designed ®cmaisnz/zwbdy, even
if they are designed and fabricated within the sanme organi zation. Thus,

even h a single manufgacturer,. unless there is cl.ose.coordi nati.on within
Tho  or DEMRSSES DhOOGY CAE P oGy BD SroHbR AR o Ep A o RE PO GOERS

desi gn, (rafeldg ko Réreaffel FarRSRPRAE SO SHMEE BhipONnAGhe HBGARIBOWARSE [Tefdrdgasi | Y
occur - partlcularlﬁ.mhere oné or 10 both are al so designed wth sales to
@

t hird paereattes forsimpli@yrastandislogiremic ¢bipi s g mhamdacturieean talogmeasyrdsgo ensure

cont enp).at ed. reogver. subs ent, i nprovenents o hanges 4 n the. design of
o ther (a5 edoT R areat RS R BB IS P e R RS TR b o R, 26y

i nt rsodugipagitidn@bélver MeSclddt@RITEhip. IHEH Eved AR ic AIEMbAHSA] Yin€ ¥h L BhipS ¥RMmow t hi n
t he sane organi zation. Even worse, if the electronic chip is designed to be
used wi ¢esigned spneuipnidy, cypn fidghenre desigunstand dabricated 8vithiw thetsame opganézgioehi ps
are COMRA LerShith s AR AR daci8MubUL! HeRAE boEScdot Bhati R €N PS

contai ning? topside emtting cavi'ty lasers, bo tom em t Ing cavity | asers,
DFB  or oigBizhthaewih rdgaisto detlr the epticdl gnd eleetednid chip dedigi, tadaek @Cei vi ng
detectors) that are mass manufactured for distribution to nultiple

unr el at GITeIRIHAENCS hetyveen fomiack pafisiparach Frn OGSHT T RETICBISIIYCHISTHRNA Fes wi | |

al '10|be b&aatELsd BestdiBd FATR AR @&%&rélisﬁarﬁéé%)‘i@%ﬁat%h@ftﬂ"h&ﬁcéé%ﬁbﬁﬂe with the

20 el ectronic chip.” For exanpl e, shown ove In connection wth FIG 3,
a si ngl sugEsiicaintaepliteéd Nageoveo subsues deppivements bnchangepinghe desmgnsgfeci fi ed

by its nuf act urer. and, an ectronic fer als has cont act pads, onto
ohi ch’ aEEp A e Gt a e thE e & R dodh e SR BRneBroR peci 1 ed
by its ﬂ%ﬁﬁ%@ﬁéﬁtrvﬁ{ere WiRpréNBusdPELisal, ey wetfin the bdhdoganioMesn. for flip-chip
type 25 bonding with the electronic wafer, the contact pads of each wl|

not be al i gnBuen Wesserif thelesssonicishirais devigiay te he usascHith guarieE ot difffsentabove,
theyd vt PG g2 Plc SERLOYEH: Wt ok ASRL S DB Eindd 18 1R BRELOM,CM LL NG

| asers Tefarred to 1 h the &x npﬁes up URETT O NOW, ~as Wel T a8 Wt bott om

eni t t i ngkanaterchipd@vhtaindi: ideieriniabRtcacity Peds,dbitgmreiitthg dadly Rike®ODFBM
receivin detectors, 30 Advantageously, this allows for the selection and
use of HaBRJasers, psidee sengrvips dgfectorsayibatiommeccharg dsterdrs) thahire mass or mance

For the,appGAkl On i?t%uf’i‘é!ﬂodlﬁul?i ie%?él&ﬂe& gsé?# s uiifRde ﬁfat ﬁ%:@héf o ffause
they can not, or w not, neet an electrical’ contact” pl acement

requi r eoptivil devists avilal de 1ddataA0n B3 GOARANEcPETHAYSORH1RO6ESe cdmpatibleewdh thet wo
di fferent processes are used, dependi ng upon whether the optical devices
ar ¢bot ¥8 ‘%H?%@Pﬂg/receiving or topside enitting/receiving.

For example, as shown above in connection with FIG. 3, a 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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For ease of explanation, the term"bottomactive" will be used to refer to
both bottom emtting devices (lasers) and bottom receiving devices

(det ect orwp.o3@b3Rd arly, "top active" or 5 "topside acti veCTRiSo2/206ef er to
both top emtting |asers and top receiving detectors. Bottom Active Device

Process The roce able for bottom.e /[ recej vi ng, devi ces (i.e.
bottom acti v é}gvg)cfJ {rient thessess ASE: aaﬂdl Pwnr%l?%faf’érg{%f‘e%%aﬁ e( 15.

To faci &éﬁ&%%r%ﬁﬁ?%itﬁﬂg/réc&wﬁl@%|t6bs1&%nﬂ&ﬁ%%@@v1ﬁ§‘at the optical wafer

1502 was processe nto an optical chip 1504 "as di scussed 10 above.

Al ter nat i vel For aabeobptplamtion thqtens (Uottanaactinel avib be nsalip afiaet Hqﬂmhot@@ne
third par Fi.rst, a atl 1508 i s add face of
t he opt ?1qu¥ng:ﬂqvbcef§@ﬁerg)sz}nﬁ} tﬁlﬁ& 1Y18é ﬁﬁ‘flﬁ?fe eteqig g g%tﬁ%ﬁgs B FC “feasoI 1508
are gr e‘%ﬁﬂdé Botvae vshnl et bibath o ¥eHitihS MUiets@nakdpimcacimgsistctors. t he cont act
pads of the optical chip. This is again done by laser drilling or etching,
for 15 exaaneﬁmn1¥ﬁweﬁﬁﬁﬁﬁﬁﬁm5@ﬁ for creating through holes in wafers
descri bed i n.gcomuonl y Fi ber
e R e e i S
and i nCdEV@@HsﬁWﬁdn@@fbeleﬁpIBMGﬂ efier @fieenceAdb TF@@J’IB& | Defagilitdth ex;ﬂammlonm slovuldi as
1508 can be pre-forned i.n the insulating |layer prior ta g%bgch&pnt or
exanpl ebe presimed behthgortippavafadal? Bie P&CESSE SHp 21 AP SHR B 5¢

opefy ngéb L. Wi dalqggﬁj He®pIBAeh '1%@21reaﬁqilawbsea%%ﬁémorﬁxoﬁemw BHgan

el ectri cal Iy con try terial 1510 to the sidewalls of the openi'ngs or
vias (which Riyt, awpssiletiag layetihdé ihatded po theisorfatoofchaomialwlin L 504 usisg| at or)
or fi II t he, apenings or vias with the material 1510. Advantageously, if
t he ope ‘g’ﬁ‘éeﬁ Pnigiess are not fully filled, they can be used to aid 25

al i gnnment.  This, GRMiIRE AN 1568 48 %ré%l@é%irlh RS nSulat¥ih ISy 311808 S1E11030 See@hs {00

al low the solder ~ bunps on the other chip to "slot" into the holes, thereby
provi di thg cantactpads af thel dpginstehip. THes iseerintdese bydnsendilieg et etching.dovre cases,

cap tio the sol.der 1o

ope % %’yag?pq?/ i‘%@leé%m’ir?r ‘hsgﬁ? T LEHLE F}Eogg}b ? op R%%f%\rrsl)ég ﬁglg)ga\qahn%)%'r% &er ai di ng
in aligRMeeEH ap dﬁﬂza@@ﬁs &ftidlledl Wiul@Pieca gt Wiptic\Gnyponkiit AdtEMapefatingsg or  vi as
were pre-formed prior to attachment, the coating. or f||||ng of the

openi ngdedmiquedded Q@C@@@tﬂ}é@e‘@é}ha@ BISOTRET ik HeBP1RRY TefBienes- to att achi ng t he
i nsul ating | %)ft%fnatu%%l&r %géﬂu? m%@ls oél%%ﬂ gl%/ i%ﬁl?lﬁizl g @%9%%%99195 Next,

el ectrical traces terne on Xpose nsul at or

to creapgoetocmachifértyvier Bﬁetniiplé ribiie cbataétpad le@sibedare knéwi irestjvang@eni ng or vi a

to the location(s) on the
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 alternatively, 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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insulator surface that will align with the placenent of the contact pads on
the electrical wafer. Optionally, if several different alignnents are
possi bl e, woepeosdeing upon the particular 5 el ectronic chi ppPChaseptiégml chip
will be mated with, a single trace can create two or nore alternative

connection paints or, create a _connectiqgn region if the contacts to be mated
with are of N clestgpsldiaess brlRere patiegiedion the gposed side obthgdisalstoase ereglsr i ned
area. | A t 1 i i . i chip wll
b oi neg ABEI AR Bom 08 (TREKRLd & 0SS e & R BB D Pl
as a nousilatoosyrfase tizat otilatigh asthrthe gaceh®nibf thh coltectqptls cathechdcpridabwaferi cal | y
transparent) .the electrical traces could. atterned on the.electronic
chi'p. o Faorely, 3 sterl i 57au HEREERt i Root Rep bSO R Ay R BT an

i nsy at {1BGrdn@Y&fip tﬁe%fticﬁ%iybﬁil}‘%atfe@KViﬂ&?é‘EiﬁgIe tFRE @M ER8ke tiHELmbR S 1S
acconpl i shed, the process proceeds as described above, with the joining of
t he twoaltshiative tounkctiompoinisorexeatgd eonnegtiongedibn pthé centacie torequaied withl | owed

by, in the articular ca t hi nhi ng._of t st.rate, renoval of the
otbst r a8 OERRh e SachpRirRRRy bV Mafet il BRAARES ol Ckneas it 16,
Thereafter, Erfafriaanothe ab&RsH theytsp dABich Bt dpeichl dhgp i1l boRinedhs g
substrate, flowing of a thermal conductor, or application of AR coating can

be accelapronin@dp s appesadde apptherewiied] chipe pughes aspedulEonsy pratheplaseetos 20 The

pr SS,, A . [.OnSid 1L 1 kY Vi (] [ de
Do wAEn AR ol o LORTLER, S bRt a8 b G apfined QR
facil i tebarodiqdham it in gederahmoktetlechenip chpd ardadyn@imd wth epiosclating hiypr was
obtai ned from so third party, the process of creating the optical chip
i tself ﬁcﬁa@eﬂa @’r‘i&%’ﬁtﬁcﬁﬁoﬂlﬁgg-i nvention. In addition, either or both of

two_opti onal oataps i¢ a&ogg,lﬂgg&{, TR0k eRY brBbedd? a§ bACHbOTaHE, wi@l?th@ﬁ&lﬁﬁ%; . The

first, attaches a carri he ‘top-side surface of the optical chip. This
carri erof thatwoehipmti®l 4ofin tayexmatpde, using dipchip tepbnisfugs)felbaivédby, m giedi t y and

hol di ng_t he .opti cal. chip . duri the rest of th rocessi ng. The second,
v v eaisiiang tinEDe R bR Fun el pefl s T B dea i ofBEn o
mat er i akybkift afMe thiblenes$ & RE AT cliet, lct@fon Bf Q6K WH/sa6C6Sattbighg (TARE act s
present on the front of the optical chip. 30 At this point, the process

pr oceedehip pubshiatenBowing s atberred cansluetay op ppidlicsBon ot AREGoatE caadef ol | ows.

Hol es or_ vi as _.are eit.har et d or drilled through the optical chip
substra%cgo?lgﬁ%l}?g asggﬁegcotrgm%&r%ﬁt he front of the optical chip. 18 WD

03/ 003420 PCTégsa2A206Idevidd®ob@kes or vias are then coated or filled wth,

an electrically conductive paterjial . . . . . i ) ’
20 Thé 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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(which may be under |ayered by an insulator coating) to bring the contacts
out to the back of the optical chip. Alternatively, for exanple, if the
cont act s wpa3joessat ed such that access directly from 5 thechaske/ a9t he chip
t hrough the substrate woul d danage the chip or present sonme other problem
the holes or_via are.etchﬁg or drill in a syitable | ocation and_an

d in
el ectrical L Tt Yrvieme Pa?&ﬂtgé of Eﬁ?‘}]‘é{“@ra@rﬁ ecg???élytc@n WiNe Lt ERL cont act
pad w t RliflemGPBEHRAR TayepRRY APinQiladol bdating) oMRing! RS cSHtadkPb®o the back of
Advant ageously; 1t the openi'ngs or vias are not fully filled, they can be
used t othaiogtical@hipl i gnnent. This can be done if the openings or vias are
w de enough al l.ow the solder...bums on the other .chip to."slot!" into the
ol s (P& Abetet (il BBt e g0 o Eh el b urfllorhe. two.
MO €DV efhe btk SOAE clﬁﬁ&l‘ﬂ%ugl@ Rl sibgifaye w61 @BmWkd the GRS PrERnSWnedthert 0 be
partly drawn into the openings or vias as it nelts causing a better
connect Pohlesh therhplessrviasgireipiehed o dailleg A aitableslogytion; andiapelsgtrical or  hol es
can be COLRCI it r i i gned
ot ng VR BeRhedRuh i Bt o bobllf ol BBl bAERI A celiyd@le T2,
hol es cevntibg o filingahedlias bohdlbe contact pads on the front side using
conventional techniques.. As with the backside eg]j[lt ting/receivi Vi ce

) ng d
i ntegration pewakagsously, if the opeRiEsHT gl s noiylly 16@61"1?%%@‘?/\?5?1%%{41 cont act
padg, of . i i I ol : 0 the
PR, iy i O B Biliche 0l BERREER vild AERISERUIRH MIAPhABIE) 11C 1 s
case t hieurspeat theniter chippo “tlot”’pntovhelkoles FdGnER), trerdbetpreradinghae initials or hol es

and the conta | ocati gns t he .other chip. At thi.s pojnt, the i ps can

Do br ougHEBLRSHER g B0 TuEr R iBeonecrr Banilanirion i i oRide. orap
of addi pohd e F@ahehtoWRS oRBNTRITRhs ab RendRIchh$hig & BARIRVhRR ISP aniEfipihed. | f

the carrier is so thick as to cause optical access problens or has an

i nconpagtidisigen abgmmngx refractive i ndex which woul d adversely affect

2l (% nePIERgSheahDgtes FRESG P Y BincRB e sipsk iRy RS R G

opt i cal mageeHih MHLNb@Hi¢hifaBat@an bRE B NG, Bh@theonil @holsfcaabt tomectadex, by
pat t er ni ng access ways or through holes in the carrier, preferably prior to
at t achnieribe eentedi pads3on Bigdioahside Hsipg conyeniirnal feshnidpgs. desired, one or nore
addi ti onal optical 2 - S -1 : i e put
on top of ¢ nas SaRhEbRRERE S GHE RN A5 R IARERIh prA S BN e pERLer)

FI G 16dexeepincileosith thercontactneids ufthd clectOniV\EhD3I L18EEE 204 AldPaRérREHB&D

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 brought 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.
~ Inaddition, 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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Connection or Adapter Chip Alternative In an alternative variant usable,
for exanple, when both the optical chip and the other chip are purchased
from di f fwoeaoparties or two or nore different chips arePOmdsn2/20695
consideration and they have different contact pad placenents, but the
contact pad pl acenent on each is known, an "adapter"™ or connection chip
can be readi&WﬁB?‘i@’ag@ﬂ’tg POHIA4EEC t he  teachings herein in a

strai ght f or vy JRANBAYVe viriiS uSIO WG aABR] FReBoth e @Iﬂdf @fﬁ% Wh@thb@thep! 0ceed
nevert hel ess. Referring nowto FIG 18 which shows a connection chip or

adapt erchihars nus@dsadofrom alifierent pdirtidser éme ovlmeiepdiferenhehipogresinde 1802 and
bottom side 1804 of .,a co waf er ,1800, i 10 tferned, so as.to create
D heon Gisbetiiggand 1Ry SRR Rl S PRe hiesub Bl Fafal bl ydchmght

| ocat i ofiseakB 1Pknobdil 4n “Adbr” d8ddhnbeionede cbeReddlySAbEcEQIBPEANPIOYRE RO

each. Through holes are then created and crated or filled wth a conductive
mat er i alcadungsderain in} pstpiglfarwebnames thes allowieg designoad/ @ opmaéactispia he t op
with it r j contact on the bottomwhen the two are brought

togeth .()g%@]’%iggﬂ?e%gs‘shom anot her alternative inplenentation, which is a
further variReferriig ridweto Fidap8 evhicll shoonneohnwtion bhip ovadimeatchipssblte f or

t opsi de active_ devices. shown,_ the apter.. qQr_copnection chip 02 has
el ect ri CAPCESRERdeYEs teniopitdp 150e wuf holroridai Sag ol %5%@%%26&1@58 the
optjecal »LflRa13A6 1o/drBatE AARECIF0BN dfsw%%aa@gmemﬂ%@sﬁ&iﬁéa tdiaceh&FtL roni c
chip 19]310 via, tor exanple, standoffs 1912, junpers, wires, ribbons or

ot her Kiooationatl8d2;Hi8dht18d6y1&I&sfor @@hichiptthissmacomnyarpentt fobechuse t he devi ces

t i t1jng/ i Vi d .t d is.located. on the t id d,
opti ol -vi abhodgh BOIg reafkucetiates o of ALSLyhdspody e PR RO o he
opt i caljolqd &mesp&mrgtﬁm, Q.g.ﬁ bf&kborfhtt Bn SR o itk iRCRErdpRatedntikt sihee! ect roni ¢

chip and the connection chip can be placed on top of both chips to provide
connect bationy when thedwotahebropghtdegetbard 25 el ectronic chips. As a side note,

al t hough desgri hed.in conpection.with . mati opti cal _chi Wi | ectronic
chi Bs. *the sEift 5atpEe FRORgaLpRlt Rl S pJHoRR lib or e

appr opr adubeh ¥r cqmiebied: VSl afshislg fdraymideictise BStiEaT e\d howachwatiapiar pad

m smat ch) can be adapted in a  straightforward manner to _account for a pad

mi sal | gPfrRoRneasion RNl AR \hag Bispirical doatcrl 908 on opby egisidedipedirsqt gegprection fo
el ectr Oflﬁ'ﬁ %gtigeﬁ Cﬁléel@bg 9%%%9&109134%%@; %ud c ngﬁécﬁgﬁ tyﬁ%'eﬁﬁﬁnﬁpﬂt ]hS}gO not ed

above, one cases it IS sonetlnes Irable to coat sone o
devi cesyiasfoeexdmple|standbffe 191, guhpdrs,, wivdst tiblams ARotheakihiaven attdcheertrdeviche
OptZ%_ el ﬁlctﬁs%?gagg§£éne,sbec§19se 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 mismatch) can be adapted in 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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WO 03/ 003420 PCT/ US02/ 20695 described above are nmade up of two (or
potentially nore) dissimlar types of optical devices. And it is

undesi r abWe oBoodsave t he AR coating detrinentally affect tReTIEsR2®IS

Advant ageously, in a further optional variant of the above processes, the
devices_ th eed to be AR coated do not have .to he distinguished from
Chose. tfEserpAtRar ?ﬁ%ﬁ%ﬁqﬂpoofﬁzypﬂaépot@mﬁy EWEDSHSSIFHY YP e oBtra dguipes-

Fol I ows Abl & iPLAERRSHIE kOMRdRS AR &%qng@aﬁﬁlehﬂauf%@&fﬂlaé @i th FIG 5 where
the laser wafers and detector wafers are created, f | pped over and attached
to the el ecAdvaitageohsly, iniadufthérpptibng vanand ohthetabohaprguesses, Tealevicos thatit es
are thinn b as to.the.laser, substrate, .only tq the. point re.the 10
subst ra{leéeﬁggale&fqaltqdo%oemg(gﬁg? Eﬁ’e]?ee‘ﬁa{%fl@ eq %‘I’lﬁttﬁ%sg%f% omgarglpmq\ﬁcgg@ bSt t he
| asey caRidodtedAl t hough different types of |aser devices will require a
different specific thickness, the thickness of the substrate should be at

| east sever allhe pigeess dayrgelafglowssthe peocess Ravfedescrgiedrabeve wsermedignwith i n t he
case of ' m4ror ' case of
VoseLe. PG oufity AR At B SR GeR BN Mip 08 o s i3 so0a
rul e of thelkwebonis chip wWs dipcliipdbadin@techbiqlesOX t he t hi ckness of the | aser
cavity. However, if the thickness can be controlled precisely, it can be

| ess than théhesubgirptgearsthinpeds bpbastt dhy laser sibsiraisnomlh te thsaantiydiergthe

enpig i cgfy IstibBRBhEARSd iR LiaBl oMb ik - ety ARG NG
does not g?f?tgg;é&ltaﬁe |'aser’ séé%%)lﬁkﬁiltf 'tVo Iase.1 Angiﬁgﬁ%g%ﬁs&ggfr&tc can be
used f odiffecgnsiyghes atlnsoreleliasewdl rehnire b diffease sprcificophrikdess, B0 tiackreseoithsers, a

substrat ich n he the carrier noted abgve, a separate suybstrate
oo oA Y at et NSl i s PRE S RE I kg A RE Loty S bBbesar
or per f fsB8dDPBs e DHREIMIGHE Bistanbd St 8sh (B8 nfr&A! fnl tRE %jaée%f ?ﬁdﬁqﬁ?@iﬂc@ t he

topside of the |asers. The substrate i s either thinned, after application,
to a t hibelpnesiss digtanvotval vatyolrem deica tedevias, 8 godd 1uié efkthewib ipto we atfactor of

appld cation. e this i,s achi.ev t he.l asers and detector an _.be .
anti 7 ol PERe BREFunL el FiiB5 Mo Eit B Fidul e FoEo o MRt v
speci al cqpdel18dsthaithe 1 ORt BEbMAISEp AHi Gl ArEiirgith HgiclBREYBaA eltngﬁidaﬁjier s and
detectors during the AR coating process. Thus, it shou%d e understood that

t he abodseiiripede asibe spinyun dpgieaywhere fherARgaating does paaiiegbiiedesst’s For
exanpl e, .4ging the teachings of the invention, stacking of npdulators on
top of ?as rs’in an array conpati ble format can be done. In fact, it can be
done when t hAn30alopelislapprrash adreboisetl g topsider achiet tnsershén tlesase ofbpsidver, it
can, be done whet her, or goﬁmﬁlhe wo (or rmrg) devices are created.ipn a

i aﬁa11§7 Fgte

si mfl e ¥PIVEAAEFRR 2 SYhsprate o they FEKGT G I8RO Bp SiseRATAE TRt fEplieks on
(o0, of S\t o et 4, gy e i oo
acti ve uetead efa suthr)asattiebedto 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 top 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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21 WD 03/003420 PCT/US02/20695 in FIGS. 20A and in greater detail in for
nodul at or nmounted on a backside emtting |aser 20B. Devices that have a

| atti ce mvermmanedszcan simlarly be stacked regardl ess of treT/USomaaspHNSs t he
i ndi vi dual devices perform 5 In a further application, devices from

di fferent i ial.wafers. can. be integrated  together .qn a.co n chip on
2 vaf or MFIORe fAgRd in St dqialb i or BOdERoF Elwted a@fﬁﬁ?ﬁ@ﬂéﬁﬁgﬁ?ﬁ@
intermxggl. for dual wavel ength division nultiplexing (DADM or nultiple
wavel ength division multiplexing (MADM applications, such as shown in
FIG 21. FI @edtesshagven laiticcanisofatehnen lsimidirkydeditécked eagprdigssef thegt h | aser s
al | int@grat eg on .a. 12 commngchi p on a wafer scale. By doing so, and
maki ng EREHORSAaemdeidual detes PHOURecifi ¢ wavel ength (or conbination of
wavel engt hs panfbBesSpacitRm, dfieskaRim 8ifferdd ahitaehl thgerh eadbe fdgritbabl e

| asers which rely on anal og novenents of physical pieces or show thernal
changestogetherf gre eanmay chipones wpsesralesleyslmihes lasersf diffyeriorysloaaths s8tur acy

islimge | £ I - i ; rate that
data | SoEHr RIS Ve B ORI o Bl SA Tl ) e
var i ousdigiich @hitipRahea MWIDIM paplicatiotd vkl agétosynah RIGe2hit rate. Thus,

swi tching can be achieved in about 10Q picoseconds (10s of.

f. gigabits/sec).
Mor eover, di FiGer2dshoviedn sy ofgmediupslisd differenf yeavelengt lasgrs "flé‘r"g?&rat? P’ of
| a S, . r : -' i wn in
a0 5 pRash Sniphd LAY Ty & b RO AE kOl e SUUSBHER, eI o
di f f er ewtvelength @rgbimbinatien sf ®202engl0Gin e sclectedit Eokrebyaslimmetimgvhedieé¢d er ent

strips of coppl.enentar vel engt h phot odetectors 2204, 2208. Th strips
of ‘the P FSRblJGIERSREh FilSn ARRPY B SaSB Lo Rss paoryF P8 LR ned Us! ng
the proggasasor HRsE ahd SMeRELBEDs 1IHNRISh MBS s@bnddRKira8Pi 1heifed,
(illustratively detectors 2204 (A .i)) are attached in simlar fashion.

Next the st rinsidofon weveléngtis chabeswsicli¢d 4t ilat sagtei ratel thatldatrais sepberebs (U) are

attached j.n simlar fashion. Fipal the stri f the l.astt. devices

(1 oo PakRe 3o o 8 Onaln Bal bl ot b utht BRBahh S diffid “Fashi on.
Dependi wavdlgmhs 4 ehelsif fates Ultaks, Sasshing daa bs Wbisibvealia aBbutd@Oricisecvats pi@sr enoved
or thinned fromall the devices at once, for exanple if they did not

i nt er f epleigphiti/sedle i ntegration of the next devices, or they can be renoved
or thinned af . devi ces. | :he t he
integration o h?gglggl\ﬁeg%g%%flg%]’ éf&z%ke?l;[ %Egﬁ{éb%f%?egl\sv@p% ogﬁ%‘%’%’q%gl | th
first wandedesstgirh diape@ndednermixedstidths shoen in BIG. 22Heorh b catawag seleatgyt.h

phot odet ectors are . attached. Then al,flfethe second wavel eng&?oé asers are

at t2ch ed, f of\p shen )&FIQ‘ Pzt%‘ép%‘éfc,t?{ﬁdh rent wavelength lasers 2202] are created,

as are two different strips of complementary wavelength photodetectors 2204, 2208. The

e

strips of the first devices (illustratively lasers 2202 (1)) are attached using the processes
described herein. The strips of the next devices (illustratively detectors 2204 (Ay1)) 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 (Aj,)) 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

22



22 WD 03/003420 PCT/ US02/ 20695 wavel ength phot odetectors so that the end
result is a fully integrated dual wavel ength transceiver chip, a portion
of which we oshaaro i n enl arged formon the right side of FIPGI/U&82/20605 cour se,
while the imedi ately precedi ng exanple used two |asers and two detectors,
the process woul d be essentially the sane irres ectl of the nunber of

di  f er eievelepgilhphetedetgriarsise that ﬁlé%ﬁr&rréswlblga@eﬂ %@ear lyevelspsliped, al |
| asers I t he
i 11 1y e csVel SER St 6F whihe ol in EAZTS eﬁﬂé%eﬁ e LG nees.
t he i nt egr at Ofwowae wiekdhé yminediptlf mreosidgexampld Iuwd\twddabrschaditwe (or

device t S or ca don for exanpl e r| as_.shown or

G oups, Sty i DAt P De RGNy BesrHE HErobirdvEer I BaubT o5 6He 0
22085 or d%l@éépwhé{gelsﬂhb Lleftb'ﬁ Blt"l%ttonm{ctiv@t ﬁgﬁﬁéd' B 14369 Uﬂﬁdé?@ctél@ déi@ dande E{Iﬁs ers
of one wavel ength with those of other Wavel engths, an extremely reliable

DWDM or adrabiageod teeroeess séhpriotibciedniztand e hcoparticut s on ¢ ivrades sstlagl e
devi ce, |nte%é ted trapsm arra stens Iable

in the prior ese %ases eelﬁreglfa’lilﬁn C?Iéyeagﬂ}ﬁ{’%%é\gﬂme 1§§én(%V%HQ[O&e¥fcﬁg e chip,

packagi agvicdfyps) Ba@xs&@raalbse aesh, ﬁﬁcbxaﬁyslel 1 e@psabé Slbvad) e gedupb Rt thenor €
| asers, of two or nore different mavelengths onto a single chip and

coupl i n@u‘t&tré«@tle%f)nfiﬁ@ﬁﬁg Hieotp 3707928042880, 22P3pr &5e4Rpl e, using a fi ber
bas conbi n

{ ook quos. of iyt Bk prafhe 1 rOPh AR el RIS, Mot Blne@ivil)fose

Mul ti - PofothelFvhesdlen@isi an Soropaie rdliabied WM of AOVDM ngdhkcdunibgpeodichdat
nultiprX|ng of multiple wavel engths can be achieved in the 20 output
fiber €dfe cases without the need for an opt o- nechani cal or

el ect r o-opt i G SIEFEALIRVAR hiersil £&RHAG%:GARY FAIDWDARSEAAACELhot | 1 8
further application of t echniques, arge array can be constructed
that canavaibbleie tlafsprimtatt hy pllwzgnamgg llamemnﬂmﬁ o lgsersmnd wvgle chyp, pakegipgei t her

at fferent ]t? rrﬁs egir current );2 oluld b understo t hat the
abovt dESEFFHPTBHYT ‘P&é £ t\?’é%]fﬂoﬁ FSJ%T tye et mé’Fﬁ) HE ts For
the conventigRass,dhtd i‘ﬁn%l@@ﬂl?randtcbﬁ 1oy et dememniiRol apsanglaﬁbép%f%%&n
representative sanple possi Ie enbodi ments, a sanpl e that eaches

the pri Heihppdbenbasedheombingemyeisn splities adedesrapic Ishstharsayn of thettechmisuesiof o
exhaust | b Veellné rggrlép%rbsr rgfe?é[nc Qﬁﬁ?caﬁoﬁs enYﬂF(!i Mlht? @felce P'\?e% O%%l% X o?leﬁm | me nt S

may not een esen ecli 11 Cc por e 1 nvention,

that f UMd'mafacumﬂ@aQabmhqde ahd muh@tl@@mnﬂmmplatvsavﬂ&ngme cay b hetidvedfimthea
portion, is not to be considered a disclainer of those aI ternate
enbddi meRpEt fbsieinspms cases Avifhout lemeedyfor en gpioraeshapica oFAleqtarsPlse! t hose

undescr Lped ephadh TBRk Sk P ERLOA A &cddiEcg ame

In a further application of the techniques, a large array can be constructed that can

serve as both a pumping laser and a communications 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 alternate 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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principles of the invention and others are equivalent. 23 WO 03/003420

PCT/ US02/ 20695 What is clainmed is: 1. A nethod of integrating a chip with
a backsi dwoOaaswddseo opti cal chip, the backside active opti ealr/usht/peds
conprising at |east one optical device, having an active side, including
an optically_actjv ,region and an optically inactive region each abutting a
substrate, 5VAhERAMEIE de opposite the active side, and a device

t hi ckness, the ne LSRG o i te. tiyate

t hi ckness i nh'excejégﬁ %?&&ig%%ﬁ%gdr%%ﬁsa %1\1}%?&{1 %ggg%{dl%cagfl%ép%g Fﬁ\} ’t!lggi on,

t hi nni ngackkide sctivetapdita chipecompresingpdtilemt one apticalvdeviceghavmgn doive sidei ng at

i I Y [ N e

Creat i NYbkdBS Sidvaysositd RS9 Al RVRE 1R Ndmatbl ¥empegheNs. 2. The
met hod of claim1 wherein the thinning conprises thinning the substrate

over the optifdlag supsizae hysea subgirata thiskness ini exaesd o8 LOR mierpas ovar tharetisallf about
t he devj t hi. SS., 5.3...Th . i . wherei,n t t.hi pni
Che oo s AP A B R B

t hi nnedsgardsibs@ite ot &l thK Bgisllly inAtivafgonpf about 0 microns to about 100
mcrons. 4. The nethod of claim1l wherein the thinning conprises thinning

the subst r at kondpg g eptieahghipie theglegiroator shiusingd 8 ¢hép Brachishaed substrate
thiggness '”cr%aﬁr%%%es@%aﬁﬁgﬁgxe?gbsﬂ&&%a ﬁcgpg*aemeﬁi%gf&n. rons. 5. The

i C
met hod of claimT wherei Inning co es t ning the substrate
over the optically active region to a thinned substrate thickness in a
range of aboklt 20 ﬁS m._crons, t o about. 100 m crons. od of claiml

6. The .neth
wherei n the thi nniAgmetiefof sbun dnyisein etthgmwl}p&sgsawgtt §ufheiccal | y

active §RGHALIRafy hdivRRES oS PSR shbinGl 18R EndsE 0Rab AR YR RFiRRRUEnRD
mcrons to about 50 mcrons. 30 7. The method of claim 1 wherein the active

regi on has an active region height and the thinning conprises thinning the
su rate over the optjcally, active region.to a thinned. substrat

ChiBknoss of Saboutht BrtpRpEbltfd WEuriehs Bishteeburs Mot shog3i0
PCT/ USOgy et @8P8pticBlly dEe#83ibR e HthikledisibshatBicRhdys ih @ r2@tiof aboll @MthieRnkS a

| aser and the active
to about 100 microns.

4. The method of claim 1 wherein the thinning comprises thinning the substrate
20  over the optically active region to a thinned substrate thickness in a range of about 50

microns to about 100 microns.

5. 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 20

25  microns to about 100 microns.

6. 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 20
microns to about 50 microns.
30
7. The method of claim 1 wherein 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 of about ten times the active region height.
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regi on has an active region height and the thinning conprises thinning the
substrate over the optically active region to a thinned substrate

t hi cknesswoegaab34e® at | east a mininmumlasing 5 thickness. Pe@T/UShz20623 hod of
claim@8 further conprising, after the thinning, applying an anti-
reflection coating to the laser. 10 10. The method of claim11 further
wherein the creating access ways in the substrate conprises: drilling into
the substratg. llrdhemgBbRedi®f Wikl Jﬂﬁ%&lhi%{uc\éh@a{ 8k 4dgnSi&RLI NY
access ways In the 15 substrate conprises: etching the substrate so that

t he subsgroathas hasgctivelregion height aidehedtimudg ofmygrises mlmnng\ﬂwrselbstrattmgvmﬂmem ng
conpris creating a st ai ght _sid to define at |east a portion of
he hor ebticayt b ‘e s g e bickoil st id Edost o g T Rbla ces.
creati nGicknsdsoped S|demall to define at |least a portion of the hole. 14.
The nethod of claim 11 wherein the etching conprises: 25 creating a
straight sidewall to define a first portion of the hole; and creating a

sl oped sidewal | s ortl od of
claim1 mhergln t%ﬁ%g$&?g§£?h%ﬁ§qgg¥gwmIW lvgég&%§EQBnSH§}amd%B§ec 5@ and
t he metkddction ddaghg panfptdsees: 30 antl-reflectlon coating the detectors. 16.
The nmethod of claim1l wherein the at | east one optical device conprises a

| aser, and the nethod further conprises: 25 WD 03/003420 PCT/ US02/ 20695
resi t pat t eymi ng in the
suzgfrate hag?a SE%?&%%MQ?EE&E?%éﬂ%%?ﬁ“%:aﬁH??%mﬁ&g%h%%?g%ﬁﬁﬁﬁéﬁnving

subst r atubstraic compesese t he surface area by an anobunt. 5 18. The net hod of
claim1l further conpr.i si inserting an end of an optical fiber into the
access way. dringyH %lﬁﬁwggﬁiﬁf claim1 further conprising: 10 supporting an
end of an optlcal fiber using the access way.

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

etching the substrate so that the substrate has a hole.

12.  The method of claim 11 wherein the etching comprises:

creating a straight sidewall to define at least a portion of the hole.
20

13.  The method of claim 11 wherein the etching comprises:

creating a sloped sidewall to define at least a portion of the hole.

14.  The method of claim 11 wherein the etching comprises:
25 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.

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

30 anti-reflection coating the detectors.

16.  The method of claim 1 wherein the at least one optical device comprises a

laser, and the method further comprises:

25



20. The nmethod of claim 1l further conprising: inserting a portion of a
mcrolens into the access way. 15 21. The nethod of claim1 further

conpri si nyo 0slopiaerting at | east a portion of a mcrol ens BETAFY/HBIRACCESS
way. 22. The nethod of claim1 further conprising: etching grouping
trenches on aﬁfgrtion 0 thg backsi de active optical chip. 20 23. A hybrid
el ect r o- opt i 415t RH{ICHIRS HigsH ﬁW%i an el ectronic chip; and a backside active
optical chip wherein the hybrid electro-optical chip is created by the

met hod of one of clains 1-22. 25 24. A nodul e conprising: an optical chip
havi ng at | eddt ofbe nged of chén diwhereisthovwbstrashbas hawfang asppibs ewkthrd r or s

definin cavity.t herebet we f.a thickness,. an electronic. chip bonded to
the opt Tkt Epplsit RoY R EPE (ot BET R pal P SRRl aner -t he
substrate, having a thickness of between about ten tines the thickness and
about 100 mcrons; and an anti-reflective coating on top of the substrate.
26 WD 03/ 003420 P& wsthed 2desn I Asrtharitempsgiute of clai m 24 furt her

conpri si ng 2 ver,. | i.on. 26. The nodul e of claim
25 further ggﬁ%%ﬁg?ﬁsmgﬁf%b@%gérﬁ?ﬁg@?Yﬁﬁﬁ%%%Vﬁgportion in 5 the access
way. 27. The nodule of claim25 further conprising a mcrolens supported by

the access way. 28. The dule of claim 25 further conprising a mcrol ens
havi ng a porti-on Tg?)m\ﬁﬁhpﬁirégcﬁlﬁ“é IforBICOPRNISINg9. A hybri di zed modul e

congy i sing: ﬁgn\??ﬁh{g%lenﬁlakgnﬁ i ﬁhﬁéx%i@th&%&%&s&z ) backsi de emi tting

| asers each ng a substrate, the substrate having a first thickness,
over an inactive region of the at least two 15 backside emtting |lasers in

excess of 20,m crops apd.a .second. thi ckness, over an active region of the
at | east tMDZ@LCkiﬁﬁgw@WpPFPﬁﬂnHg@gﬂgxﬁﬁmpégg'than about 100 microns; and

inserting a portion of a microlens into the access way.

15 21.  The method of claim 1 further comprising:

supporting at least a portion of a microlens using the access way.

22.  The method of claim 1 further comprising:
etching grouping trenches on a portion of the backside active optical chip.
20 :
23. 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 1-22.
25
24. A module comprising:
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,
30 a substrate over an active region of thelaser, the substrate having a thickness of
between about ten times the thickness and about 100 microns; and

an anti-reflective coating on top of the substrate.

26



an electronic chip to which the optical chip is bonded. 30. The hybridi zed
nodul e of claim 29 wherein the second thickness is |arger than 20 an

anti - | asiwg oBlodzkmess but | ess than 100 m crons, and wher @ca/ushy2dsydri d
nmodul e further conprises: an anti-reflection coating applied to the

substrate w fhout specj al. patterning of the substrate of the at |east
two backsi deEgm' tFﬁﬁai%ﬁa@é’fg.allﬁy?ﬁsf&r.tﬂerwemﬁyﬁpsaal FEESHAn PEeTdhe 84tiem 30
furthenﬁ%ggprising: at | east one photodetector. 32. The hybridi zed nodul e
of claim31 further conprising: the anti-reflection coating on the at

| east one phot odetector. 30 27

5

10

15

20

25

30

26. The module of claim 25 further comprising an optical fiber having a portion in

the access way.

27. The module of claim 25 further comprising a microlens supported by the
access way.
28. The module of claim 25 further comprising a microlens having a portion

within the access way.

29. A hybridized module comprising:

an optical chip comprising at least two backside 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 microns; and

an electronic chip to which the optical chip is bonded.

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

an anti-reflection coating applied to the substrate without a special patterning of the

substrate of the at least two backside emitting lasers.

31.  The hybridized module of claim 30 further comprising:

at least one photodetector.

32.  The hybridized module of claim 31 further comprising:

the anti-reflection coating on the at least one photodetector.
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