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108 and the substrate 102 is made of a matenal which is optically transparent at the
wavelength at which the optical devices operate. The devices 106, 108 are then processed
using conventional techniques such as wet or dry etching to form trenches 112 among the
devices 106, 108 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 substrgtes 102 or extend partly into the substrates 102.
Following etching, the substrates 102 and their associated devices are ihverted, 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 microns or less to allow for close optical access to the devices and create
an integrated électro—opﬁcal 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 describéd above. However, when the technique

of FIG. 2 used, the trenches 112 are etched into the substrates 102. The substrates 102 and
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Both of these techniques however, characteristically create opto-électronic chips that
20  have heat dissipation problems during use and leave the individual devices more sensitive to
thermal and mechanical stresses produced during the manufacturing process, thereby
reducing individual device lifetimes and, accordingly, decreasing yields and overall chip life.
Moreover, for the approat:h 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
(interéhangeably 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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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.
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20 In addition disparate treatment of devices causes other processing problems when the
processing must be performed on a chip having elecirical 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.
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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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a bottom acdﬁ@tecaibtqocmpou@ng clsctroni thip centadtb The miethod rnm@hsas dédmg] g Bstlating
Oo L 26 a8 Rl PrihlACLRRPRAS kAL LS PUESH b BondlR SVl ol WE0L By
affixing the ﬁrst side to the surface, creating sidewalls defining openings in the insulating

layer extending from the second side to the first side at points substantially coincident with
the active device contacts, making the sidewalls electrically conductive, and connecting the
points and the electronic chip contacts with an electrically conductive material.

25 A second aspect of the invention involves a hybridized chip has at least one bottom
active optical device coupled to an electronic chip, the hybridized chip having been created
using a described method.

A third aspect of the invention involves a method of connecting two chips, each
having electrically correspondjng.contacts to be joined together but are physically

30  mismatched relative to each other. The method involves creating electrically conductive
paths on an insulator, each of the electrically conductive paths extending between physical
locations of contacts of one of the two chips and physical locations of the electrically

corresponding contacts on the other of the two chips.
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.contacts, when at |east sonme of the active device contacts are npy gdc gnsd
with at | east sonme of the electronic chip contacts, and each of the at

| east sone awbiosmodevi ce contacts having an electrically cBEVESBEASPNg
.electronic chip contact. The nethod invol ves adding an insulating 20 | ayer,
havi ng a thicknes LI | . i d . hve
optical device %ﬁugﬁf %ﬂf F?\%ftﬁ%gﬁFﬁbgtﬁ/sQ?‘gﬁg%%mﬂ]ce&gn r'gg{ggt&] Ogrﬁ%gg (%Hﬁlg&ga

si dewal | s dedetler agoofiemiong® dfithd described ulettadeg | ayer extending fromthe

second side to e first side at. poin subst ant i al oincident. with the
2ctive devi ce cOEsRARd SingE R CRRRLRLBTEN & e LR R ARt R e, and
connect i ng cbh@ine® BbrdinS pRNlictdACaRA RS biidObUnefiglbver tBOpEGcs W th an

el ectrically conductive material. 25 A second aspect of the invention

i nvol ved a hybri di zedhenadyantages and feeturss dessabedhareinaresciorad thpmasal  devi ce
led t . i o o .

ot g a dedllafiRE HERAE SR i BBt GMAREN, B BB B RNS | o

of connect iasgsttimondsenstaslingethe nvehtior. dystenkicdienindedstopd tet fley poawht itghecont act s

to be joined t.ogether but ar hysi cal l.y.3Q.m t.ched telative to.each
ot her .| The BTGRPyt dieBr R ote o515 HEGa o S fe Gt
i nsul ator, teatisins! g iRiBRt, dofirldf YhefORBBlagosr PRSI ¥éFadichFy, Re thab 8RRy
physi cal locations of contacts of one of the two chips and physi cal

| ocati dfs SenRdibe smudiepeaualy RresegidnasEighambgine dEpiarlysqmpeadsenages e t he
two chips. aggﬁca%laﬁgngggkct M&%&%ﬂ?&d@%ﬁé‘% BERs. ArhRU i s A8RE S of Of

the i nventi I nvol ves nmodul € conprising two chips connepted t oget her
accor di ng tfeatoree and adviartagesshpuldedt betonsidsred fispesitiverid deteheimingsguivalence.

descri bed h . N r.resul.ti.ng.fro he usi.n achings. _cont.ai her ei n,
or ovi de. advatRuchel R e B oy Bl e RS HinecS B RFRYAEE o

f eat ures deksdrpiies, figh Giodrawihgs, an@\ioadf the BRimANY advant ages and features
avai l abl e fromrepresentative enbodi nents and are presented only to assist
i n undeldst andi ng the invention. It should be understood that they are not
to be considered |imtatgRIRrPEdERIPIIGNDPOrTARDRAWRESsbY the clains, or
limtations on equival ents O LNe Clal ns. FO nstance, sone of these
advant ages ar e rlGuhliliustraton epradichesthgt have bednatsed inghe norgattnsttadhgnultiple

si mul t aneous| resent. in single. ' . SI M |y, sonme advant ages
are appli (Lzbsaqb e ?I%J“:)ﬁedeglscﬁ%%)tﬁ’c aﬁ Z%%g‘ie%?%oﬁ?pﬁgﬁrrid&ﬁ%\appl i cabl e to others.
ghus, this sumTéﬁ‘IG. Dillustrees up;ﬁsachlesithaﬁ\aaabzegesecsimhé ?ndiloﬁ't ﬂbattmﬁmd '1gpked

i spositive in determ ping equival ence. itiaon ~eatures and advant ages
of e 4t SiioBrSTHITE dFcen 1B 48 SREeHtA Ffeer o oal g

FIG. 3 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;
FIG. 4 illustrates a single optical device with contact pads placed in the position
25  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,l one example approach according
to the teachings of the invention;
FIG. 6 and 7 illustrates several different access way variant examples;
30 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;



description, fromthe drawings, and fromthe clains. 15 BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 illustrates approaches that have been used 2 % DEGe2005
prior art to attach nmultiple bottomentting devices to forman integrated
.electro-opti cHP %MWM FIG 2 illustrates approaches that ha‘?@’%@é’ﬁz"é’ged in
the prior art to attach nmultiple 20 bottomemtting devices to form an

integrated el ectFIG. 0pilhwthtes bidkixafbE précekd fob Slehtaitm e@ec&brb@kiealféﬁ%ivﬁﬁimdevi ce

wi th cont act gﬁds pl ace%}[{én the position specified by its manufacturer and
a portion otccaqngtadhetsrhniqusafescribpdn cont act pads placed in the position-
specified by itSeiRRY{R&kHeEbne Hafipichrbdebd Rl bk L A8l & HeRChHArdRV! ce
wi th contact pads pl aced i_r(13 tnﬁee Sggicﬁroﬁ %J%}spe%?gfa?le% CE‘% Og%lgﬁtﬁ%%ﬁ{?n%?urer
and a port i agongingin the tedhmiques dessdibed; wi th cont act pads placed in the
position specifi ok nuf act urer of ich.each.wi |l not be al.i gned;
Ee 5o et r ar B T ot PR PPt A e el omch
accordi ng 4dmoidiey to elcietiiggued Hedckibed;nvention; FIG 6 and 7 illustrates
several di ffereﬂh\gﬁ(ﬁge s way variant exanples; 30 FIG 8 illustrates an
optical array i il ¢ MlysiTRies anashex opiopglesironig dsyice heing ersated iy amanner gimilar to
i I'l ustrat esthaQeABss SFRIGE! 1(RY2;t hat accommpdates an array of m crol enses;
FIG 10 illustrates one exanple process for creating an el ectro-optical
chip variant addér db Hipsirates hprocessimsabjetos bottge ritlyedevice 9 DEC 2005 WO
03/003 PCT/ U 11 i llustrates one exanple process for
creati f\lsosan el ec ?%3%%?1?%%21%8 Pf)oc\t/}%tsrl}sgbr%?%rg%pé Jré&lct%e ‘{Tegmte?ie t echni ques
descri bed; FI G BHI&.il1bBikdstrates heqinecesswhgit thepbmacid®lck fe @ard] bud dotefilled, and
el ectro-optical .chi g&vari ant according to the techni ques described;, 5 FIG
13 il Iustra‘faé‘sasﬁﬂén ST process for creating an el ectro-optical chip
variant accor di yg, 1 6Cishéws Q%tﬂicﬂ%’&g) B RS bdRtdts :%xloﬁtqdl%ﬂv pattbifishAt&Snahot her
ate

opt o-el ectroni c device being cre in a manner simlar to the devi ces of
FI GS. 10- 125ubsirate toymatch thesqoptesis onanetherchips usabl e for bottom acti ve

devicesjs 10 Fl Gra§6pishbWs iHe3bfictd of b QEGTontS Y frdifla yPRHESFAGLLY S

devi ces;

the substrate to match the contacts on an optical chip;
* FIG. 17 illustrates a process similar to that shown in Figure 16A except that a carrier
1s not used; |
FIG. 18 illustrates a connection chip or adapter chip used to connect different devices;
20 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;
FIG. 20B illustrates a modulator stacked on top of a laser using one of the techniques
25  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 fora DWDM aﬁplication using one of
the techniques according to the invention; and

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



FIG 16B illustrates the process where the contact holes are coaktgqmcbw].&
not filled, and can assist in alignnent; FIG 16C shows an optical chip
with its conwaxdsmosesouted by patterning traces on the subB€CTAS®/2¥9mat ch
.the contacts on another chip; 15 FIG 16D shows the contacts on an

el ectronic chip rerouted by patterning traces on the substrate to match
the contacts on an optical chip; FIG 17 illustrates a process simlar to
t hat shown in Figure 16A except DETMILAEDDESCRIPTIGNNot used; FIG 18
illustrates a cgpnection chip .o dapter chip used to connect, di fferent
devices; 20 FI %ﬁ-lsﬁ)shoi""lsdé‘ts?l{l)ﬁlgléed el OXW'%?”HB?? P TRRRRaGE A55CEIRE hi ch
is a furthege MahidRlof e hi@itioR IR 8pprodch@RBREMES SHortebinihgy 8f tha Blior dtswhile for
topsi de active devices; FIG 20A illustrates the stacking of two or nore
devi ces5usipagniging cseohtical aedsss, spreevingahserbiigrasions, praviding e highertruenal 208

i lustrates dul.at ¢ | . .using one of the

t echni ques mt‘g t%“(%‘?‘&?{r‘%és"%‘g&ﬁﬁ%m%g%‘é3‘?’%‘@%"%3%@‘%3% | lustrates an array of,
for exanpl e, onénthergpedch oGS 504 adredfarSDR Gnadesipadf lasetrsantegrbedivigthes

according to, the jnventign; FIG _22 illystra he. st eps,in, creati

array for SUbSHEM ]é)ﬁbf“i“t%lg‘?tﬁcﬁ"rd’g?f n(Blag? up ?#‘ge%etc ﬁm%%%gd %B%Shﬁgﬁ(ﬁfhe
i nvention; ;apetaided Fbiexampld, by HidhiAb@fin ihemnfsﬂggmneénﬁshﬁte&& jug 82 t Op
view. 2 9 DEC 2005 WO 03/ 003425 PCT/ U502/ 22089 DETAI LED DESCRI PTI'ON FIG 5
shows, 10n gurghise frem anappropaate thirhaarty; dliematieels ediyprid vafsmedenp aEb¥Rdi ng to
the teachi \r}g& soaf.ndgigf%cfopsv' ok 0% willdh SorfiBA %Q‘atg,vi%f e,%ﬂ&fxﬁ@ﬁf@hﬁgﬁ of the
prior art e permttirng close optical access, réenoving absor |%g

regi ons, prpavtemiongther proghimg, is tranufagiuadd drebeipeidt y, and havi ng better thernal
di ssipation characteristics.. |n,the approach. of. El a |l aser .wafer 502
(made up of |as ﬁg“"i‘ﬁfﬁ g(ﬁyér 4r 818{1%} ﬁowrgceggﬂﬁ%l%? oem%%uag%e Ee gbé'teé%m&?af er
504 (made URe AfbsBABRGT BN oniethf] ichpiptibte Fraiiph SF deices 02 pxanipie, @bétRindeid,
for exanple, by manufacturing them using a conventional technique or by 10

pur chasé f raanzroep prstser! aprlicetion entitisd Rydundentddevige Aveavfiled conpBrPdYar er
made up of folhm {)aﬂ& %?chqyﬂlcﬂlﬁbfﬁéﬂe%em BY FiErRAG b¥"l=;ttcﬂin§ 10 MEbstARSH' at e,
In sone a g r or othe

for exanpl e, ternatrn patte grouping, Is
manuf act ur esbmerplaies while stopping the etch prior to it reaching the substrate in others.

Alternatively, since the invention is not the creation of the optical chip itself, per se

(i.e, the creation of the wafer, growth of the devices, or etching to created discrete devices),
20  the above would be skipped entirely if the optical device wafer was purchased instead of
made.

The optical device wafer is then inverted and aligned over an electronic wafer 508 and
bonded to the electronic wafer 508 using, for example, conventional flip-chip bonding
techniques or some other appropriate proprietary technique that accomplishes bonding of the

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

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

30 unsuitable for the prior art techniques described above in connection with FIGS. 1 and 2
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



. Trenches 506 are etched to process a wafer into individual devices (by
etching into the substrate) or, in sone cases, into appropri ab g §f LIS of
devi ces, for %g)nﬂ) as shown in 15 a commonl y assigned applrcation
_entitled Redu IXice Array filed concurrently herew th {GHESORR?BN is
I ncorporated herein by reference) by etching into the substrate in sone
pl aces whi Itkammmiiwglmhmeqhﬂb queit@strds®and/or'se@BProtlermb @ henips slititelislvery

ot hers. ernatively, since the invention is not the creation of the
opti cal ch| tsel f, per se (i.e, the creation of the wafer, growth of the
devices, or et chbggntiRgheRiRGaflich ©pa i

ski pped enti relé iék?: thé g tlcg)l c?ef\éil:?rgﬁr dqﬁ’/g%algﬁ‘r%g a%g%%?fg%%égpd&%%&e
made. The oYAllag IMWE@SMFT er is then |nverted and al i gned over an

el ectronj c waf ery, fer. 508 u

exanpl ery convent %naf%ant?ﬁﬁ%g%utgﬁed %’ﬁ?quég\q%resss]ﬂﬁ’éceﬁst# el
appr opri at etypicalby tosvithiy airatga roif helmebrha’liouaS@:mmbmﬁb aboth @il 00gniefon tthickndes

opti cal vvafer.t the.e onic.wafer in a suitable and reliabl e nanner.

Al ternative ’Eﬁ éeo?@?%\ficﬁeséorre cases, further processing of the
substrate 102 cmra 3@.@0@%@1&&' th%b.@&uaﬁ%s gesed 't@@ﬁndldﬁ@@@f?&t‘%}eé{n PYbo el t her
prior to bonding an optical wafer to the electronic wafer ter

bondi ng, soMiEeHs and abeut pdhiglress epsrespandingdp thecthickmess efiihe eptlcabd@mcmemm afonal
t enper afr e gXfEEMeS by device operation if done after. Such processing is
30 unsuitable for the prior art techniques descri bed above in connection
with FIGS. 1 andin thiréegaime, the fubsisaeljs thinnedtiolbdtvebea abdit Q8 mhiyrohsdedset Sche
cost of pro u0|1g devices by requiring individual bonding of each discrete
device if tHe Cbstrate were conpletely renoved or 9 2 9 DEC 2005 WO

03/ 003425 PCT/ U2 328 Yariting WetlerChk thickneshb ehd fiBstidt@lsdbott é§udl o Bl H8Sness
and/or strain probl ens when the substrate is very thin. Depending upon the

particul ar ePplonl %YEFCQS’WQ%\? theWalen shipripgis net fauiredit processi ng
vari antgs are nownDOsel Plrfnt, the s'ﬁ})ﬁraélrs?ﬁereﬁrdo%tto a%afq%yp%o%ﬁﬁéqt%ﬁlt g nned

down to a thickness in excéss m crons ha range
of between thiskness®6theiopticalsievioe patiot of the whe. ni cr on th| ckness typically

required for clo ical a n a se d variant, ubstrate is
thinned to a thl%iwoﬁjé W%&F&B’@ibea% Eﬁ‘pt‘fﬁ eld ’&‘}%“1‘?8{&&%? ‘?}Fuﬁ’e{“?ﬁ%ﬁﬁess
co ][ r espondi thirkhess ol thetorerakiRebsiratf colilteul @ibe Kept 1aflRY tHafthB Hitline& bessa fihe

waf er.

close optical access, for example, where access ways are constructed (as described below) to

20  allow for insertion of an optical fiber or microlens into the access way to a separatioﬁ spacing
from the device within the close optical access range. However, it is expected that such a
case will be atypical.

An access way 510, in the form of a trench or hole is also etched or drilled in the
substrate over the portion of an optical device where light is emitted or detected, for example,

25  using conventional etching or drilling techniques, while preferably leaving some of the
remaining substrate intact. Depending upon the particular substrate and device(s) different
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.

30 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
the device, in a Gallium Arsinate (GaAs) substrate with an (Aluminum Gallium Arsinate)
AlGaAs stop layer (supporting optical devices such as VCSELSs and/or photodetectors

10




Jn athird variant, the substrate is thinned to between about Zo%giﬁo%s
and about 50 mcrons. In a fourth variant, where the thickness e
substrate i swamouosszgual to the thickness of the optical dBGTEE2E3I80| on of
-the wafer, thinning is not required. 15 In a fifth variant, the substrate
is thi nnedg&t@maﬁgea@}y LG ENE TRreAP At @) HiRIdRA o khAskDesHeaiveleroRti cal
device portion of the wafer. As will be apparent fromthe description

bel ow, in wesdhadfFowlai).tthe folewing\apprdaghcantigaised:hi ckness of the overal |
substrate coul d-al be kept | r..1 ! NSsScnecessary for close
opti cal access,F]?%’ftg%Q%cﬁ%ﬁ gsﬁé?ﬁerg%%@é%&&%éﬂ@%é contsetruct ed (as

descri bed bel owlrhénath@Shrgdlt Mbided into 248156 MIEHD baraliel idté cattiviel ine stclver (RIE) ol ens
into the access way, to a separati gn spacisd from.the device within the
Close opt i B CHERALO A FigreuTe BB R AL T 10 ol B3 PROC RreRonGihe BroCtSis e vi | |
bte ﬁt épl Cagas_s 0 36eS Sr NWRNin2E Pesidudl Whter.  OSJEHIRIE bakselpr&RER idreadiRlSht Brsdhs®

et ched or

rilled in the substrate over the portion of an optical device
wher e | i ghof the etshiis ingtnteskat thersecesticonfioneqhghlel. 25 using conventi onal
etching or drilling techniques, while preferably |eaving sone of the

remai ni ng substrate intact. Depending upon the particular substrate and
device(s) different techniqueSidian be used |ildagkerdi ng | aser drilling,
etching or sonme conbi nati on t pereof—tn—adgition—dependi ng upon the
particul ar techni que used, theSEcess ways me)°fBve straight sidewalls,

sl oped sidewalls or some conb[PaLlipn Thereof| ;o3 r&er |exanpl e, in order to
produce an access way 510, haying tnitially|straight} sidewalls near the
substrate outer surface and s| Cpedk Bingtewal | § 394 where the substrate neets
the device, in a Gallium Arsi ragte—{CaAs)—st "tzratLWth an (Al um num
Gallium Arsinate) Al GaAs st OJKF}fg’F’(supporF]i Rg}’w’gﬁti cal devices such as
VCSELs and/ or photodetectors [I8ids 29 DEC 200224%%3493/003425 PCT/ US02/ 22089
(interchangeably referred to rein as detectors)) hybridized to an ASIC
(collectively referred to as|ilee"Sanple"),|X®& fol ljowi ng approach can be
used: First, the access ways 5if—areres] St pattern ] on the substrate.
Then the sanple is |loaded into a 13.56 paral l el plate-reactive ion
etcher 10RI E) 5 Taidrediresiabtehght gidewpll estending Herh ake subfaué of3Xd Sabistrate intb éeor e

i ntroduction, of ttge I OCESS sses to reduce or elimnate residual water.
Once this et 5%8‘#@“?%*0?” 1ei%%e first part

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

15 2.
SiCl4 14 sccm
SF6. 7 sccm
Pressure 70 mTorr
Chuck Temp. |30°C
RF¥ Power 92 watts
Bias -190 Vde
Time 30 min

Table 2
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,of the etch is initiated at the process conditions of Table 1. Si Cl414 sccm
SF67 sccm Pressure20 nmTorr Chuck Tenp.30 C RF Power 129 watts Bi as-24&CVveE0
Time5 mn I 0 This produces a straight sidewall ext m t he
-surface of-Rtg ? /0&3 Z:Is-trate into the substrate for a di stancg ggv\lg/rz%dégth

devi ce. The process conditions are then optim zed to produce the portion of
t he access way §hen&!hé) pfmvssmgn&tmmemie sptiteized 1ogevw1tthc rdsidualClsfrem ﬁwptklé}aAas e,

GaAs to Al nfi n|t th mn rmldew e da

par t1 cul aPoPREer 6 b Bt Fites it dhafLd e Pefipiing & st ShEhae: S m
SF6. 7 SCCB’mB’pE%MﬂGJ&d'EB&[ ﬂxe@i’d&i@lﬁ%&ﬁﬁm@& réRyedRditieRd fos tH A&tiddOr Vdc
Time30 min Table 2 11 29 DEC 2005 WO 03/ 003425 PCT/ US02/ 22089 Then t he
process cHsdresesiare setdodhin Tabied to getter the residual O fromthe Al GaAs
stopl ayer. This is to prevent further formation of HCL(i.e. performng a
wet etching) after the Sanple_is unloaded fromthe processing chanber. The

process conditions for this porffton of thes@nocesgs are set forth in Table
3. 5 SF67 sccm Pressure70 mlor ——
. Pressure 70 maTorr
Chuck Temp. | 30°C
RF Power 50 watts
| Bias 20 Vde
- Time 3 min
Table 3

In the simplest dase, the access way will be as srha]l 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 strésses, 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 p'erformed, for éxample, at the time
the access way is created, or by patterning the substrate at some point, for example, following
attachment to the electronic wafer. o '

It should be noted however, that if removal of additional substrate is not properly

15 planned, as more substrate is removed, the thermal d1351pat10n advantage may be reduced or
even eliminated. Moreover, depending npon 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 desired 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.
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_Chuck Tenp.30 C RF Power50 watts Bias-20 Vdc Tinme3 mn Table 3 | %(r)b%c 2005
sinpl est case, the access way will be as small as possible, so a

maxi m ze t hewcarswoRs of substrate left on the device. The rBEHUBI2?308?
.Substrate provides a rigid frarrework whi ch prevents the individual devices
from under goi ng t

el ectronic \/\/afep%i’%ed%%ns‘% ng upon t %ur%ia{ﬁ&ﬂ)%g%%%ﬁﬁgﬁg abb s%rrgg%cg used
however addiifférentlrocessivgalll @icus lRIéﬂSr @.hmi Trehow sﬁvbnbdlfﬂamnpmcéssmanfam

exanpl e, at thet t he, acge d, tt 1
Substr at e Bl HRGieKEDle ok O A Gt i aohies Atwbgy SR fhetlS
el ectroni c (M@heH the lsﬁbs&ﬁ@l{héjs}féﬂlnﬁﬁl?ﬁgs taven, gk, 7, N}t Alfer2€081Y aheyohapettend onal

substrate is not properly 15 pl anned, as nore substrate is renoved, the

t her mal 5di Seinptejogter a@@@npﬁ&@ snbgﬁratyeto adenibathess the syksiraisrempinmedirecthor esver |

dependi ng 0
renoved, t#@e Igcbrﬁﬁl){v?f%t%mcm%/vﬁ I%rﬂ sis:S an Qg&r%}egg%@regﬁatbg@ﬁﬁecr eased.
However, i tcon@tetdﬂyzraxmreépﬁoaempm hathowmnﬁﬁﬁ @36és7b, Bl 7elegenord, thenoval

of substrate th r mal ation can be rove creasi.n e.qverall
surface ar &3PH etrﬁ@a%‘f ﬁ%oquh%‘lﬂm%o PPYq2, giieh%c ﬁﬂbeﬁeﬁ H Wg &Pt he
structural Reé¢eatwines redibetbto d thickhas bHateat LRI Red 1dsh it enhble closepgtidaiint
aspect of the substrate renmoval is that sufficient_ substrate is Ileft on the

devi cedl 0 o aceqss ta the dpvce) daiothey caseprthathickness snayiheradused toraberlciPICEINS @S ar e
achi eved. NDLEMVAE sofle B%@Q.‘Z@ﬂn&gﬂsnortl%g, %@5a¢%&511§ feRNLGHE WAt wiRhiRYiesi on

of the access’ ways nmy advant ageous , one cases, perforned before
or after ba‘anher‘cgfabeutﬁ@rrﬁmmmetbalfouﬁom&rmsanple bef or e, after or while the

h d hed ' | R
e A VI MR e A R e TR B
03/ 003425 RefhdiHRAv2RGRobap 6dith gcddnmibdatei adlopeibal tfiber, fdirerempln@dha e ity

pr ecedi n variants above are used, different pro %gii n 'II occur. FIGS.
6 and 713%5hoWGSe0®08 7oA mRIcE]enss for sXanply.as shown my F1 %%Fi T&or exanpl e,

if the first varmatbgw@ﬁpwﬁggonwﬁhéma Aol P ﬁ&a@@ﬁaﬁiﬁwm@ﬁé’ndstﬂrough
the substrate (as sh I N 6a, a, . Alternatively, they
may extend fbefs muppengdubgth@ubstm@caofoetcmtedﬁs@raa woingIGeds i optoak t he

substrate r erm'tﬁ'ata

commonfattes on8 bF fnore individually placed microlenses supported by the
substrate can be created (such as shown in FIGS. 6b, 6d, 7a, 7c, 7€), or an optical array that
20  accommodates an array of microlenses can be created (such as shown in FIG. 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 (S1),
Silicon-Germanium (SiGe), Gallium-Arsenide (GaAs) or Indium-Phosphate (InP). Although
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_.the portion of an optical device where light is emtted or detecfed is
reduced but not conpletely renoved, for exanple, as shown in FI .DEéC,ZUU%d,
7b, 7d, 7f). Iln general, the substrate renmaining directly Quer t he portion.
of the opticalOdEWEE where light is emitted or detected wilq He¥Fefliced
to a thickness of about 100 mcrons or less to enable close optical 10

access to tthepadvil@ematbRalakéEfor 6R$0BstratenilitikeDibtaRteriitied &y Fatiis Bdepdamout
50 microns aor, |ess, [ | ess, althou

and in _sone cases 20 m crons or h
typi cal |y t9&he RyentioBsE 1,y orh pRing;that sigespgsdue ﬁ%ﬁl@@iﬁ#ﬁ%&&%ﬂ bR Biis t o

about 50 m giemae tBILiARRAR I kxpAERABHINR SpHRA AetifesuBatdté fid BE cREGHISwIRY
created, the access way may further be advantageously used to accommodate

an optical #icknsely af pessibianidedly, e tynshenld be ofithe Fn@SNnat@ral, Brthatthe epeffcients

m cr ol ens, h in FIGS. 6b, 6d, 7a, 7c. Thus, by
enpl oyi gg o%f%&%&?ﬁ%%gg%lﬁe%ﬁ%%ches, an optical array in which ends of

fibers are suppdiléestdcaddyorthes $008510H) wed for 1dser excationthn( sumifol age Gbiowouhtad Fl G
8), an optical rr t  acconmodat es. ane oOr re_indiyidually placed
m cr ol ensesonsmiss@rltogéa {fﬁ%tfﬂresupg%sgpa%l {01, Has e%cmgwn&gy GEANRT n

FI'GS. 6b, 64ectrb@e fof the 1465 defibe &M BB bInGAnaRYrkash it B3ha 2620260 BHRAIRLRE aRD
array of mcrol enses can be created (such as shown in FIG 9 As not ed

above, the desiaeallscendughiveimstsrinkl (34: seh acaisalderris deprsited fos bendinetbe deice he
substr a [ 3 posed surface area for better thernmal

di ssi pﬁfonmettggggﬁgmg{:&%%%reci ated that, by using the techniques

descri bed her ei IEIGi 1€b sHosavhagserdatist 1 @RafFIGalaader the iaasemy\las beepr i mari |y

not propagate optical devices, but.rathe i b 25 taken t he
Connect| ng T ARBPoRAenioNet FamrRondinedaan it 2o it e fleah b e b o o
wi thstand such SHIGe$6Eshows tkedasekevide PI0R 2BBEH hesGHeR htachbd tosthé albétRise Whiet he
process of creating electro-optical chip variants according to the

t echni ques HB834 pEdderhend 1032 stwasyhe respecyspads DAY 19?7@\)‘/0%8 192%j ngl e
bott om sur f ace eht, ' ' of
| aser d%i ces, ?ﬁg }%@%@%ﬁﬁ%ﬁ\&gﬁge é\%?%iseh%gﬁ.mﬁﬁog 63‘35?%% %ﬂ%?e@%flat ed
fromits neibght2f midognsiandlabtiti3 micwnehes 1004 and is supported on a

bstrate 1006- f i at terial I Sili i),
Subst e 1005 e 5L s hRA SR A oABh bl el i S e aR )
(I'nP). Al 't hoooghinkBis 22 VREECHIAR st 0840034 2NoRE 4t DA kdRBR, thelabdess wa%

y

particular materi al used the substrate will |ikely be determ ned

for th .
factors i ndeiseadnm thesunface of theesubstiste 1036 tg thegyiehcladdinggyem®88.st r esses due
to theryml fact ofg; ¢6fsHIGs HRAMRE JPYIG. 106 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—elecﬁonic device being created in a manner similar

30  tothe 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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3

_matching the coefficients of expansion of the optical device subz%%&zb@&g
the electronic wafer as closely as possible. Ideally, the tw s f
t he sane mat WO @0038d that the coefficients 5 of expansi onPOT/UB@208ar e t he
.sane. Electrical contacts 1008, 1010 used for |aser excitation and control
are each t n tand 1012 14 f ; QFrt. e £end:.1016 8 of
each el ec??e#grgﬁcdecpg netrlcti%fpsllggtf‘)sn %lggl%an%(gﬁnéﬂt?%’é%H]&%P’ lcteﬁ%r%asse Fo %wycléIG}iaé’ t he
ot her end efioveatoio adfacent fadrshi U2, arrh§ herkDinnddition o areating) mcictdss ki Y034,

conductive material 10 such as ol der, i.s deposit or bondi ng the
device 10 gﬁb‘@?&f@nﬁws(ﬁ-é%ﬂﬁﬁﬁ?@ %@P@Fl.tgﬁr@alrﬂn@ﬁﬁéﬁefﬁggﬁ@rf@@@wnqeyi ce
1002 of Fl Gchihg@chaiqd, td ABeftRBABI cHMEAY thEZPoupERMrentbiBé8BHLd 360¢itR A8t bened
over correspondi ng pads 1026, 1028 of an €l ectronic wafer 1030. FIG 10c

shows t he IhesieelatingtrenehesO®94 afn this mannpi twheramorgtlasarstean be arraniged to shaterapni ¢

waf er 1030 .yi 10 { res Lye s _102( 022,
1026, 1028.°X‘lf§‘°g|f%8‘l%°§%§€%m’i"%§”%%sa\§§%§%% St @3’#5? fiol ueglsl%‘ Fa 'aqu 06 has
been t hi nneskigned hpflivaton ertitied RedfhdantoDstival Bexdceanaay whidh is incarperatelf héieinl Oe
shows the %jﬁge after the access way 1034 has been created in the

substrate f0¢% this case via etching instead of drilling. Note that in
this exanple, tmeaa%&}ewmg%&@%ﬂgp' & BR14sBA 1S thid MeknePls thit§icdd Rzl at €
1036 to the device cladding |ayer 1038. 20 FIG | O shows the device of

FIG 1 @8 apmgle ‘aarferdpincmaw? basarsanfior gxampiel wath apainafeeeupad lasarg4fonedesep ésen
applied to i LOW: VI SCOSi |t fhLaows
w1 for - daBaadt Wl i il e e SUATDL B pUBNA RSB o A orte8)
when cur ed.an Mdré¢asedjlifetiime fadthe eptoedecirbhiv devied. dtbr ek drple sflenene Bastranfahd per

device, th 0GCessS | d  be that. sane faqr detector type,device, except
that the dJEBYGES 6P biscrsay aeliils Bppengensf e beiible; beecbia fiberoag e
anot her optselegib®sid 116iEht @A Tine & pladd Wl thd dlond. i N a manner simlar to the
one shown in FIGS. 10a-10O, except that this |aser device uses the

sem codduct or et &rdthar aghicyable adagntags inteduerd coptdn aghigveome o1 befh of theGs,

12a- 12f shqw.AAR OR; % | | -hel r LA s

simlar 30 to t%]e rreece' ﬁtoe%g%g%ggi gﬁgégﬁg\%ﬁ%ﬁ%ﬁ&sﬁ an{?/?ggéaflggw; ebe%ype
wher e t he dflasens ongevdaferds degligihle, tlae impresed iyield and/ergelipbiloy/extendedtlife tis .

Addi ti onal l‘é‘ﬁ“aﬁ}h%{‘fl asers of this opto- electronic device are grouped so
that they c €M%&ed in a redundant fashion. As noted above, the creation
of an array havipg. r¥egdseamis al fasstiosalirspréRaGfibbefhn dxanBR afa¢ B ePFratieRdby 14

2 9 DEC 2005, . . .
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 shown although none would actually
be visible from this vantage point.

FIGS. 14a-14f, 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-el\ectronjc device are also grouped in the manner of FIGS. 12 and 13 exch;t 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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MO 03/003425 PCT/ US02/ 22089 reference patent application entitl etil ‘E@Eﬂ%ﬁt
Optical Device Array. Specifically, FIG 13, shows two adjacent 4 S

the array where, | ddition to creating an access way 1034, ouping .
.trenches 1302‘5’81’%/8@4 ire etched in the remaining substrate 10'6%19[@%&6"88%\/\/11

etching techniques, to a depth that connects the grouping trenches 1302,
1304 wi t h gShéermsebfes,5ortthsy dag @baiin them throang sl ph94 By Infarih: Fictiring misrptickvdaviets

nore | asers, can be. arranged to.share g co n,.fibQer with one or re
Serving as GFIHHAL GprepEap s RUROAS HcRiRhRNE ) g S ATy oA grgred to
appl i cat i ormeefatibit foe ginfRRidit das «cfdtrbsia Chibe) tHe@nNutRYur¥das faklendaBi&es RWnALEd
herein by reference. One advantage arising fromgrouping the lasers in

t hi s mannerthatdhe pade opieashepre proparly Dlaggdriglas toeligarwitlsedch ofhenwhen theentiend chipor
exanpl e,z W; - DAl ' -1 1 t her
can be- sed: PodtifRrove uOERUAGH, oRF Hidweter, IRl a8 s SR dnd)
an i ncr easedbsighédetanoerrérdly, etea ibtheyarelded medrand fateicaied wifhor the xangbrganivdtion. one
| aser of t air finally dies, if the |asers are ext.ernall.ly, :
i ndependent tSsBFRHE b"isér,lgf? RanWacysy “P%%&er(?dﬁdﬁée c@é#%%‘t"&&“éﬁ%ﬂ“ﬁr ought on
line in pl aggaRiatibh¥ihadg RO R bd'tféth\é%&)ﬁé’dl%@@l(ectﬁﬁﬁu &H?b%&gx@ﬂ‘l’a%ﬁfoilge i's

e

reduced cost to achieve one or both of the inmeda y precedi ng two
advant ages. cogieproadence befiacn feniad Padsosy cagh canrasibnasont— paEcHay Bheregpe phser s
on a wafeer o | kel i]ﬁ{% habll i nded
life }A?Oevilirotiltljgl‘lélqglsb? r gélgﬁ edF‘%igs%%RgP‘}sf@%éﬁ%ﬁgga é\tg{rﬁ%lﬁ{a{l&?dg%)%g(eﬁ%tei on of
an exanpl e senrcayisk8fiemplabefly Addrederymibseguertiemprovbments or dfangds@sthekizsighaf . The

1306 i.s illustrat he t t he devi t hat, t.h
hay 1034 artieLEY AR Sl ERlk PGB Ok S TPABt RSy Bk o BB by .
As shown i nmishkgnndeht whbi@ o6 previotsl egikedeen withinoie Sam@orghdlion308 bei ng

defined by the roupi ng.trenches, 1302, 1304 which ensure that there is no
current path betE¥saivoass ddhselectronicship isdesigredde bg ysedsvith ¢ variatyel diffsent at e

1006 which jrsicl st 4 Qﬂq,%ﬁt' Sk g% lildl |-on,
some of the pi%ggll at i_h%‘ﬁ?jrlée (‘f es ngfpare 65)% \Ancia&l%t% ouegﬁ&dr%tnﬁélld\kgﬁtf %%gt ual 'y
be vi si bl e ¢xample, piips cenizinige: topdide emitingavity leserd fhottemepmitimgtchiety lasers, DFB
opt o- el ect r Qi I.C ' : d i ner..sinml.ar t he _devi ces of
P8, 10"« nFGER WY e BB BN b hors) Ral Pl 107 cc
sen conduct menufsdteed &r disribiga t6 orultiplewstlard sdrd GPis ullkely thaclthe padydl thy, t he

| asers of this 30 opto-electronic. device are gl so grouped in the manner of
FIGS. 12 antPifd swlfﬂ?ﬁ%f%tﬂf iiBe sagpe BlAsec f they %Pfﬂsméﬁﬁqmpagbxegm flent
from t hey or Qedtionst dugenches. As noted above, a manufacturer of

opto-el ectronic devices of the type described

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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_above has two avenues for obtaining the optical devices - they canZ9 DEC 2005
manuf acture them 15 2.9 DEC 2005 WD 03/ 003425 PCT/ US02/ 22089 ' thensel ves,
or they can wbteivessthem froma third party. By nmanufacturi nBCEBE2EHBP cal

.devices (referred to hereafter for sinplicity as an "optical chip") and
the el ectronic wafer .(fef r r . Sj (e #s oBhcal
"el ectronic chiIB'gfl?er%lh{é;ongl%%gﬁrﬁ?eg?&gge?]&s%g’kdggarr%%@%%é V"gt:}i()etd%ééﬁsuro cat hat the
pads on ealkicas &repoaparchittipaceilinordspside atittg/redéeisingach ot her when t he
optical chip 5 is positiaoned over the, electronjc.chip. .However i.cally
electrical and &5B¢ S@aﬂfemw&rtgém DO gAY é”dﬁgﬁﬁ‘?egﬁ? \f\%‘?ﬁgygﬁyq%ﬁophey
are desi gngsnpdichRbYE (15318 dndbdtdinrebfiPing ATHCEY (Berattda).i Sifhilarl§[ 16 acBivENom t h
a single manufdcturer, unfess there is close coordination wthin the
or gani Zat i ‘éepsiderastive guillorefes tnth toprranidingilessrs and PrsieeklvipS APECERi p design, a
| ack of <corre tact pads on each can easily occur -
particul arly mﬁ%@%&%&%‘ggﬁoﬁ&gre al so designed with sales to third
parties or inteDeirbaess ud tdablddvn ttomf entittingtrheiving devicse §i.6. otanedivgl at ed.

Mor eover, subsequent inproyenents, or. chan in the.design of .either y
necessit at ‘ie"éqef q‘?’ﬁrﬁ?“f ]ir’Frge’?ané%etq’ b seferepge t@?ﬁ?’a@‘:{ ﬁ%@gﬁ%ﬁt‘%g’fpg?fu?rhtﬁrSglalﬁlg? ng
a pad ni sgd g QRGAhAIRS SptRANRafef EI02GHEIpYocRided iRt an By1EUAl Wi N50% dshitscaesee
organi zation. Even worse, if the electronic chip i s designed to.he used
with al@arshovy. Aftemiativaly.dhe opticsl dbiin 1304 casthiaye bean abiaipgd fipp serat KiBFEYar e
commodi ty st OCkFi?%,ta%'iﬂﬁgatHﬁq@etr hsdeis RAGd 6 $hel duftbce SPRITNtRal GY PS04 using
containing: topside emtting cavity lasers, bottomemtting cavity |asers,
DFB or DBehdvasteclsiquespsi de recei ving detectors or bottom receiving

detectors) -that,,are mass nmanu tured for distrd i i

unrel ated user s’,rﬁ‘? ORCBINGH P K&Y gﬁ%t% R crfﬁ‘é&ﬁ’atg%mg%laﬁ%eiag%&s?gg%] a (l‘a;‘e%c?cess? il

all be | ocg{erdntabt fali€obB®ptidateldp. Thistidwairdame blNaserdrilting ongteliing)lfer wi t h t he
20 el ectronic chip. For exar‘g)l e, as shown, above in. connection with FIG 3,

a singl® opramenle infhe repnerased fop Rreaing thrayeh Bolss miwplsrs; %cr‘g’ﬁgﬂ‘foélwl%‘ﬂﬁci fied

by its rranuéfs?%g{f 5@51ic§ﬁ§ns%ﬁﬁ%@l@lhftﬁﬂe§e FYBEI%?&' CSnplift SATMVAGLABEMRg ONt O

whi ch an op evice can be connected, placed 1n the position specified
by its manFectmiquediled simenrretily hopwitheand dopiposated héreindyyaeferspes., for flip-chip

type 25 bonding , wth.the electronic . , 0 . £ wil |
not be ali gned. %%PY%%’I%%%‘,’GW °5Ylf"m€§|§dr§gca@%§p ee%%'ﬁlg%ﬁlgﬁ%%g@ﬁ%% %rbove,
t he i nvent pfbr toaiftadlienafFboyaehpld, ifthd esiedcs pat Joeationt hrrknbwa itadvaoee. emi t ti ng

| asers referred to in the, exanpl es up unti| now, .as |I. as with bottom
enmitti B8 | aser s THewthePRENEE PERIES P&ﬁt%ma%ﬂe%w?aé&ﬁeﬁ@,ﬂ“? g}SaQﬂtlle%?It‘ om

receiving eﬁ:@ﬁ-ﬁﬁﬁ?&ﬁ:ductive 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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.30 Advantageously, this allows for the selection and use of the

"best - of - breed" chips having the best individual performnce fpg DECe2005
application @@y&iﬁ.ds elimnating such vendors nerely be(l‘,élllﬁﬁozt/ﬂ?% can
-not, or will n { neet an el ectrical contact placenent requirenent or
standard. 16 2 9 DEC 2005 WO 03/003425 PCT/ US02/ 22089 In general, two

di fferent procédséslatrecalisads 1 2idpse pittegnadporthevrobel sidehef thpinsulatbr todesstec es

expl anat | areORpaNBFRES el R e RS dlfeny bR 6 hhoeiony B bot t om
em tting desilstessutfaesthtsyiliadign kothtthdplaesainy bf e daMidt 9add HEhe clkafisal wafer.
SSmlarly, "top_ active" "topside active" will refer to both top

r. 5 ) :
emitting IQREPallyibserepl ‘?‘@%’@P‘{/”rﬁm@ﬁs et Rosgiblepdapendingepntbe PEUFE® Process
The prgcesgecad 4 ] el r Ll Vi | ottom
active devi cersl.i)é%\;‘\ﬁ 1"Iﬁc %%agéelﬁ%%i}l gtfqr?tg{o?a Q\SIJM{ht, ﬁgi?g¥grq g%g% dtr%a%?:ﬁé or?%quTo
facilit at eliexpliveeamnestionipoirghendrehte heonpeetiomregion ifabe ¢dmtactyid ibe alatedadidr 1502

was proce | an i cal . chi.p. 1504 as di scus 0 above.
- Alternati \S/"g?gf,fée? h'gmoeﬁgli?g%n‘er s?]ﬁpﬁy’ b@‘bﬂ%&ﬁ“ﬁ&&%ﬁ%‘iﬁiﬁs f%Pned from sonme
t Ei rd party. hmmawggzrﬁltbf:tm&ubia‘, ifite Hﬁp’ﬁi’w%ﬁ@leio?ﬁaﬂ@ﬁﬁ Wil &h&n&ﬁ&faﬁcelgg o
the optica | usi ng, ‘known techni ques. en openi ngs or Vvias
are creat @i“ﬁ%ﬁni_% ﬁélﬂ (ﬁ%ﬁﬂ’P&F?drf@ aoRper orfisgehiny S%hlaé\ﬂi"ﬁ@é‘@"é%ff enothrelagss i act
pads qb t Reniewine ©Bticd? Bhip-is dtcally Baigakhr) %rbﬁ’ecmcal]@%g ﬁ(ﬂﬂd }Jé gﬁ&nﬁﬁ oﬁtﬂ‘fé]' ng,
for 15.exanple in the manner used for cfeating through holeS In waters
descri bed cl9stienimebivl sjnceaingengrald mepipil¢ctranic ships elreddylcenhe Mitht dn-ifjulating Fiyore r
Optic Comppness @E&d%p&[‘&%{%ﬁﬁg Technique filed concurrently herewith
and i ncorpor at ea erern by referefice. Alternatively, the openings or wvias
1508 can be pr é>rfcertine i dcnorhpished) she @rbéesgploayeds apddsoribddabaté, agthriBdfoinidgr
exanple, if..the cont ad .| ocations, are known in adyance. 20 Then, the
openi ngs. SERA o 0%5153%3? g’“%ﬂﬂ&"@@?zt"ﬂ“&@l‘ﬁ'g‘”l‘!&?Mﬂ??sg@lweéﬁb’i 1}Htﬁﬂi‘g_ an
el ect nkcalpaytionindiie! thitidppdehd dbsthd, QerhOval BEhS stinnaleleatirtly, bLPR.AREBEMAES OF -

vias (which ma)t/ optionall'y have been previously coated with an insulator)
or fillingubHeatensdhn thigkness itis. aEhexpafisr, crastiomef ascesaways 1916, peftemingofthes| v, i f

the openi ﬁ%stvait@ﬁagg&g%ﬁ@%ﬁh‘ggoﬂdggéoﬁ%é abRY GRS 08 58] hPpdi d - 25

alignment. This cand openi'ngs or vias ‘are W de enough to
al | ow t he aseinglishedasdesirethortricededt her chip to "slot" into the holes, thereby

providing an i %o&:lsigcla ARV IBIEY 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 thé optical chip was obtained from some third party, the process of creating
the oﬁtical 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 .éubstrate.
This reduces the amount of material that must be efched 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
és follows.
Holes or vias are either etched or drilled through the optical chip substrate to the
contacts on the front of the optical chip.

18




.between the two. Moreover, in sone cases, capillary action w2 ¢aggepie
solder to be partly drawn into the openings or vias as it nelts causing a
better conne®o @woasrd further aiding in alignment. 30 Opti 8a&IUS)2/22880d
-alternatively, if the openings or vias were pre-fornmed prior to
attachment, the goahi08 G b blduidaidl of fifeRARINIRLInlY) AR abARCGRALIRD) can
al so be perfornme prior o st tachi ng the I nsulating ?ayer to the optical
chip. 17 2¢whkEEn280E und@ BreBAabinRlaoHISOANF)20 BEndhetcontedte otrtp teel back at es
1512 are patterned.on the exposed side of the insulator to create a
conduct i ve BERRHICRY SRt he (now coated or filled) opening or via to the
location(s) on thi@mdtRely! Rk eXanls,ifGe cbitadts WelidcatellisGdh thbttadcdshirgdtiggment of
the contact pads on the electrical wafer. Optionally, if several different

al i gnnedt s the eackes diembip thirmgh the sybstiatonowld dapaga the chip or Bregqnbsameeher chi p
the optical, GHLY W hbiel6: Fal 54 elthbdlor Bl 39 SuilabRA6caB8R aftd SAUGGMP OF MoOre
al ternative connection points or create a connection region if the contacts
to be mat ecdomditchor can be addesiao tHerfomt side to @inhent thel dogtatt pad withtthevwandineton
manageabl e defi ne\cliﬁlfre%g Ln a élari ant of the above, if the chip to which
the opti cal®BRELLAPE 8 Via5i9hB0IeFs an el ectronic chip (as opposed to.

anot her optical AdiaBtagéotely, Fsheop¥Ritids ot ks ard hotily HBEd, Rg@an bOuseli@o widi ch
the optical chip is opti cal |l y transparent) the electrical traces could be

patt er néd lignmente | This qaghedonif thesonsaiags pivigeHe wide engpgh togjlaw hesplder chi ps

al ready co WS 5] tﬁ@gﬁ%&%{gk‘%ﬁ’* iﬂgﬁ{lc %12@{51@?{53?%&%69 glfogfdirfgod?lt ifftial

rerouting. e thisis a S ) rocess proceeds _as descri bed
above, w t helighmeqtdietwery thotwa. Hdoreorercinispme tasks, cepianylaciorswdinghes the soldey

flip-chip technique foll gwed b in.the.1l rt [ ORI f
the" substr £02° Py o BREPethies ki i moBRbb i Plncl Obiecd 18 lthe?
substrat e afidihfén dlignedeness it is. Thereafter, creation of access ways 1516,

patterning of the _chip substrate, flow ng,of a thermal conductor,. or
appl i catd orDbif thviss gt ﬁcﬂas eampetiecated so gif ?%%%F‘&%hﬁlempéaﬁ’zﬁ“ deniigned
Topsi de Actjug, ﬂﬁﬁﬁeféc%ﬁ%?b%?thlh&n& BHWne, 28d H2IPs@r hotes éaﬁﬂ%‘ déﬁrtl)ected

{
emtting/receliving devices (i.e. topside active devices) wll now be
expl ai ned, tpithdcantdce palsen thofrmtGidensing Tonveatipnal teghriqesspl anation, it shoul d

e DLV, (nat i S RSP RO, SRR il o

i nvention. ddndaddincideswittetht bexrtacd padyaifitheodledtnvmicapip, eleetricattapss acapatieened on

pert or nfod ptrhie g&bsgtrgtesc}f%é oipr%l%altvrv]aei\'er FIG. 16C or the other chip FIG. 16D, in this case the
élc;ctronic 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. If the 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 compléx 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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.25 process. The first, attaches a carrier by the top-side surfwgf 05§1e
optical chip. This carrier can be nade of any material and i & I§/ used
for rigidit @Q Lding the optical chip during the rest ;

- processi ng. W e é’g@%nd, i nvol ves thinning the optical chi pPEE@E{’]Z?%{”‘e)_ Thi s
reduces the anmount of material that nmust be etched or drilled through to
access the cofRbawichoporsdapteréiin Allethativet of the optical chip. 30 At this

poi nt, the progess proceeds in,a R e S

e

apal o
15 as fol | ows:™ Fo S5 Y Vid" 5 leef‘])trﬁ’é
opti cal cbhip asdgthaRtEirém diffi@ent@anicn 6t Hvost ridie dfffedért chibs bleamagt i cal chi p.
18 2 9 DEC 2005 WO 03/.003425 PCT/ US02/ 22089 The hol es or vias are then
coat ed or o9nsijegatiopiapd theyhag @cferentepnfast Radidrrcraerres. b e Gonfact padkmlermealy be
under b aygh gghHBY kA8, 3 h B0 &%ﬁah&%?mp% BYrdaB ga‘BHF?S% By &(I::l;Blo?%l e

back of the optical chip. Aternatively, for exanp on ts are
| ocat ed s teebbingslierein des stralghtforwhyd nianoen, thes eliewingcksigh andier méiufactire sugh t he
substrate a the chip or present sonme other problem the holes
~or vias a }é&g‘%ﬁ cg'aﬂg?qga‘ri Iled in a suitable | ocation and an el ectri cal
conductor can Refendisietbvi @ Blke 18 whivh shbwiea tenneoivhaddip éihrelagtendtas hisedasl wi t h
t he conduct or T(’:é_tqfati ng or fillin thgzvi S or h&)l es. Advant ageo%sly, I f the
openi ngs Gnngriditisrent drgices, (g 19D ide 1 02 andqoftopntideksidof & commengvaterd 800 is

al i gNEBNt padiha AR thEreGRMAcds'18D5S 0REIR109S cBh HISHAE: s‘ffle&iﬁe@@&iﬂ&'??w

all ow the sol der bunps on the other chip to "slot" into the holes (FIG
16B), t helessions I&2di&14, 16 18 18ifer eack phip toreame trormepointfer eagh. Moreover, in
sonme cases, Capgi | W ' | Q. 4he. into
the. openi ngs. on biigh o8 e Hentleice AR ARA o bRl R dcnlu 86 MR
ai di ng i njahicomesponhding paifsy e.gi, bnd domtact asthe tofhwith s epprofréatd coomdoton e as to

coi.ncide with the proper |ocation for aligned mating with the electronic
chi p, thayog%fﬁ‘%eggh Odth f’u%tﬁg‘)%eh@r'vi as or holes can be connected to the
contags pads oBIGNE dho@snsthéQltbbhtie iaPneRtdtionakhick U fuftH@Saridf ofitid) t he
backsi de em tting/receiving device int egra_t i on process, if the vias or

hol es  do afentersicomsegdonyghim variat, serhledor Iqpsids aetiverdearices. o shoming thetrppter
FlG toc of (PRESELE BbIRL PRAR] coftlel M Sl Bhrafe o B ARbARGONR B
provi de a timooptieeltdhim! 396tvieamntdipnpads] 8 ahd cermeatinh toliike desttoaixt chiptH0i ons' on
via, for example, standoffs 1912, jumpers, wires, ribbons or other known attachment devices.
20  In this arrangement, because the devices are tbp emitting/receiving and the adapter is located
on the top side and, “optical vias” 1914 are also pfovided 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 opﬁcal and
25  electronic chips. '
As a side note, although described in connection with mating optical cﬁips 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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‘the other chip. At this .point, the chips can be brought togetherZ &fEC 2005
connected as descri bed above. If the optional step of adding the carrier
was perfor g 038Bd2xcarri er can now be 25 renoved. |If the (,Pé:r]?lilsé??’z%o? Y]

-thick as to cause optical access problens or has an inconpatible conplex

refract i Vgsi e &8 mpaeLe ofsheels Btyntaiill @eire) digRBiHIEgpes of Oftidabdeiceb.i ght
through the carrier, it should be renmoved. In alternative variants, the

carrier candiiés nedesirable todpunithefAR poatipng detgmentady aHpatithelesest cess probl ens or
has an i nconpaj| 9@3] ' ' iy EGHESIhMAYS or
t hrough hol es ‘furilpafnﬁaggcarfﬁg%?ﬁglggﬁgrogﬁldfﬂ%?ﬁﬁagoat Igg%gr%h?etao the 30
optical cidepto ba ARIbiateidalo, not haveds be didtingmisbed fromshesedbidt iordinaydy wopldinehbe

el emeg;s, uch gs mcrol enses or wavegui des, can be put on top of the
carrier. 03 shows a process simlar to that shown in FIG 16 except a
carrier is notg cesd Dargel§ fdbloGrs 2050 MHRs AW B3R RGOV EIHdhRR 8O Withnnect i on

or Adapter Chip ternative In _an alternative variant usable, faor exanple,
when bot hFIGhé whare thellasshwptessandidsiector wafers & F’f?aféflef?lﬁﬁ?ééﬁ’ﬁg Al ?t'iagtfﬁdg? fferent

" parties of.t : ORif ek 3 tg&m%{lg .under consideration and they
have di ff@?%@“%ﬁ@@ﬁ”%%@ %Irlacenrre S, t,sthe contact pad placenment 5 on

each i s known, Thadubatapes ae thimedcluine tt the fasettsupstrate obly tp Swdiomm) whatsthe at ed by
enpl oyj ng the teaghi.pgs hecein in a.straightforwa ' u Wi ng
dosi olb aneBEetreRa LT O correrdh b StiaTa e S O BR BA cantT AR
18 whi ch aitRyént eypesBIIAS idevicehvill requirdadifferentspedfic tcknbs, the dhitieess ofithé er ent
devices, the top side 1802.and bottom side 1804 of a n wafer. 1800 is
10 pat t er Aésirats shevld be afleast _éeVFFaéE%S apieTse ai%l@éucgwéogﬁgggﬁa&%én om t he
speci fi ed conkiipRad DEIGand 9RSdidBdcd betkfebtl thehBikfors, 1888 chRlofSAUFEIRNSck 0

some comon poi nt for each. Through holes are then created and crated or
filled wi the meaismiistendewdllvateiromdediee toslevise, 4 griod relgof Expdratngesdpgier ofe g. |

_one copta he top.w th its.ap [ : ' t he
two a g bﬁéﬁgﬂ? ﬁlﬂ."i‘é‘sﬁsﬁﬁﬂe _lis'f% Hi’&? %%&%@sﬁq%no{ ker Egﬁtmé% %SIF ngiﬁ leéﬁémfifl

i mpl enent gk Béllesy\thik thei19Xafattur, theagrartienidr arihinnfm thidnessdepigempimicaiynnect i on
chip variant, usable for, fopside active devjces.. sho e .adapter or
connect i oASERpinablo@s the minumu thicknsss %@ﬁﬁ?g‘@r"é‘fi%‘ﬂg fie \é\gﬁ%%gheslﬁ?’égfor
direct conpsediQlsd © the optical chip 1906 via connection pads 1908 and

connection to the electronic chip 1910 ) . : .
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 reﬁovai, 61', if contact rerouting is not necessary or performed on the other chip,
instead of a carﬁer) 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 otherwisé distinguishing between
the lasers 5nd detectors during the AR coating process; '

Thus, it should be understood that the above processes can be applied to various
different devices. For exampie, 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 mofe) 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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_via, for exanple, standoffs 1912, junpers, wres, ribbons or otgsr %nlc‘)
attachnent devices. 20 In this arrangenent,. because the device aq %
emtting/recej\i d the adapter is located on the top side and i ,
_"optical Vi a?vgf%% re also provided in the adapter to al | d ANEEW8 o t he
optical light. Then the optical chip can be placed on top of the electronic
chi p and t he Ft@%w%9¢t andrin godatep detaih irhfer plodalethr arouhep onfa badktsidechiipiag lazepr ovi de
connectivitez? etween the optical and 25 electronic chips. As a side note,

al t hough d ribed in connection with mating optical chips with electronic
chips, the same Ihasdes tHat BERSYattibe Risnkich @h sAnitPRMHR GlacRdH ©BArBle® of the
appropriately . patterned insulating |ayer or substrate to account for pad
m smat ch) dHpctigas dgapdivdupldesicessperdight f or war d nanner to account for a pad
m sal i gament bet | I L ri.cal

el ect ro?i c, or e eg@;@@@ﬁgﬁéﬂ;ggﬁ%ﬁéﬁ dﬁ%ﬁ?‘?h‘ggﬁ{%}”ﬁ%ﬁ{émkg ]%F%r 3teﬁlot ed
above, in dopsharasesommanschipores wafes schixslevalbThud, asesaf differmt ohvdldigths can

devi ces, specifical the detectors,. with an AR L ng. ver, the

opt o- el ectr gﬁFtEHW“Fé)éorfﬁgﬁvﬁéégfgé@gSW} l%é‘gﬁégﬁg@vﬂ%‘%ﬁ‘i bed
above are nddigiot padfiplexifg (MWINMD efflicatidng, SH6k 89 sHdwash Pidarl. t ypes of opti cal

devices. And it _is undesirable to have the AR coating detrinentally affect

the | asers. AdvanPagbehnsisyan aray gf enehundred gifferentaravelsngth dasers fallinfeeratsd o 2

roces , SeMth
8 I sti n??.s S héggﬁ? rom lt?ﬁfgg yat g%aﬁ]%r | ?\%P?F%/%\E\%&ggﬁgg? &813& 9%1%%%@%%3 B‘%’?ﬁcl'he
process | argavelengl (boemntihaiopof sreselergtiosn de selestbd dlabebyelintinating tieaidedn

with FIG e.the l,aser. waf ers and detector ers are createdq,
f1ipped ovef;ér gﬁggl%gatsgé Wé‘&c%t%lyt%ean@l%gﬂorv(?ﬁ’le‘&ts 8&&1‘?@%1%% Y gt}ﬂ“btﬁ%‘?‘?gi ng
t echni ques. chifiges o bféctaimiowiti€sgebd Mfitedit mid®sdcondshad hageicysybaite@t e, only

to the point where the 10 substrate could still be considered thick
Tt

relative to the RfR-guavglengths canheswitched 4t yhe sameralg ghat defpis septetherabypes of
| aser devi GAskiNg bdnstrBstidn'o? a 3y Hk BRMpIRRS Vi dus U ShOLSSat difiBer Ni Ckness of
the substrate should be_ at Yeast several tines as |arge as the thickness
of the | aseVavelongthy at the bitimate. ThuseswitchbiBmndndciiBRY inabbut A60 iceteeonsis (baxt ween
the m rrorsofg'i(‘)éla &Qg:ec ase of VCSELs. Since the precise distance will vary
fromdevice t Bewc', a good rule of thunb is to use a factor of 15 1 OX

the thickness of Méreoversdifferentudelices, lobdisfeadnt tyipks {ilBediffBieakiypessofiaBrshRsers
controlled eiL}lreciselsy, it . . . oy .
d detectors, etc.) can be intermixed such as shown in FIG. 22 from a cutaway side view.
20 As shown in FIG. 22, strips of two different 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 (\,)) are attached using the processes
described herein. The strips of the next devices (illustratively detectors 2204 (Ax;)) 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 last devices (illustratively
detectors 2208 (Ax2)) 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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~can be less than the | OX factor, the particular mnimm thicknesg9 BECn#05
enpirically ascertainable as the m ninumthickness where the AR coating
does not af f@eEx03tb23 aser's ability to | ase. An anal ogous apEFuserR2¢8n be
.used for topside active lasers. In the case of topside 20 active |asers, a
Substrate | | : : rate
applied a‘%’t&l{;agr1 &%g{r:@.{&ér Fgg%gﬁ/%ﬁhaﬂot?% erli&ggtnltg g%%aﬁ’rlg r u? e%?iﬁdgu@% ‘gai%‘{ﬁ%{r?ec essary
or per f or neanhsogiverivhipo & pertiontvif prhichi im sliomandn efilazged domm e the rightdideaddidg. 2d t he
topsi de of the Q sers. e substraa&'eﬁ I s ejther tﬂei nnﬁg"g 1afterd,{;;}‘}opl i cation,
to a thickness 35CBY My AL Rieping Sampfs e BLalayys dd 9

appl i cat i Ofetedthig fthé PlogedsSvouldbesssehtiall{i thelsahe irfespitivel 6F 6 homB e di fdent
anti-reflection coated at the 25 sane tine. Thus, there is no need. for

speci al 5 pafiewdsesi Weether thavhse tap<s battem petijis SoPPrRs. plblaererpll detrstors, gier. singm an
detectors | | : i ood t hat
t he above g%a"é% géﬁtﬁg?ﬁﬁc&%@%ﬁ%ﬁbgﬁfﬁgﬁ@%ﬁgﬁm déﬁgggkﬁrgﬁvgggga&%or

exanpl e, usi ng Intbeseeasds thg mtedratiduecan meadily boperforsied ok ian gndofidwabdeniest @rs  on
top of lasers in array conpatible format can be done..ln fact..if can be
done when: BRacesgpiibatts BT P RR R PRIt BraSRLrs s of i Er i iaituber -
can be donguvstist et orodefiiirig thé etrip\202,(2204,/0206,)2208 ot goapare created in a
single epitaxial step. Simlarly, stacking of topside active de,\/f'1 es on

top of 1&i ther t8plfHEepbLY BERSERuRs Ugcdmiredasers ol ope AR Fsiith HOsE an

stacki ng  gf oRaCKN RS dn &t@ﬁgizvq@ﬁab%mhewﬁMh&dm%EHQe odhaksi de
active devices such as shown 21 29 DEC 2005 WO 03/ 003425 PCI/ US02/ 22089 in

FI GS. 20A #avdcést greater detail in for nodul ator nounted on a backside
emtting | aser B.. Devi hat_.h | at-t.i C ] .M ly be
stacked regardl gggs’glfm?%%&gﬁﬁﬁgﬁﬁ%ﬁ%\éggga?%ﬁ% t?g% §°g§/@g§%%ter E)erén&;% In a
further aga{réﬂh&teiiﬂ the piRy bt sy ihtdgfﬁtiﬁ'g tdrge mﬁb&?&ﬁlwe'rsalln mlaﬁge lehipmchgirlxg
integrated , together o comon chip on a wafer sca evel . Thus, |asers
of di fﬂér_eﬁtzeﬁgm réﬂ'gqeﬁs%cyaateglfﬁ@ngﬂtf Fﬁ?i@é‘d’rfl&f‘? LEEG "\%é‘ff%f”éﬁ@’fe_r#?%?f% i on
mul ti pl exi RN, ofifo BihdIL Bif aﬁ\@a&iﬁﬂga Bet ot iRk SHdIE EBESTor BRark VDM

applications, such as shown in FIG FIG 21 shows an array of one

hundred di tsing ediberiased eerghinerfinvesespiifter, & helegrapkie dens array, of thedeahmisiies e p on

f | i aki | i ' 3
Ravel engt h aroa B riren i R S pRARA N e MGG AR DonopB A ©
el i ni nat i ngAiréachring Tebhmiqte, tierheltibhsing of whltiple watdengths anmbosrhivvediretht s of

hysi c il eces .or show ther . .
PRy % P output fiber, in some cases qut!hout 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 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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.changes or effects and where speed is limted to mcroseconds andy ng@g
islimted. In addition, wavel engths can be swtched at the sane rate t
data is sent, thereby 15 making construction of a systemthat multipl exes
.various data streans at different wavelengths at the bit rate. Thus,

swi tching can be achieved in about 100 picoseconds (10s of gigabits/sec).
Moreover, different devices, of different types (i.e. different types of

| asers, lasers .and._detectors, etc.) can be interm xed such as shown in
FIG 22 fro aatcltf‘t&;vﬁﬂﬁ%‘%d’es’vi ew. 20 As shown in FIG 22, strips of two

di fferent wavel ength | asers 2202, 2206 are created, as are two different
strips of conplenentary wavel ength photodetectors 2204, 2208. The strips
of the first devices (illustratively |asers, 2202 i%i%%( are attached using
the processes dRSEFEHREH ChePEFHEITEhE BYPFHE AR CheP %k tCURACEE 2
(illustratively detectors 2204 (0Ox1)) are  attached in simlar fashion.
Next the stPPpomacthEet PREiFadefrEese (inavdder at FWRIGFATEsERs2 2901 259 X2))
are attached in simlar fashion. Finally, the strips of the |ast devices
(i1l ustriatibettom getdyeoprt DoE08 deRkos )cnte caet ak e FULTaSENPT afh g RSIFCER.
Dependi ng upon the particular case, the substrate or carrier can be renoved
or thinned a¢tiom aiptirhe dewiceorarsdirdhef gubekamyt e anfl pheylelitdosdc
interfere with the integration of the next devices, or they can be renoved
or thinned efiierheedaly séecofordevicbes ¢entadtachelden 3 Ble@st28omhions tihiee
integration of the devices of FIG 22 froma top view As shown, all the
first wavel pogidm laazare apeiatl delheéde ddreractal hré heotf ialdgnedvel Engtth

phot odet ectors are attached. Then all the second wavel ength | asers are
attached, fokdowaduy oal thé helsiteondc22hid LoREC-2H0%AMD B8/ ORS84RA5 least
PCT/ US02/ 22089 wavel engt h phot odetectors so that the end result is a fully
integrajed gduad maMehengtbve tanseei ¥evidédidntacPoridwmgotnwhi ch is shown
in enlarged formon the right side of FIG 23. O course, while the

i mredi at el Yo precediia %8Pl SdieRdgt Whedi@%hlis 8RTp tokhtdRt eehOMferidae
process would be essentially the same irrespective of the nunber of
different 5_deyices,, whether they are top or bottomactive, grouped, all

| asers, all detectors, etc., since an advantage of the process is the

fhe. i ntegration Saiorbad o RitbEl ks on il Brb it did cetter
G oupe. vt R EReh (heEPRP TR 5O erT g RSt 11 BRos e s 5380,
ngOgngr ngghb%%. \%te{vh.lcFLg)L(;Qf{ix1%% l:gé eigjrrastti ggdgrggptﬁ'le()fsu& glcjgdgptthleasers
bottom active optical device;
creating sidewalls in the insulating layer defining
openings in the insulating layer extending from the second side
to the first side at points substantially coincident with the
20 bottom active optical device contacts;
following the creating, making the sidewalls of the
insulating layer electrically conductive; and
connecting the points and the electronic chip contacts
with an electrically conductive material.

25
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_of other wavel engths, an extrenely reliable DWM or MADM nodul e can_be
produced at |ow cost. Thus, since single device, integrated t r 3ris REE (4400
arrays for DWDM systens are not available in the prior art, by integrating

-large nunbers of lasers on a single chip, packaging 15 size can be
reduced. By integrating arrays of ten or nore |lasers, of two or nore
di fferent wavel engths, onto a single chip and coupling a set of theminto a
single fiber, for, exanple, _usjn fiber. based_combi ner/inwerse. splitter,
2 hol ographt & | ohe AT AyS 8F THE™ dcRRCRGHS o "ERGTS natt SorSren: by
reference applications entitled Milti-Piece Fiber Optic Conponent And
Nhnufacturi%ﬁ%eﬁﬁfﬁﬁggﬁe?oTéﬂgthFtFBT%Eﬁﬁﬁf’of nmul ti pl e wavel engt hs can be
achieved in the 20 output _fiber, in some cases w thout the_need, for. an
opt o- mechani cal b1 EIMEPLoi6PET GMSePEnbht IRFTFHIENEL Shidt FLRGET LR T Al
crossconnect). In a further application of the techniques, a |large array
can be const?R#i¢d vehaetesal?l serve as both a punping | aser and a
comuni cations |laser, either at different tinmes or concurrently. 25 It
shoul d BPe understood that the above description is only representative of
illustrative enbodinents. For the conveni ence of the reader, the above
descri ption3has Foeusddiognod clainr dseheueivchrampkéngfthd [sigeysibs e
enbodi ments, a sanple that teaches the principles of the invention. The
descri pti onebhastmoklayt eoplweditve exhpxristdseel y enunerate all possible
variations. That alternate enbodi nents may not have been presented for a
speci fic porti ondeposlitnkye anngbettidnaldy tdaduduivehestemicdson bedleddter nat e
enbodi ments nay be available for a portion, is not to be considered a
di scl ai ner eémd hasenal keadad e enbodi nents. One of ordinary skill will
appreci ate that many of those undescri bed enbodi nents incorporate the sane
principles of the invention and others are equivalent. 23 2.9 DEC 2005 What
is clained is: 1. A nethod of creating a hybridized chip by conbining a

bottom actiye opthfaletdRd 68, chaMh Y \ReFHDS I &aRIng Shd&idRGa21POT tOM
active optical device contacts on a surface of the bottom active optical

devi ce 0pDOéié@tzti*z%ﬁ?bééﬁ@&@civaen@uﬁeh@} & 3k€s - Chi p having el ectronic
chip contacts, when at |east sonme of the bottomactive optical device

contacts are nOtF@%%ﬁﬁg¥%dwghh%ﬁéuléég%sEnseﬂg ég ﬂéQSteégméré¥Hé%aEELp

contacts, each o e at 7l eas

before depositing the electrically conductive material.

15
5. The method of claim 1 wherein the connecting comprises:
patterning traces between the points and the electronic
chip contacts, and making the traces electrically conductive.
20 6. The method of claim 5 wherein the patterning traces

comprises:

patterning the traces on the second side.

7. The method of claim 5 wherein the patterning traces
25 comprises:

25



.10 sone bottom active optical device contacts having an electrically
correspondi ng el ectronic chip contact, the nethod conprising: adgliprg 205
insulating layer, having a thickness, a first side and a second side prior

.to the adding, to the bottom active 15 optical device by affixing the
first side to the surface of the bottomactive optical device; creating
sidewalls in the insulating |ayer defining openings in the insulating
| ayer extending fr§y1the sgggq? side _t éQS_first siqg at points

substantial |y cofheidént w K50 Bot tom act Ve optical device contacts:

followi ng the creating, making the sidewalls of the insulating |ayer
electrically conductive; and connecting the points and the electronic chip
contacts wth an ele%%hicallg condu%tive material, 25 24 29 DEC 2005 2.
The method df cl BM EWREr 8F nCtHE kRGP The BPIsRATFSs el ectrical ly

conductive conprises: filling at |east sone of the openings with an
electrical ly coRefEtinge that 8rPHiTat5-3. The nethod of claim 1 wherein the
maki ng the sidewalls electrically conductive conprises: depositing an
electrically conductive material on at |east sone of the sidewalls. 10 4.
The met hod of claim3 wherein the making the sidewalls electrically
conductive Purthefheomrbicdest efeiosilt nyther i9Pswrasdrdon the at | east sone

sidewal | s before depositing the electrically conductive material. 15
thinning the substrate.

10. The method of claim 9 wherein, after the thinning, the
10 substrate has a post thinning thickness greater than a minimum
lasing thickness, the method further comprising:

applying an anti-reflection coating to the substrate.

11. A hybridized chip comprising:
15 at least one bottom active optical device coupled to an
electronic chip, the hybridized chip having been created using

the method of one of claims 1-10.

12. A method of connecting two chips, one of which being a
20 backgide active chip, each of the two having electrically
corresponding contacts to be joined together but are physically
mismatched relative to each other, the method comprising:
creating electrically conductive paths on an insulator,
each of the electrically conductive paths extending between
25 physical locations of contacts of one of the two chips and
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_5. The nethod of claim1 wherein the connecting conprises: patted8iDEG 2005
traces between the points and the electronic chip contacts, and nmaking the
traces electrically conductive. 20 6. The nmethod of claim5 wherein the

.patterning traces conprises: patterning the traces on the second side. 7.
The nethod of claim5 wherein the patterning traces 25 conprises: 25 29 DEC
2005 8. patterning the traces on the electronic chip. The nmethod of claiml

furth ising: .5 ing th trate . 9.The methad of claim 1
Furt her cormPrSiong: “20et Vi oAg L hct BeAFaYeY T SBPRAS S HFon

wherein, after the thinning, the 10 substrate has a post thinning thickness
greater tham% ISEnEMm S1asiy SPAPEkness, the method further conprising:
applying an anti-reflection coating to the substrate. 11. A hybridized chip
conprising: 15 at | east one bottom active optical device coupled to an
el ectronic chip, the hXPridized chi p having been created using the method
of one of ctdai nsThe FEthed oA et Hbd 20t heseHe diendgReWR &7 s gﬁée%f whi ch
being a 20 backside active chip, each of the two having electrically
cor r espondi #ef igmst ot sidewdllg.opRédtiogridssinguthared gsiysredlYy ni smat ched
relative to each other, the nmethod conprising: creating electrically
conducti ve patdhstdveapnathstamweriseeach of the electrically conductive paths
ext endi ng between 25 physical |ocations of contacts of one of the two
chi ps and 26 29 HGR)Ghephypiecadldapcatabhy afmdukeietectrically
correspondi ng contacts on

14. The method of claim 13 wherein the making the holes

10 electrically conductive comprises:
filling the holes with an electrically conductive

material.

15. The method of claim 13 wherein the making the holes
15 electrically conductive comprises:
depositing an electrically conductive material on the

gsidewalls.

16. The method of claim 12, wherein the insulator is part of
20 one of the two chips, the method further comprising:

joining the other of the two chips to the insulator.

17. The method of claim 12, wherein the insulator is part of
neither of the two chips, the method further comprising:
25 joining both of the two chips to the insulator.

26a



.the other of the two chips. 13. The nethod of claim 12 wherein theZ9 DEC 2004
i nsul ator has holes 5 defined by sidewalls, and the creating the

el ectrically conductive paths conprises: making the holes electrically
.conductive. 14. The nmethod of claim 13 wherein the making the holes 10
electrically conductive conprises: filling the holes with an electrically
conductive material. 15. The nethod of claim 13 wherein the naking the
holes 15 electrically conductive conprises: depositing an electrically
conductive material on the sidewalls. 16. The nethod of claim 12, wherein
t he insulatf isApaQ%]pf Zorggqqu the two chips, the nethod further
conpri si ng: %binlﬁﬁjlhg SERBT * 61" Y'he two chips to the insulator. 17. The
met hod of claim 12, wherein the ipsulator is part of ither of the two
chips, the met hod™d (LRST EBRETTS RGISBEST RGBS HC oFt RECPAB Thips to
the insulator. 26a 29 DEC 2005 18. A nodul e conprising: two chips
connect ed tRfetHerFladB8ri¥ Ny to the nmethod of one of clains 12-17. 5 26b
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