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a waf er substrate in common wi mmbgﬁgﬂgm\rﬂyﬁ@ql ly, 15 the portion 104
of the substrate 102 closest to junction between the optical devices

106, 168 and tﬁélsga%tl@lateéatefoczoptg %&@ chip integration fngd, maF RAiquisriydoihigh | v
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- 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 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 microns or less to allow for close optical access to the devices and create
an integrated electro-optical wafer 116.

Optionally, the integrated electro-optical wafer 116 is then patterned, using

30  conventional techniques, to protect the individual lasers and the individual detectors are
coated with an anti-reflection (AR) coating 118.

A related 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
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independent optical devices.
Both of these techniques however, characteristically create opto-electronic chips that
20  have heat dissipation problems during use and leave the individual devices more sensitive to
thermal and mechanical stresses produeed during the manufacturing process, thereby
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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also has contact pads 308, 310, onto which an optical device 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, 31 0, of each will not be

aligned as shown in FIG. 4.
25 This presents a problem in that it limits the ab111ty to “mix-and match” devices.

Morsover, 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 ofa

standard or common contact placement scheme. .
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electrical contact pads to be protected as well.

20 In addition disparate treatment of devices causes other processing problems when the
processing must be performed on a chip having electrical 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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desirable to create reliable integrated optical devices.

First, it must be possible to get optical fibers or optical lenses close enough to capture
20 the light without crosstalk. Second, there must be no absorbing layers above the active
region of the devices that would prevent lighf 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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heo the | SRRERFRIALY sl s68Rhe LIEGTEERL RS Gl USRI AR, ERPO02

t he use of methodimrlyeabonding the btgabdhip tprtbé dmowtcmlb smplyicga sibstrate todhe i cal

devi ces, Salljc 11\176 "sa,i e rHl)sstubtstrate gavmg a substrate thickness over the active region in the range of

20  between a first amount and a second amount, and applying an anti-reflection without a
special patterning or distinguishing between the at least one optical laser device and any other
dévice.

A second aspect of the invention involves a hybrid electro-optical chip. The hybrid
electro-optical chip has an electronic chip; and a topside active optical chip. The hybrid

25  electro-optical chip having been created by one of the methods herein.

A third aspect of the invention involves a module that has an optical chip having at
least one topside active laser and at least one photodetector, the at least one topside active
laser having opposed mirrors defining an active region therebetween, an electronic chip
bonded to the optical chip, and an anti-reflection coating on top of the substrate over the

30 active region that was applied without distinguishing between the at least one topside active
laser and the at least one photodetector as part of an anti-reflection coating process.

These and other aspects described herein, or resulting from the using teachings

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



party offered Vertical Cavity Surface Emtting Lasers (VCSELs% Distributed
Feed Back (DFB) lasers or Distributed Bragg Refl ector (DBR)2 DESr #0510 I n
.sum we have devised a way to closely integrate optical devices and an

el ectronic wbiopodseccreate an opto-electronic chip that cafCREWREIN! al |

four attributes. Mreover we can do so using devices acquired fromthird

' parties when desire fur AL the prior
art in terns of \/\gpe%(?)aflag?‘.?aﬁ B%%SV& C?—%ﬁggmgﬁe d";and |ﬂlnégir4§[{/ed operating
life. A f'dd%nt@g&@@ﬁ fe@Hures Iaeaﬂameﬁ@m @prebentanive embedimentseutl avé piesentagraaty tog a

chip wwth a topside 15 actjve optic The t i de_act|ve opt| cal
chip has aasswté%%d%ﬁ@d@;ﬁthwweqﬂageﬁ SE‘?—R}??E%BM dﬁgjﬁi}? &/L?
i ncl uding aR;eRLd falthdond6h 'th\éq%xfeﬁgbrpﬁ defindBSEthe GRMAS, Yr lﬁiﬁi\fdti@gs én &'@l@t&ﬁs an

optically inactive region, ondi ng side opposite the active sid and a
devi ce 5t hito Kreedaims. Hoe mstaaceh seiné efitbese advaptages a7g muknally sentadictery, .%m@bth%e

| ect hi trat
havi ng . <ist:pa BN mlolt Bt B4 e blpcifiond Sln,o bl adh Mgkt 01 ©
between a afppﬁ@bleaﬁanmﬁspmdfmemm mdmuqsphcabidtoeqﬂmrgums,aﬂummane@ﬂ ectl on
opt 1 cal | deaerien wamta SpLR b ot Sobpefied et aefE "

invention An¥@iniERardd¥hd hdlafth i lof Breaplenfid willbesomd Bpatenbini the following
el ectro-optical chip has an electronic chip; and a topside active optical

chi p. IPhe desasiptign, fonethe dravingsptnddm 85iciMEyi ng been created by one of the
nmet hods herein. A third aspect of the invention involves a nodul e that has
an optical chip having at |east one topside acti ve Iaser and. at |-east one
phot odetector, the at | BRIEFBESCRIETION ¥ THE DRAMWINGY, i ng opposed
mrrors defini a t bonded
to the optical Iﬁﬁ pﬂﬂg&%é/sedﬁﬁl%%h??r e g? ?%\éﬁggﬁ%%ﬁ%ﬁaﬁttggmﬁ nﬂ}gﬂzubst rate
over the %mtmmmngdgnmwmmemﬂﬁbmwpﬁmmhlmi stingui shi ng bet ween

t he at east o activ n tector
as park of an iﬁ? g ﬁ@‘?tfag?:sﬁpgﬁ?ac gkh%ﬁlgavﬁf%g%ne&ssgg m?h ée ancsggﬁ%e pect s
descrldbeddﬂwbﬁldmlmg da-ﬁgeslta ;!:‘d?gahmagraﬂaﬁelesﬂrmgpﬂcabsﬂilp ;ngs cont ai ned herein,
provi de advant ages enef i t he I 5 WO

03/ 003426, PCT/ @%é Mesﬂfé“%?ﬁgﬁﬁaﬂj 3’% CP@S%@?%squ%fescrgggcf%ﬁ%r ein are a
few of theg,ERANM bﬁ@k\&ﬁéﬁtﬂ&ﬁﬁeﬁﬂd afpefﬂoﬂroeal avatidnithy dferf witneonenot ppseplheddiiv e
enbodi rrents and are present ed on éﬂ assi st in understanding the

i nvent i on.the positipm sperified Fhat they are not to be
20 FIG. 4 illustrates a smgle 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 teachings 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 techhiques 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 descﬁbed;



considered limtations on the invention as defined by the clains, or
limtations on equivalents 5 to the clainms. For instance, son®3dECt e
advant ages are nmutually contradictory, in that they cannot be

simul t aneousWQ 0pPB&ENt in a single enbodinent. Similarly, BORES®AYZNt ages
are applicable to one aspect of the invention, and inapplicable to others.
Thus, this sumpesysafistfaeatons %nﬁﬂ@pzes%é@ﬂir%ﬁbﬁﬁngsapaéd#ro%EicQ%h@Qﬁﬁbrger ed

di spositive in determ ning equival ence. Additional features and advantages
of the i nASPRIBE tanfhp techrigbeselcagsibadient in the fol | owing 10 description, from
t he draw ngs, far: i } . 2 . THE DRAWNGS FIG 1
illustrates apg?g'alé hlfei{s?gt{a at218 tgé\:/lg)‘b Oeghatﬁsﬁl e@%ﬁg& t’ %%é pgrglat% T PasT SPAC

mul tiple thoddvaes efiFIGS. hQr1devi ces to forman integrated el ectro-optical

chip 18 FIG 2Ll rat es approaches _that have been used in the prior art
to attach nul t%di‘el%%hl.’)st%iag aé’%ctefsi“rsigﬁﬁg‘{ﬂbffﬁ%mtaﬁt“‘fe ¥CeHh i nt egr at ed

el ectro- opt i calFIGHieA illitfates3: prodebSishBit &t tpsiicngli®e @Rickgal device with
contact pads placed in the position specifie its mapufacturer and a

h db
portion of an él@ctoBdhpsirajEsihs profeshwhess thecon %@Yﬁiﬁlaéﬁf‘@ﬂteﬂ;but wotdillsdeindi on
speci fi ed day adsisbinWhBHbhagt urer; 20 FIG 4 illustrates a single optical
device with contact "pads placed in the position specified by its
manuf act urer ahéGa PW8 AN epticahchip with ite pontacisarkrutedibly lpatteming tcesad shepl aced
in t PQSH, & iof It facturer of which each will not be
al i gnrel?; %Iﬁté‘xla%q??ﬂgﬁ;gltt{rl%(f%g%ﬁ?sn&nsa??rp itied hi gh |l evel overview, one exanple
appr oach accor #i@g 6D showh ¢hetcpatatis ng an elbctidnéc dhip/endvtalrty pAftermngtrabesand 7

illTustrat several different access way variant exanples; FIG 8

i |lustrat géesﬁs%afﬁ Oﬂﬁtc%&?ﬁg’/‘lt?ﬁs%ﬁq?@%ﬁﬁéps are supported by the
substrate; Fl GBIGI7illkstiates alpesceanimiMrite tbt shbwain Fizake 1IBACAEIRURL £8aAl ar ray
of mcrolenses; . FIG 10 illustrates one exanple process for creating an

el ectro-odﬂl??éﬂﬁedéhi p variant according to the techniques described; 30
FIG 1% i1l ust FRtes iniealsatBhRciiSS 6 tﬁhﬁ?ﬁée@%&&e ideg:2l
chip variant according to the ?echni‘qqggg%gscr_i bed; Fl &thgfeﬁ%fgﬁdreg’t es
one exanpl e pr 8¥&d$ iflysirates apgthergltemativedmplemeniptivon athichlis p fivther wantant afcloor di ng

Lo the teQRRGNESaEaR dffbarin?udbRES: AA0% Y0, 08,093426 PCT/ US02/ 22201

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 ﬁsing one of
the techniques according to the invention;
_ FIG. 22 illustrates the steps in creating an array for a DWDM application using one of
25  the techniques according to the invention; and
FIG. 23 illustrates the process of FIG. 22 from a top view.

DETAILED DESCRIPTION

FIG. 5 shows, in simplified high level overview, one example approach according to

30  the teachings of the invention. This approach overcomes shortcomings of the prior art while
permitting close optical access, removing absorbing regions, providing a higher structural

~ integrity, and having better thermal dissipation characteristics.



FIG 13 illustrates one exanple process for creating an el ectq’qn- ogtical
chip variant according to the techniques described; FIG 149 PESt 3085 es
anot her opto-el ectronic device being created in a manner simlar to the
devi ces of FMS03/003242: 5 FIG 15 illustrates a process usapl @Jsf”dtn’dottom

active devices; FIG 16A illustrates a process usable for topside active
devices; FIG 1gRn: btﬁgtcwfmtm IRECHEES 0hBIEe S16F 18RRALRCEralRO WS aar €
coated, but not filled can assist in alignnent; FIG  16C shows an

optical chisgbsturteH 02) @d@(ﬂ@tea@tf wafep FOsitmade By opdetecsorn iniegratechwith a sybstraie 102)0
Substrate to e

cont act s off AL S a2l b RuBRE AR u Gl Peonbiriond HerBRRIG h
substrate ‘purchmacﬂ’ont heap@mj:tmtetthlrcbparam A}temanaély,dtmbnd Riafer nibde up Ofilwtlr at es a
process _si mlar shown.in, Fi ure 1 c)g)Fg zt .a carrier. is not

Pods ™3 5° et 1md ftbola inipigaied Wita e op S § i SoBR Agemating ¢ o

connect di ?gﬁrﬁ:a; Otg@vgr@@%g, ifthspufabliréd drwgtaq@'aes anot her alternative
i npl ement at'i on a further variant of the adapter or connection

chi p variant, u?&%ﬂ@?sﬁgﬁ axecdied bo ryegasy & Walsy ingeindividua deyies (by efsbingdntes t he
stacking o I gto
5120k 19Oyl RFARALES P RALE Wb UFLREUTOAUESPEPLH ) 10
| aser u5| ng comenonly aSBlgnftdapphq:mesnhtbd Roduhidant Deyicefgrayrfiledgonerently G 21

|IIustr e or e n i ng one
of 't a0t crNR Lk ®baar s Ko AR SRR B weBEht, B RbERe T, 1D
steps i n creaat plagesawtuhrsfowmfgohe eiclﬁ\t\lahr/tc_mp;daclnag ihenubssptagn othersof 25 t he

t echni ques according.to the inventjon; 23 4 11 S rocess
of FIG 22 fronté‘gtelt“gv ’éWPeBEWGE %Qoli OopKe ﬁ@\%md%ﬁerso
sinplifieddd, gl drevich opmewa'f@vgrome;fmeamtces apEtAE i chetedrdicrge deicesd0 t he
teachings of the invention. This apgtteoaqh overco S shorch]gsgt %gpﬁ t he

prior art W#iabave yewldpe Pl‘fl%edcqnﬂ?ey b peioptiral QEY!%%%’*‘ o BHRA
regiongs ppeeding a higher structural integrity, and having better

t hermal di ssipation characteristics. 8
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
optical wafer to the electronic wafer in a suitable and reliable manner.

20 Alternatively, and advantageously in some cases, further processing of the substrate
102 can be accomplished, as described immediately below, either prior to bonding an optical
wafer to the electronic wafer or after b01_1ding, 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.




2 9 DEC 2005 WD 03/003426 PCT/ US02/ 22291 In the approach of E gG 5, a laser
wafer 502 (made up of lasers integrated with a substrate 103 BHEE %05

det ect or vvaferwég)j%ugapde up of detectors integrated with a substrate 102)
is obtained, for exanple, by manufacturing themusing a conVédty BH%%IZ”
techni que or by purchase froman appropriate third party. Alternatively, a
hybrid wafer nmadk mcmfd oy, the katsehs ismindetrrhisest Mrarahedoniibh a
comon subst r.ate {m in sone alternating pattern or other

groupi ng, i SUFERRAT %?té?igp ShiaicTRAITELe RE R sknsepfseonticelifetice porpeess a
waf er into tRdiaférdual devices (by etching into the substrate) or, in sone
cases, into appropriate groups of devices, for exanple, as shown in a
comonl y assi gnebr aibpl iverzant,dke whstiate is thimesd o UetmeerDidoiiad rArcraay afid et 50
concurrest | y.10 herewi th (and which is incorporated herein by reference) by
etching 1nto the substrate in some places while stopping the etch prior to
it reaching the hubbtrtiataiant thﬂ&ehesﬂuckﬂés& ef thalsubsBhty is HOCRUAINS tHeAMBREON 1S
not the cre ton of &he opt|c c%ag sel.f, per se (i.e, the creation of

t he wafer, g‘tr fPRiIGHdeVire PoRpR O the wtere js bof reqUuist-ed di screte devi ces),
the above woul d llaafﬁﬂﬂm&ﬂt &iatswsﬁJaﬁé i$ fhirinB@ dOWA toCAthickiRM SfourEBul 1o YRS

pur chased Irﬁ]uc%ﬁ f 15 nade.. The optical device wafer is then inverted and
al i gned ove ess P& the optigat deseortme fAbvalBbnded to the el ectronic wafer
508 using, for exawni S sorre
ot her appr &ml ate pr o&re} gfﬂgir{y tegﬁ%lescfn h&ﬁgab‘gclgg&%km%ce‘é?% gﬂ% gt?%‘r

opti cal kpess phike @IV@GH sehsirate veifléd also he kerd ilargeahiiaetha thdclkrebs mbés@aryrﬁd”rner 20
Al ternatl ve V. QOB cases roc of the
substrate é%SZe @ggﬂ%gceg%g%%§ Slﬁ vg}e?e BSCPT Bfé&%%?ﬁ‘fétaﬁ? gﬁsgﬁ}:ﬂg@f‘?ﬁﬁq‘o&?t her
prior to boaihhwﬁqr ansertiph b optmiﬂ]ber dromictodens ift6 tHeQBESs W& fa Rpar@idn@pacing
bondi ng, SO, o%ﬁs it t'h{fetg e, before cycling the devices over oper at1 onal
t enper at ur e o fesfrsice F SEIPLFElACEHS TaneY JARVSYFE dris expgetRd fhebrielai ng i s
unsui t alfl e dase wilhiee goypiedl. art technl ques descri bed above in connection with
FIGS. 1 and 2 25, because, if use woul d dramatically increase the cost

of produci ng devib&essyay é&ﬁa?ﬁ?gfomi‘ Hﬁ‘? eneh ar h?i@ﬁcﬁlﬁﬁgft%‘lﬁd endiledinthe et e
device if  tsnBstatdislef Mle@omRaRT GOHRICEL &évieeﬂaﬁﬁ&\flf‘gﬂt ﬁreﬁu farateaal kr e&ﬁ'ﬂé{ge the
ve

yield, due to stress and/or strain en the substraté’is

thin. DeperffiiegonyaHona etchiag or dilling Pﬁ\ﬁbﬁlelﬂe(ss‘yhl&mefelpdeeﬂVu&ewmc eSthased,
di fferent RERAGARY sHBktrafUnMal 'I%B&ﬁiu?gr ot ¥ ﬂ%ﬂ?c%iap Lsstrate 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” Torr before introduction of the process
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



In a first variant, the substrate is thinned down to a thickW%Eknuﬁ cess
of 50 mcrons, typically to within a range of between about 50 mc? s to
. about the 100 micron thickness typically required for close optical
access. O 2VeD GEOIR005 VO 03/ 003426 PCT] US02/ 22291 In a S6aBRIZAER, ant
the substrate is thinned to a thickness of between about 100 mcrons and
about a thickness correspond!i%}@liothe ThiTKpeSs, Off the optical device
portion of the wafer. In a ghird variant, [the subgtrate is thinned to
bet ween about 20 microns andj $itout 50 5 nmj@soms. Iln a fourth variant,
where the thickness of the spbstrate—+s—abogi—egual| to the thickness of
the optical device portion of TH&%af er, th??}m‘iﬁg il[s not required. In a
fifth variant, the substrate[Egdkhepped doWobo a tlhi ckness about equal to
the thickness of the optical_device portion of ¢ wafer. 10 As will be
apparent fromthe descripti onRB&bwer, in ac¢dsUuae with the invention, the
t hi ckness of the overall subgtrate—coutd—=t %?‘V"dcktpt | arger that the

t hi ckness necessary for clop laff)pti cal access, for_|exanpl e, where access
ways are constructed (as descrinized bel ow) 6 mial | ow for insertion of an
optical fiber or mcrolens i sslway—to separation spaci ng
fromthe device wthin the close opti dabledccess range. However, it is
expected that ki An¥ R Burffe6 65 6e Web¥tratd thio the t he
formof a tren%@f@%?segﬁ%%lgé%%ﬁed or(f%lrniltlhﬁed in the substrate over
t he porti enbstrbtedfor ogisfaned tovends the dpniese |ight is emitted or detected, for
exanpl e, using.conventio I : L i adMatd Wavs
preferably | eag‘ihﬁBIOSCS%O%(?}a{’XH%EQrﬂg%t%Jﬁ%H%Stds&t&rgea%gﬁ?ﬁ) ggt?%ﬁe_[)ependiyng upon
t he parsti Gubatvisgkispeddidevalls withyin dei¢ sjangild ¢ase, §iwAs 20AIGaASSEIGEIBEY @8H be used

including laser drill.ing, .etchin r_so i i : l:

addi ti on, ‘H@‘B@rl‘ﬂgh’&nﬂ%ﬁe‘(‘ﬁ%gwg?‘i fﬂﬁag?cu %%ﬁ%@%dggﬁehg?&%gmgggégga%ys may
have straight sidewalls, sloped sidewalls or some conbination thereof. For
exanple, in order to produce ap—access—way—5t0—having initially straight
sidewal | s near the substrate ol surfackl%Hes| bped si dewal | s near where
the substrate neets 25 the def§gF, 1N a [AidcmUMm Arsinate (GaAs) substrate
with an (Aluminum Gallium Arsihate) Al GaAs stop layer (supporting optical
devi ces such as VCSELs and/or pPrgssutiet ect joflsmTorr

Chuck Temp. | 30°C

RF Power 92 watts

Bias -190 Vdc

Time 30 min
Table 2

Theﬁ the process conditions are optimized to getter the residual Cl from the Al1GaAs
10  stoplayer. This is to prevent further formation of HCI (i.e. performing a wet etching) after the
Sample is unloaded from the processing chamber. The process conditions for this portion of

the process are set forth in Table 3.

SF6 7 sccm
Pressure 70 mTorr
Chuck Temp. |30°C
RF Power 50 watts
Bias -20 Vdc
Time 3 min

Table 3

11



(interchangeably referred to herein as detectors)) hybridi zedgchEeGn'lm%I C
(collectively referred to as the "Sanple"), the foll ow ng approach can be

used: First, s ways 510 are resist patterned on th rate. 30
Then t he sarrp{’vg%f’@&ﬁgided into a 13.56 MHz parallel plate rg(é’?ﬁg’é}éni)bn

etcher (RIE) and evacuated to a pressure bel ow about 3X10-5 Torr before
i ntroducti on of It He spnples sase, thassess way witiheae smull ed passiblal ® as eésmdtializewad er .

Once this base pressure is reached, e first rt  of the et i s

Tt ated dTHEGRBTEEeE ohitdeoe D et biiste tevitiie w6 Supgyork

03/ 003426 REHENIHCUntABY inabidebiddiss ﬁ@hﬁFIﬁngﬁﬁg@%r&%&Sfd#%ﬁ%ﬁbléﬁﬁﬁﬁﬁg Chuck
Tenp. 30 C RF Power129 watts Bias-245 Vdc Time5 nin Table I This produces a

strai ght sidfadaant odthe plgetrrmic wef- tiPrpending vpaa the partaila deyieesand sibstrae tised
substratke f l1Sk: (o)ll=Vs j e [t are
t hen opisi m'hg(év @etr%'d%ltruo ugeentlt he %glr)%t%lagenrqggﬁgﬁeer b-agcbgrefglé&e\?\lb%z o é]’.ge tﬁg\ﬁfﬁl relg
sl oped si deladdcssswrayhs created, lot by patemihgethe aslstrat€at®niepohit Garsxaspleg flllowirgy

reat | Ll QLB e dammge I particular whe process
Chuck Tenp. 30 CIthoflde h8idd hek &er,Bha $f réR0vaAId€ adtitiomad Dsubktrhtelia Bbigpreperly
planned, as more substrate is removed, the thermal dissipation advantage may be reduced or
10  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
sacrificing much, if any, of the structural advantages. Thus, it should be understood that the
15  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
example, before, after, or while the trenches separating the individual devices are etched.

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

Depending upon which of the three immediately preceding variants above are used,
different processing will occur. FIGS. 6 and 7 show several different accessways variant
examples. For example, if the first variant was used, the access ways may extend entirely
through the substrate (as shown in FIGS. 6a, 6b, 7a, 7c, 7¢). Alternatively, they may extend

25  from the outer surface of the substrate to a depth where the substrate remaining directly dver
the portion of an optical device where light is emitted or detected is reduced but not
completely removed, for example, as shown in FIGS. 6¢, 6d, 7b, 7d, 7f). In general, the
substrate remaining directly over the portion of the optical device where light is emitted or
detected will be reduced to a thickness of about 100 microns or less to enable close optical

30  access to the device. In other cases, the thickness may be reduced to about 50 microns or
less, and in some cases 20 microns or less, although typically the thickness will be within the

range of about 20 microns to about 50 microns.
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Then the process conditions are optimized to getter the resi du§ EE f g
the AlGaAs 10 stoplayer. This is to prevent further formation ogf E] (1.e.
performng a wet etching) after the Sanple is unloaded fromthe processing
chanber. ThewpyReesss conditions for this portion of the pPEE&S®23%¢ set
forth in Table 3. SF67 sccm Pressure70 mlorr Chuck Tenp.30 C RF Power 50
watts Bias-20 W Tine3 mn Table 3.11 29 C 2005 %

PCT/ US02/ 22291 AAdiifrally; dprasiie 1es e Rapir Ul e W%vﬁqﬁ g abess SHalt’ as
possi bl e, §ou8Shd RiyARXIBLAP udd S aREBMTIat fan Spial filgdrcfot efatuptmas shewnlévi ce.

The remai ning substrate provides a I’ngl d frarr\e\_\/v:i‘z{(g§< ﬁdg@gh) g,revents t he

i ndi vi dual Fifiuibesss, T ore mivtelensolon g<astnle #8 80Wiip FIGS H0nt% 2 i ng

attachnment to the ele ' , birle ROShticHRarR i Whidh afids@EVi ces
and substrate u?gﬁ’éy%%%%goﬁﬁ?%ﬁggﬁmvgf o?b substrate may further be
per f or mpd, fib@s aecappired btthd substaternan be brsated Guisk assigwn i KiGe 4. @8 0Pl py
patterning the substrate at sone point.. f.0r ] ttachment
to the el eé?ﬂb‘iﬁ?@%ﬁ?’é‘fa&at?st‘mg oUFE B Viﬁlg?ﬁé’cp lgaége@éerrg%engtegg‘%&%%yn%val of

addi ti onal o5bsik Rl Be éreatePtsudl AREGWYin KIGSN6s 64, TasTayGe)posminptical pgay tat
renoved, tﬁe thermal di ssi patjon advan%&ge n@/b&nﬁge ucedOP% 10 even

el i m nat edacdobmeqsiates an AEBERARIAGLDHETah BRFRHEh(SUSHRTSETVE Fom wher e,

addi tional substLateqhSoveCiiRufttiratt B AR bd farterndd tirblighien it satfieesdend strain
may al so be decreasea. However, it can b ppreci ated,, that, in sone

e a
cases, 10y swisaetciauéincemsvthb exosesimysfeqeearen foppe fhermggl diSF1Ba{MG N can be
i nproved by i nc;ltesglgliflggﬁ éﬁb%ecgﬁﬁ]&&' b A 16 Gudd ldedcRBedd6ih iR] Ravthd hout

sacrificing nuc 0 e ét_ruct ral advant_agies._ Thus, it should be
under st 0od siisadbtetatackits, stees wilprinzesitpnot podpagste tosersistldgyises, Byaasr Wil e hat

sufficient substrate is left on the deyi I ol FEhith Sre®eSdraBid t4 her mal
and struct (5P UB é{lth‘oFcctOB?‘?cg'Pﬁpg& eO?gger]e:{%ac\%@g].ctoﬁ}B?gdg@gr, depgndi ns upon the
particul ar ;@cfnd s siskes. provi sion of the access ways nay advantageously

be. | n 1?50 e cas %?GS .pleor_ ISOarrggg:h %}?;cn?prlg i]ﬁlrstre%co%g Bf & Br%icensg o?f éreﬁﬁlrgfefércﬁrg-gptiéap r
chip variants according to the techniques described above.
FIG. 10a is a simplified view of a single bottom surface emitting laser device 1002
that is 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
20 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
the particular material used for the substrate will likely be determined by factors independent
of the invention, it is worth noting that stresses due to thermal factors can be reduced by
matching the coefficients of expansion of the optical device substrate and the electronic wafer
25  as closely as possible. Ideally, the two should be of the same material, so that the coefﬁcienj:s
of expansion of both are the same. - |
Electrical contacts 1008, 1010 used for laser excitation and control are each mounted
on a stand 1012, 1014 for support. One end 1016, 1018 of each electrical contact acts as an
electrode for the laser device and the other end of each is a pad 1020, 1022 onto which an
30 electrically conductive material 1024, such as a solder, is deposited for bonding the device
1002 to an electronic wafer.
FIG. 10b shows the laser device 1002 of FIG. 10a after the laser array has been

inverted and positioned over cotresponding pads 1026, 1028 of an electronic wafer 1030.
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exanpl e, before, after, or while the trenches separating the i i '[tdri@lj
devices are etched. 20 Optionally, an AR coating can be appli e h
detectors, if desired. Dependi ng upon which of the three inmmedi atelg/
precedi ng varY@AY¥38ove are used, different processing w7 5e¥R% Fl Gs.
6 and 7 show several different accessways variant exanples. For exanple,
if the first vaFi@ricwasyvstiethsertdesicat02udicniliss beay atacheattd tiedléctiohiy wakdar ough
t he substrtgO as shown in FlGS. tively, they

a a, |t ern
may extend 12 3P AR ond 1852 QWF%BGWFP@H%CMBQW%%@%A&&g h where the
substrate remai RiAY 0dESH thy 184 Hevict BerRY dub QP 008 MaPtileh GRIncd QY bGGehEr €
light is emtted or detected Is reduced but not conpletely renoved, for
exanpl e, agbgH@RmirmnFInd3bodc50 didongb, 7d, 7f). In general, the substrat e

di ht
o) 89, Skl NSl AR B 15 R | A R SRS G bl
| ess to endbDe irthismsoyit biching 3fstcad ofdislling Note tlche i this.eximplefthescceasag, t he

t hi ckness e. reduce rons ,Or. e and sone cases 20
m crons or bég&s frogy B@Wet%fgreé&ﬁts?%%gf%&& Qﬁ‘@%%d%rfdﬁg Iysr \}\thr n the range
of about 20 N CFERSOF shoRRAE dRfReBE FI@NDe afted aR oBtidalindRy CEA R IRABAES:

PCT/ US02/ 22291 Addi tional | y, dependi nhg upon the particular access wa
created, tH84Qhas @nm;lewhe r’-qyrcterrerh ¥elo grample gdov yisgosiy 639 it Bowucvdhiopdat e

1) oSBTt ittt
enpl oyi ng one oi‘\lﬂlmghahﬂ)mvaprps ﬂb}@ﬁ'ﬁé@dwamreﬁqmwc@dahlsﬂaipwm thﬂprmsaa\mmiﬁd of 5
fibers are e t r in FIG
). an opt e ettt Ped hS: SHORMIR, Bl BT ABbE S D MO RRORT 0 ©
m cr ol ensesoaubported by the substrate can be creat ed (such as shown in

FI GS. 6b, 6d, 7 or arr acco nmodat es .a array
of nicrol enses g&#@@'ﬁ%&?@&“@@% ?tc%l ‘f%ﬁe T"@lg c’??te R THEEESE

t he subst r 3 theoasshwaan BEGH QDE-QOfl@Ldeﬁttht aiglasn devies s fha e@niddndubrer 10

substrate andqaf ease the exposed surface area for better thernal
di ssi pat i of2tq pfieyioses Sstawds 2% 1iMat , by using the techni ques

descri bed. her ei BG4, 18a-1288Y ¥ AHothS%- aaétf‘onﬁt&earebsang afeaﬁéfrpasmmne} siffiymerily
not propagate to optical devices, but rather will be taken up t he .

Dy
connect i ng trdgp g davices| Ag shoswm, thivdavise ixnfithe me where theglewicpet t er able to
wi thstand §UERoRIGRS G rial is not used for the stands. Additionally, the lasers of this opto-

20  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
reference patent application entitled Redundant Optical Device Array. Specifically, FIG. 13,
shows two adjacent lasers in the array where, in addition to creating an access way 1034,
grouping trenches 1302, 1304 are etched in the remaining substrate 1006 using known

25  etching techniques, to a depth that connects the grouping trenches 1302, 1304 with some of
the isolating trenches 1004. In this manner, two or more lasers can be arranged to share a
common fiber with one or more serving as a back-up laser, such as described in commonly
assigned application entitled Redundant Optical Device Array which is incorporated herein
by reference.

30 One advantage arising from grouping the lasers in this manner is that yield for a
single wafer is increased because, for example, with a pair of grouped lasers, if one laser is
damaged, the other can be used in its place. Another potential advantage to doing so can be

an increased lifetime for the opto-electronic device. For example, when one laser of the pair

14



15 FIGS. 10-13 are each exanple illustrations of the process o% c[ég%tzg(%
el ectro-optical chip. variants according to the techni ques des PI ove.
FIG 1 Cais asinplified view of a single bottomsurface emtting |aser

devi ce 1002 wiasmis2gart of an array of |aser devices, therPeEEs2at29whi ch
are not shown. The device 1002 is isol ated fromits nei ghbors by isol ating

trenches 1004.and i upport ed. on S nmade, .of _an
appropriate %lygi}qs '?thef% ﬁerseaggﬁhg?r&glysmdlaﬁ%ﬁ %g S obta P F%%eﬁm@a%ﬁm% (Si Ge),
Gl |'i um Ar seiMceid aﬁ@ﬁx‘bﬁghtclfnlin@% arFdraedbhatigge (| NnP) . Al t hough the particul ar
materi al used for the substrate will likely be determ ned by factors

i ndependent of ¥%tanptherashicwavle ‘J}dtvaliltég%ﬁdﬁ‘“’rﬁ'dioﬁtﬁ@ aglpgyie ogg P’e]%oélé% thge to
thermal facfgy édéa& P Redi g%%v%}ta ﬁ lﬁé?én&l?ﬁtcé Sfﬁ&fe§sn?§th ¥Rabg! on
of the optical dev esu trate an ctronlcwa 5 as closely as
possi bl & | ofdadetsyon & Wgfer imeglipinie, dhdamlmvedtyeltkamrmdtabﬂntmxter@gd lifeds t he
coefficients q({yﬁxpanm on of both are the sane. Electrical contacts 1008,
1010 used 8™ ¥ excitation and control are each nounted on a stand
1012, 1014 for smptpw hlso ShvavseTanctioidl réfdRnafioreefen cedmplt kirgpl 306 pridacdd act s

as an electrod the | devi ce and the other each _is a pad
1020, 1022 W fﬁagt Warklf o Xy %ffaé’dﬁ%tﬁtﬂl‘tﬁga%g@m% top@bthe dEYieh as
a sol der, Is%tﬁanﬁe%atetcs‘sfé Wa9"1 099 R reRatnlify iBMIale1 004 BRZ ehdh 184 BlcRAHY ORibte. Waf er .
FIG | 03 shows the | asef device 1002 of FIG 1 OCa after the |aser array

has beel |mswmn§m 3othetasen are gowreddnfauess p sraup A30%keing defined by1thes of ~an
| ect 2 4 =1 G 10
Shows. ¢ ne. | S2eheEthifles 3971300 HRferfolite B e e e o ¢

waf er 10301asdrsainahsg1bute130$mimth¢ Gﬂzstrbbtl\@é@whtchﬁ dletrally condugtings FOOROpostH22,
1026, 1028. 111%&3,9‘ n sgme 0 fe)labﬂg nc(ijtgs\:/ | (ﬁﬁ glg\gﬂ ﬁgﬂl Qgﬁcrv%u':fd %&%ﬁ has

been thi nned 10 Petwaen merons and m Crons. & 10e
shows the clm/\nstbleeﬁ‘ohethlstd’aﬁtagcp@ﬁls vvay 1034 has been created in the

substrafe 1006, se Vi ead, of drillin t.hat in.
ORI Cilibaei IR AL B S AN A L I S g BN SERE R LAy
1036 to t hetodﬂé/d@ﬂse@ bERIISN 00 thadih 12038 shévfGthid Bévicenousthé ﬁ,@e dave @R @lickl G

10e after an optional thernally conductive material . 1040 has been applied

to the deviCEIRERCIormaterial isnssafar dhe sfandg jAQ2 $404s .4%911@% theRsSTROT S | £ or
10 good covgfaaRdrddiSddRe FPAXYerBAYEINE tHRRANENTTFIBS. 12908 WS bioéhiif phYRS@ne

cur ed.

of which is not shown), as is evident from the grouping trenches.

20 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
themselves, or they can obtain them from a third party. By manufacturing the optical devices
(referred to hereafter for simplicity as an “optical chip”) and the electronic wafer (referred to
hereafter for simplicity as an “electronic chip”), the mannfacturer can take measures to ensure

25  that the pads on each are properly placed so as to align with each other when the optical chip
is positioned over the electronic chip. However, typically electrical and optical chips are not
designed concurrently, even if they are designed and fabricated within the same organization.
Thus, even with a single manufacturer, unless there is close coordination within the
organization with regard to both the optical and electronic chip design, a lack of

30 correspondence between contact pads on each can easily occur — particularly where one or
both are also designed with sales to third parties or integration with devices from other

sources is contemplated. Moreover, subsequent improvements or changes in the design of



Al t hough the above was illustrated with reference to a |aser ge\g'gc,e?mg! he
process would be that sane for a detector type device, except that the
detector device may al so be AR coated. FIGS. | la-11 f show anot her
opt o- el ect r oY@ 0H¥H126e being created in a nmanner sinilar U TWEsoyE@IONE
shown in FIGS. | OCa-1 O except that this |aser deV| ce uses the

seni conduc Temicrrﬁéﬁ{ebé’sknﬁé altdi %‘ﬁb&l‘ﬁogﬁf hB%s 56'% &le gg Hljfﬁl ucangﬁz%a

12a- 12f show anot'her opto-e troni c devi ce

simlar @llsﬂhgmpﬁm@o@wrmrgmd@mvmsly eAistedeven wnthhi tﬁege@ﬁ/d&garh@n@ﬁ t he type
where t he devi c eni eri % I s not used for the stands.

Addi tional |y, eqs\ggré? gptgg(él{eﬁpgu%ﬁ}bls signeddp pprsed vEhA vaselrod differrmped so
that they oplﬂit:abaupl@@dt thélo oﬁﬁdﬁ}ﬁd@é‘éoxﬁﬁ%@%& E%ﬁta{}fgg%qmtﬁ}g P¥E.dhe creation

of an a ray haV|n redunda | asers i-s described 1 n the |nc r por ¥ ed by
ref erente P?@él?méntoﬂﬂ@q pigingrevitiidsms, b@parh emittiResdvite laders, HRB

Speci fi cal I | asers i where, in
a(FZ)IdI tion tgy]g]?ge{f%leﬂ% gﬁl@%@é@gbﬁtﬁﬁgggﬁ%%o {ﬁfﬁ]ﬂ?& #Fegﬁﬁsl)@? ?é@*fss 1304 are
et ched i n mgeufpeipegd mrr@snsmm@nmmmww&maemgse@nm&e@um kRPalesihé ques,

to a depth e u rench 1302, 1304 W|th sone of the
i sol ating f étgﬁ%: e%’c@%%ﬁ%ﬁl 1?6210?%?@ ﬁg%%ﬁ're ?W)d? @‘PY Avsrodhervise pampaiblerydthahe anged
to share aelectmaimohiy. | ber with one or nore serving as a back-up | aser, such
as dESi:d’l bed i comm |y as&a{oed application entitled Redundant q)tlcal
Devi ce" Arr ay F’r?ééli“ﬁm @ﬁlwpé‘?qﬁlonb’ythﬁé‘ﬁe%@ﬁmle@Clcmdewwhaant age
arising fremagt H,gd,mhg fiof shdrifdal d. for. a, si ngle
waf er is |ncrea1§suedgbbe%ause 1?e:‘%oro gga?rp @lm%ﬁfacmerw@%n%%ﬂﬁmgavﬁfeﬁ?g

one | aser 128 coRfachagdslonte i Facptiesd deviee crodd comnerted, pacad o thé\nesither

potenti al REMAM BERs O FRNE:. I gase | fetime for the

opt o- el eCtS?OﬂI c %gw ce. For e>s<‘gh&18tﬂ o8 cgﬁ&ghcgq E‘E@?éjovfer wlipghip e 2 9 pEC
2005 WO od?oe@aamthn@qﬂmm@mﬂmmapadn afeach wiltdoe bé ﬂi@édﬁ Néwertheless,

t [ t he second,| ase n. be el ected and
g)r(oﬁ(rg[\l? oﬁnyla?tﬁlg&p&gq%%lgy ?6% éeh%g%‘%o gmv\?gigona%apﬁg{%p X4 %B‘Fiﬂg gé¢tant age

i s reducedhacbe b@@naethltm@ameremmm in tBS exafiPles np URGH RWE hy'whl e?scvﬁﬁi ng two
of

advant age e cost of |ncrea5| ng the nunber
| asers onsoa (\% &f‘ttmé ?Jb%refl heenfaghraghAd gnmends, é]f’Pdﬁd’PB?m Tecelvmg

reliabili tdgleetotsended I|fe |s virtually free.

Advantageouﬂy, this allows for the selection and use of the “best-of-breed” chips

20 | 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.

In general, two different processes are used, depending upon whether the optical
devices are bottom emitting/receiving or topside emitting/receiving.

25 . For ease of explanation, the term “bottom active” will be used to refer to both bottom
emitting devices (lasers) and bottom receiving devices (detectors). Similarly, “top active” or
“topside active” will refer to both top emitting lasers and top receiving detectors.

Bottom Active Device Process
The process as usable for bottom emitting/receiving devices (i.e. bottom active

30  devices) will now be explained, with reference to FIG. 15. To facilitate explaﬁation, it shoutd
be presumed that the optical wafer 1502 was processed into an optical chip 1504 as discussed
above. Altematively; the optical chip 1504, can have been obtained from some third party.
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FIG 13 also shows a functional representation of an exanple grray 1306
produced using the technique of FIGS. 12a-12f. The array 1386 DEC 2005
sillustrated fromthe top of the device so that the access way 1034 and
Temai ni ng sOWBBME61006 over each laser is clearly visibl BCT/EY2ARIEhown in
FIG 13, the lasers are grouped in fours, a group 1308 being defined by the
grouping trenc k 64; I 1 dnSicdl @nhis UsheLdindat h
bet ween adj ace%t’%Jggé?lg&?g%%%gggér%ﬁgééfégéﬁe&iﬁ gfaét%t%uggtratg 100%IStm ichis
el ect ri calknpwoosvtioignésng. For purposes of illustration, some of the

isolating trenches 1004 are s altho none_woul d I be vi sible
fromthis vant age™potes Oigla?ipé\g]arﬁﬁggiéiﬁﬁh%]ﬁ @F%ﬁ%’%&?ﬁé& 811% 3%‘:'[% ¥dRi ¢
devi ce beiRgcdihRBbAN of thedpHRaNBigH. Fhilid Akin dofle b Riseleiilldgsorefchink, @ 10
through 12. As shown, this device is of the type where the device

seni coAducrempledn gheimanneraisedfog creating theough holewinwagers dasepbed MeemmeRlial |y, the
| asers of i L Qe . l i reeal J qanner of
s S R G T

evi dent f rkechtitpee Gledopicngertlydwersmith and tncoporateddreby teferencganuf act ur er  of

opt o- el ectroni c,devi.ces of the t ribed abova. - : es for
obt ai ni ng the dﬂgef%&yg&et@’i %pggm_gs%{ g?g@?ﬁ c%ﬁeﬁr&@ﬁ}%@ﬁ%n@ﬂ@ﬁ@@ ves, or
Ei hey can qbioa( f'td‘attadblﬁﬁanfc,[]feﬂe;(a?zpm if?aqamntaytplaﬂyqdaﬁmsfmhmwmg' j _adﬂa:aceogjti c;al .
evi ces referred to hereafter Si icity as an "optical .chip") an

the elléct r oni ¢ ThEh-dhe qremIngt praes; 138§ ﬁ@rrﬁn%fategeft’%@?y %"l“ﬁ'b‘ft’ivg ?’Y ?ppa\g“%?fp

" el ectr ONigfecritially tondubifreTRudHaR ¢4 1076 thelsidbwaBk 6f tHES5enirRs of Yas@Sithenab t hat
t he pads on each are properly placed so as to al hﬂ&gﬁqth each ot her, when

the opti c&ptienglly hayebess sreviogply goaekwith paingplaier) s 7 PPenIngs R Mags with
typically ! and optical chips are not designed concurrently, even
if they artgé%g{gl{%ﬁggo'and fabricated within the same organi zation. Thus,
even with a si dgiventageousindf the epeningsiopsiss anaptfully fillpd eeycambamsedita aé wi t hin
the Oﬁgan'aﬁg&k% ‘2‘3%% 59@d i#Re B BEviaPLE GAde &Bﬁ%ﬁg%ﬁwﬁ{y&ﬁm P
desi gn,; a ldck of correspondence between contact pads on each can easily
occur - paintrips ch érel oghenkisip ¢o ‘Gilvs” Dato thi ibles, dlneaetnl rsovidiag ey ndtik] alignimestil es to
third partigs or. integration.with vices. fro '

cont enpl a:bgg‘.'eeﬂ/tt)lfeetg\?e oI B é‘hﬁ?@rﬁtcgl&r?b?a ]\ﬁlle aﬁpégg'rﬂﬁé%lgntggé&?% t‘% ﬁeep i gn of
15 2 9 DEGraa0imtdAG: Ogdnid{}s 42 GafssTit MiSliP¢aARRS 4 better bamection ané fether didihgimal t eri ng
the |l ocati ?n of the contact pads, thereby introducing a pad m salignnent
wher e non@gBtousl y exi sted, even within the sane organi zation. Even
worseggi f the epBehdIQNi HBinbtively, dEhé Shushek Or WHes wereGrarfoiRedpricatd ety of

di fferent

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.
Next, electrical traces 1512 are patterned on the exposed side of the insulator to create
a conductive path from the (now coated or filled) opening or via to the location(s) on the
25  insulator surface that will align with the placement of the contact pads on the electrical wafer.
Optionally, if several different alignments are possible, depending upon the particular
electronic chip.the optical chip will be mated with, a single trace can create two or more
alternative connection points or create a connection region if the contacts to be mated with
are offset from each other slightly, but within a manageable defined area. -
30 In a variant of the above, if the chip to which the optical chip will be joined is an
electronic chip (as opposed to another optical chip, such as a modulator, or another laser to

which the optical chip is optically transparent) the electrical traces could be patterned on the
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optical chips, but the optical chips are commopdity stock obt aizwed from
third parties (for 5 exanple, chips containing: topside emtti gDEa\m@;y
lasers, bottomenitting cavity lasers, DFB or DBR |l asers, topside

recei ving detwotien®+mr bottom receiving detectors) that areP¢HESN2/22291
manuf actured for distribution to nultiple unrelated users, it is unlikely

that the pads.on. the .opt. evl( i | ' :

pl ace, if tqeecflr °aF ecglgtsfl%fgwnégﬁeéghﬁég%?%ﬁ\e%d\}% %@%%]%gd}le%g%‘ﬁg]n@% 1| %ﬁ%r For
exanpl e, asthsthvambe aded\fer doptaciasioathg.on with FIG 3, a single optical device
has contact pads placed in the pqgsition specified by jts manufacturer and
an el ectronic nee thyp ls‘c?ccor’i%@ls@?ﬁzﬁ’&?focﬁ%?dg&e #%%Wﬁ?f{ %’HV%BF&%@?JOHE%’ ce
can be conngghetho dRiRASHS (iR tHid6aRPE, héiﬂ@ﬂifpwﬂeéﬂ@qile%mdv&dwpﬁfm@t urer.

When the optical device is flipped over, for flip-chip type bonding with
the el ect r opairticuigsfease, thinmings theaubstigtratemsvalafdhe supstrate/@irdhy opjepyipg gf the

Nevert hel es | . ' ' ' ntion
can be enpl %;cl)se %Qﬁea*ﬁgg{éésg gé%’ kﬁﬁ;}e}e%ﬁ Eg%ﬂ@gqﬁggéeg%ﬁ%’%q? '?(ly’ E’Sﬂ%@g% Pg%rgef erred
to in the estdpibsisate;flositg of athevmahsondedtdr, exsapplitdtion bfAReratggicen beig | aser s
having different.contact, pad al jgnnents, top or bottomreceiving

det ect ors. %B%Ws;@‘gﬁfgﬁwgdaﬁrﬁlegde% lows for the selection and use of the

"best - of - breed" Tdpkids AcBPe DeMédBotdde best individual performance for the
application and avoids elimnating such, vendqrs mnerely. becngse { hey can

g .
not, orl@l| notThepaeaessas usabdetor fopside epiftingtecsiying deders (-5 ERELP 8FAL  or

standard. | aeRelift nowtiQxpiainb @ WAl reRIQEERIAE;, 86.6Td RbTitatCOPRARK IRt URHM
whet her the opti‘’cal devices are bottomenmtting/receiving or topside

emi tting/ r ceeairesumed it theoptiesd ship tas etpingh fomeame thied pasyrfhe poeess A aredtinge”
wll be usetﬂe%@%cgaf%hgé%t%eg%?&glnﬁ’e%%%&ﬁiof?ﬂgﬁ&éﬂﬁgn.dev' ces (lasers) and bottom

recei ving devi arly, "top active" or "topside active"
wi Il refer to bdhhdditpn,eithértor hothlofitver sptmnal steppcandwgievforpepdasivetotstariing Bot t om

Act i [ P Th ble f ] b . [ Vi
o ve PRV 88 al MBS R B0 bGP BLAOIEA kgt sl o
ref erence t&mfe@adddof anhOnitatd] lahd Ritngerely phedfat rigidity artd Iwhding the ofteealpehis umed

that the optical, 6 wafer. 1502 was ocessed into _an .optical. I, 504 as

di scussed’ ‘i"d’B‘&él.le Ig5tOL FeArPQpEyRge: p{bﬁée“é’ﬁ‘{iﬁ ’E‘éﬂq"“i? ﬁﬁﬂ“ﬁgglf,"pk%{’rc\ %ﬁ@%bsgét&n

obt ai ned f rpy fAMBes Y dufbuRB6iaterid thét RubfEe £ARDMEIREROFALE addest/thiS02/ 22291
contacts present on the front of the optical chip.

20 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.

The holes or vias are then coated or filled with, an electrically conductive material

25  (which may be under layered by an insulator coating) to bring the contacts out to the back of
the optical chip.

Alternatively, for example, if the contacts are located such that access directly from
the back of the chip through the substrate would damage the chip or present some other
problem, the holes or vias are etched or drilled in a suitable location and an electrical

30 conductor can be added to the front side to connect the contéct pad with the conductor
éoating or filling the vias or holes.

Ad{'antageously, if the openings or vias are not fully filled, they can be used to aid

alignment. This can be done if the openings or vias are wide enough to allow the solder
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First, an insulating | ayer 1506 is added to the surface of g*ge ggtig al chip
1504 using known techni ques. Then openings or vias 1508 ar CP t in the
‘insulating | to all ow access to the contact pads tical

chip. This igvgg%‘?ngggone by laser drilling or etching, for ]?Téésg?r%) 2‘ in the

manner used for creating through holes in wafers described in commonly
assi gned appinpgen theetheeehtip td Giptiinta the pplee &1G b)), hprebprovdira@mitifind
Manuf act ur i ' ' uyr I el |

herei n by Phpupf BVelfe b, PHOERNE! i Bl cleeh Rl AR QG AR AAES
pre- f or med to be pdrtty tiaslibd thegplesivies or vildsi a8 it nhedts @busaguterters, cohosctiox amdofuether f

t he contact, pad Igcati ons are known in advance. 10 Then, the openings or
vias 1508 &}dé“grfﬁ& gt rical ly conductive by applying an electrically
conduct Ve OF5 &fel Bds ot Bd1Es & Hehscasédtis\&@{d@oﬁfcidehﬁwa@ﬁo?&so@ﬁoﬂ fRSligei ch may
optional |y have been previously coated with an insulator) or filling the
openi ngs omajingwithithereledmaiciehive thebgan elote dmppy ant thguive ot §oles cen bpeonspeed ngs
or vias arg, ﬁkgtc 1{1}‘59& defclnldmgﬂontts%%sﬁlg%o%n%cﬁﬁpte&ﬂﬁ eg. 15 alignment. This
can be done it the penings or vias dre w de enough to allow the sol der
bunps on the ot Aswithhhgbacksidesémittingimateivitghdevivel iegratidrepredeys, pi the vids orchodes

initial alignnent .bet. n the, two. reover., Jj.n Sone ses, capillar
action w | Id 8§§c‘soéncgtﬁ:e\mﬁtﬁag?nqiwép%% OSQ{%%?V%‘HF 5%373’ ‘“ﬁ%%caf ﬁ%:e%%rgﬁgtﬁ edg‘?nyvi as
as it mel tfhmbﬁfalttgoffihél@h'bﬂrwa‘fléaimGC%G@ﬁrtaéldthfﬂwhiﬂ”lEIG. a6W] inghis tdse tiRl | ]gnmenéI :
20 Optional]y, and . alternatively, .if the openings or vias were_pre-forme
prior to 3{%% » 10 PROYIde 3LOPRRGHION bIVPIH TG Viat Siholes %ﬁiﬂﬁa@aﬁﬁw% Pas
desired) cap AhaQnie performed prior to attaching the insulating |ayer to
t he optical chip. xt, electrical traces 1512 are patterned_on the exposed

si de of the inséitBicpointothe ckins ean bg brnghtioesther apd eonneetehesdescripgsdapayeat ed or
filled) opening | Y sTex=r Rl d e RS AL L) face that
will align wit hlﬁ%y%ﬁgélgtr?%%?ap T lgg%%%gﬁbe%% sgdgﬂiet eee%%gggori ceal waf er .
Opt i ondB| y remdved e Uidhedarnitirfis sorthivk anto qgnseenptical aceesypollemt er hadep éwdinpgiblpon
t .he parti Clé!)rﬁlglex %f%g{l redex v%hlpwlnlﬂﬁ agyﬁ%e??lffe%%a%sx\%sgilon gflag&t]i tﬂ[o{lgh tha
single trace €an create two of nore alternative connection [oi nts=or
create a coaner itishonld bgrentovied. Inredtemetiveactiants,dhdarmeaicadbaleftion, everifaf f set

from each oth slightl but within a manageahl.e defi ne rea.. 3Q In a
vart ane ot o et testheqeptpro et bl AR RO BRI Rl BRI | o ned
is an el ephttehing aBtsPvdyd Sr SPGUEHEDE1ek th B BdrHer, prRRrdtlRpricié BitacBiEAt téthed

nodul at or, or anqother laser to which the optical chip is optically

t r anspaPenPPtiqhehip| ectrical traces could be patterned on the
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.
Connection or Adapter Chip Alternative
25 In an alternative variant usable, for example, when both the optical chip and the other
chip are purchased from different parties or two or more different chips are under
consideration and they have different contact pad placements, but the contact pad placement
on each is known, an “adapter” or connection chip can be readily fabricated by employing the
teachings herein in a straightforward manner, thus.allowing design and/or manufacture to
30  proceed nevertheless. _
Referring now to FIG. 18 which shows a connection chip or adapter chip used to

connect different devices, the top side 1802 and bottom side 1804 of a common wafer 1800 is
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17 2 9 DEC 2005 WD 03/003426 PCT/ US02/ 22291 el ectronic chip_.since, in
general, nost electronic chips already cone with an insul at ﬁﬁgDECa)ZQﬂS t hat
can be used for contact rerouting. Once this is acconplished, the process

proceeds as ds@ldopsd above, with the joining of the two glirRgilhia (in
this exanpl e, u5|ng | i p-chip techniques) followed by, in the 5 particular
case, thinning of the substrate, renoval of the substrate entirely, or

| eavi ng of patteenedsabstorcatate Giaces K306, BBQ8K hkdon; sach sjde frpa ihespeciied @P@&&Raén of
access Way?gg%@%% &; ;% %2%2@ 131_33 g chccﬁipl% §Mﬁ§5&ﬁ%8ﬂ Sikiont fgn of a ther mal

conduct or coa can acco Ilshed as desired or
needed. Topsi deThetghieltese then Elreateésn;d dré)tea' hefiedoritis s canduityablateriplgo asdpsi de

em tting/receiving devices (i.e. [ ctiv devi ce be
expl ai ngd JoRp pq;rqsgqnéfn&p@gs,tegg ’Iﬂn&mlfg& ghe‘f% Ewlltgtﬂélagprg%ﬁ%%cnoa sl r‘lnlntg%{vt shoul d

be presyrregoﬁgﬁgvhglh@w@\pg bhieMrouphi og¥As. obt ai ned from some thi rd party, the
process of creating the optical Chl p itself bei nngl ndependent of t he

i nvention. | n aBW.tlpehowsduother altsmatize inplementaiionpwiigh s 2 Wrthe yagaph oftge
perfor med cha o of 90 E&loh ?ﬁt\{]agﬁnt ds3b1l8 f&ctﬁ;§5§de %H@es(iévfcféé , APSHORANES aBpfeR I T er

by the top- sur ace o € opti cal carrier can be made of
any materi at cc&iﬂebtioﬁ ch@rlebyhmauiqat cqnltagtsdﬁogfoannlym¢ dilefpr divect oprmediain te hi p

during the_rest. rocessi Iy

opt i cal  cnflls Bipderi 908 Virpapldtes PR e R flo el OE
et ched 1@r 6Hal, fdreﬁa:ﬁﬂlé Qu@hoffd]l FleSeaperseirescrittions bsotherdsewn attavhinbm devioest of
t he opti cal chi p. 20 At thIS oi_nt,, the F ocC sgﬁgroceed&/ 0430 &N laﬁ us
manner to ChBiSAHEgRENGD ef@r“@ ge"l S e SWétgn giying and, fhg adapteris 1o

etched or dpid t@ﬂsﬁ@ﬁﬂj%}ﬁcgﬁw&ptw%e@ﬁb Brovides i @b edgp@erwmomeésaameon
~the front of the optical chip. The holes or vias are then coated or filled

with, an elopmaﬂlglélly conductlve material 25 (which nmay be under | ayered
by an insul at O,rojr ca?an é}l dﬁﬁ%ebgrth% Mttrohi® chi %n@ﬁl@léoﬁfectiénhe
er na

optical chip. vely, anpl e, t he contac are | ocated such
t hat adses shigicarebe placddromrtop bﬂmﬂbeluks tofpravide eohngstivity bﬁmwntth@omﬁﬁsap# ate woul d
damage the ¢chj resent sone other problem the holes or vias are
et ched or &f H)Ig tflﬁ a suitable |l ocation and an el ectri cal

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
20 straightforward manner to account for a pad misalignment between any combination of
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
25  described above are made up of two (or potentially more) dissimilar types of optical devices.
And it is undesirable to have the AR coating detrimentally affect the lasers.
Advantageously, in a further optional variant of the above processes, the devices that
need to be AR coated do not have to be distinguished from those that ordinarily would not be
AR coated.
30 The process largely follows the process flows described above in connection with
FIG. 5 where the laser wafers and detector wafers are created, flipped over and attached to

the electronic chip via flip-chip bonding techniques.
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30 conductor can be added to the front side to connect the cgntact pad with
the conductor coating or filling the vias or holes. Advant a§@0m$d Yogsi f the
‘openings or vias are not fully filled, they can be used to aid alignment.
This can be WhB/0¥2¢ he openings or vias are w de enough t SCHUPGR2¥Ne
solder 18 2 9 DEC 2005 WO 03/003426 PCT/ US02/ 22291 bunps on the other chip
to "sloti | Nto TAROES dtdhlined 8 as tb HRNAY BLOML Shifido B2 ol ivhidle the

al i gnnment between t dver, In sone cases, capil I"ary action wll
cause the sublstiae could)stﬂbbqownslkiyredltlmktelama)totthmthm@ws nfjde bisencavity. sAlthonglmel t s

causing a ter conne n and n-1he I n I f the
vias or H@ Te0L YPEO eéb°e§ BVIILTSCqF%C %%Iﬁ? %ﬁfﬂ“@‘ﬁ?%%g%?m? Shfh%n for
al i gned rraiusﬂﬂe Whould Eehﬁ I@keetdranintesaliapge dshiad thizkitesabfibe hecrdavisy, inahel t he

vias or _hol es can be connected to the contact. pads on the e using
convent ? ong2sepePRRs s BRaand;jhe distapes Boiwees; {0 HgFise 8&’@8%} o‘%‘y‘?ec e

integrati O&egnfr&?s%%fstanbé will’arf !ﬁ%ﬁl c@'{'lcgfﬂ d’p%lcedé)gd?)@trulﬁ QF hamdgs iukda fa?f%r gpnt act

pads of the ectronic chip, electrical "traces are patterned on
substrate (bd)Xtthvethl@blass:@ﬂ thedasercatityc Hovgeen if thetbicknese panche qontrlied pregisely lm this

case the ele ect as or holes
and the conftm;l%:t aﬁﬁ?%#\bsxga%w?’ttﬁe{)agﬁﬁﬁarmﬁmum’ﬁ?&?%g gl n)]gg%IWe chi ps can

be brought aicegaahmaerasa]mrnnﬁmanMemeaswhESﬂremukcbmgdas noil dffecttbe p¢risonal st ep
of addipg th rier was performed, the carrier can now be 15 renoved. If

the cat?i efOly E?S'fhl ck as to cause optical access problens or has an

i nconpati bl e cafRhg o|i1§ %;ﬁf@dch\é@l bamaked forbptile\wotivedasaely di thelcysealf topeide
transm ssi on of Iaser Wg t throu h t he carr|er it should be re ved I n

al t er nat i va&ctiVglasgls; asubstrate (Heh cap Eéth" opier apted 8P Ve A separpte systratg applied . 5 s e

optical aceReTaRicPRLRVEL &, 1fh:%ﬁtaél'}el‘o ﬁBﬂ rﬁh&sﬁg OPpRFormERSd tAE bih¥vechigidex,
by patterning access vvays or through holes in the carrier, preferably

prior to ainsteehnfaearies) isiatached tothe fopaide efithe lasera. Bhrpubsteste is eithey dinnedd, ~ one
or nor gs adghL] a?@lgéatcl)@ﬂ tt«%]g fﬂlc]ﬁlas%rggﬁﬁéd @'\‘E,;thﬁxﬁecf%%ﬁéﬂ thidRfeds Pior t géﬂoﬂes

can be put on e carrier. process sim | to that
shown in FI G 16nexhisfx achieved, rthedasers@nddeteetsrs@an b&aninrsBedtion C@ﬂ’feddajalm er Chip

oot ear o pteiml, FlsShHEIC RS hot bk batlARE Sr o&%s%ﬁ?sﬁﬂﬁﬁs}nﬂ!\a%ﬂv&ﬁt h the

the lasers and detectors during the AR coating process.

—I—)

Thus, it should be understood that the above processes can be applied to various
20  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
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 sfacking
25  of backside active devices on top of either topside or backside active devices such as shown
in FIGS. 20A and in greater detail in for modulator mounted on a backside emitting laser
20B.
Devices that have a lattice mismatch can similarly be stacked regardless of the
functions the individual devices perform.
30 In a further application, devices from different epitaxial wafers can be integrated
together on a common chip on a wafer scale level. Thus, lasers of different wavelengths can
be intermixed for dual wavelength division multiplexing (DWDM) or multiple wavelength

division multiplexing (MWDM) applications, such as shown in FIG. 21.
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chip are purchased fromdifferent parties or two or nore different chips
are under consideration and they have different contact pad 2% IEENR S
but the contact pad placenent on each is known, an "adapter" or connection

‘chip can be read I% fgbri cated by enploying the teachings Bergisthdabya
strai ghtforwa?‘ frafiiia , thus allow ng design and/or manufacture to 30
proceed nevertheless. Referring nowto FIG 18 which shows a connection
chip or adapter EIt. 1 5@k inarrag ofiomechundief idefferert vapelengtls lasarhall mingrateddm 21802

and bottom side 1804 of a_comyp fer 1800 is. 19 9 5 / 003426
PCT/ US02/ 229emahhig PRa¢ g S5Alo BY AriagEd aPﬁ? mekic f@%é#%&@%gﬁﬁ%ﬁﬁeac h
si de from t ha,aaee for SSnGRAM R wadendiRCeahibe Belectéil 2hedBY dlimikatif tha 84 f or
each chip to sonme common point for each. Through hol es are_ then created and

crated or f ifdriteckbieledersavhiciuelicen apgloganasiemsnts gbphysicalpieqes prshey thereslndi ng
pairs, e.g.,,0ne co 4y Lh@bhRufaeisaihitedn the 5
bott om V\;]enc¥%§§§%?tt§&gE%f\gla%rﬁgpeieggsel%lg@tbEﬁ@%gﬁ@%m ang_?ﬁger alternative
i npl ement ati on, Whiddiohswavelanpthk ean beeswitwhed wfthet same rate thet data issentgherelext i on

chip variant, usable for topside tive.,devices. . dapter or
connecti on mkﬂgfgwuﬁ%%n@aesé(ftﬂlé@q% tm‘%{@f@fé‘ﬁﬂﬁ%ﬁ Jonl yt%lgl%%g?de f or
di rect conngGlbietkthat tHelHit 101! T, skhitiinglQAGe utldewdrin sttt t00 perdecoh8OF 0and

connection to the electronic chip 1910 10 via, for exanple, standoffs 1912,
junpers, wi oégigabilsthBdOns or ot her known attachment devices. In this

-arrangengnt, becayge. L he @etnf &6 S f iRr&R tped @8/ diffehi ity ofladers iemdapt er
is located on the top &ide and, "optical vias" 1914 are also provided in

the adapt er ahddeipdtom ccresdeingemtized ek sCRPWRIHIIG. 23 Hom ¢ FEAEY I hi p
can be placed on Atsgﬁ%vgx{ iﬁltf@ﬁ.- %% g{;%,g g?g\cﬂ (gﬂg@namefeﬁghqga@ 2844, 2906 e ciehied, can

be placed on top 0 e connectivity between the optical
and el ect r apie twhid{fferenfstrips of chenphonentarpivendength photageieplets 22A4,280hethd on

ith ti ti | hi i 1 | ect [ ' t |
(6. "tse otipsch et BRei B E SR Al Ch s e R e AR TS e
or sub Stl?at %e&cgibé‘fi:ﬁé}éiﬂ.t ThOkriP@sk tHE SEREERIes (RstRE valY ABaBrs2004(A20) are :

strai ghttforward manner to account for a pad m salignnment between an
conbi nat i on athched it similhr, faghiiazs t¥dxe the strips of thedhirddevises ailusepythhatti®al

wafers. Furthes Varl @S similar fashion. Finally, the strips of the last devices (illustratively
detectors 2208 (A2)) are attached in similar fashion. _

Depending upon the particular case, the substrate or carrier can be removed or thinned

20 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.

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

25  wavelength photodetectors so that the end result is a fully integrated dual wavelength
transceiver chip, a portion of which is shown in enlarged form on the right side of FIG. 23.

Of course, while the immediately preceding example used two lasers and two
detectors, the process would be essentially the same itrespective of the number of different
devices, whether they are top or bottom active, grouped, all lasers, all detectors, ete., since an

30 advantage of the 'procéss is the ability to mix and match — particularly on a wafer scale.

In these cases, the integration can readily be performed on an individual device (or

device type) basis or can be done, for example, in strips (as shown) or by groups, with the

substrate left on defining the strip 2202, 2204, 2206, 2208 or group.
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As al so noted above, in sone cases it is sonetines desirable tgp, coat sone
of the devices, specifically the detectors, with an AR coati fy’ DE6WS0S I |
the opto-electronic chips 25 described above are nade up of two (or

potentially nore) dissimlar types of optical devices. And,idt, d )
undesi rabl e t‘@oﬁ%‘ gp‘#a{lsjééﬁ/éz.z)l

B43he AR coati ng detrinmentally affect th
Advant ageously, in a further optional variant of the above processes, the
devices that nenil fiBhdeby itegaitihg grodps sfatdundue ldsersbéont wavieleggihstithdhéseom
those that ordinarily would not be AR ted. e process | arge

fol | ows th@fﬁlﬁéé@gdﬂ%l%s%@g’@meb’éah%%ﬁﬁM °654%§9ﬁf“8ﬁ“19\f¥§be P@e‘ggtwhere
the laser wgfels and detector wafers are created, flipped over and attached
to the electronic chip via flip-chip bonding techniques. 20 2 9 DEC 2005
WO 03/ 003426 PCTTHUSGICR 2DQlE dEiiee, Sutbgrricd trassaifier apaysiee B WIRMsyesms et | aser

substrate, Qnly.t0 the.pqin SHDs |, ds i i dered
thick r atafv\% %mtth%pqcﬁ'iagkﬁ%}gge%éa?inkﬁgﬁ aserrr{:cg@ﬁe %gﬂﬁlq?%géu%#’ Bgﬁkfg%ggent

t eri of | a?wc;dw ireﬂgsedMBs} inte(gfatiliag m-g@s @iftelfnexr ente lages; bll’ fwo armark dﬁ%sept t he

t hi ckness of the _substrate shou e,.at asp several tines .as |large as

t he thi ckne@%vegpgglﬁé’nlt"a%ﬁglﬁéi&? ,c‘?‘Wh{‘%%s% °i§'§”é‘ 3P e ieﬁ;’% f%lifﬁgmg d the

di stance bejsyesritdr Basdll toabmerinterd lifers £hologryiiitlens arfiyl6rethe tomniQieg 6f Se
distance will "'vary fromdevice to device, a_good rule o h(;jmb is to use a

d, f t
factor of the@comeeatadiyorfeeence aplicaiions gatled Mii-biece FlgrORbc Compqngat And
thi Ckneﬁf G &?ct&%%fe% 6 %e‘%ﬁﬁl'ﬁglleiling bf mufiBl Welefsifs d38 ablived Ktnkact or,
i cular m ni mim b

t he par I"cKkness ing enpirically aScertai nable as the
M ni num t hi @kpe SSenpinsoemetcases Aithowtdhé nagd derean optsrmedbpraieal of plactrgarticels 10

ability to Lase.  An anal ogou be used for topside active
| asers. In ?lﬁ%e%é%%o%ihm:ps %@gﬁg%?%\g%oﬁrgéggis, a substrate (which can be
the carrier not dd adinthee appticatpenidbetecuipies, st largampdy cad be ednstuctedithat aan

renoval , or, if coptact rerputing is not. necessar fo t he
ot her chi p, Ser\’er?é% pd’anén%]gfef ialéc?3 C?ném'é?l‘f%{:oﬁ%%s?’oé@%reat fe 0 557‘%@%% &Phe
| asers. jsTheconplsdntigt € is either thinned, 15 after application, to a
t hi ckness as noted above, thinned to such thjckness prior to application.
Once this is acHf @%Pé@,bet‘!?éells%k%ﬁ]ét éﬁ&bcﬂ’étd@mfl%“ ’é&ﬁlyﬁ‘éprﬁsﬁf“i‘awee&ﬁéﬁriafdw

coated at 't YgnodhasRs. (HdFhe chithient18f e tead@Oih a8sVe liedcripi@tas fodusddirani ng or
ot herwi se ‘di stinguishing between the | asers and detectors duri n}g t he AR

coating pr oprssentafivasample o pibppseiblsembadidrentsopepmpiaihat tpashes iy BrinaiRlesed s can
be appl i ed i&lgeﬁﬁ%ﬁ.' ?‘Hédescription has not attempted to exhaustively enumerate all possible

20 variations. That alternate embodiments may not have been presented for a specific portion of

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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20 different devices. For exanple, using the teachings of the invention,
stacki ng of nmodulators on top of lasers in an array conpati bl 9f BEgrgogscan
be done. In fact, it can be done when the nodulators are on top of or

bel ow the | aser. Moreover, it can be done whether or not the two (or nore)
devices are created in a single epitaxial step. Simlarly, stacking of
topsi de active devices on top of either topside or backside active devices
can be perf : ; king 25 of backside active devices on top of

ei t her tops%Héﬁgrlasga(gaégi e&gl(i;ét'i ve devi ces such as shown in FIGS. 20A and
in greater detail in for nodul ator nounted on a backside emtting |aser
20B. Devices that have a lattice msmatch can simlarly be stacked

regardl ess qof the functions the individual, devices perform 30 |n a
further applicdti ,hcﬁi\ﬁ e’sntfergo‘?ﬁtd’irf‘?earéﬂll%ﬂiltte{kiaalt%%?% &M B
integrated together on a common chip on a wafer scale |evel. Thus, |asers
of differentoRia\rd ety ddif IPsifierantdste faRt idiml e el g stton
mul tiplexing (DADM or mnultiple wavel ength division nultiplexing (MADM
appl i cat Bons,eastfc i wes offfowge ] nledaE davices,2 R IEE V005 afD D3 DoS49de

PCT/ US02/ 22291 FIG 21 shows an array of one hundred different wavel ength
| asers al | iintcdgrchtrey] son apt icoriion axdt ipreonceay vt era sicedeer Byv oy ngawing and
maki ng each | aser selectable, a specific wavelength (or conbination of
wavel engt hs a g tselectad: i ddarebn£id i atd idord hes neathidPrstamabl e

| asers which rely on anal og novenents of physical pieces or show thermal 5

changes or Q{Jﬁ?&;@%é"%ﬁxﬁe"eﬁ d S dddnd e&’ex}i%cﬂ‘etg{i%&? S g accuracy

is limted. tion, wavel engths can be swtc at the 'sane rate that
data is sent, .thereb mki ng construction of a systemthat nultiplexes
vari ous dat téﬂes}:th?)é% Ot} i'fterent wavel engths at the bit rate. Thus,

swi tching can be_achj.eved.in about 10Q picoseconds (10s, of gigabits/sec).
10 MoredVer, di fﬁoé’ﬁ\éirﬁ”%éinecé’s?tlcﬁa]dicfmé’r'erﬁlatﬁ?s RanEngi ¥ &t t¥/es of

| asers, lasers and detectors, etc.) can be interm xed such as shown in
FIG 22 froma c@l@ahrdiide Ghi@y. As shown in FIG 22, strips of two
different wavel ength | asers 2202, 2206 are created, as are two different
strips of conpl er@mtlariynanay e wregtra tEhdto ddtee ctadrisr 2 20ide 2208  Siitest rsttra ps
of the first devices (illustratively |asers 2202 (,%)) are attached using
t he processeésvingdesaudiaddtey aihi.ckHes Staudys tife tder inaxtr&teMirceisn the

(illustratively detectors 2204 (A xi)) are
range of between a first amount and a second amount, the
15 first amount being between a minimum lasing thickness and
about ten times the height of the laser cavity, the second
amount being about 100 microns, and
applying an anti-reflection coating without a special

patterning or distinguishing between the at least two

20 optical laser devices and any other optical device.

2. The method of claim 1 wherein the applying further

comprises:
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attached in simlar fashion. Next the strips of the third devices
(illustratively lasers 2206 (%)) are attached in sinilar fashddtC 2005
Finally, the strips of the last devices (illustratively detectors 2208
(&7,2)) are attached in simlar fashion. Dependi ng upon the particul ar
case, the substrate or carrier can be renoved or thinned 20 fromall the
devices at once, for exanple if they did not interfere with the integration

of the next devittashini®ly Y KAt deLmad (ol tnned af ter. gach set of
devices is attached. Flg. 23 shows the integrafﬁgﬁjof t §IJ§§F§§§ of FIG

22 froma t i~ eW. . first. vel e h.l aser.s ar .
at t ached. T%%r??i ogll Itof\%e%?l ﬁw&tedw?ﬁ gstétnr}%[tﬁ B):Eh oltc\c?%gteslesc{% sabaoruzC aii%}eaccﬁeevdycel'hen

all the sec%ﬁchgg%length | asers are attached, followed by all the second
25 wavel engt photo&%tectors so that the end result is a fully integrated
dual wavel ength transceiver chip, a portion of which is shown in enl arged
formon the right side of FIG 23. O course, while the imedi ately
precedi ng exanple used two |asers and two detectors, the process would be
essentia?ly3th heamethode ofe ctliaja df whiss edanisdre @iordiviifngr éntrthasvi ces,

whet her they are top or bottom active, grouped, all lasers, all detectors,
etc., sincecamp3@sadvantage of the process is the ability to mx and match
- particularly on a wafer scale. In these cases, the integration can
readi |y be perfotmedndngam hiendiubisdual edeviete ther opdadaae yt ¥Re)iveasi s or can
be done, for exanple, in strips (as shown) or by groups, with the

substrate | ebhyien def bnithRGnhRe Shbisk ra2@2+hd2¢he 2206, 2208 utl? 2
5 DEC 2005 o sar0oaa50 Pannel SR e e e

of redundan OE 0 vel-angt. iLth those of other wavel engths, an
b hg%ﬁ%ﬁs [®) %?o%&Dgpﬁogﬁgrghg. 9

extrenely rell ul"é can be produced at |ow cost. Thus,

si nce SH gle device, integrated transmtter arrays for DWM systens are not

5 available in the prior art, by integrating |arge nunbers of |asers on a
singl e chip, packa%in size can be reduced. By integrating arrays of ten
or nore | asérsil6f &gogrOﬁnFéa&mfﬂeW@ﬁFelﬂa&éﬁeﬁ@PHy}n@nﬁ@r§h§ﬁngIe chip
and coupling a set of theminto a single fiber, for exanple, using a fiber
based conbi gemprihgesse splitter, a hol ographic lens array, or the

techni ques of the incorporated by reference applications entitled

Mil ti - Pi ece Fi bethOphiiagConposebstiadelovienyhachpriingliechritgue, the

mul tiplexing of multiple wavel engths can be achieved in the output fiber,
in some casesgWbhhedt at hRiRAEd EAbsaRa@Rt enfeghasiscah ar rahget ¢ apbigal

15 50 microns to about 100 microns.

5. The method of claim 1 wherein the applying further
comprises:
thinning the substrate over the optically active
20 region to a thinned substrate thickness in a range of about

20 microns to about 100 microns.

6. The method of claim 1 wherein the applying further

comprises:
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elenent to do the switching (optical crossconnect). In a further
application of the techniques, a large array can be construct29 pciagggsan
serve as both a punping |aser and a conmunications |aser, either at
different tinmes or 15 concurrently. It should be understood that the above
description is only representative of illustrative enbodinents. For the
conveni ence of the reader, the above description has focused on a
representative s | e .qf | . pQssi e i t Sy~ e t eaches

t he principles o%%gllq}%\?ehn isgr:'lo.é agcede@;ge% ﬁgond%tglscsaﬁlo a%%ééﬁ&pef ed to
exhaustively enunerate all, possible 20 variations. That alternat

embodi ment s SR&-Hbt tha & LTI b OHIRF § G R ATt DT en o ARG
invention, or that further undescribed alternate enbodi mrents nmay be

avai | abl e f &0 #1GFONS div dPWHoOt>¢ s T¥birsi dered a di scl ai mer of those
alternate enbodi mrents. One of ordinary skill wll appreciate that many of
t hose undescri bed enbodi nents incorporate the same principles of the
invention and others are equivalent. 23 2 9 DEC 2005 What is clainmed is: 1.
A met hodsof 7.ntgr atdtigpda acthiqolanint H af Usi decagdniseingpti cal chip, the
topsi de active optical chip conprising at 5 |least two optical |aser

devi ces, eachhavidi@aimftdae$sd daayd nod uanguwstpdtical |y active region, a
| aser cavity having a height, an optically inactive region, a bonding side
opposite the active side, and a device thickness, the nethod conprising:
10 bonding the optical chip, via the bonding side to the electronic chip;

applying a %Ubslt reatmeet';hoo& Q)ef aé:ltél\ﬁ? ﬁiﬂ%tg&e Csoq\g%ti{)%%r\?% havi ng a substrate

t hi ckness over the active regionint range en a first anount
and a second amount,,. the 15 first amunt being between a m ni nrum | asi ng

t hi ckness and ad%hl%%ﬂgt%qﬁﬁ;éhﬁa%ﬁh{hﬁaQﬁ'the | aser cavity, the second
anount bei ng about 100 m crons, and applying an anti-reflection coating
wi t hout & speci al

9. The method of claim 7 further comprising:
etching the substrate so that the substrate has a

hole.

15 10. The method of claim 9 wherein the etching comprises:
creating a straight sidewall to define at least a

portion of the hole.
11. The method of claim 9 wherein the etching comprises:

20 creating a sloped sidewall to define at least a

portion of the hole.
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patterning or distinguishing between the at |east two 20 opticag| | aser

devi ces and any ot her optical device. 2. The nethod of claiml OFEi 205 he
applying further conprises: 24 2 9 DEC 2005 thinning the substrate over the
optically active region to a thinned substrate thickness of about the
device thickness. 5 3. The nmethod of claim1 wherein the applying further
conpri ses: thinning the substrate over the optically active region to a

thi nned substr atg ' Qi %ff_i Qilaalrn?‘r!ﬂ\‘iv;ne HdrARPYthe Q A ylrﬁ:]“c% urtlﬂlbé)ég 100

m crons. 10 4. The nmet ho alm1 rein the ap

conprises: thinni t]% ‘ébsstﬂ'r%ti ver. J walngt Agy t|v§ €U loLHa100

t hi nned substrat ess i an TR crons to

m crons. 5. The ft&%@ claim mhereln the applying further conprises:

t hi nni ng the sub& e it 1 ptically active 20 region to a thinned
substrate thickness in a range of about 20 mcrons to about 100 m crons.

6. The met hod of CHSALHND herl€Red H R Misnd & watHere corfRaed P10 DEC
2005 thinning the substrate over the optically active region to a thinned
substrat é tmifckimesfidle.a range of about 20 microns to about 50 mcrons.

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

10 anti-reflection coating the detectors.

14. The method of claim 1, wherein the substrate has a
surface area immediately after the applying, the method
further comprising:

15 resist patterning the substrate to increase the

surface area by an amount.

15. The method of claim 1 wherein the substrate has a
surface area immediately after the applying, the method
20 further comprising:
removing substrate to increase the surface area by an

amount.

16. The method of claim 1 further comprising:
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5 7. The nmethod of claim 1 further conprising: creating access ways in the
substrate. 8. The method of claim7 further conprising: drilli@f DBCc8she
substrate. 10 9. The nethod of claim7 further conprising: etching the
substrate so that the substrate has a hole. 15 10. The nethod of claim?9
wherein the etching conprises: creating a straight sidewall to define at

| east a portion of the hole. 11. The nethod of claim9 mherein t he etching

conprises: 20 creating a _sl|loped SI e fi I t portion of
26 2 9 TREE D0k 5 dﬁhod 5 IS S

t he hol e. 850 m AN e et chi ng
conprises: Cr eatl of the

a stra t s de t.o def a first portio
hol o: and cPBAoAg & & '% 1 b e e A i S A (e

hol e. 13. The nethod of cIa|n11 mhereln the at | east one optical device
conprises adodét &t a1, oRtd e HATOPT i THETOI&fpri ses: 10 anti-reflection
coating the detectors. 14. The nmethod of claim1l, wherein the substrate has
a surface area immediately after the applying, the method further
conprising: 15 resist patterning the substrate to increase the surface
area by an damurmthe iethbee afetdiednofl dwitthelr wrerped s itrtoe: substrate has a
surface area immedi ately after the applying, the nmethod

creating an access way in the substrate extending from

a surface of the substrate into the thickness a distance.

18. The method of claim 17 further comprising:
10 inserting an end of an optical fiber into the access

way.

19. The method of claim 17 further comprising:
supporting an end of an optical fiber using the access

15 way.

20. The method of claim 17 further comprising:
inserting a portion of a microlens into the access
way.
20
21. The method of claim 1 further comprising:
supporting at least a portion of a microlens using the

access way.
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20 further conprising: renoving substrate to increase the surface area by
an anount. 16. The nethod of claim1 further conprising: 27 2 39 DEC auD5
creating access ways in the substrate over the optically active region of
a size sufficient to acconmpdate one of an optical fiber or a mcrolens. 5
17. The method of claim 1l further conprising: creating an access way in the
substrate extending from a surface of the substrate into the thickness a

di stance. 15, The yTeihod e &l A0 du¥ (1ef, CQRBESENGS. 10 Tnser {1 ng an

end of an optica into t cess way. 19.” The nethod of claim 17
further conprising: supportin n.end. of an optical fiber using the access
15 way. 20. The r?g}ﬁét?o%rocqjaﬁqrﬁaq f uarr%cgler conprising: inserting a portion
of a mcrolens into the access, way. 20 21. The t hod of, claim1 further
conpri sing: suppd tiRf el%&ﬁﬂv%iﬁﬂﬁ%?%;l?ﬁlQi#g%ﬁ%ﬁ%ngh%s?ﬁarfﬂe access
way. 28 2 9 DEC 2005 22. A hybrid electro-optical chip conprising: an

el ectroni ¢ cHigetzamPRL ¥eisideimcks vereptedary chid BReref nOf henfyséi d

el ectro-optical chip is created by the nmethod of one of 5 clains 1-21.
5 claims 1-21.

23. A module fabricated in accordance with the method of
claim 1 comprising:
an optical chip having at least one topside active
10 laser and at least one photodetector, the at least one
topside active laser having opposed mirrors defining an
active region therebetween, an electronic chip bonded to
the optical chip; and
an anti-reflection coating on top of the substrate
15 over the active region that was applied without
distinguishing between the at least one topside active
laser and the at least one photodetector as part of an

anti-reflection coating process.

20 24. The module of claim 23 wherein the at least one topside

active laser is a vertical cavity surface emitting laser.

25. The module of claim 23 further comprising an access way

over the active region.
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23. A nodul e fabricated in accordance with the nethod of claim1l
conprising: an optical chip having at |east one topside active 290ECad
and at | east one photodetector, the at | east one topside active |aser
havi ng opposed mrrors defining an active region therebetween, an

el ectronic chip bonded to the optical chip; and an anti-reflection coating
on top of the substrate 15 over the active region that was applied w thout
di stingui shing between the at |east one topside active |aser and the at

| east one photodetector as part of an anti-reflection coating process. 20
24. The nodule of claim 23 ereint |, east one t.opside active l.aser is
a vertical c&@ityl8ufPsy ee#&ffiﬁd“\%?e&%rf ?rTﬁ?qﬁﬁﬁﬁigﬁﬁaQﬂ%ﬂqh92%
further conprising an access way over the active region. 28a 2 9 DEC 2005
26. The nodufébsr BRIIRG2E PHHHEN donphiSsiatGeET d5ti-cal fiber having a
portion in the access way. 5 27. The nodule of claim25 further conprising
a mcrolens supported by the access way. 28. The nodul e of claim25 further
conprising a mcrolens having a portion within the access way. 10 29. A
hybri di zess madul eheompidiudiengif arladpt i2Galfuattihe rcaompsisigagta mdasto ltems
topside emtting |asers each having a substrate over an active region,

t he substrat%u@@%&Q@daby Sle tHHcHgess,y.over an 15 inactive region of the
at least two topside emtting |lasers and a second thickness, over the

active region of the at |east tw topside emtting |lasers, of |less than
about 100

28. The module of claim 25 further comprising a microlens
having a portion within the access way.
10
29. A hybridized module comprising:
an optical chip comprising at least two topside
emitting lasers each having a substrate over an active
region, the substrate having a first thickness, over an
15 inactive region of the at least two topside emitting lasers
and a second thickness, over the active region of the at
least two topside emitting lasers, of less than about 100
microns;
an anti-reflection coating on a top surface of the
20 substrate; and
an electronic chip to which the optical chip is

bonded.
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M crons; an anti-reflection coating on a top surface of the 20 substrate;
and an electronic chip to which the optical chip is bonded. 2%®8 Dgd

2005 30. The hybridized nodul e of claim29 wherein the second thickness is
| arger than an anti-lacing thickness but |less than 100 m crons, and
wherein the hybrid nodule further conprises: 5 an anti-reflection coating
applied to the substrate w thout a special patterning of the substrate of

Lhe ar_ | eastyq Woul ORS)IS Y44 00| ASSLS o Blim T IMDEL 6 Zed aglgaof

cl aim 30 furf%er conprisin 1 east one ot odet ect or. The

hybri di zed mo uI of claim31 further co Si f t
coating on t r}eesasstlsbﬁea T 3ot it &8 g;r)rl{ﬂ:'léE %écné h"ehﬁg]%eég bEE" 168
than 100 microns, and wherein the hybrid module further

comprises:
5 an anti-reflection coating applied to the substrate
without a special patterning of the substrate of the at

least two topside emitting lasers.

31. The hybridized module of claim 30 further comprising:

10 at least one photodetector.

32. The hybridized module of claim 31 further comprising:
the anti-reflection coating on the at least one
photodetector.

15
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