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

i nt egr at i wo @nd342nore particularly, to high vyield dense irdmgsoa2os of
opt o-el ectroni c devices. BACKGROUND FIGS. 1 and 2 illustrate approaches
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devices to form an i nt@gerotEtEerroNIE@ DEMICEANTHGRATAOKROr ding to the
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t hen processed wusing conventional techniques such as wet or dry etching to
formtrenches 112 anong the devices 106, 108 which separate theminto a
series of discrete individual | aBXxCKGROUGND20 det ector 108 devices .
Dependi ng up e particular techni que used, the etched trenches 112 may
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devices are I nverted, ned to the proper |ocation over I CO Si)
el ect r odéwicesdd GormlAintegrededoelncimdopteal ¢hép.Si el ectronic wafer 114 using

conventional ,flip-chip bondin echni ques ol | owi bgondi ng,. the entiret
ofhe oo pserdingdo he3PRras it LD, Bofhue bt Fihmgy Stantitersobaee | °t
nmechani ¢gd inRQdon$HitidealMbhRsSas arEANMBIY dedRedrs EhficHaBEHBI @S rd o BEER as

conbi nation thereof, to on the order of about 5 mcrons or less to all ow
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anti-reflection (AR). coating 118. A related alternative approach tq the
t echni qiaveength e which @eé}m%l qenices eperate. The deices 19ppk Qs then peesessednd

det ect of,gy, Ecﬁwfeﬁ’tﬁdlﬁ?'te@ﬁkgg&%%klgggwg{bg‘ﬁgaetmﬂ‘?ﬁm ndd 1ot %%i_tﬂ#ﬁe of

FIG 2 use the trenc I nt e substrates
subst r atl@scet006,a08 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 fo 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



1 WD 03/003427 PCT/ US02/ 22293 their associ ated devices are then inverted,
aligned to the proper location over a Silicon (Si) electronic wafer 114,
and bondedwam/whe7Si el ectronic wafer 114 using conventi orradT/gSo2p21B1 p
bondi ng techni ques. Foll owi ng bonding, the substrates 102 are then wholly
removed,. . V. i onal chani cal .-pol.i. shi \ [.O etch
t echni &38§%8%0%%geﬁ€&%10§%%itn% %gg%lte@ﬁ%lrl ébeld ,tg p‘ o] q%?&gév&?l%?n (o:fegs% esqg% r}@g access
to the éestigieswafed 1¢4,eal Boaded totiggsiall@tronkl vetr Di4apingc@hvavaioan! flip&hip

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

pr ot ect banding tephnigycgu Apllowinghonding, thasubsigteyil o ate thrar whelbt wmeved.dyat ed wit h
an anti; ! i 1 I 1 and FIG 2
make itc%lggllét? ieﬁ’lt%((:)Mgg@ta 1 g%?ﬁ@%%n??%%?g&%%ﬂ@%ﬁgg@l é’égFR]a{el%sde%ss close enough to
t he 5devieongsnitioncthpieaf, ¢o dllvey fpeiospophtad atdeghto the ddviees aad csateray integgitdd comi ng
from or, goi ngt,tf, dj g&ﬁnt devices to affect any of those adjacent

devi cesCleqro-gptn3f wafek as "crosstalk". Typically, this requires that the
separation dpshangs, BeiNESTea claYipEcARFhaM 18RE teR battdR& 0YrofRBE theal

m crol ens be ?ess han 10%&% grons.OE)Agidi tionally, b ?h tecﬁ%{raues ensure

t hat t hindividiadlasers sing tiefindimninaladetestds agg doated vath ahSantivrefledtiva (AdY)icoatinggi on

of the devic t. will ent | i ro scapi.ng si.nc t hi nni ng

t echni que offlﬁ—‘f %Chﬁrfq‘r‘eéd’él?gti‘eﬁfe taﬁg%iﬁe%@ag% ﬁtp%sagﬁ?q ¢ ogﬁﬁaé%r%ﬁlfsé)rloz to
L0 et s ey Ly s R Bt of
these tigHspminsroowengaing iohadiacenbdededsdapffcct enpaf Gogmdiacsnedaviesaiz chi ps
that 2 t_dissi N rebl AL .l e t he. i ndi vi dual
dovi cetRRErIERRE o \BRHARY, HOpRA R oL M RSPl B B g
;23 rrgccordiafl:lﬂ:aﬁg}pggf:l??zg?rn%m%?g?%;ﬁand ;Jlsgrt-gft?méjhlgﬁl}sg :Vi C(I\a/blrie](c)\?fair rrefs or
the approac hAgeitipatlly: boid technidise pesUF Bakilpistr abe sigaifigatt pbsabipetavesy  and

Fl Gs 2 éé@?ﬂ{eeacrtibg gég'é&r}%frtﬁ% ?e\jiées(ff?mmﬁp%%n{ ﬁ%lﬁ‘fr%ﬂ) escéﬁiﬁ?&ﬁ@éth%){ﬁaﬁﬁfdg nced by
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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 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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25 Thi s, present.s a problemin it 1iomt b m x=-and mat ch”
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devi Ce. .16 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 ﬂipﬁed over, for flip-chip type
bonding with the electronic wafer, the contact pads 302, 304, 308, 310, of each will not be
aligned as shown in FIG. 4.

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

30 Thus, there is a furthér 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.



30 Thus, there is a further need for a process that facilitates the ability
to mx and nmatch devices without there being any coordi nati on between the
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pads to be protected as well. 20 In addition disparate treatnent of devices

causes prflamegtopwist iy lprestiwing hndR qortng fenseibieniphepern spsibethdbesh ned on
a chyp ﬂgépdgg-cggg,gﬁterﬂog Veg@}a&l%ﬁgggaﬂgg the same area. For exanple, if a

chip has electrical conta near t vices and el ectropl ati ng,
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techni ques, are used tq place _sqlder on the contact pads, the height of the
resul t i TRgUEed el PERAFHENS PlgRiaYach G0t ay berog %efﬁgft CASt Q%G?Swgprot ect

lasers ftgffeé'\ﬁ iR diRad e ?o&@lﬁﬁ‘d’s@f daﬁﬁg&%ltg@ﬁro{%?féﬁﬁe@fc@s. NEGiS, 3 foRles ifean  the

opti cal ces. Prior art l'acks away to elimnate the need to pattern a
pr ot ect ¢leetricalyoontaoeads tiee patestes aswidll e al | owi ng the entire wafer (i.e.

| asfy S and dﬁ{ a?cﬁﬁt?c{ns(gisl}a?atg g’eébt‘%e(r:l? c% (ﬁacxjfices 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.



Thus, there is a further need for a way to permt integration of nmultiple
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56] 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



approach results in a large thermal nass attached to the devices (i.e. the
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the at l.east. SO active device contacts havi ng an ctricall.

cor r espurahs SREBETGH S EREY 08 sodars Wi BH MR RR AR Ve Rt i ng
si dewal ¢ontAef 4rd hagal%%@ nAGhSat 1 dasttsBm e DRSS dlddtRonicotie Belitads, bh@rafttheat 1bist St
side at the active device contacts to a bottomof the substrate opposite

the fi repmesicgiae davice peniteats hasimsaraaieqtrsally covieprandimstelsironicichi epatackeThevi ce
ConiC ey TSLOR 05U, oSSR I BRI Bec A BOBTGEL 1O,
mat er i afirst A8e 4 the activet &specbnatts thebottone bt thersubsinatd og®site thy Hrdtdidegst chi p
has at Ilaoei\l?tg tsulg)sr’g:aent{[aﬁg cgi(rzlgiid\égt 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 top 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, one of
which being a topside active chip, each of the two chips having electrically corresponding

30  contacts to be joined together that are physically 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.



optical device coupled to an electronic chip, the hybridized chip having
been created using a described nethod. A third aspect of the invention

i nvol ves wonsstdasd7 of connecting two chips, one of which imigsoa2topsi de
active chip, each of the two chips having electrically corresponding 30
contacts to ' ative to
each ot her. ?ﬁgb%%?ﬁgﬁf%%@&F@%gh@?%ggﬁﬁg&g¥§%§ﬁ% é@%ﬁ E%gyéggpaths on
an insu@nﬂmnaﬂﬁﬂﬁh]@bvﬁkedﬁkmgksamﬁb&mﬂmaﬁﬁﬂmquMEa@athS ext endi ng bet ween
physi cal |ocationg of contacts of one of the two chip ?nd physi cal

| ocations of the Sreadvapiages a;ndcfsaltp@ésewabﬁgh%ewtaa%ﬁée%ﬁ PR@%¥her of the

two chi ﬂﬁfantages\%?dqg’it%§§@%1a8gfr$f§9ﬁ{ gs%ﬁt%gve Jxﬂﬁécﬁm%ﬁflg r?ggﬁsi Qger it alﬂﬁggﬁ}?’er ei n.

descri bed herein tin e using teac
pr o\ deasaitbnindgrtnding th)@nn@vémtlcm dt/simutddm prdestoodrthat tHdyearadvantbages and

f eat d b h advant ages and feat res
hvai | abtuS RO PERAeEs fh e et ahr unnt 5 hEcines bt BRGAHER Sroynefn
assi st {ohd' BERS FanEisacd Benb BY 8R3%d AvanthfeshOHuthNe caﬂﬁlé‘di&bgpﬁl fhhahe hey

are not to be considered |imtations on the invention as ned by the
cl ai s, cagnot berﬁlmulttar@ngslbpreéqmmalsmglesemhoghmﬂé Sirailanty, sPoe ailymtagasare sone of

e SO RS bR Yy AL SRR O RS SO ages
ar e10 apfehivé&ne a&@x@dg%s am@@hotqfe dosidéray eRpoRiive ANBtdrnding b@adliencko ot hers.
Thus, this summary of 10 features and advantages shoul d not be consi dered
di sposi fAdigional f@Pélﬂré$ prdhidygniages fdhementionswd h%ma@p@%ntmag@ falewingvant ages
of the Rk e followng description, from
the dr a%&ﬁlgé‘“ 8%#’%%%8 A PP HE etg%?f%@ SIDESCRI PTION OF THE DRAW NGS 15
FIG 1 illustrates approaches that have been used in the prior art to

attach multiple bo“%@ﬂ%b&_ﬁ?ﬂ}ﬁg‘\ii éfé t@ ﬁig Sg ! gé egr at ed

el ectro-optical chip at have been used in

thesprior arfrd 9 iphdAeR 4 Bﬁdab}ﬁés@hatlﬁ%é%h%gé& ﬁq'tﬂ&pﬁ&valr?f%sanfaal falpan _
integrated el ectro-optical chip; FIG |Tustrates a single optical device

Wi t h cobrttom empiisg ¢ivaese do formt dveinfygwited derti@eopsivebdtip ed by | ts manuf act ur er

and a porti n.el ectronic fer th co ads . .t he

posi tion spgﬁc%)%é@ USHHSS agp??&ﬁ]%ﬁsm%t‘é%%eeﬁluﬁqu%%ﬁ? P‘E%’i%{)eagta ﬁ@lle opti cal
devi ce wétidm &ﬁﬂﬁl@gcﬁevﬁc%ﬂ?eo RraCatintdgrdidibel 0%l dtiRAl chgpeci f i ed by its

manuf act urer and portion of an electronic wafer with contact pads pl aced

in the posi¥tli®a lﬂmterswé@ngdyom@lwwl@ eerdact phdsiplpedd i dlerpasition not be

al 'ZQ)nedSpemﬁed 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
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,

25 FIG. 5 illustrates in simplified high level overview, one example approach according
to the teachings of the invention;

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;

30 FIG. 10 illustrates one example process for creating an electro-optical chip variant
according to the techniques described;

FIG. 11 illustrates one example process for creating an electro-optical chip variant

according to the techniques described;



25 FIG 5 illustrates in sinplified high |evel overview, one exanple
approach according to the teachings of the invention; FIG 6 and 7
illustrate® soeenal different access way variant exanpl es;pdlik0282293
illustrates an optical array in which fibers are supported by the

substrat e; dlJustrates an optical array that acco ates. an array
of nicrol ens?&& gllli’llsé{eslﬁle’l qxp{?g?erp(irg%?s gchrecr éﬁ?&ﬁeﬁ%-ee%a% @radt i ng an
el ect r oao@irdiagho ¥ tBchndfuefBéscriB&EOr di ng to the techni ques described; FIG
11 illustrates one exanple process for creating an electro-optical chip
vari ant accdidi hyillustretheonecxamplaiggcase sgrar¢psiag a elagirg3picrd 42ip variant

PCT/ USO 2 i Jates one exanple process for creating an

el ect ro%é‘%)?&l?:lglto(@?i%c}%lalj‘le%#é%}lé%%ordi ng to the techniques described; FIG
13 51 ustrat GGoNeilRXaNY Soflied pRSclé@ronty @R ide@ingtret@LinOmaHtel Siadilag il P
variant . accordi ng to the techniques described; 5 FIG 14 illustrates

anot her thsfieyicss 86FHehi19-Hevi ce being created in a manner sinmilar to the
devices of F : ‘ [ f : . usabl e for bottom
active devi cl'elqg ' 1%{%@\%31‘[%% ﬁof%sgtulrsgﬂtlgg&é’%gr&%c%ggé (gés{’g%?’e for topside active
devi ces; FlI GFIGEBA lllustrbteas psoceiraisplslo dastepsithedctive devieant act hol es are

coat ed, but illed, an 10 can assjist in alignment; FIG 16C shows an
optical chi p%t Léé st PEOGEET BhEE PiPrfst ﬁfé?wﬁgoaﬁ?%cb@gn@rﬁllq#eand

subsg r absh QiR Alpnkhgt;contacts on another chip; FIG 16D shows the
contacts on an electronic chip rerouted by patterning traces on the
substrat e t o et t4C shwscormpticalshgnwith ite poitecth rartitpd byl patfeir@ng tricés dnuber at es
a proces %igeitl ar_.t.o thatt (g[hovvn itB Figure 16A except that a carrier is not
used; FF‘@S T o mhaieh thg cantacts @ anatier D hi b or adapter chip used to connect

di fferent deWIGessD shdws thd Borithdts!sih bR bRErANOERB herBhie@ b dhitdfingMRIcey®Nt at i on,
which is a further variant of the adapter or connection chip variant,

usabl e thersubgfpae Hemaich ithecontagiscamsan apdice) aBip;20A i1 | ustrates the ﬁt acki ng of
two;or nore i i .. | QUes «: in :
Bt on, CFTeS ERfiReth BBERLbAE AP HIER mBRE IR A8t e Ramier i g

one of iswtteead)ni ques

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

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

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

30 DETAILED DESCRIPTION

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

the teachings of the invention. This approach overcomes shortcomings of the prior art while



according to the invention;, FIG 21 illustrates an array of, for exanple,
one hundred | asers created using one of 25 the techniques according to the
i nventi onwOoHI3B0322 il lustrates the steps in creating an arpcayvusoor223 DWDM
application using one of the techniques according to the invention; and
FIG 23 illustrates the process of FIG 22 froma top view, 30 DETAILED
DESCR PPf° Ltjtf—*rgcs%%e R Sesier %‘HbWigdﬁglP’é%QF?Vé‘sgg ﬁwr B Eanpl e
appr 0ac hn@&s9r Hd kv bdile iHeEAMNRGRHSN chdfiftéAdeQt i on. This approach
overcomes shortcom ngs of the prior art while 8 WD 03/003427

PCT/ US02/ 22298 thempproachiof §1@! Hsdasepwiafeab02tuaksp ofdawyd inpgeitsionith ng

regi ons, providi i gher st.r ra i rity, .and havin ette

oy ot AP B0 S o MRt ap R ohh Uhie s SHeRHsta et R ot L,
vaf s 5G20HtaReeE fuPex@ingleWR HaruMcBa3ltBé Wb adonPeivhilat@nifebr 8Hd a
detector wafer 504 (nade UP of detectors integrated with a substrate 102)

5 is obfPHIchass fremanapprapriate thigd perkiuf Alseroatively, eiwhiid siafy nzade onwébpihonal
techniq r : | pr. thi rty. Alternatively, a
nybr 1 d p iR B3 it BRI e PR o port i e o
subst r atpeatterh @i otheagRiuping, iy 1BaEcRIrb@oNGBthiAgd. pattern or other grouping, is

manuf actured_or obtained. Trenches 506 are etched to process a wafer into
i ndi vi dual devencBss POR/argeighed i prasess a TalerHatodpdiriduak doyicss (by echingmnte ases,

i nt gpap r j ' nly
nosiignod AREELe) & BHB e CEHIE Biroirilic BXBPLFue s SPOMANTL, (S RRHTRY
her ewi t la commebnly assignied applomatipoeetted Rednedant Dyvice fAeragifded cdygueénthi ng i nto
the substrate in 0 | aces il e stopping the etch prior to it reachin
the subLEFH® (e whfdrs MoRErFLRTDary TEBIAES Bruchg Bt oS the
creati 0@0@\%\}3%@@5 RBHé 6@Bbpiab iR didlS@idr to ReEachfhg the sibsirBie ik B@efsl €ati on of the

wafer, growth of the devices, or etching to created discrete devices), the
above woul d Eétesiktiypbye siapq theahveniign ishet thetorension o thewptivalfchip itsel, parsehased

i nstead,of ., made, T optjcal devi.ce fer is.then inverted and ali gned
over1§an (e & etclrgaﬁ%o O\Aqgl?ee?]a 6’8gr%‘ﬁ% Ofglben AP A t&?ﬁag?ﬁ Cﬁsc\f\g? g?"lg > usi ng,
for exaimy #bove advBItd skigedfentiRtEilitie dppiaal dueicdQvAreChA fivE sl insteaEo ot her
appropriate proprietary technique that acconplishes bonding of the optical

waf er t@?afiﬁe electronic wafer in a suitable and reliable manner.
Al ternati vel o3t ARLAt AR YSthn eSO End AR o hRLuBRBGATS 08 Rl the
bonded to the electronic wafer 508 using, for example, conventional flip-chip bonding

20  techniques or some other appropriate proprietary technique that accomplishes bonding of the
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
25  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
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
30 thin. '
Depending upon the particular wafer(s) and optical devices used, different processing

variants are now possible.



102 can be acconplished, as described imediately below, either prior to
bondi ng an optical wafer to the electronic wafer or after bonding, so |ong
as it is dans/bef20re cycling the devices 25 over operati orrdT/tSeapEat ur e
extrenes by device operation if done after. Such processing is unsuitable

for the prior art  technigue escri.bed .above in .connection w FIGS. 1 and
D% peraube. e & B S SRt e ROy iin 2 R SORS Reenstr 5D mPRaci n

devi ces tyhcal G withifa ra{nréél b¥bélRkn BRREE0 i @bnLBGB O tRE i 66 BridtBY HfiGnieds t he
substrate were conpletely renmoved or dramatically reduce the yield, due to

stress &mdgadly requirgd dorelods apiisaldseesst he substrate is very 30 thin.

Dependi ng upen_the part.i ar fer. a opt.i.cal vices used,. . different

processing 3%??%‘138{1 Vﬁl}laéﬁ#bsvs_%\%gﬁﬁl(’ ﬁﬁmﬁﬁsﬁfgg‘/‘lﬁﬁi’%‘gé’%?@ﬁ% 293 In a
firss vafitrdné and RusabséinRELcdriespdidiad teomrkhessadf HiY spfiogiSdevicd pexast of 50
mcrons, typically to within a range of between about 50 m crons to about

t he 100 %#BRh t hi ckness typically required for close optical access. In a

second varia . | I i ] t i . o) e bout
1005 m or ond A AsBHRE WetyBgade s thiARE ot Ruech MGIORARICR e B 4BGR 5B 1 e
opti cal ndevhse portion of the wafer. In a third variant, the substrate is

thi nned to between_about 20 m crons and about 50 .m.crons. In a_ fourth
variant, whel {REhORFaR sdetedhe fhigknetinf thebsate iabant etyghlo thethigkgess

thi ‘P(lfneéﬁhejogg&fflidﬁ?iﬁe g&ttﬂoﬁ%'fﬂ%ex%ﬂéﬁ tlﬁﬂﬁih%%rhoﬂ'e({u' ggwaf er, thinning is not

required. In ariant, the substrate is i nned down to a thickness

about equal - flwa fikik vatitmtcthe esbstiofe is Hlemegdtdowal to ddlhickgesp obdtit @guad o thee waf er .
As will bel aﬁgafrﬁnt frgrgp t he q'ﬁscr'@ti on below, in accordance with the

i nvent i JHCkeRRoTt %?Etﬁ‘ﬁ‘ IGTPYHRD BVeP i subst rate coul d al so be kept
l'arger that tRQeyifibeGkpass: fER SSEsriftRh bR P 8& oRRLEE #ith AEELBFSntiohOthe
exanpl e, where access ways are constructed (as described below) to allow

for i nsénelnges offthapvespll pebatrateichuld ajso beikepolarges thahthe thicknese sessssamafort o a
sepagati ' f he, device within the close.optical cess .range.
oty or ¢ SRR fens, KR URBIeCRiRE Gt B P Pl iRy R B BRI L ay

510, i naliéwe férdnhdertidn & 4of eptichl fiker bOhicrbRndinsthetactesway téls kdpapsiioh Bpddivgs 20
substrate over the portion of an optical device where light is emtted or
det ect effony e devigeyrthin th gloge oplénal asressgange. AIQVRvisy los egpgatad thef steltdini ques,

whi |l e pEfsfe‘%&iﬁl%leﬁth‘?&Yi ng sone of the

An access way 510, in the form of a trench or hole is also etched or drilled in the
20  substrate over the portion of an optical device where light is emitted or detected, for example,
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
25 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
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

30  (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.

10



remai ni ng substrate intact. Depending upon the particul ar substrate and
device(s) different techniques can be used including laser drilling,

et chi ng owoswme3«onbi nati on thereof. In addition, dependirgy/ugpen29be
particul ar techni que used, the access ways may have straight 25 sidewalls,

sl oped si de I sone. i,natio r.e i r to
produce an %&é ’6%4@9 Iﬁ@ ﬁ{%@a@llpﬁpl@ rea"é‘lvﬂé%?tﬂ%er?ré%) t he
Subst r atagd @Wiciated s E?%sﬁ@ deRbvonRd: @ciﬂ@ﬁﬂ%ﬂr DefSWHE: ﬁntol?%l e}?%@éés& ate meets
the device, in a GalliumArsinate (GaAs) substrate wt um num

Gal | i umgapssh ﬁateé)lce onl elimate resplubbyeter. (@nqzqdbrsthasmpr@ma:mlre@hvd desfistipdrt as
VCSELs hot odet. e rs 30 terch |y referred to herein as

det ectorg% it o %8 f‘%’eé’ﬁocﬁﬁ “(r{i b‘ﬂnigé?g??@&?y referred to as the

" Sanpl e"), the fol |l ow ng approach can be used: First, the access ways 510
are resist patterned on the substrate. 10 WO 03/003427 PCT/ US02/ 22293

Then the sanple is | oaded irﬁ161"a 13. 56 MHz| Hescal ell pl ate reactive ion
etcher (RIE) and evacuated g t 2 pressure "' OW abwt 3X10-5 Torr before

i ntroduction of the process asses to reduc%’%% lli m nate residual water.
Once this base pressure is [[Bg&hrd, the Tlrﬁjmpgﬁt of the etch is
initiated at the process canditions of Tahle 1. $1 Cl4 14 sccm SF6 7 sccm
Pressure 20 nTorr Chuck Terfﬁ)huCB(Te@H?F Po °£29 watts Bias -245 vdc Tine
5 mn Table 1 This produces trai-ght—s+dewal—extiendi ng fromthe surface
of the substrate into the 3%%E?Vﬁﬁe for 4 drstdiice towards the device. The
process conditions are then®@pii m zed 0 progaiggest he portion of the access
ways 10 510 having sloped |sidewalls with,] in this|exanple case, GaAs to

Al GaAs sel ectivity near infFimiety with ninismidevi ¢e damage. In particul ar
the process conditions are 'shewn—n ﬁ%gkﬁ 2—SHSH4 14 sccm

This produces a straight sidewall extending from the surface of the substrate into the
substrate for a distance towards the device.
The process conditions are then optimized to produce the portion of the access ways
10 510 having sloped sidewalls with, in this example case, GaAs to AlGaAs selectivity near

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

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

Table 2

Then the process conditions are optimized to getter the residual Cl from the AlGaAs
15  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.

11



SF6 7 sccm Pressure 70 mlforr Chuck Tenp. 30 C RF Power 92 watts Bias
-190 Vdc Tine 30 mn Table 2 Then the process conditions are optimzed to
getter thwommosizal C fromthe Al GaAs 15 stopl ayer. Thi sdmsusce2mIsvent
further formation of HO (i.e. performng a wet etching) after the Sanple
I's unl oaded fromthe processing chanber. The process conditions for this
portion of the process are set forth in Table 3. 11 WD 03/003427

PCT/ US02/ 22293 SF6 7 sccm Ptggssure 70 nmifpggem Chlick Tenp. 30 C RF Power 50
watts Bias -20 Vdc Tine 3 min Table 3 lln the sinplest case, the access
way will be as small as possiBre&suso as (@ ®afinilze the anount of
substrate left on the device| Cﬁ‘ia("gllﬁ i .%3“6';0Csubst rate provides arigid
framework 5 which prevents the 1 ndividugl™ devices from undergoi ng stresses,
for exanple, during attachnmemF Rswdrhe €lzmcksani ¢ waf er. Dependi ng upon the
particul ar devices and substtate used owever additional renoval of
substrate may further be perf{&iafed, for [eX8iMske, [at the tine the access
way is created, or by patter ‘.iTrige%hc stt s3tran e—at sone point, for exanple,
following attachnent to the el'ectronic a8 . 10 1t should be noted
however, that if renoval of additiona@hbisgbsirate is not properly planned,
as nore substrate is renoved, the thernmal dissipation advantage nmay be
reduced or &yt sEpplast sascetic avprse Biaxrvillhe s suirthgs poseible sovantsohaxianiel the from
wher e, L e1l.S..r .t he L Wi i h n ress
and ot r S00bke BersRORbh Madded VRGeS B bty BAPRBBESH 1
sones cawhich fryventd the fridindduat deviads foémsmbatoiab etrédaey, ol exdmplh, gadigat i on can be

i nproved, by increasing the overall surface area.of the substrate w thout
P attachment to the elegcromc Wa%[er. Bependmg upon the particular devices and substrate used

however additional removal of substrate may further be performed, for example, at the time
the access way is created, or by patterning the substrate at some point, for example, following
attachment to the electronic wafer.

10 It should be noted however, that if removal of additional substrate is not properly
planned, as more substrate is removed, the thermal dissipation advantage may be reduced or
even eliminated. Moreover, depending upon how much, and/or from where, additional
substrate is removed, the ability to withstand stress and strain may also be decreased.
However, it can be appreciated, that, in some cases, by selective removal of substrate thermal

15 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
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

20  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.

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

25  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, 7¢, 7¢). Alternatively, they may extend

from the outer surface of the substrate to a depth where the substrate remaining directly over

12



sacrificing nuch, if any, of the structural advantages. Thus, it should be
understood that the inportant aspect of the substrate renoval is that

suffici enwosusiwsa2ate is left on the devices to ensure thea@ssoeezzs her mal
and structural characteristics are achieved. Mreover, depending upon the

parti cul.ar t chn ue us r ovi Sh of the access

advant aé@ égn PR gﬁ%“@ 15&'1{5 SPHEY Beletsetedds %ggf’f“ieéq’“ﬁﬁ%tdl ng is

per f or NRgm ié@ély &N &VaY, for R ? eas sﬁBTivﬁrim FRGS VY b@ 7608 e NaNeReraeRRY ati ng

t he indi VI dual devi ces are etched. Optionall y, an AR ’coati ng can be applied

to the dubstiptoremaining diseitlyeayer lhepeﬁmnm;f thmvzmloahcﬂayhpeozf/hetrhbgmths ewitfedoedi at el y

di d FI GS.
o ana. 7 eERRoB R OB s BHaR et bt BOGlr BEF FSE alctas Sl

exanpl e acddss tdheldevist. Mﬁéth@dﬁaséﬁaﬁlelﬂl’ieﬁiesi ﬂﬁy%@@&ﬁx@ed\@ya%o{ﬁa% gidendrentirel y
t hrough _the substrate (as shown in FIGS. 6a, 6b, 7a, 7c, 7e

Al 't er nal§sscing insarg cagey 28 omisinss of leawrattheuehiyeicallthe Hueknsss W%ilebeswblsmrﬂa@ eto
a depth r irectly over 12 WD 03/003427
p E;fggzogfwg@%go RIGRYE aﬁcgﬂgb BibPnd! y / :

PCT/ USO I on noptical device where light is emtted or
detected is rﬁaﬂiu!ﬂmddllyudeplamﬂmg Qpcm)ﬂhepeﬁtiyzurae agveswaf Ofcated ahph@essaBaysiaywn in

FIGS. 6 6d 7d, 7f) drC]t general , the sléfstrate remai ning directly
over th%‘“ﬂwg’ie& V%ﬁa&eﬁgslwﬁ? gRCeRsyPedatypR PRqal BRer {8 capmpleets sBPYVn Rt ect ed
wi | Ilobem@slugae‘éc%@rmi&&eﬁsS%or%&aﬁ RULs sh%@mrihqaﬁ@ﬁ%t%d'ﬁs&?cto enabl e cl ose

optical 5 accéss to the device. In other cases e thickhess may be
reduced to abdws, 50 mploymg:@n@pfthbabcsve aoprbachess ameptocs @say2it whiclr emts odr | ess,

i ot one bt ierbered B SO P Ui B ARG AT Dt B cul ar
access Waly Ma@@é&%mé&h@es&ﬁﬁ%? &o?@%dfﬁ&uall@%éd@@&m%le%%é%ﬁ%%&%gltMe used to

accommodate an optical fiber, for exanple, as shown in 6a, 6¢, 7b
or a m evbstiaisscanfbgrerestethisieh asghowh dWRIGS 6B 65, 7a6Tc, 761 or Fmoptive] arfayuibat by
enplgyi f. & o)V che an rra ich ends of
fi bérgs g‘?c@%gﬁogatestgh Iﬁ%lggog r 51%1 5eategio(ts%ﬂﬁjea§t 8W?inuiéﬁ} \gﬁ shown in FIG

8), an opti casLs nod¢d ghove b sﬂﬁ:ﬁrm alse $e phigerféd Wb EgHendho/duafad byihgl aced
m cr ol enses suppaorted by the substrate can be creat ed (such as shown in
FI GS. 6Bubsggte angd mqréaseﬁég expgpedayrigpr prea fordeftgsthemaal dissipaléebrmodat es an

array of m cn ﬁﬁ& 9. ted
above, the s& sht%?at e e&ﬁlgta{)%%&%ﬁ%gga@@%g\gg Chgeﬂﬁge 3 U)r z;ltég%l
3 ubstr a:[suﬂosaatb amch@hsteessdsmﬁbmmdy a0t frapezaty waptiodl deeicess but ﬂaﬂfet’rwlﬂl be

is ion

O SShPaLh it RS sppreciated et Y einp Lhe ISt dues
not pr ORA@etad ke oRtksal devices, but rather wll be

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

25  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
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

30  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
as closely as possible. Ideally, the two should be of the same material, so that the coefficients

of expansion of both are the same.
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20 taken up by the connecting nmediumor the electronic chip, both of which
are better able to wthstand such stresses. FIGS. 10-13 are each exanpl e
i 11 ustratwons/oos42the process of creating electro-optical ri/gsozazivant s
according to the techni ques descri bed above. FIG 10a is a sinplified view

of a single bottom.surfa 11Li.n ser devi.ce 10Q2 that .is r{ of
an array of F@g%tp%lec\?flg?égsﬁo@ g]’elt(flgé"ge‘i)l?’r %ﬁ?rc%cﬁ?téo SR .e‘?"‘ﬁ’é r’i‘f@'&%‘é{a 1002
i's i sol asedlsthiid101i2t $0 1L RRPost. omd &dl1816,N1918 08 BEdNESecHOO oottt adts ag HRPOT t ed
on a substrate 1006 made of "an appropriate material, for exanple, Silicon

(Si), Siegtrodn fadhedaseidavicsiaod the atheriend of eackhdnp ged (020 P2Dento which an

I ndi um P, ) h the p j cul ar terial used for.the
subst r ot S RopRig a1, bGPl S s BrorBi i BrptiSg fgeick

i nverst i ok02itd an slevdwsriib waddri ng t hat stresses due to thernal factors can be
reduced by matching the coefficients of expansion of the optical device

subst Lat e andiondORF T bailasenggvice 1083 oeFia ey agsr %%@Pb@féay ha@b];afm y, the
of “bot n g Al phifoRAT RN oBhdine ik 106 125 535 ol Eh Gl B oBEDRDS: 2"

1008, 1010 uddd. floc shewsethe dasel dexvidedf02nfierdtiddsrbebn attsched ohtheweleotredc eafa
stand 10 1014 for, s . One _end 1016, 1018 of C | ectrical contact
acts as ShO0 V& %algflgdognagB% h%tweﬁ%g‘rerﬁsé’@‘?tb"é’% 3 Qgrpe_lgfﬁégzgrﬂ_(ﬁ)z%f each is a
pad 15020, 102F@PH@ sHCthe Mier GvEG! ALk |s¥bs@t%&d}%%gl\é§ Bg%tﬁfﬂn@& totffdeersuch

as a solder, is deposited for bonding the device 1 to an electronic
waf er . Fbaut 320 @isretsowd abpet J0awrondevi ce 1002 of FIG 10a after the |aser

array has be iaverted, and .positi.oned over rrespondin a 1026,, 1028
of an electr ?ﬁﬁcﬁ%géor"v S%ng.ew eﬁ‘%r HHECEN S @ﬁékﬁﬁg‘%@ Ca%a?}?@éqﬁ%’g’%#%r it
has been (@b} iachie dadedvih BRhilgaAtEQIN feriaiee NokO 8t i Ristexa @i theodds 432

bet ween the respective pads 1020, 1022, 1026, 1028. 10 FIG 10d shows the

| aser dewiends pindhe shdace f dhe abetrato 083 adhpdeica ddiiegllayer ¥BBween about 20
V”Ja; rl?ns and afﬁé&%OPs%oWs Q%é)?eﬁn%eﬁc;t%IGlp(ﬁa ag{%g\gﬁ‘ of)t}i]cee%lgﬁl\é:nﬁgl%}ﬁ%gn ﬁctfsvgef'r\l/aﬁgﬁaeis S

034 has én create e ‘substr S ca
et chi ng 1048 thaabeenfapglied ol theg deNNod eich Agtion dxatrple ada@ViEcesityt (36 itdRORSHel MY
extends fraomthe §urface of the substrate 1036 to. the device cladding | ayer
1038. 15oefeoverage) dpamal enmey devingoed theymanl condyctiyity sfhen susdt i onal t hermal |y

conductve agigh o 0% s AR L \OEABASE S A ol
epoxy habel thyf sgme dott shédsteddr typederaed, widept thhtethe defieetdr device may also be AR
20 coated.
FIGS. 11a-11f show another opto-electronic device being created in a manner similar
to the one shown in FIGS. 10a-10f except that this laser device uses the semiconductor
material of the device as the stands 1102, 1104.
FIGS. 12a-12f show another opto-electronic device being created in a manner similar
25  to the preceding devices. As shown, this device is of the type where the device
semiconductor material is not used for the stands. Additionally, the lasers of this opto-
electronic device are grouped so that they can be used in a redundant fashion. As noted
above, the creation of an array having redundant lasers is described in the incorporated by
reference patent application entitled Redundant Optical Device Array. Specifically, FIG. 13,
30  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
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
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Al t hough the above was illustrated with reference to a | aser device, the
process would be that sane for a detector type device, except that the

det ect or Jevizmesqrpy al so be AR 20 coated. FIGS. 1la-11f shqw/edwobixes
opto-el ectronic device being created in a manner simlar to the one shown
in FIGS. 10a-1 t that this |as devi ce uses the conduct or

mat er i aICOHFn‘i“h’g{’?f ﬁ’c‘glea% RGE SEVHIRSS aﬁt@elgup iafer4suc§1| 9@35%%5T1@F0@W8Wyanot her
opt 0- el eeLiERRY & @kemoqﬁenaaeme%ﬁaﬁ@dpﬁdal BeitBd W&ﬂ @ﬁnc&gbrate%h&gew e

precedi ng devic shown, this device is o e type wh
senlcondnbﬁﬁrmnaterlal is not used for the stands Additionally, the | asers

of this opto ectronic. dev ce are u so t.hat the used in a
r edundant fas(Rl?%aer VaRagq,Aisine 8115‘&8@18%@1 @?Sggtlp Giis Braong lgﬂ’r&gj’leﬁaﬁ?

r edusdanindl@a@rfes id hicd@rdbebatde, fbr &Rengld) SAMIPLFAL ShBYped 188! NG 1&%12 gnt
application entitled Redundant’ Optical Device Array. Specifically, FIG 13,

30 showglamageddhaetbercandsared IllritStMEcearAImhﬁn/h@tﬁetlal|adV%td@B€tthnlﬂg($0®aleht:| ng an
access u tren h hed i enalnlng
substr ate GGt SRR IR SAERRPAS T defier RS BPGe M BRERR ek alic s

Usi fig. Known YR qu

t he gr oupiallg dﬁd‘sﬁﬁ@lﬁtﬁl&seﬁﬁ&g ,exﬂeﬁM&yy\lnﬂBp@dBfﬁlyCﬁeleciaB% tegbadddngsek Eﬁﬂl@é’les 1004.
In this nner, two or npre | asers can be arranged to share a 14 WO

03/ 0034 59\epied Audhpugbbamlineigaiss of thidtedien one or nore servi ng as a
backgup 'aseryet%p&ﬂﬂe@a%hfé% Glela '9@%1 g 16 QORI Qbst 35S lgwgnea&pdo'tﬁ fgn entitled

Redundant t1cal Device r ra cth 1's 1 ncor ora erein reference.
One advammmglmtdylpsacn@ng m«a*aQthqyemgSmbetHemementai dohil f in@nasg u‘hs ntbmber yi el d

for le wafer is i ased becays exa with pai r of

by ouped O JeEon T v s heiEh e 3% Sadiaga et M o ReR st B ¢

pl ace. Apeidigrrfotential advantage to doing so can be an increased
lifetime for "'the opto-el ectronic device. For exanple, when one |aser of the
pair final | yFIG &3 alsp fsthWﬁea frasteomal sapecsentadome dnyepiainmtt@gmydlé%@ﬁ Ipyoctneb@ct abl e,

on 1330 e 5 BeniRlk Bnehanre! 26, AR ugh 180 ol et B2 BRGiRs A Ere or

bot h of sblieat thdaeReNsa =1 1)03ﬂraﬁ@@éihaﬂﬁ1ntg\éﬁbs¥ﬁtéalmf06@e§l ea5h NEer fslegeat] Qr[s%l@nt al
cost of increasi n the nunber of lasers on a wafer is negligi t he

i mpr oved\sshera TaEHEOL3, the lpgass e youdet dntpaes, pigfaap; 1$08 \bpmglsi@ﬁngd by @@ FIG 13
o oS0ty HAFALOR:. B SAET-Ab, O0sPhAN, S5 OIRLE AR OB SY, 10
t he top lokrdinehdgoup 63308 via the substrate 1006 which is electrically conductmg For purposes
20  of illustration, 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
25  opto-electronic device are also grouped in the manner of FIGS. 12 and 13 except in pairs (one
of which is not shown), as is evident from the grouping trenches.
As noted above, a manufacturer of opto-electronic devices of the type described
above has two avenues for obtaining the optical devices — they can manufacture them
themselves, or they can obtain them from a third party. By manufacturing the optical devices
30  (referred to hereafter for simplicity as an “optical chip”) and the electronic wafer (refetred to
hereafter for simplicity as an “electronic chip”), the manufacturer can take measures to ensure
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
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so that the access way 1034 and renai ning substrate 1006 over each |aser is
clearly visible. As shown in FIG 13, the lasers are grouped in fours, a

group 130&dsisogs2def i ned by the grouping trenches 1302, IGduswbieddsensure
that there is no current path between adjacent |asers in the group 1308

via the_ substrate 1006 which is electri_cal Iéy conduct i, ng. For purposes 20 of
i |1 ust reasigsgd cormvareatly taven ifdbayaare desiencd id debricgtsd vathin B5same QISMEEHA none
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anot her ‘opt 0- € evice béing created In a manner sinmlar to the
devi cesorghniFat{sd with rdgardoio dbthliBe opicas hndwlectrdnis cldp design, iadadfoft he t ype where
the device sem conductor materjal is used for the stanf 1402, 1404.
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manuf actouress inéondgmplatet e daremier, subseques improvhmenty peclboges indheldesaiovde has

two avenyes for obtaining.t ptical. devices -.they.can nuf act ure them
t hermer GG gy nefey el atigisedtn FERGRT v BRI pce PRty MafRR A O | ng
t he optmealigAlavhicRsersRofe RbRbiddctifeaiveatinim ekt siphhightioh. as an "opti cal
chi p") and the el ectronic wafer greferred to hereafter for sinplicity as

an "el ect r onBeerctipise)if thetpdeciranigichin ig deyigragio bg pacdwils a vadety of diiuee  t hat
th ads_.on h [ rd: 3 i r when
t nel Gpr i 8Fs o BeBBaRTriike B2 B Ry My Rl A M e

t ypi cal éxanglleehigs@dhtatink: a@isideamittiiigRavity Biseretbottbn sARORY QOB Riders, DFB

PCT/ US02/ 22293 desi gned cancurrently, even if t hgy are ﬁlesi gned and

f abri ca?caBRilasirs tensedledsirving éﬁﬁ?tﬁ@tqr@ﬁ?mmf?ﬁ%‘,’m% Ereigns) Mahar PP e

manuf ac I - & | §Eyf [ I Lkt RR paRE 83z at i on
wth re%lgﬁl?é%tgk%loft%ﬁ&tsﬂﬁgg% Eozlgﬁllugnd e g%’tq ru g%ig’clpgr#%f{%&ésiagn, ng | ack of

cor r espastitahdevitestwiledi bedodasett in pladsinerplaae Hf thanare athetwiso caupatiblearthitiiul ar |y
wher e onle or .5 both are also designed with sales to third parties or

i nt Byr atiFOFPWE EPdevi ces from other sources is contenpl ated. Moreover,

subsequent i fRF QBTN LS siRfwCARVE BB cdrebtih WRISFER 16 singld difticalRYiReMRESSI t at e
altering the [ocation of the contact pads, thereby introducing a pad

m sal i geomsant padeplecaddn éhaposivion speojfiekh s emaneferrappndimeleefeons@avefer also

or gani zat i on ve rs if the electronjic chip IS ,desi . he used
with a r‘ioéd('as?FBEqusd%)Aﬁ? g/?%%an apgeRls e’lvi‘fjglca%h? f)%rfnegtﬁg’ H Cgaé’gp‘%g’é’%&é’ﬁi ps are
conmodi §pecieady igahatuTadurty oWhehiletppaditdeee (F Rippedaanpbeflipsdtip sype
containing: topside emtting cavity |asers, bottomemtting cavity | asers,

DFE20 or boBing witbitks clegpsicduatee dig cAntagt Brised captswiknas e pben é‘éﬁi"y?rt%ﬂessa

et o0 bk ol T AN ) L s s
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.

25 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 stanciard.

In general, two different processes are used, depending upon whether the optical

30  devices are bottom emitting/receiving or topside emitting/receiving.

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

ot herwi se conpatible with the 15 electronic chip. For exanple, as shown
above i n wanseoss2on with FIG 3, a single optical device lag/usontast pads
pl aced in the position specified by its manufacturer and an el ectronic

waf er al so cont act ads onto which an optical device can be

connect ed, pl 4 ARIYHE ﬁSesP’t specified by its manufacturer. Wen the
opti cal devi Chelprodekd E’solﬁibﬁ\'f@fbotﬂcoﬁf erﬁlltﬂlr%/fébélpn%ydéelcg%%gomioﬂgadﬂv%h the

el ectronic wafer, the contact pads of each I gned
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detectors. 25 Advantageously, this allows for the selection and use of the

" best - of - br e&drst, @Riips atwad@mlﬁ%sl@é@thprﬁhﬁWﬁaapf@ér@b@aﬂrﬁh@eﬁ%mmﬁe
appl i Catldn8 (ﬂfl?q\ﬁgé ds elimnating such vendors merely because they can
not, or WI neet an el ectrical contact placenent requirenent or

standard. | n Tgﬁﬁepéﬂmgst mxwh 1508 endrepediehs asuRkiag Lsed] 50dap anek Rgcdsd an
whet her the opti cal devices are.bottomemtting/receiving or topside

eni t ti nds Ot PR, OfIfB? oRiicabelip. Bhis isagatn dame byHaser erlingosetcbimgatori ve" wil |
be yged ek l%fn? khel %rg'f%} Hsé&%g %ﬁ%&%@ ‘ﬂo}é@iﬂ G88rd &e@&r%ea)m andn R

receiving d vi ces tectors active t opsi h}e active"
will refasﬂlgtted apoplitationp emnietdtMnkyl-]ha@d?ibem(hphd @pmpmaat Andg/laimfaemrmgs 16 WO
03/ 0034 PCT/ U@%ﬁ/ZZZQS B?ltto Lve DeV| Prqces The process as

Usabl o TSPASGET QPR GHIETTRGY REBTY AR MGUHORES Frrcl IR BHFact | ve.  dovi ces)

will now be @nwn@dtﬂe@ tHed dp@m'hgg &rﬁagcﬁsotstzaﬁbgprelémn@@ if @6 hﬁgutaﬁhg layer
explanation, it should be presunmed that the optical wafer

pr ocess @tior et astaghment fo gkaropliepif IBCntast priddocativns a% kabwwen advanes.nat | vely,
504, .can _hav

i aBPt Lot TR, R B VS SPE B R W B SRR e Y SblePRt ca i

1504 usieRgtridsngebndue i v@teeial 15M0as (RReddwidls oPthe\dpaiinkbOBviad Gviiéieabgd in the
insulating layer 1506 to allow access to the contact pads of the optical

chi p. TIQPBOIF%?}/’&&HP heenorevipysly seaed with pr insylagnr) ex Eiina dhe apspingpoexianpiitd in
the manper used 115% creating through holes in wafers described in comonly
assigned applications entitled Milti-Piece Fiber Optic Conponent And

Manuf act ur i n\dvantageously, if the openings or vias are not fully filled, they can be used to aid

20  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.

25 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.

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

30 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
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Technique filed concurrently herewith and incorporated herein by reference.
Al ternatively, the openings or vias 1508 can be pre-fornmed in the

i nsul ati nyd @yes427prior to attachment, for exanple, if thecowrsiaet2pad

| ocations are known in advance. 15 Then, the openings or vias 1508 are nade
el ectric Ilg.conductive 2¥ apg]ying an electrically conductive materi al
1510 t o H'HEAULYRORAPFLONROLYE T A i2FgaNeGHOR regdon Hiccdoniagis to Bpmagidlavity have

been pr 4yl Sl sofQALBAIY LibIAR, wwhﬁl}lg@ap%eﬁ id!deifgq Liag openi ngs or vi al

with the materia 0. A ageous e openings or vial are not
fully fill edln tayantaf theebosedf the chipdo wichahe gptieah thip Willbedaineds adone i f

t he openings .or, vias are W de enough .all ow the so| der bunps. on the

ot her cﬁ’eﬁg?rﬂc <Rip{ps OI?H?F?fﬂ _ mﬁ‘&r 8&,104 ﬁ@?e"b‘ﬁh pt BWO&P{?&TQW Elnﬁ_q{%lf ReerdPi gnment
bet ween v th¥eptiddd Eﬁi@\{%ptidaﬂ%@ﬂﬁﬁpaﬁ;@@e’cﬁ@ cl68Bichl 1RIcYs &5lld BOpYtdriediAURE t he
solder to be partly drawn into the openings or vias as it nelts causing a

better elsshewe cbip samg, fugenprat, nzostilegiranic chapy ajraagn come Svildpni ionddting laymd
al t er naty i f .the openings.or vias were pre-forned prior to
el B e SR REF L

attachnen i g nighg of the openings or vias (as desired) can

al so be perf gungechis rdcosmpl@shal | the Biodesstphetebdisatl ®EdritebdlBY e, Wit thdRuaRET cal
chip. Next, electrical traces 1512 are_ patterned on the exposed side of the

i nsul at 8f thedwe chips d 514 (indhig gsample. warenliprebin teplniqurshiadioated dyoin the | | ed)

openh Ng -9k Vi . i o] i . . f . il
P  pYREcR SRS RISk RabR 0 M ALyl eRsig) o

Opt i onalshiyfrafefat fevbickhesdiiff ib e Thereafdr] gaatipntes aacess pagsi dleepaitepandf thg upon
the partjcular el ectronéc chip the optical chip wll be mated with, a

singl e CRRSEOERLE, dowargok ahernal sgpdncior, eiEpplralivn 2 Albeoatingeen bo293

al t er nabi e HeRReAtdeRRe P eder Create a connection region if the contacts
to be mated wmth are offset fromeach other slightly, but within a

manageabl e d@bpsiéelAatiemDevine Brocassi ant of the above, if the chip to which

t he, ppti cal ipwll be joined i.s an .electronic chip (as. sed to
ano_ilﬁer opt i @Ef} B’Eﬂ‘fﬁf‘ asdigalle £ tgp W'ﬁqnﬂr,ec%?(mﬁﬁ%‘_{’ﬁ%sr8‘%@8?18%8&“’3 whi ch t he
optical devitd) well AW eakhMilcd2REREBIRhde thRGEL €CTE iiflitatelRpRBatfRMdhEd
patterned on the electronic chip since, in general, nost electronic chips
al r eady be presumiped thatithejoptcalahimyad ebjained froratsomgnhibdparge the proceso of ereating

reroutipg. et his ds.ac | i,she t.he process proceeds as descri bed
o R B A RO E e e

above, Wt oi'ni'ng 814 (in this exanple, using
flip-chip tethaddities kitheldr®otttofiywo dptoiidletepOcdithd pegforabd pasEo stanfinpiheg of

the_substrate, renoval of the substrate entirely, or |eaving of the
20 process. The first, attaches a carrier by the top-side surface of the optical chip. This carrier
can be made of any material and is merely used for rigidity and holding the optical chip
during the rest of the processing. The second, involves thinning the optical chip substrate.
This reduces the amount of material that must be etched or drilled through to access the
contacts present on the front of the optical chip.
25 _ 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
30 (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
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substrate at the thickness it is. Thereafter, creation of access ways 1516,
patterning of the <chip substrate, flowing of a thermal conductor, or

appl i cat i w0 @foo’MR7coati ng can be acconplished as desired rOIT/UsdRdE3

Topsi de Active Device Process 15 The process as usable for topside

emtting/receiyi devices (i.e. topside active devices) wll now be

expl ai n H’,b?%litﬁe E(glp\%?léﬁg%arp@tth.@;or diglledng afs_é’é?hl‘i’ fogeldoneasi %h%lf‘i“@‘?ﬂl it should
be pr esyggshctdidhn bSIRA 8R! HG 'sﬂe\e@éoﬁg&%gagﬁ&&gga S8Rt BdadleBpr Ly, the
process of creating the optical chip itse el ng i ndependent of the

i nvent i ovatingror didliig thevjaser hbkes. or both of two optional steps can be
performed pri,or to starti t he. 20 process e first, attaches a carrier
by the top-s%agﬁgepé}g@’ ggt?et%nﬁﬁtgpbgﬂas Eﬁ?inﬁ?%@k@aﬁ}W@n%Wdﬁ%%de of
any srat efgrherdANhis©a 86 Gbe m@%ﬂ&@g bBids b wiad Aol ansPenLRidesal chip
during the rest of the processing. The second, involves thinning the

opt i cal bemppos thesthertchip toThios” intihe deles AEGahdBh thesbyrpoeiding antihdial nust be
etched o _drijilled through to access the contacts present. on the front of
the. opt fligfihd b SEURINY, MoBGHGN R S ribllady BT Alsieriiggous
manner  tobd hetlpapsesiatdhe bpéainddor vags ds@f helwscantinh @ He@ér dbuAs:tidh An€ iirthef
etched or_drilled through the optical chip substrate to the contacts on
the froAdingin@lgngenti cal chip. The holes or vias are then coated or filled
W t a tr:i cakl J i . |.C er. ered by
an m\supg’tei g?ffec\gééstcclﬁr?g}/est% gﬂg?ﬁ]dsiét‘a ﬁg% (E: an%ogléctugeO\gﬁtMe&l} ?IIE%){%%?QH?;% aﬁl@ﬁ%yopti cal
chi p. Ahtagngatithvh¢ glectt@ric ebipnhhissaniafsotteelong@nhd cicsviay & hodeadat e sottcteliat

access directly frqm the back of. the chip through the substrate would
danmage ?On © SR Ctd’ragi)?%%rffof’ééﬁ% USIESPIVEBLIGES] (eshoisa® 7 PCT/ US02/ 22293

roblem the : i =y j i it : Lon and
gn el ectri caﬁ@%gﬁggg? égérS&%ae%{ lgg%}gg‘g%ﬂngge‘?{]éelh#e%garﬂoag?%%%ﬁgﬁ@ggﬁ%%ﬂ%lﬁg

cont act dpadt eiindide Wigh denuticbpads od dte aleptronicfehiy, ielegtrichkbtrades sreqrattbrmbd on

Ad t ageousl i f.the.openi.n o] i as are nat I filled, they can be
us\é to isﬁ Stgaltea‘%’ﬁ'rtaﬁﬂ%tﬁcia?“‘#ﬂrg‘?@aj'p%ér @SHEhef 'rF]hlP Ifi&ol:) ili’ré]%‘s 8?56\;]?%1)5/ are w de
enough becdbdi®¥hih\8 préVides colitBsn PAWEALHE VN8 or BBIeP ahPtheToRfact béHtdn HE

holes (FIG 16B), thereby providing an initial alignment between the two.
Mor eovethe dthersBipe cases, capillary action will cause the solder to be
partly drawn,int E nin qr. Vi as, Lt | ts caysi efter
connection aé ﬂ‘]h% ?(§1 g I’,cl%oc%ps 93 b2 broug%§ together and connected as (ﬂagcnabega OVe.

If the optional step of adding the carrier was performed, the carrier can now be

20  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 complex refractive index, by
patterning access ways or through holes in the carrier, preferably prior to attachment to the

25  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.

Connection or Adapter Chip Alternative

30 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
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aiding in alignnent. 10 O, if the vias or holes can be |ocated so as to
coincide with the proper location for aligned mating with the electronic
chi p, thawocamoai23o be done, and the vias or hol es can be ravwseerzxd3 to t he
contact pads on the front side using conventional techniques. As with the
backsi de_em ttingl/r.eceiyvi device integralion process, if t vias or

ol 65 S5zt bR aE P oPR Bl s A" De RERES BRuet matEe ety

el ectri gadcebd a6RSthelkss. patterned on 15 the substrate of the optical wafer
FIG 16C or the other chip FIG 16D, in this case the electronic chip, to
provi de a comeItingHOYde ﬁgﬁnlﬁ‘ﬁblchisb%wiﬁ copieetonphip ethadapishchiptisedi®at i ons on
the oth L R i:S. PRI . I t get .
connect gé’ln%tsa l[ g;tée{: rnlt gg\ééeasb@l\?g{}p Sl%l%]?%@]eé@;qoﬁtgﬁla &sgeo[g)'%g? ngcwlg‘;)%%%?%@rlrs ier
was per patteraed sd hetokadatd ices 4806) B0 E 320 oh @aabivwidt frdih thd@eCdiedicotitactgpado

thick as to cause optical access problens or has an inconpatible conplex
refract'Q/@Upﬁﬁ@l%g%1%I1§1%W@F‘%¢W&‘TSfoé‘é@ccoﬂ%?ikﬂ‘?@"sf%ﬁa@f- | aser |ight
through the @aluniloles'ate HRSlA%nb ARUAS il Al LEARLENR KBCHAYS 16 e
carrier can be t on, even if 1t would cause optical access problens or
has an joineopedpoblimgpairpleex, arefcoaiati arethe tapewith by appeprtize nontgctandkss ways or
throughbgﬁl es intgggycar ﬁfi er referably prior to attachnent to the 25

opt i cal PeHPH When q pg oYt (pgePld, one or nore additional opti cal

el engnts, SugGaso Qﬂ(ﬁ»‘s%ﬁﬂéﬁﬂt&ﬁati@éﬁﬂl?%eﬂﬁaﬁon,%ﬂclbFs DRktheNv 4Bt Of the he

carrier. FIG 17 shows a process simlar to that shown in FIG 16 except a

car ri er aflapteroar aggmetiion Chiprvevititpnsable fadtopside athieplepicesr Aashoren, 3t ddapten

alternative vari ant. e, .for exanple en bhoth t.he.optical chi nd the
other " ehsntp o e RN ot F RS oo SR B on iR e
chi ps atig: sprer chiﬁ 0954 wie calncefopatist 190y ah@venditidnab end cle@rdmethipadio
pl acenents, but the contact pad placenent on each is known, an "adapter"”
or conn&& fgrexemply, standdt 194 ddivmpersapiies atbbansyr athgs ka9 wa gttachancpd dgyices.
03/ 0934 j : eln.i I ai Q . ,
t huggal %g%ﬁ%é#lgglﬁ{geﬁgég%}l %ér ﬁl?}gl%tl? %i%rg(r?% %ngltth%{%%%%gg r%g{i]/iel{et de gﬁgff@%@@ér ring
now t o bh@he bP sidd auld, SIpoivsl vaast AN attel 440 prbvidedin thelagipedr t€ hilpw aseds toothe
connect different devices, the top side 1802 and bottom si de 1804 of a
common ®BfeH lighbo is 5 patterned so as to create traces 1806, 1808, 1810
on each si de iy icSIREG) sk RN 0P Lk BEAkLAOShiHEAE thelSlfiectiR16.
1818 for eacr?fhgﬁ?l})é(%bglcgo com poi nto}fgf?t each. 1% ©

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

s

20  electronic chips. ‘

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

25  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
described above are made up of two (or potentially more) dissimilar types of optical devices.

30  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.
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Through hol es are then created and crated or filled with a conductive
material so as to join corresponding pairs, e.g., one contact on the top
with its @jepiapsdat e contact on the bottom when the two g/t
together. 10, FIG 19 shows another alternative inplenentation, which is a

further variant of the adapter_or connection chip variant, uysabl.e for
t opsi de actiV eg@\gp%égrgelxgo EWHE ProfEs ‘ﬁg‘?scrﬁ?ﬁd @Bﬁﬁgbﬁqnaﬁ&@ﬂi"{} 902 has

electrig ..Wﬂérggﬁélage?%fé}g aRidHe ADCwHecflCnt Beadll IBFbeLARPEED hPRhEP the
optical chip 19 via connection pads 1908 and conhection to the electronic

chi p 19the elecirapicfohip Ex Alptlep bendingddchsiqhésl 2, junpers, wires, ribbons or

ot her known tachpent devi ce 5 In this arrapge t ., because the devices
are top en t?h‘?@'ﬁ?sggtg? %eﬁ]&ngﬂgbpﬁ%s tggléep]%? Sal%s'[rla Cg{ﬁggo ﬂi?r?‘ilﬁew 66?)&1& de and,
" opty Calybéras cotRkAil1 Ve RoAi SR P RN Reive fo theehidldRpd & tht Casal ¢y aad@BeeeH O t he
optical light. Then the optical chip can be placed on to the el ectronic

f
chi p andiffehent typen eflaparievichs pilteaube a giffsen Smiﬁ%@ic&ﬂeﬁo&lﬁ%@ﬁms pbthsr ovi de
Tty het ] - Y . te.
ot houothitie PRSP ot B ARl G B B8 O fr P Rise Sy e 071 i

chips, &dwe of DFBshAT IDBRY A@ass distanee betseerdfheminomRNRChE 0fse@TiVICSELs. Since
appropri atel yadgattern_ed insul ating |layer or substrate to accounft for _pad
m smat cHp neediseslistaprgpyilarapniram devicsite Aevies werad Ris AEuMY 18 ée bR faster o pad
msplig S ipAt i | GitroliEbrecisely, it

el eg(% r o%?ﬁeo@?e eégs?) rf g‘%cgg%:] lgglﬂﬁ‘g?‘%%’s}.f tﬁfrﬁt ggéé\:/aartlr@aﬁ)t S As Iieglcs)e P\,’olt ed
above, tan lsoless thas d 10K fastos dhepartiedadaiiimatnl thickoess being sopericdlyt he

devi ces, specifically the detectors, with an AR coating. ver,, the

opt o- el sEEHBAMIe apsmingaen thigknpss hse tg‘? é%&%ngj Oe@fm’? 9&‘;&? e lgttsntial Iy
nor e) dhﬁiﬁhﬂ?o'l@sre types of optical devices. 30 And it is undesirable to
have t he coating detrinentally affect the | asers. Advantageously, in a
further opti dmainalogpusapprach chebabspddoptopsids sdiye lasars. devheesse phtgpsidpeed to

be coat ed do not, have to.be distinguished fromthose that ordinanily
moul Tl nSREesCRRA Rl (6 a0 Y T 068 anege TRkt el

| ar gel yafi& dafi¥é rbhi6val RCESnthtGWRUERS & 1idd aekeaRdy 6r paifor@B 6f theddthi dhip,Fl G 5
where the | aser wafers and detector wafers are created, fl |&£ed,over and

at t achethstead of heawiet)ds pitashed tchibp tansiderafiths lesarp Henabsigate scthegibamedThe

\iﬂ 2? 2 r ? %@esr a%%ﬁcattﬂ)inp{&eadthic%éss e n&t%d tza’@é?‘vel, fifleddy Qvfcthrtﬁ'fcﬁnesg Bl’i%r {ooap%ngatﬂﬁli. nt

Once this is achieved, the lasers and detectors can be anti-reflection coated at the
20 same time. Thus, there is no need for special patterning or otherwise distinguishing between
the lasers and detectors during the AR coating process.

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

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

~ in FIGS. 20A and in greater detail in for modulator mounted on a backside emitting laser

30 20B.

Devices that have a lattice mismatch can similarly be stacked regardless of the

functions the individual devices perform.
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5 substrate could still be considered thick relative to the thickness of
the laser cavity. Although different types of |aser devices will require a
di f f er ent weps@mos42¢ t hi ckness, the thickness of the subst rateysbadeg be at

| east several tinmes as large as the thickness of the laser cavity, in the

case of DFBs. and DBRs and. the distance %et ween t% agjn rror in th& case of
VCSELs. Si nch a fuhenanpiipaiiony denensdeomdiffergnd epitaxial yaies \§|°Elé t iegeede, a good

rule ofy Eog't'ﬂgiboﬂ §c6rﬁm[ldﬂ%hi?hc{ aﬁ@va{er Ofalevl. Pul hé‘se{smf(ﬂkﬁéi%ﬁt \%ve‘léi'l%tﬁs%%ﬁr

cavity. ness can be cont’rol [ ed precisely, can be
| ess t Hamntdmﬂd&)fof drdl erayeleigth paisive nivdtipleting RIWVDNM) Qﬂ(lnebmld)wa‘mjength

enpirically n the m ni nu re the AR coating
does no W%ﬂ‘fne‘?:"tl 11}M§%IWW% %1°{n§§glow,&hmﬁgwggous approach can be
useds for topsiEleanbivysn 5ﬁ§5€6§enellﬂm’éﬂ%ﬂ BESeniOhaverPsidaserd Bl afédrwed basers, a
substrate (which can be the carrier noted above, a separate substrate

appl i edconahbe chipamra ‘e;fafer soatsv By daing so.fand oralkinsteaele lasen selpgtable, ﬁ@PeChfé“c essary

f h h
Copr devBroiptedn (dapbmatm SE et FERpBst T RhhEk by Bl alaRaA? | 10,

to a thigkness BSro@hRe ré@h OyGmnaloB nidieeheh oFphfsidad bidkeessshpwi thermiad
application. Once this is achieved, the |lasers and detectors. can be

ant i - r ethoaees eyreffoststand véera wecd D lunited toinpsrosqaends andpsewrapy 1WH%d for
SPCRL L, 2t ARSI 5 Wl SHAAANL BB NRE Nl REch@BRIy 20

detectors dufth rocess It s e un ?’ood t hat
t he abomakiﬁg%ﬁﬁﬁﬁ;ﬁoﬁ afa bateap rﬂat anhlmpiexea wamls dati! fifeeme at difiewint es. For

exanpl e, using the teachings of the invention, kln of. nodul at ors
top of Wasdleng %h%atéhelélﬂaé‘i/ Sitgiee ?@r]%?aatcg@ 8‘(5913)0 RIfoseees (f(ﬁ can be

done V\,hgzp g dul ators are on top of or below the |aser. Nbreover, it
can be don whet er or not the two (or nore) devices are created in a
singl e epi tax}\/hylrecszbepilfféﬁénﬁdleaic_by of difardit tigpesfi.a digkirets typss iof dasengelpbaes on

t op, of el her topsi de or cksi de cti e _devices n_be erfor d _as can
st abki ng® %?te%%rék%ticgéalhl&‘? é‘“ﬂj’@g'slf %‘omﬁnﬁée% AP A BHETHE St VB e ksi de
active devi cag AR iBBIG POWAripd O thl R ffer2Bfwanden §[h QE@aL202, deb@bte dréutéd)r
modul at or mounted on a backside emitting | aser 30 20B. Devi ces that have a

| atti ceamnirs e differem sginsiof apnnylen@narﬁm@@lem@@ ah@pé@gct@ﬂs 2% 2208ndbFons the
1 o OESES ORLOL 2, NO GALODSERT PET)LSORL 208 b B Lo o
01 Rl LS .7.p sy bpuoy iy ey o
(DVIBM) attacihed in siélanéeslebendyiekt the strips of the third devices (illustratively lasers 22(5) J
(A2)) are attached in similar fashion. Finally, the strips of the last devices (illustratively
detectors 2208 (A),)) 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
25  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
wavelength photodetectors so that the end result is a fully integrated dual wavelength
30 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 irrespective of the number of different
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di vision multiplexing (MADM applications, such as showmn in FIG 21. 5 FIG
21 shows an array of one hundred different wavel ength | asers all integrated
on a conwao3old@27on a wafer scale. By doing so, and nmeki reyTeeso/2baser

sel ectabl e, a specific wavelength (or conbinati on of wavel engt hs can be

sel ect eg ev1<-:rehse\r?V?1§i¥18? hls}r%n é%fng‘%?tpo?n n&&d, r08 e(# lﬁ{ln Ii% alf‘%e%&oﬁé’hétg hslglgé < and

anal 0g novene eces or’ anges” or " e

wher e spée@tdgs ofithe freeksh & the @61ﬁga@@ﬂﬂ8a11am@ht@pcpmanmﬁ>soﬁ al‘WalfﬁdcaléO I n
addi ti on, wavel engths can be switched at_ the sane rate that data |s sent,

thereby makimiiesorases tes inisarasiongar jeadidype performer vpgnandizidyal Jeyirs (@4t a

t b
e evedSl bk Ry SRAEUNORIA Bl P (U, ol Bcen oo
di ffer esubstfaw lekon dfaﬁnmgfdieanepsn‘zzmyaem (2206, 2208 fof groapt types of |asers,

| asers and detectors, etc can nterm xed such as shown Fl G 22
froma cut amgyﬂsfwa%ervbﬁéwtegﬁ@mgr%%ws 0% “Gdarﬁgglse’?totf Ope “Warelen d‘fl'fhftgp

wavel engg &hl%@\%%éiel?g%ﬁ)sz an S48 Y Sl BbRAYFDM AMFDM biRiutl éa‘h@e%&d&’éﬂ lapS of
conpl ement ary wavelendgth phot odet ect ors 2204, 2208. The strips of

first deoweess. (illustratively lasers 2202 (2 )) are attached using the

processes described herejn. The str t he ne es (illustratively
det ect ors 22044 ,&Hyie)s)nggﬁ %’V?ﬁ et %ﬁarfsﬁng?rrﬁniaﬁ? %(QFWM Syﬁ{é‘Q !ES'[I’I ps
of {he hMikBld8vhe Fﬁ’ﬁor(a‘rﬂ by sdté@hiiveladee iReMets A388rs dnkazalﬁg@rcﬁlpapa@@gr@g
simlar fashion. the strips of the last devices (il [ustrati veI y
det ect ofige p@20Be feducet) )Bsaméegaattng@ﬁr@ms phtes opfrosg lageas oif bio opewENdifistentipon t he
particul a

21" ¢ ne Ako/PREs. sty SHORLRR' Buuilld 4 & aEPRmR TR ERLPE SRR o

i nt egr abiifg adfbet Based E&an&ﬂlndeﬁéb eflftter Of hdlbg’;(plﬁa lenb errig o0 Viedhethinig s ofed
after each set of devices is attached. FIG 23 .shows the integration_of the

devi ces fhsfingarapratesl tyrisfarence appiigations ousitled Jnt-Pieoe Figes Ontic ampengal Aadt h
| ,
it o e AR FhopREg i Pting S ShulBla AR BRM SPGB US|

al | t heostpavpfiber, inesoricamngishwifilont thde]teed:fcmras optw-thetanichkoreriebtoespilchl is a ful |y

i nt egrated dual vel engt h 30, transcei ver chip, a portion of which is shown
in enl afl§ %’&W@r‘?ﬂm@‘ﬁSY"H&%W&WFC%%C&%SSB‘?WPF% Of course, while the

i medi atel y py e¢gtidndp @i&%ﬁm 6f the edhhiRed, 33868 a@ﬁ‘}dce{nv% cod @R Phas canhe
process woul d be essentially the same irrespective of the nunber of

di f f er estrv@as WhEIOgEARIAsPET BSomhpgeegondlesdrcater sittefibrent tiheyorare t op or
bot%2n1act|ve grouped all lasers, all detectors, etc., since an

advant a§¥BFPH% process is the ability to mix and match - particularly on

a waf er scal & 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

25  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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In these cases, the integration can readily be perfornmed on an individual
device (or device type) basis or can be done, for exanple, in strips (as
shown) orwoyosgoaeps, with the 5 substrate |eft on defini mrmwise2g228p 2202,
2204, 2206, 2208 or group. Still further, by integrating groups of
redundant | asgrs, .of one wavel ength with those of other wavel engths, an
extremely rel {3818 °BWPKA 5r MADM nodul e can be produced at | ow cost. Thus,
since single device, integrated transmtter arrays for DWM systens are not
10 available in the prior art, by integrating |arge nunbers of |asers on a
singl e chip, lpackafyinmghodsefxeeating abybrididedddp uBpg aropatiat opgeadedys, of ten

or nore.| rs,.of two.or nore di.fferent wmavelengths, onto a, single chip
and cou;%’laiglﬁll &b %t{atgfncthﬁ{é?ﬁ § ﬁi%mge ay 6‘1“%7614%18? f’oqugcrts %‘%Qﬁg}[%t Sldeug'ieﬁﬁpa fiber
based caolivaestidaDi@ni&LalsPbdihd 6f theFirRiRytaRbined el Sn @l dcBY¥nic thptlpeéng

t echni ques of  the incorporated by reference a(ggdi cations entitle _
Mul t i - PictesEropicisdip eysttacss, Ghep ehlent same of thenstive deviesdontgetFacdmitaligned wish

I tiplexi i . i din.th tput fiber,
" Some 1<% Blnd e Mol B1iF PO A, Btk BERBANLRN Sint B B Bl ot
el ement hhoingentehestisoslly cbiragohdipg ekalrotit ebipaoRRES the méthodicspilidias:

application of the techﬂi ggtg}l a large arrag can be constructed that can
serve as bot FreRUBgssienglls NGHPRENENES SPGB G §5tepdins frombtbe figst side at

di f T eMho bR AcPcc 0GR R BARRL ¥r b buiha : the above
descri ptiebn I'S gncfl repr esent ag)}né/gfé3 1|l Ius%&gpgeééﬂggﬁ%)@?dn%%?gﬁs For the
conveni enbstardifally lveincedewith theactibodevickesntdcpt i on has focused on a
representative sanpl e.of all. passjbl e enbodi npents, a sanple that teaches
the principl dakype Wél&wﬁa\%ﬁ]?&lf}ﬁgﬂwd §¢ M¥tion has not attenpted to
exhaustively c8aadBRing e fihts BAS BicRl @ tréRic\CRlY QntRMSwit: Q@éle&h%ﬁ%’%?uetive
enbodi nrents may not have been presented for a specific portion o t he

i nvent i amaterggl. t hat further undescribed alternate enbodi nents nay be
avai,Lable for a portion, is not to be considered a disclainmer of those
alternate enbodi mrents. One of ordinary skill wll appreciate that many of
t hose undescni bed EiEhneths®ot Gaitd T @hPRIAhE nidkehSBEBIde Wil Wlédii@dlyof t he
invention and others are equivalent. 23 WD 03/003427 PCT/ US02/ 22293 What

i s clai fREdYcEve omprigigthod of creati ng a hybridized chip using a top active
optical devi . I e I a1 | active

devi ce cont agﬁlgn%%ﬂ%éé]sgg?l?? 2?@12 H&%%‘S%%?gﬂf g‘ga@%lg%% éoéﬁg%lv%?gﬁ@rgaelm ce al so
being on the first side, conbined with an electronic chip having

20 3. The method of claim 1 wherein the making the sidewalls electrically
conductive comprises:

depositing an electrically conductive material on at least some of the sidewalls.

4. The method of claim 1 further comprising:
25 attaching a carrier to the top active optical device.
5. The method of claim 4 further comprising:

removing the carrier after connecting the points and the electronic chip contacts.
30 6. 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.
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el ectronic chip contacts, when at |east sonme of the active device contacts
are not aligned wwth at |east sone of the electronic chip contacts, each

of the at we@asbozspne active device contacts having an el epttiused/da¥e3
correspondi ng el ectronic chip contact, the nethod conprising: creating

si dewal | s defqd ni ngopenings.i.n. the substrate extending fromthe first side
at 10 the ac#t'i vegB%i?‘PS"Zw‘g%?%l& Wthgreén%]&qag?ﬁng)fg JA58S SISt e opposite the
first side, giatt@lifd the tSU&SIANE bdstritecoi Nci dent with the active device
contacts; making the sidewalls electrically conductive; and connecting the
points and the electronic chip contacts with an electrically conductive
material. 15. T cl ai . rel L n he sidewal | s
electrically 82'0on2@%&[@%@8@8%?&?3@6%#%ip%g%%%éag§¥é0§%n%e%f t he openi ngs
Wi t h5an el ectpaitemlihg/the dradesadn theelodti@tic ellip. 20 3. The method of claim1
wherein the making the sidewalls electrically conductive conprises:
depositing an electrically conductive material on at |east sone of the

si dewal | s. Th | A .eonprising: 25 attaching a
carrier to t[hbé to?ﬁ%ﬁd%&l%ﬁ}fﬂe\/e?(%@ﬁ‘?%pg_rhe met hod of claim4 further
conpri sing: rtempingthe sulstretar ri er after connecting the points and the

el ectronic chip contacts. 30 6. The nethod of claim1 wherein the
connecting conprises: patterning traces between the points and the

el eqproni c chigp Ccorfeaftthod 8RainBkirlQr EBpdidi Qt%acﬁin%?atéaiiféllllaying%ndUCt I Ve.
24 WO 03/003427 PCT/ US02/ 22293 7. The nmethod of claim6 wherefn the

pat t er nithigknass geester thrapra wasmupdesieg thickgesshet thadesadive dbdcsubstrate. 8. The
met hod of claim6 wherein the patterning traces conprises: 5 patterning
the traces on the electronic chip. 9. The nethod of claim1 further
conprising: 1thi nrtiegméthed s£d1sitd B RirthéPcob@prishdye net hod of claim 1 further
conprising attaching a carrier having a thickness greater than a m ni num

| asi ng t hi ckM@ESMEEICCEIFEVAYS he carist ged/anndying an anti-reflection coating to the

15  carrier.

12. A hybridized chip comprising:
at least one top active optical device coupled to an electronic chip, the hybridized chip
having been created using the method of one of claims 1-11.
20
13. A method of connecting two chips, one of which being a topside active chip,
each of the two chips having electrically corresponding contacts to be joined together that are
physically mismatched relative to each other, the method comprising:
creating electrically conductive paths on an insulator, each of the electrically
25  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.
14, The method of claim 13 wherein the insulator has holes defined by sidewalls,

and the creating the electrically conductive paths comprises:

30 making the holes electrically conductive.
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11. The method of claim 10 further conprising: patterning access ways in
the carrier and applying an anti-reflection coating to the 15 carrier. 12.

A hybri di seghsmosg7conprising: at |east one top active optigahu@erros
coupled to an electronic chip, the hybridized chip having been created

usi ng the nethod ane_ of ai -11. .20 13. A hod of connecti.ng two
chi ps, one ow‘whi @he Héeﬁf?é Oé%!anglﬁdé‘eé%P f[]??ern%]ﬂfl%:[hqu ??ﬁ?e&fmtaﬁ@ cp CE‘Pfgps
havi ng emgsisek:cal | y corresponding contacts to be joined together that are
physically m smatched relative to each other, the nethod conprising:
creating el eBllingdhe holes withhaatciepwicpBy hendgativemptesial at or, each of the
electrically 25 conductive paths extendi ng between physical |ocations of
contacts of one of the two chips and physical |ocations of the

el eciri cal | ylgor r @hpatetdiodp fetivh ddtveheddin temalting theGoldsReectivallg Rbfdctivd 4.  The
met hod of claim 13 wherein the insulator has holes defined by sidewalls,
and t he®@¥REECPng the el ectrically conductive paths conprises: 30 making the
hol es el ectr} i ' - 0P34 02/ 22293 15. The

met hod of cl g%g{%g\%hﬂ%?%ﬁldapﬁgo%?ggtll\\r/l%qn?%{élgﬁ% %é Sedlg;l_/e(a:1 rically conductive
conprises: filling the holes with an electrically conductive material. 5

16. The neth of ¢l ai 4 erein the naking the holes electrically
conducti ve ﬁﬁgmrﬂﬂgﬁyegpﬁéﬁégﬁaﬂm oY ergqngﬁ@ FisElator gs %ﬁ%ﬁﬂ?@i‘géherﬂ‘toeﬁhi‘%% on

theiei dgwaldifod Aifthed BinprRided of claim 13, wherein the insulator is part of
one of the two chips, 10 the nethod further conprising: joining the other

of the two cioimpsg the ather dftisatwatcbips td ghe ilthidatoet hod of claim 13, wherein the
insulator is part of neither of the two chips, the nmethod further
conprising: 15 joining both of the two chips to the insulator. 19. A

nodul e conprigi NgThé WRtHi F$1a6RNBEFhESIn! R BlshRfor a5l SHRgh i fitherwet hod of
one of clains 13-18 26
chips, the method further comprising:

15 joining both of the two chips to the insulator.

19. A module comprising:

two chips connected together according to the method of one of claims 13-18
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