28 DEC 2005 WD 03/003423 *166166* PCT/ US02/ 22051 TITLE TOPSI DE ACTI VE
OPTI CAL DEVI CE APPARATUS AND METHOD RENCE TO RELATED 2 8 DEC 2005
APPLI CATI ONS Thi s application clai ﬁmmmmmﬁ@ﬁder 35 USC 119(e) (1) of
‘United States Provisional Patent rial No. 6%@2@”?{2@*?“
Uni ted Stat &0 BWH2i onal Patent Applicatéssst Serial No. 60/366, 032, both
filed March 19, 2002. This application is also a continuation-in-part of
commonl y assigned U.S. Patent 10 Appl imaggqgjmn Serial Nos. 09/896, 189,
091897, 160, 09/ 896, 983, 09/ 897, 158 and 097896, 665, all filed June 29,
2001. BACKGROUND As set fCFORSIREACHIVE OPTIGALLEVIE denot ed by #1-#2,
where #1, is the figure nunber#ﬁmq\ggmm@gdﬁm in that figure. For
I'gure

exanple 23-114 is item 114 in . Top side emtting/processed
devices are ones in which the optical devices are oriented away fromthe

substrate of the wafer_ on ' IQ iLce e L. Containing

t he oﬁ)ti cal devi ces; R =St sed devi ces
have the opti cah;deyliChRn clMasERoMS Sn@ri38NIST 11 BRI AT Uried SulitPredisiond0 Top
side emtting/receiving devices are the common device, configuratjon used by

i ndustry datens dpplicatinn Perial Nd 6462998 pndiritedyintes Rupyisiopalpatent Applicaid nor e
w del y under.si.go [ I . over, top side emtting |asers,
e e L :

recei vi ng cti've or orbative nodulators can be easily
made t o oper at el'tad applivatioarigales a adntidhbitin-inhmrtsaflestometndy dssigneche.SoPetental 25

devi ces i s opaque, _sjnce in. the pes of j ces.Li 0 edto
travellO hr&@ﬁa?%s%ggﬁ'rog{%g’@ﬁﬂ (thég 7t]i6§n9&?%ép§§’ QQS%ES§M%09%6’&%’ h
em tting/ rgegivieddd/ pircessed devices are easier to test than bottom side

devi ces, before infegration with el ectronics, since contacts and opti cal
access are on the sane side (top) of the wafer. 30 The driver and control

circuitry for these devices is mstB&eg@Wbri cated from silicon

circuits. The electrical contacts he front (i.e. top) surface

of the driver angset&sth he@binoiefetetricty ate deddtabby #atfewherdifie riethe figuel motber cal
contacts of top side of t

h tical deyi dr.i ver..and trol
circui tyy &M s fhe them igithat; O%t I@&@g‘fﬂ%ﬁfﬁﬂ%%{% '@llﬁﬁg%?% gpt |r gg the top
28 DEC 2005 WO ’@gﬁ Q@@éﬁ&iﬁ&ﬂ_ﬂob@% d&{f¥ed are ones in which the optical devices are oriented

away from the substrate of the wafer on which the devices were formed (i.e. containing the

optical devices). Bottom (or back) side emitting/processed devices have the optical devices
themselves oriented towards the substrate.

20 Top side emitting/receiving devices are the common device configuration used by
industry and so are more readily available, more easily obtained, and more widely understood
and characterized.

Moreover, top side emitting lasers, receiving detectors, or reflective or absorbative
modulators can be easily made to operate at wavelengths at which the substrate for the optical

25  devices is opaque, since in these types of devices light does not need to travel through the
substrate.

In addition, top side emitting/receiving/processed devices are easier to test than
bottom side devices, before integration with electronics, since contacts and optical access are
on the same side (top) of the wafer.

30 The driver and control circuitry for these devices is most commonly fabricated from
silicon circuits. The electrical contacts are also on the front (i.e. top) surface of the driver and
control circuitry silicon wafer. Where the electrical contacts pf top side of the optical devices

- and driver and control circuitry chip, it is difficult to connect them together. Inverting the top
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Side optical devices would allow electrical interconnection to the driver
and control circuitry but prevents correct optical functional Iie bsent a
hol e being made in the electronic driver chip. O hers have att %HE %3 her
ways of integrating of top emtting devices with 5 el ectronics.

approach to ggy ﬁg is showmm in FIG 1. In the process of If,bqs‘.,us;tzmt,hle
process starts vmt a wafer 1-100. One or nore isolation holes, grooves or
trenches 1-102 are nmade in the epitaxial layers 1-04 and contacts 1-106,
1-108 are sﬁdﬁrqmmahhvxqqewutd adlowf edesdrical 1111@®mm@aﬁerlmdm'@ear&lcm0h rcpityac hed
to the up rf T waf er
171001 o (AR BB EE S Pt e RO AR e 18 YR b e bt bt
10 the epidmxial |ayers 1-104. Vias or ot her openings 1-116 are then nade
fromthe bottom (also called the ' bac 3 srdeé,118 thr h the epi t axi al

| ayers 1-104 t o°F @Wﬁé?@lﬂédE@ﬁt‘é{ﬂs jteggpigne t‘ﬂb%““%& lcﬁhwrl Hsul at or
(not Shoméleégﬁ%lcgeeﬁeaeﬂoa@f%tdaﬂg@% i¥ dvnlin H6. BIgE SAEYIFIG. 18fsUr e an
el ectrical ort does not occur, conductors 1-120 22 are formed on the
side of tprocess alrta withe wafenk-10G, Onﬂorehélectolatpmdmiqaegraweebr trenohes bl@dmeect

to the electric s 1- n,t vi a the
conduct or s™ Tde_t'?g‘h ip“[fl’i??;aﬁ’ rscon‘fgh cont}ctngld% lfggag?%lrrgne tﬂg O%S&%é%tlom

side 1-11811(50A deeriaite 1-1eDisutactizdlid €@ uppér sﬁ)ffﬁdﬁlfhlll@fhr@ﬂ‘reﬂgﬂe Tiepubgrid 1 ng
device to other electri cal contacts 1-130, for ex on a _Ci rcg_pt board

1-132 or  AHoelhibe wafer dr1007s thep spmypleialy spmored.n{le ophis 1&&&?68 PRibegiderReiPt y in

attachjmg e% R@}fﬁltlﬁ}aetr@l-"}@@l WeRRE Bﬂler nrnget 19YRE! Bbk ﬁra@e FORYSS bANE (also
operatlona rrperature cyclin icul ty in achi evi ng r easonabl e
Ur&dgmughmeeepft

yi el ds, rrakzéletihhcs“ plp”r)csai@ri '@rlald@melﬁ%to thp phdezsdd eomiacteHus,

Ry e R T

probl ens. 2fsufd AR €IT sHdMEd bINWENTd Ol cdsdustirs [-020,1 - 102 &¢ formed on tHeaidetof
itens in the figures are ref t{ered to in the format

or ol
number pr edhediizngl-1 Hesapsdn, instiertePiovids ap abifity tﬁé@f@h%%#?t&ﬁﬁﬁ%?%?ﬁéﬂ%é and

the t‘ffbeﬁ -10RlonQHE PEtdniSidd aSgivea &Qeoddha@m-tto N-1208nk bhthds Rebpa-18f erred
to. Wi to avoid the thermal problens of {)I’IOI’ art associated with

t he super stforated on tBdbettom sidehtl180 Sglddeqanmmq apgliedher peringetiomraf thedpp oach by
an analogous r,oach, of., no u n r t he
substrate, tiqg QS g%%v%h?rﬁiqgﬁéap%n%lchﬁ Eﬁf %rrtfg b&' %@&1@% alIz(iihlwa er 2-200

is etched apsthelopger.to formthe opti cal deV| ce 2 202. Contacts 2-204,

2-206 are forned on the device. The subs %Ffacflﬁ 208 is thinned to_ 2 28 DEC
2005 WO 03/ 00343he perrplgstiy potispprrgach, the ¥ spitaching 2 spperytepte angikeering o1

are thep ethiethdHafi @BudtdeSeerioRllSerdpetiBrebitiidg, Eﬁ@dlfﬁcultym achieving

reasonable yields, make this approach undesirable for commercial application.

Thus, there is a need for a process that can make top side optical devices that can be

integrated with electronics that does not suffer form the above problems.

25 SUMMARY OF THE INVENTION

As set forth herein, for clarity items in the figures are referred to in the format # - #

wherein the number preceding the dash is the number of the figure being referred to and the
number following the dash is the item within the figure being referred to.
‘While, to avoid the thermal problems of the prior art associated with the superstrate,
30  one might consider adapting the prior art approach by an analogous approach of not using a
superstrate and etching through the substrate, such as shown in FIG. 2.
In the process of FIG. 2, a wafer 2-200 is etched and doped to form the optical device
2-202. Contacts 2-204, 2-206 are formed on the device. The substrate 2-208 is thinned to
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rontacts 2-204, 2-206 on the top of the device are reached. A dielectric
(not shown) coating is nmade on the via wall and a conductor nat é8jBEC 2805
added into the hole, on top of the dielectric, to forma contacts 2-212,
2-214 extendin% fromthe back side to the contacts 2-204, 5 2-206 on top.
Sol der or sOM@IHPRER el ectrically connective naterial 2-216PEHHSEREHF1be
added to the contacts for joining the device to another device. However,

whi | e t he JphREESEe efchflsGr vasaddiCEsAPart Rn RIDBE BFBuMfthd idsRitk 01208 uhtil the
particularly those caused by the superstrate, that process does not renedy

y .
t he ot her contetts 8rad4, 2-306 he thertpp of tetdeviewire ssaghes- A diglacHin@at shownheasting he
features qp i Lo L0 i carried
out, sot ﬁ%lrntgg?e%ﬁ%s?@ivﬁ Qgﬁ; ?Jlg) ({S%E%}feduggg%glateea& ()lgftdﬁaeedg%%oidé% Oq%éb\rxllﬁggéf,%epart i cul ar
as densi t iddedfic, de Himescqedctch 2, i2AEdeatading sy thabatiaside Walietapats 2204,

St uct ar e 2 0iaHORS SRS B sl SRIETE e LS o2 B o R

i nt egr at ed, Wd dnRb8For Biife Mbdevct & anbihefddvis al i gnment - dependent
processing to occur only 15 on the top side of the optical devices, thus

reduci ng, if ndiowsveniwhileithgprorese ofEKs 2faddreses ks pfeblemb pfewnier gt.ocessi ng
in which preegisi el e i f I

relative tpc?It é"é@"ﬁ%‘hs& e %lhf?g gﬂengeu&QW%é%Lqﬁ%g%%%g%%gﬁl g&g}rﬁgd# ?lreg’ ?ﬂ e?h%ﬂ%g%nt ed
i n top-emihttheyidctemi Fes exdiile, atighhe@bbtwakh twSfeatars oh tHelterornidee of the wafer
technol ogi es, for exanple, the pregent, 1310 .m cron or 0 1500 m.cron

wavel eifgt gl be Dropetly aitried AUt f%ﬁ*&ﬁdﬁstﬁéaeﬂgﬁ Ot{q%alag%aocﬁﬁfﬁ ﬁg%cagf‘ew?és

i nvention, , LRSS 8 EensiPNRT AtiPRGRH 8RB inctddgd.ead of having to fabricate

speci al purpose devices, the devices can be procured from nultiple vendors

as "of f -t he- sheTHus, we bans. de@elopethp fabriction serhniqye fareseating tap empinglreasiprg/duct
lifetimes and overall. vields_si 25 .1 ndu ] ctor

pr ocessi ngmf) g‘%:lﬁurﬁgqsgrélgméersewﬁgéla Ivirafrls%t]‘f?éé?t%cé? r@?’%ﬂéj\épﬁl%{g’gsglﬂ%gf%ggr? c(i(%tg ps. By
enpl oyi ng inkgritabwetih sigstrafic tiveuitsn Realibvws aligrandait-gend el psicessingf toiobdueroaynnect s
is possible. As a result, in _sqnme inplenentations, . the inventio l.ows
for clbse Plhfhért‘?ibﬂ%‘éﬂtﬂe QPR ﬂ‘fj’,lcqsoﬁhuﬁarﬁgwgel te g@uﬁ%%ﬂ%ﬁ@r@?"a‘ﬁl t ch
i N current i SEOROLBOEH s AN IhRABt ol Seth&fs oPBvd HUL 0T 2 vialeraddt td W ligh¥d
form ng in%erponﬁ%ct isong t hr o% tﬁ% sﬁbstsr%te, i nt ergonneecti on poilﬁ?s are
not |i mit eklatiyeteachettiephery of the chip. The entire otherw se unused
surface is available o) ial Jin I %9%;

03/ 003423 PCT/ 75%@@553‘ %%T%%Fﬁf’a "J{eﬁ{é&&g@gﬁ%’#eﬁ‘gegﬁ%F"%f it rﬂxeh’%?%g’,“y\gor e
direct intgfeeathaliows el oftBemewest technologies, for example, the present 1310 micron or

20 1500 micron wavelength VCSELs.

In addition, through use of the teachings of the invention, costs are lowered because,

instead of having to fabricate special purpose devices, the devices can be procured from
multiple vendors as “off-the-shelf” items.

Our approach can also result in improved product lifetimes and overall yields since

25  industry standard semiconductor processing techniques are used in the individual fabrication
steps. '

By employing the teachings of the invention, a higher density of interconnects is
possible. As aresult, in some implementations, the invention allows for close interconnect
spacing, for example as close as a 20 micron pitch in current technologies and smaller in the

30 future.

In addition, by forming interconnections through the substrate, interconnection points

are not limited to the periphery of the chip. The entire otherwise unused surface is available

for potential interconnections.



driver circuits and optical devices can be nade. This |owers the

resi stance, capacitance and inductance of the interconnect. As gar@EGJIZOQS
parasitics are reduced, nmaking for |ower power and drive requirenments and
increased device speed. 5 In addition, manufacturability is inproved
because the { ects can be fabr| cated when the optic

either in dl{g%oo‘r%ﬁ)gva?gr form Mreover, in either case, the ?k &@?ﬂt{%ﬁﬂects
can be fabricated in the die or wafer all at once. AIternatlver, in
alternative véy employing tled mqhargsDédhnnm@omanorbéugrsmemhmeetsmwﬁmhe
optical deyices an ectr ni ¢ chi nd vi d
optical de YERETEY éa%ﬁi devrll%fs ﬁ hr11sec§)%JV easL{g%fCSIS?ang?’ cv%ac‘ﬁ?[rffe@fl?cwt
waf er, or inbejighct beth@pﬁuemahndievmesesamqaafbrsitm tre@bduebd, triaka fos Idvhdr po@eh i N
wafer form _ A further advantage is that the vias, that are used to form
the connecddgiye reqyirepsnts pad picEsssedAeyice sprsdopt | cal device manufacturi ng. In
addi tign, substyahgitbs ”,EBXIﬂJfadtu?:aﬁh@HE ?mfx"d@ed Eé&ﬁué&&ﬁ’&i‘%&?e&‘ﬁ@cﬁs E‘ﬁxtl%er S6HafeR
addi ti onal processing once the su e renoval occurs. A fur

advant age Wwhert thavptidaédgriecissghaamdiser siafeaiferint. f Moveavel yla;&xeldcarscmhe ntegration

f 15 different conbi f t |
censor st AABRAIEoTd ERAn dRHEY Obr e Bser A B SR LE B oror o
devi ces/ e @laflsChbiRG1at RURLIGES cande ubéd Wkdre BOMARE qg@ala@ebioeya:m ﬁe@ﬁbnﬂfﬂhﬁﬁ%yl ng

t he teachings of the invention is better thernal managemnent

t op- eni t t i 4§ ndeaival disscubere thanpfictldsvisesare o fies and will b@cq;anw@f onip@ drivemt r ol
Circui{g Y. oifQitAvatld bi white ttﬂ@(fgti@&’l‘ﬁ%@fo%d%ﬁ&féﬁ 1€ bt TBHON Wier Do

teachi ngs of the [ hvention | that 1 ncorporation of an optica coupl er,
face plate, NEMS fd@n@@ﬂma,geopthatiat Vs, thitaes ssed toforndid ccmpmttome,rczan beens,

mcro | ens her tlc or el ctr o yi ces be ac ate
Gurt ng « neprnprE e BN R meB BRUTRE “lp s S B PP LR R

advant age @i pkdress cmesnbt refuiteSadditnalRbdessihg bmdeyihé Subst2die bdidval oqghis: em ttl ng
and |ight-detectin evi ces. ,The advant ages_ and features described herein
are a few of théfH%W agdvapagedy that taﬁarocwmbégﬁwafwmdéy w&eéﬁer integration of

repr esent afeen e BHAG s S 30 &fl fith¥hida®s d
unders%%(:lndlafrffé3 nhe I nvention. Ifﬁ%ﬁ%)%glsgggung%astooag at t ed&tné?%ev?]cg? to
be consi detogdthet omfot mmbnmgcbwo,tthmelonmrﬁdmcea/svaMﬂchlmltogc;thmhe cl ai ms or

l[imtati ons on ival 0, ¢l ais.. Eor sta ese
advant ages are Wﬁhol T ?.ﬁerag ega(i VCIPP}OY’ﬁgﬁe[tﬁ%@m@ﬁ m‘beél OHISbe

si mul t aneou@hﬂalmi@ﬁgémem df opSérigting \POSEIH e Alse tiytrd Beat Yink &OBhOEH AR RRD ES
are applicable o . one aspect of the invention, and inapplicable to others.

Thus, thi sCURERSHBY- f eatures and advant ages shoul d not be consi dered

R N T )
beconme appthagincoiparation of et bphidiahepugies,dr¢qulate,MEMS detectors, optical combiners,
optical splitters, lens, micro lenses or other optical or electrical devices can be accommodated
during the fabrication process. .
It should be understood that a further advantage of the invention is its applicability to
25  both light-emitting and light-detecting devices.

The advantages and features described herein are a few of the many advantages and
features available from representative embodiments and are presented only to assist in
understanding the invention. It should be understood that they are not to be considered
limitations on the invention as defined by the claims, or limitations on equivalents to the

30  claims. For instance, some of these advantages are mutnally contradictory, in that they cannot
be simultaneously present in a single embodiment. Similarly, some advantages are applicable

to one aspect of the invention, and inapplicable to others. Thus, this summary of features and

advantages should not be considered dispositive in determining equivalence. Additional
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sfromthe drawi ngs, and fromthe clains. BRI EF DESCRI PTI ON OF THE DRAW NGS 5
FIG 1is a prior art approach to integrating a top side activey@eygEegith
electronics; FIG 2 is an exanple of an exanple approach to integrating a
Top side actiwg giaviee W th electronics; FIG 3 is an exanplg @bysofr ocess
for formng a topside active optical device in accordance with the

teachings of the invention; FIG.4A.1.s an cuta i vi.ew,of .a.portion
of 5 devi corRirEg el R myes Al B A P B RO 1 SRR e

i nvention; frbfethd@asiipasandfronh therchhd.ve variant of the process of FIG 3;
FIG 5 is an exanple of an alternative variant of a process for formng a
topsi de active optical device in accordance with the teachings of the
invention; 15 FIGS. 6A t hpguglh IFESEREPEONDIFEEHR DEAWINGY ati ons of units
that can be made_using devices creaied in accordance with the teachi ngs of
the i nvehtion; PG 175 p prigisart appecach iintsareHag 2 tapaiderpgtive draics Willielpciramietie
prior art to attpeh qubgl (R abrirbA4D 16 B E RihelaQof QBT UB;EIT at ed
el ectro-optical cﬁlp. ; le%ih?péel lfsfmrlglt eéﬁrapproacéhées fgﬁa?g lglave bgeﬁ‘hgged in
the prior amithteteclomioth nultiple 20 bottomenitting devices to form an
integrated electgpsaptical.chips:. FE ed s S| i.cal device
w th contact -pad{s?ﬂ%%zi%:gg%faﬁnﬁ%ge)fap%é? S?%ﬁ'ﬁl speéﬁ[ﬁ’%%e %?%P@l“ﬁla%%"gg urer and
a portion ohccardaatewith deiteachinigeof the invetimnt act pads placed in the position.
speci fi by its nuf acturer; EIL.G. 10.lluystrates.a sinhgle opti.cal device
with co Gact padgfgldéb‘é&nFﬁta‘?‘/ﬁ%mﬂﬁgﬁe}”i(’(gﬁPE logﬁgﬁﬁ‘?‘?%edw PSS act ur er
and. ?_ porti q&oi?@mg@gﬂhggm@nsa?ﬁ@teﬁhmdﬂvfnﬁpt ﬁCt pads lp: aced ibn ]the g
position specifie its manufacfurer o i ch ea i not be aligned;
FIG 11-illustraft& S@Wﬁﬁ}‘ia‘t?r%%}f"ﬁi"@ﬂaﬂt85@!3?5\?3?3\?%%#%% exanpl e appr oach
according to therdepshsexahplt bead MRtV ORkrialt dPa plokedTor fofminle!a4Sisid Rive
several different access way variant exanpl es; _38 FIG 14 |Ilgustrat es an
optical arr &pti¢ah dovicein aceasdinse with the tpachinge af hy inveiofbstrate; FIG 15

||l ustrgikes an ORtGEaA Mrhidh ddiat AEEA et MBS A% Bt (b HRD G

FIG 16 |BI | ustrates one exi’rnrpl e p?oc- s%sms_?or Creating ansel ectro-optica

chi p vari antdevicesmrefitesiintaccorfipmce with Hiedeashingeeltht wentios; 28 DEC 2005 WO
03/003423 PCT/ US ' . X : £35S,

creating an electr o?f)]gltﬁ%%%&@ ﬁlijc’éc}lveg?}%g%{@%g%c%r@ %Pﬁéé?%‘]’rfaﬁ“gE?? {ei%ﬁﬁ?‘gﬁ lg
descri bed; bottom emitting devices to form an integrated electro-optical chip ;

FIG. 8 illustrates approaches that have been-used in the prior arf to attach fnultiple
20  bottom emitting devices to form an integrated electro—opticél chip;

FIG. 9 illustrates a single optical device with contact pads placed in the position
specified by its manufacturer and a portion of an electronic wafer with contact pads placed in
the position-specified by its manufacturer;

FIG. 10 illustrates a single optical deﬁce with contact pads placed in the position

25  specified by its manufacturer and a portion of an electronic wafer with contact pads placed in
the position specified by its manufacturer of which each will not be aligned,

FIG. 11 illustrates in simplified high level overview, one example approach according
to the teaches of the invention; )

FIG. 12 and 13 illustrates several different access way variant examples;

30 FIG. 14 illustrates an optical array in which fibers are supported by the substrate;
FIG. 15 illustrates an optical array that accommodates an array of microlenses;
FIG. 16 illustrates one example process for creating an electro-optical chip variant

according to the techniques described;



FIG 18 illustrates one exanple process for creating an el ectro-opti cal
chip variant according to the techniques described; 5 FIG 19 il2&9ECa2085
one exanpl e process for creating an electro-optical, chip variant

according to the techni ques described; FIG 20 illustrates another
opt 0- el ect r oniwo ehasLe being created in a manner simlar to pcrhgogviices of
FIGS. 16-18; FIG 21 illustrates a process usable for bottom active :

devices; 10 FI ustrates proces el 9 activ
devices; FIG Zg%lcle%le\ﬁlglwatte% eteﬁ%mﬁlec%oecs?sss t\SAH:eIre%mtgﬁg Gi(gs(%n a ?Cagg? Gal};larne
coat ed, but advotdifig ol teteclatighes desaribsisi st in alignnent; FIG 22C shows an
optical chip wt ont acts rerouted b atteranl ng traces.qn the
substrate to mat E# tl%él 8ﬁtte§8?esexﬁwp§r?6?% fogﬂf?)tm 8 CFEFE0-0B! @H%m%natnﬁe

contacts onagr@hERithORcEiGlYsBedcgb&lit ed by patterni ng traces on the
substrate to match the contacts on an optical chip | l.ustrates a

FIG 23 i
process 3im|ar FH-tlfabusb@isaang srampliprecciviar gﬁ@g)&anteﬁg{m-gp’récg{l fhigyariqng ot

used; FI G g@cogdﬂlélﬁ,ttfl@{e@&l@&g%ﬁggd on chip or adapter chip used to connect
different devi ces; 25 ilTustrates another alternative"

i npl enent at i on, K. éZiQ 11hsstrates arathas optpzalecannic devieheeingeregiedin agranpermdaton
chip variant edé%f?:?é Sriek. ié)?§' de active devices; FIG -26A illustrates the
st acki ng of }% nore devi ces using one of the techni gues according to
t he i nvention; FFIE% mﬁmlsmateasmrcabasmdplmﬁadbbtaimactszbdcwe@ on top of a laser
using o of the u 25 accor o.the invention;, FIG 27

illust rgﬁes an ar Ii(g g‘flﬁu?%rates a)?mcef’s usa rtt?})sﬁir é‘a“ eads%?a'lrcgs creat ed using one
of the techni quEiG. mmlldsu‘agastth}: ﬁrh&ss Wh&ﬁthe&bntaﬁltﬂesﬁﬁdohﬂedl_.shutmﬁe'ﬂleﬂ had
steps in creating an.,array for a DWM application using one of the

t echni ques SELHHE WFUEB™FHe i nvention: 30 FIG 29 illustrates the process
of FIG 22 from &IGRC/EReWs afr bticaBéhip With ith taitaefarkiouted by @areraing tiates oprRCess
in accordance with the ipnvention; FlG 31 shows the various conponents

bei ng j oi ne&u%%féﬁrta%ht e pAhBEebe | G 30: 6 28 DEC 2005 WO
03/ 003433 PCT/ USG5 228Pdhotws Ghe cdhtats off ah EIRVERRS dhi éﬂ&o@émi JRkteBRHRLEs @ OCess

in accordance with the invention; FIGS. 33A-33D show exanpl e assenblies
const r uct ed thesuketsase Waneteh thecpntagigon an optical chip;

FIG. 23 illustrates a process similar to that shown in Figure 16A except that a carrier

is not used;
F IG 24 illustrates a conncctlon chip or adapter chip used to connect different devices;
20 FIG 25 illustrates another alternative implementation, which is a further va.nant of the
adapter or connection chip variant, usable for topside active devices;
FIG. 26A illustrates the stacking of two or more devices using one of the techniques
according to the invention; |
FIG. 26B illustrates a modulator stacked on fop of a laser using one of the techniques
25 acéording to the invention;
FIG. 27 illustrates an array of, for example, one hundred lasers created using one of
the techniques according to the invention; '
FIG. 28 illustrates the steps in creating an array for a DWDM application using one of
the techniques according to the invention;
30 FIG. 29 illustrates the process of FIG. 22 from a top view;
FIG. 30 is a flowchart for one example process in accordance with the invention;

FIG. 31 shows the various components being joined according to the process of FIG.
30;



28D
s nvention according to the teachings described herein; FIG 34 is a EC 2005

sinplified representation of an array of nodulators on top of an array of
5 Iasers_on top of an electronic integrated circuit; FIG 35 shows a
‘modul at or @B%ectl ons formed for mating w th connectg@ngso2@fsan
exanpl e i nt egr at ed ['aser device previously integrated with an electronic
chip; FIG 36 shows an alternative nodul ator havj n c nneCtbc&lﬁs f or.med for

mating with cofHec?ilbniowphag fprangtheemp Hg‘?eﬁbme? g MR TS IpYaEeT: 1 g
FIG 37 shows apiislukbalan URiiex {)Ie%s%m%és*bodgtﬁﬁfeaheadcsﬂﬂﬂ@aﬁththasers or a
single |l aser having redundant active regions; FIG 38A shows an

edge- em tt|1m@nmqgﬁrdtngéoﬁmt®ﬂ0hmgﬁd%0®e¢ ePER shows an edge-enitting DBR of
the prior art; 51?;!'}5 R %0rS b b @Y al¥iray of

i ntegrating t he lc[i&sl‘@g%%&ga%?%{% éd% {n%aﬂ a one- adIIITEI’lSIE)OI’la| (?y.o

| i near) 5ar riasgts dalt6p ofkvelelromis imegratpdwiralst; or "top" emitting grating coupl ed
| aser; FIG 40B S, Q% " bot d

| aser : FI G 40@@?1%%%‘0853‘%@ avmg. %onnéc%mns Eﬂl&f foﬁ]glgg%ﬁ'irtggc}r&g%{% ed

| aser; FI Gon”e@@xﬁrhpwsntagrdtﬁ&\mmé&cmﬁre%oﬂy oméeraed with ageladtomandbiy; or  coupl ed

| aser; 20 FIG dlrre array and iate d..i ntiqmately
with drive el eﬁ&‘ ig@é’wﬁrmé% STpativR o oﬁl[“éé?goﬁ SCHOPS {‘}Ff‘gd%;%ﬁ“ &’H}]’a
were mount egdinaignddia lade d6RONEinE aHadieside pivc&k; portion of an integrat ed
unit made up of a two dinensional array of ratln 3%@ ed DBR ers

gq,l.g glﬁ aser

i nt egrat®ed wi t h HEedi %Uﬁ@%‘a%m’é@d‘?‘?m isprgted 135p15 O 7§10

appl yi ng th&VEn%qgmn@gﬁ aBfvelr Qéoﬁsnventl on. 25 DETAI LED DESCRI PTI ON Commonl y
assigned U. S t ent l'ication Serial Nos. 09/896, 189, 09/897, 160,

09/ 896 983, 09/ &G; imSngﬂmmDﬁﬂpfﬁlP%@%ne 29, 2001, are all

i ncor por ated her f %r%)@ d United States

Provi si onal Pat e}ﬁ@ip]??hoéﬁta?oﬁg%gﬁng BYth@%%})%agg 998 and United States
Provi si onal Pat efi(G. Apghcwsdhs malsb?rmbelms cregtBaGinGRIEIng Hietlevices, age-Mi-ch 19,
2002, aif éo . ncor oratsf% erﬁn Leference. For conpleteness, specific
det ails el pgﬂngo 8 . aspe s and variants of the «current invention
are set forth beFImN4Dﬂshdmm@wmgrétnplmmamg"gfmhugcamulhmi c Device 7 2 8

DEC 2005 WO 03/ 0034 PCT/ US 2/220 1 |.nteagrati. . Suc I nt egration
O Miltiple Devili]éaﬁﬁ}&%%a &6 Ceuiom, & tg%‘ﬁ‘? q‘g’of‘cﬁl\als%ys o
Modul ators And LegeusC Shovd :ﬁlﬁipﬁ@ﬂlls @8 "top" emlttmg micromirror coupled laser;

FIG. 40D shows a downwards of "bottom" emitting micromirror coupled laser

20 FIG. 41 shows a two-dimensional array and integrated mt1mate1y with drive
electronics present m the integrated circuit on which they were mounted; and
FIG. 42 shows a side view of portion of an integrated unit made up of a two
dimensionat array of grating coupled DBR lasers mtegrat¢d with modulators and an
electronic integrated circuit by applying the teachings of the invention.
25
DETAILED DESCRIPTION
Commonly assigned U.S. Patent Applicaﬁon Serial Nos. 09/896,189, 09/857,160,
09/896,983, 09/897,158 and 09/896,663, all filed June 29, 2001, are all incorporated herein
~ by reference. Commonly assigned United States Provisional Patent Application Serial No.
30  60/365,998 and United States Provisional Patent Application Serial No. 60/366,032, both
filed March 19, 2002, are also incorporated herein by reference.

For completeness, specific details related to different aspects and variants of the

current invention are set forth below in the sections entitled “Opto-Electronic Device
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We have devel oped a process in which top side emtting | asers, top side
recei ving det ectors or top side processed nodul ators (hereaft 8 oeef 2008 ed
to collectively as "topside 5 optical devices"), are created so t hat they
‘can be easily integrated onto el ectronic chips. In overview, in accordance
with the invemd gosd2pe process of form ng topside devices dhalsogadsibe
integrated with el ectronics and do not suffer fromthe problenms of the

prior art vol ves Chl n top s nto t he
Dlbet rat e of et ey et iRy RapERee SR rhal mliEe i det O

conduct or s ¢Thtdghedriirh Of MbdgatbfsentaiTases OntHladohfs’. 10 conduct ors ext end
all the way to t botto of the tren The subsiratels t hen. t hi nned

hes
either just down"{aRhaSsHPRE 2 RIPSPESS T B ﬁé‘m%ﬁlﬁ FHHNG dasEiSniR &6 FCFHigon i n

the trench idstectEP&rs68sigf pldbdskdd BodilRbls (m&a@temml%ettécma@mﬁew fnegskde of
the substrate to_ the trench, while |eaving enough remaining substrate to

protect ?heopfsbiericespi #1e sleaigd oo thasthey ean Reeali mtggrateé@ewl oBicchigses. 15
Wth that overvi ﬁW)Ve?’ﬂe\Q E@Jo!rda‘ﬁé@ﬁ'ﬂﬂ\ ﬁne%\%ﬁﬁ tﬁeg[)’roge&‘rcﬁ'ﬁi?rﬂ@%ngﬁaé g&me

optical device, 1In acco ance wt t eac of t I on,
now be presémt ot Yerintgaatedwithi electroniss endedm@ttsuffdrlﬁ@m the pmblems@cﬁ/theupnqumG 3

an opti cal [ I strate
3-304 is a \ér&g;aﬁl{e?l ttc}oﬁﬁg d§ %r‘%e?‘ﬁgés'%nﬁﬁ‘ ?%'{(gé%“l ?“%g%ﬁh%u%%hl g“@?(%ﬁp?% 20 The
optical dev mo:mfsmﬁxg%er( pnﬂem]méebttnwzimdl’conéuc@dmmme saBs dithe trewthed sorthat the
exanpl e, Wi t h n_of ni.n tc tion and
met al i zaPi oﬁorf@f@bs q%"g&ﬁa‘ég © ¥y @gg%c’%%ec’gtﬂ{eeté REATEs % %‘g?%‘ lé%)éﬁfl rom
the top si deithdr jidodowatcthe psihDwhdre tiRbogbmal the cbmuctoexa:gmahﬁthehﬁe&mﬁn about
e oo i ot 20 e PR S o e B 26
good cover ageig edoughre@aintRRasitiabko rieHY eeQbpside@ptictt AbRER froby dAisind t he
sl ope of the wal | be either vertical or inward tapering (looking fromthe

top) rather [¢¥krPEaHestRt ward tapering). Dielectric material (not shown), if

shortingsis a CORERY fhat ARFISEHE WGERTN %xa’in;ﬁégrocés ?Jr%omﬁﬂfa ﬁ)?ﬂ@@ bﬁtﬁ:QI &eﬁ}mfeor m
positive and negative device contacts 3-314, 3-316 (one of which is

obscur ed f r dhpsgosdaneawith the trhingy oﬁth@nwmnd@ﬂhpw hegresguipd tnedetailivishn
alternative ﬁ%{eh@é‘ttoF Ehe substrate can be used as one of the contacts, in
whi ch case only one éeep trench need be nmade. Simlarly, if a three or
four term nal dewissbowi orFIéix3nam aptical vmrﬁi-?pﬂﬁ)tdomainﬁzmi‘taﬁdﬂa@ts)?r 30avi ce,

B e e T T N
al | ow f @mati on Ghe optidahddvices er30&|(bnlpfmd dstav}aapfs@hrrw:am dqedined, $orerarhple, with
E)(r)pfs IeS\/:r ? Péalhc §Da$8%ﬁ€‘§°&’$“}§gpg‘ter§mé’% t ?5xn11d on and 1 utC 1gartl%n\@§3cepsd3 9(?0393-f our
3004).
Deep trenches 3-308 are etched from the top si.de of the wafer into the substrate, for
example, between about 20 microns and about 150 microns or more or so into the substrate,
25  making sure that the profile of the trenches are acceptable to maintain good coverage of a
later deposited conductor (for example, by having the slope of the wall be either vertical or
_inward tapering (looking from the top) rather than an outward tapering).
Dielectric material (not shown), if shorting is a concern, and conductors 3-310, 3-312
are deposited to form positive and negative device contacts 3-314, 3-316 (one of which is
30  obscured from view in FIG. 3) for the topside optical device. In an alternative variant, the
substrate can be used as one of the contacts, in which case only one deep trench need be
made. Similarly, if a three or four terminal device, for example, a combination laser-detector

device, laser-modulator, or laser-modulator-detector, is created then enough vias or trenches
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‘upon whet her the substrate was used as a contact or if it is pOZ%iBE§2mﬁ’
conbi ne several of the contacts in a single trench). 5 Next, the Substrate
3-304 is thinned to the point where the conductors on the bottom of the
trenches are o that contacts 3-318, 3-320 are for n be
put, on the gﬁf@%ﬁ?%? the wafer. At this point, the topsiggggggpggnldevice
3-322 is capabl e of bei n]g? closely integrated wth an electronic chip
3-324, for @&34fpreanadede aliowfomgating afsontpcls o5 Al phihe apnrerriat gomts on e tepsids

poi Nt | at er g HeadyRieltd\d aGhurkiiil RS bGaka A8Y4SEya-Badieantn b

el ectronic O%Li gdég%??gglé]%& %‘ga%lﬁ‘mu/ga?g@scqﬁ%%gnﬁsm%n Int egr?g\%’e op%ei ’caF uﬁllgt In
sone var i antson whethsr fressubstfaty waswaeapisa qootayt arifdels possitde tomembme sgieasd of thee
added to t en s.after, the contacts have been made or after the
joining to dﬁﬁ&%PPéﬁgﬁﬁg%%ﬁ7%r prevent damage to the contacts. 15 In

anot her &l t er nat Nes, thasutsiite 3t30d iphimed ®i thgpgintodiesdibe asmdietssranhietbatooy e

except, the .thinning of the substrate g st en the conduyctor

|l ayer is re Eﬁ?@&eﬂ hﬁg?f&?al?“{ﬁ%" HECRRES 3@&1’{]&?@&%@&\9@4“?% eé)uigé’nghehol ein
t he conduct bsttdnayLthe whitirs difference is illustrated in FIGS. 4A and 4B that
contrasts this variant's approach to that of FIG 3 Fl A is a cutaway

! G 4
side view of a pHf HioRPiRs thy topsige RtRhgYce frise ds wapable At bringdlesshdaisewtedi t h

the FIG 3 vahiadRiec®bnik BEipi3tisantot Sfmpld) coltdning Qrivd 41 3k S cftedi@P. 1S made to
have tapered walls 4-402. insulating dielectric 4-404 and conductors 4-406

are addéd. The &ubwre paiet latey §B jeiming|eé Hetonsids epticabdeiders-3 2 2end dheodiprtionicr| G
4A, the thinpi t i : : -t he conductor 4-406 is
Bfip"3% 251 dﬂﬁéal%af%% Egiﬁgg%ﬁ{?%%@@um t]

exposed and a poil nt “prior conductor inner surface 4-410.
25 I'n contrast, &ssosteowniaits, aoimetEor exXagplemiolyinidy, gorrpimoe glagyare pddedr e i s
an act ual %%nﬁ@ﬁs'a@ce}tlﬂgcbrﬂ&% ha%rgzage%%atd%bﬂigerge C]B i Q&id"é‘hteﬁéth%i@gxﬁ (and

any dielective that may be present on the surface). By processing

accordi ng t praventsiawmge trthe coudteets. t he t opsi de optical device 4-412 is

brought .i.nto contact with a . solder 4-414 on the nating contact 4-416 of an

ol aotrotbe. oni b i gt serfati R Vot A WiReSng mRedHES sl iR Bidvehéept i 0,
w1 draw t higintig bethe Sahsttate ddesibd stgp whed the codiRctonlayénds deadd30. Inktehd, tie ovi des

at | east twg benefits. Fir " t.he

st assage of the solder . jnto the hole wll
tend to dr adiPRBE pOBTRPTIY tersinn BRI° SR CoRMERT NG TSI SPPRR ISR, ¢ o
some_ext ent A Qadi £ BECAIRN: ¥R A3LAAIUR3.RETHPORIR2E51 variant i sel f

aligning. Second, -.the drawing of the solder into the hole hel ps ensure a
good el ectrical FEGrHeists fpway sidadievrianorionof a devies waly precessed in -

20  accordance with the FIG. 3 variant of the invention. In FIG. 4A, the hole 4-400 is made to
have tapered walls 4-402. Insulating dielectric 4-404 and conductors 4-406 are added. -The
substrate 4-408 is then thinned. However, as shown in FIG. 4A, the thinning stops at a point

between when the conductor 4-406 is exposed and a point prior to breaching the conductor

inner surface 4-410.

25 In contrast, as shown in FIG. 4B, the thinning continues until there is an actual
opening in the inner surface 4-410 of the con'ductor 4-406 (and any dielective that may be
present on the surface).

By processing according to this variant, when the topside optical device 4-412 is
brought into contact with a solder 4-414 on the mating contact 4—416 of an electronic chip 4-

30 418, and the solder 4-414 is melted, capillary action will draw the melted solder 4-414 up into
the cavity 4-400.

This provides at least two benefits. First, the ;;assage of the solder into the hole will

tend to draw the two pieces towards each other and into alignment. Thus, to some extent this
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FIG 5 is an exanple of an overall process simlar to that of FI (élB@EEX@ot
it is an exanple of a variant enploying the technique of FIG 4B. | 'GS.
6A through 6L show sone of the many configurations of devices that can be
formed according to the present invention involving a topside optical
device, for e topsi de active | aser 6-600, a topsid i 5

det ector 6- 60%0@)0@34?3@& de processed nodul at or 6- 604, accg$ i%\‘g)é?oglthe
present invention, in conjunction with other |aser 6-606, detector 6-608

or nodul at ovargus eelfrtignies Seemds the drapingefdhnssldentoid Be Bals heips FRRITe 98 de

opti cal _devigariod OBl RESS Ol Can B il RESOT At T ON FI CS. 7 and &
illustrate approac?‘nes that have been used in the prior_art to attach

nul ti pl e bott om B 6 is anexpwpledé peovdrabpro¢ess smilastpdhat efF 1 3£¥cerhBald) de
emtting (or detecti ") Vi J Y JPRRG. 4git egrat ed el ectro-opti cal

chi p. Accor%ﬁaﬁra)tlet%éat\%gg%ﬁgl gog%%cig%eéﬁé f, rru'ldtBlan e lasers, are forned on a
waf er substrat e FIGS. §A Hdugntlashoerseartaf theahanymonizguratiegs of devieas hatslan be

detectors (interchangeably referred to.herein . as,ph . their
own or on a%‘\KﬁlFé?ccgﬁﬁ%gtatPéﬁleeprf’sr‘?ntclf}Wﬁn WP ST O?Sédsego gfzﬁ%g%?%g?‘{%)m& P fle
portion 7- 1Qsiak adtive 16eds 600k Gopéidd @etiwe! deedt 64602 binetopsidepriocsssdiahaiatatortthe

optical devices 7-_106, 7-108 and fhe substrate.7-102.is f a eri
al which i sS¥heraing otheprsiat Eenton PFEUIEIR e f&fe‘véﬁ?‘gaﬁd%ﬁ%“&%gc al
devi ces opepak@duldides-Gey aGREs FelaVe to 4 subR@atab 12 bEMe 2Pside optxabadiidesi ng

conventional techniques such as wet or dry etching . to formtrenches 7-112

among t B@ devi ces 7-106, 7- 108ORI-rEertoBisAteNice HAEMI™ Mt 0 a series of

di screte indivi drﬁbs. 71238 8 Bustatt QFprBhchISin8IHa0E bden 1O id@nd GRS art tdERERNdi Ng
upon the particular techni que used, the etched trenches 7-112 nma

A [ sto
prior to reaviiinigbetiom eittiner(ar detechingl)2lsp referzaddp as Packside eritise (?rﬂéécmlg) %
substrates -e‘liggs'to lf&_}nlaggg aﬁ&gm’%‘g"gﬁ& ch?é‘bSt rates 7-102 and their

ted,

associ ated devices are nver |gned_ to the proper |ocation over a
Silicon (Si) el edrading tohe epprdachbf FIG it riybipdeldsers, eretfrnegjond wafer sghstiatanaf er

7-114 usi.n v.ent i . flip-chi :0\Q i L QU i ng,
(he ent 1oty RP AF AR ol Rt o g3 g ab Bl chonccblyRefith i RS 1O
convent i onalas phetedesrtors)lonpindit svim orgpreew Hfecmbstatamenninonatithdhe lasers chipiaalles or

sone conbi nation.th f,,t0, O he o f | . ss.to
1 ow for cROSERHIR 10 oLt 8bsPHle 7102 “Redt e MR Ry Hethld aflions 33

el ect r o- opt i108] 7-16¥ &1 tie subbiratd 0102 & thide o2 H Qfateribl WELIHB ISR IPERERA & BG51
Optionally, the integrated el ectlro-_opti cal f-sr 7]71@ [ 1(}igen atterned,
using convatRvelsagh 2t whigh thgeatcal igvicss operate: ﬁﬁ% TEE Vi ﬁa’f‘ E&MERand t he

i ndi vi dugl 4RL&EIALSnAESveRARBECHMduls Sith agivet drafy @eih@fd foriiRirehey 7-N1R

7-118. A related alternative approach to the techni que fo‘L FIG .7.]S, shown
in FIG 8. |amangitke devices 7-106, 7-108 which separate them into a series of discrete mdividual

lasers 7-106 or detector 7-108 devices . Depending upon the particular technique used, the .
etched trenches 7-112 may stop prior to reachihg the substrates 7-102 or extend partly into
the substrates 7-102. Following etching, the substrates 7-102 and their associated devices are

25  inverted, aligned to the proper location over a Silicon (Si) electronic wafer 7-114, and bonded

_ to the Si electronic wafer 7-114 using conventional flip-chip bonding techniques. Following

bonding, the entirety of the substrates 7-102 are thinned extremely thin, by conventional
mechanical polishing methods, conventional etch techniques or some combination thereof, to
on

30 the order of about 5 microns or less to allow for close optical access to the devices and create

an integrated electro-optical wafer 7-116.
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‘5 approach, lasers and detectors are fornmed as described above. Mm%ﬁﬁeﬂf?%
when the technique of FIG 8 used, the trenches 8-112 are etched into the
Substrates 8-102. The substrates 8-102 and their associ ated devi ces are
then inverted, ali %ned to the proper location over a Silicon

el ectroni c waV@U3B4284  and bonded to the Si el ectronic waf®&t ‘W A si ng
conventional flip-chip bonding techniques. Follow ng bondi ng, the
substrat es 8- 10Dpsivsallyhtha imbgyhtb@/eltﬁrcrq:tbwlemb,fefo?ylkﬁdmtenphmd waehani cal

pol i shi ng net hods vent i onal ch ues S Hation

t hereof, td HY‘T“%‘W"H ge‘rd[’}gﬂ‘bcgeto@fﬁtfc éhe 13‘%31@%% lgsges aﬁ&)ﬁlﬁé?/iﬁgg%ﬁg% ?:rgeat e an

i nt egrat ed @hied tith-a6 phti-eflectiat (AR )Bodting.7-1D8t | onal | y, the integrated

el ectro-opti cal 6 is then p rned t rotect th dual

| asers and the |41H’ﬁ d&ﬁ@fﬂﬁﬁ‘éﬁ@@%@“ S%Ee%ﬁ?%c?f\%l{(? el %?&@f%ﬂ% Sn (AR
coating.s Ippidach,iRedrhduecteb afaqudalasdesznamba&m@wmhevhbﬁ the@shhiahe to
get opti cal Plbers or optical |enses close enough to the devices to ﬁgpture

t he appr oprofdle- § psghsth PIFFHEFLS 413 Fereished iptodhe sHOSRAtT - W-t)rﬁhﬁ&lbs&ﬁt??l% 1

adj acent deyiqGhg: Js%c?aiédecfehc@@&e Ben RREL, ﬁﬁ%ﬁ@%@&e%ﬁdﬁhﬁ%@aﬁoﬁ ovBaHli&m known
as "crosstalk". Typically, this requires that the séparation distance

between a @dwalestroninwaten 8ot andibondadee theiSi slsetranig wafer§-dl enengrenyeientlhan
100 mi cronsg gcgl(ﬁgo%&hﬁélﬂﬁbﬂes ?gfl%g%act IQR GOSLCS 8Li1d8 brd HGT Prdtly® NO

si gni ficant g S over e region of the devices that
will pr m/en:terdowghbytwm'nnmhnpﬂqingmsalmobsmnwnethohmqmgenttoa@lrﬁmhq@sénmﬂe@re 7

reduces the_thi cknes e ons or
| ess and thseonéepcﬁ%béncﬁon {hm gtoﬂolrv%%lr)glg% c%pﬁgélgaﬁ%es%{rgg? ée&é’%%ggﬁ enti r_e Y,
| eavi ng mul m@a&ed/dmhbgppucaid.afmﬂdaﬁt optical devices. 25 Both of these

t echni ques howev ar act erl ect on chi hat
have hgat di ssi p@?tf VA% feic{%%ﬁécgﬁgﬁﬁ ?@;@E% “ﬁ‘a‘: QC/‘ (?Kl)t ot evi ces
mor e]c sensi t indfridual laﬁdi‘ﬁﬁ{dﬁhe mﬂﬂldmepctwamoesadre séateﬁsﬂlsaxmmduﬂeﬁmo? my@atmgd
manuf act uri ng proces e ual .device |j i mes_an
accordi myly, decﬂé"égiﬁ’éluﬁ %’ﬁ}?ﬁ‘é@dy @g@f% ebtﬁofsﬁ“& CREFEROEF O ¢t he
approach of ohhilefdeftlose ndhe 18 thd RoviedBichRuR: théa %l‘éﬂrﬁfgiigl‘lt ithdh} alégveing 30

FIG 8 (where the substrate is conpletely renpve stresses experl enced by
the devi ceshé}ﬁéoﬁlﬂgr%ﬂm ong?lil&ﬁbﬁ@ﬁ?féﬂdqv%?e% WeaffﬁéfrathOﬁm?SwWe%H cYesH Be | ayer
which is th ?{J Waak F¥oleate Stynicafly, R‘lu@feqﬁlli’& tﬁlﬁ\’ﬁecs%parg-tionalﬁad@gge@@%a
03/ 003423 S02/ 22051 Thus there Ts a need for a way to create -an
i nt egr at ed dm@@ﬂ@npptmﬂﬁb@wrppnqahmcr@em@@lesaﬂlaséﬂ%mqrvlé to the thermal
and or ructura %%ﬁﬂ M58
addi ti 026 a manu %@?e&gﬁ E@%&dgﬁg%sﬁeoga}t@ﬁ egg%}%?gg asqét\%gs ave%la S fo
obtai ning the tqummtegm@f éieeisvmmhat Wik prevent lightefjors aseaping sibecthe thénreng her
or both thepgsgl.ves ty.
By manuf act gc?:‘%lau%%tifgét ’%]re%XC <. Ca Qé gf tﬂe Sitfte Qt{bstpa%j? 155 %Qb%u{ﬂnfcgoﬁ%%ﬁ'

less and the-approach of FIG 8 removes the substrate 8-102 entirely, leaving multiple wholly

@D

independent optical devices.

25 Both of these techniques however, characteristically create opto-electronic chips that
have heat dissipation problems during use and leave the individual devices more sensitive to
thermal and mechanical stresses produced during the manufacturing process, thereby
reducing individual device lifetimes and, accordingly, decreasing yields and overall chip life.

Moreover, for the approach of both FIG. 7 (where the substrate is extremely thin) and

30  FIG. 8 (where the substrate is completely removed), stresses experienced by the devices are
primarily transferred to the very thin optical device layer which is the sti‘uctura]ly weakest
part of the device.
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(interchangeably referred to for sinplicity as an "optical chi p") and the
el ectronic wafer (interchangeably referred to for sinplicity as
"electronic chip"), the manufacturer can take neasures to ensure h%ﬁc £40a
‘pads on each are properly placed so as to align with each other when the
optical chip iwoh9ssiioned over the electronic chip. Howeverpcriyddsatd Y
electrical and 10 optical chips are not designed concurrently even i f they
are designed and_f abr,i cat ed hin the sane, zation. even with
2 S gl e manut acTHFe /i get e ey Teith Bbi EUR PO S SR

or gani zat i Ons Wdshive QORE thel@a1@H Br §thR 0PN kireeds rafting! fRh pRBEssing Rhdlor vdESI gn, a
| ack of correspondence between contact pads on_each can easily occur. -

particul arly whét 89, amagpiepier af epiaglegrpoirirenhasive arawet @r Phipnge

parties in %@%gféﬁl M%feq&a&b Aty AEMIFEES e LI P bHE kh BRI EL 8y 1 t'hgy can
cont errpl at ed reover, su sequent |rrproverrents or Changes in t e esi gn

of eithef noptaeeressibptfeom p fhird meetyt By masufaetugng bath thecorsealdaicespads,

thereby intg I d. Even
worse, i1 ¢ HERaHEEsR SR LARER) o PR PR, Fal g Ul Pl

di fferent c(pttevrclaahgezahlypsfenbdlto foh eimppititycas! ané hﬁeptsonar ehig' )y thotiatyfacirenden take
obtai ned frqomthir [t Q 20 exa S. CO | i 0 de
emtting verqu%acan g’ae\gl h}agtshé S&S eta{; gpmp ? IEIY %Claée\%esf’ £ goa cavg‘tea chgéer rs,

di stributed Wlmdhm@ncﬂmﬁ&)m pbsmm&ﬂrolvhuheadecﬁbagghipefHMVm; typloBRy elbmaﬂ and

(V\/nich ach e better chirp.and |inew dth haraterl f.or

di st ancé appq | Eétcp@ﬁgl')enofg gﬁconr"%%q _ i?]v§nbféﬁeérc§rgggs1%}e CffaB aFeéié'éla‘gﬁ‘ ng
det elct or 3) tth@tanas cﬁgé%ﬁoilﬂa'gmlfsaﬁeﬁwﬁﬂh a];1 s@igldii&ﬁﬂdfid&uﬁﬂ, ﬁﬁllessttﬂerm*g:ﬂdsﬁl e .
unr el at ed users is unlikely that the pads aon the o evi ces Wi
a1l be 25 | OARERPRYEHE e frgapiraiion, wilhiggad to Roffetpe P Esaeae E¥Rpat i bl e

with the el efekiphH 16clEdH cBrresp%ﬁderﬁéBé’fﬁrEQx coﬁfict;ﬂ%@y\éh bdoh chifzasfly odtubl pitiularly
optical device 9-300 has contact pads 9- 30 9-304 placed .in the position

speci fi ed by"heeonaaibpicae plee desiense mithspleyip third partissin grndor ipjgerationgviing al so
has cont@act Rafss ﬁoxﬁ%hcr Qoudded is &%&cﬁnﬁ]‘ﬁ%cﬁ rM@z@mFb? slibRbudR S BvéaRitsRe chanﬁcs

connected, placed in the position specified by its manufacturer.
optical deviiadhg design of pifheneay m@psnafe(gltemg the tdeptipntafjtlee ¢ootagt mgs,\mem}'t he

el ectronic ¥ hy ﬁ%lﬂg 43523308, 9-310, of each
will not be a :ggur?glg epgg(?@% . |%¢§1 %l%%éPr%ﬂungpr esents a problemin that
it limts the abiBvehyotss, if theeleatrdnivehiphd daignediode usddbwithhe marjety 6f Chff@mtp is

designed wt ctl rtlcu a 2 8 DEC
20050, 03/ CUHEBSRET e s sy BARS i dafnofy SbuPetndd il Mo B (8 oo &
di fferero deemaﬁplevwmjss @nthﬁ;ﬁ@ﬁ@ﬁdc(mﬂmagtrerﬁbaaeaﬁ@nﬁs,ers Bdttont dsmlttpigaztamcalg and

oot ce - Thuecs i GperSiastad] {oRlsptk g5 okt Mnae pfeforT b foied Bt
ability to ndashamng méxcdmupinaiﬁmvﬁem dmnhdstahﬂhci ﬁe[cmgblestage aplicativas)diopsitie on

bet ween the design t her or, fhe use
recesmgg ‘c?letectors or Lottom recelv{ng detectors) that are mass manufactured for distribution

to multiple unrelated users, it is unlikely that the pads on the optical devices will all be
25  located in the same place, even if they are otherwise compatible with the electronic chip.
For example, as shown in FIG, 9, a single optical device 9-300 has contact pads 9-
302, 9-304 placed in the position specified by its manufacturer. A portion of an electronic
wafer 9-306 also has contact pads 9-308, 9-310, onto which an optical device can be
connected, placed in the\position specified by its manufacturer. If the optical device is
30 flipped over, for flip-chip type bonding with the electronic wafer, the contact pads 9-302, 9-
304, 9-308, 9-310, of each will not be aligned, as shown in FIG. 10.
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
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standard or common contact placenent schene. In addition, in sor’@sc%zefmgt
is sonetinmes desirable to coat sone of the devices, specifically't
detectors, with an AR coating. An AR coating prevents light fromhitting
the top of a detector device and being 10 reflected at the detector-air
interface due“Pd*P¥d%differences in the indexes of refractith/USPRRYS g

i nportant for detectors because reflected light is light that does not
enter the dmbseguent evantsairéate anckdhiensa dferemtoievige with p\iafferen comach pletemndnt.i cal

signals (i. Lids, | Light' fro L L Qk ' an AR
coating optaﬁlmth!% IS@LH%MS‘%% oﬁdélgalq%)ﬁ dg?? {%@gﬁégﬁgﬂe& %5 %é?g%{%elrvg‘ﬁ,)é%%%g gé it
prevents | idgvicefrom being reflected at that interface. 15 Lasers however,
require a top mJjror, of.ve high, L n reflectivity. in order to.operate. AR
coating on a | astPSCRARIGMINE TPe o pRoyPE RS frotftaes B oo P R el )
at a m ri muevices withdut tiched Bdieaiyadobdimatidrebdtwediathe asighgrsac titeRotthe tidtdflaaser ,
if not prevent, it fromlasin Itoget er. If a wafer has both |asers and

det ect ors i Fiaugardrcqgumop coppctplacegek@chienisr only the detectors,

conventional w sHQA#BH il sdmRNERES IsRahetERAUeitabRAb 64tRbME ofthe BiliRccwafl er be
20 perfornmed tQ protect the |lasers during the AR coating deposition phase

to ensure tipgeifipallyshe detepiers, vidhancAR corting: not covered by the AR coating. The
prot ecti on or i ApAKAGld B4 BRIl ARGHAL Aol doloEloPBEiclHi 685 On ¢ he

wafer requires extra processing steps, ' osts tinme, an e_nc‘é _

i ncreasky tiefedebat thy dgectreirsinterface due taths diffenancesdin deesindaxes plosfichpn.i This of
damagi ng thg. j i . ical

cont act pads PEOEE K aeRAH:Ramab B et bo B BRI ocenePUBLERGReer
devi ces caussishentéen not breszerntty ipoelecieivsl signels (tdid is Joo bgles fom asystm peint
performed o iR hayi .ectrical .co t R i.n S area, . For
exanpl e, ifgfa‘g?:ﬂ)p uggn ‘é{&eé’g ﬁ%&ﬂ%ﬁ%t@c@gﬁé&g&e@%%m 8%/@%3%@%% Seatise 1t

el ect r opl at pregentelight fronl tedrs refibatdd at that inkeefandl evapor at es, e- beam evapor at ed

or sputtering techni ques are used to.pl ace 3Q.50l de n,the contact pads,
the hei bht of t HESFEIIPET R auieioP BURO! VPR HIgHS TrHecRYPHROMET BTy t or n

areas to praRewhtingEes Rsdr cBAgARMe eslet MEtyRECR6S mitRe. 98ladesultPataEnaien fuch
taller than _the optical_ devices. 13 2 8 DEC 2005 WD 03/ 003423
PCT/ US02/ 22Wil4 detripgntally affqchthe dasie agtyon of thy Jasaribnet preventiblem dasing sttessthera

protective | ayer rQupifer A€ bbAIRES andBitbRordtd AWNY, gL AR Qodh®iind i - €.
| asers and detectors) to be AR coated. Thus, there is a further.:need for a

way to per nigteqipmonyemtigral siisdem vryid mapdaiethabipecigloviieaing of thaagr et r oni ¢
L e s L e S Ao
patt erni ng seraleviceswerg ngt ¢oyered by the AR coating.
The protection or disparate treatment of the various different devices on the wafer
requires exira processing steps, which costs time, and hence increases the coét of processing.
It also introduces the possiBility of damaging the protected devices. Finally, it forceé the
25  electrical contact pads to ‘be i)rotected_as well. |
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 evéporated or sputtering techniques are ﬁsed to place
30 solder on the contact pads, the height of the resulting solder bumps, renders it difficult to
pattern areas to protect lasers from AR coating because the solder bumps are much ta}ler than

the optical devices.
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‘W create opto-electronic chips which, in some variants, provides one or
more of the follow ng advantages: allows use of a | ower operatg apgyegupgpsnt .
thereby reduci ng power consunption and heat generation; provides better
‘di ssi pation of heat that is generated, 10 allowing the |lasers to run at

| ower tenper atyy ﬁﬁnoiﬁ?r eby increasing their usable |ife andppgys@lQishdi ng
better wavel ength control; and/or having a higher structural integrity .
resulting in fewer defects and jncreased device lifetine, W haye further
devi sed a way t oPT9HaEdRcke @ Wepo elipinats dhedieed tOrmIRFR 2gRPIHLIVE LRYET AT e Jgsers
integrated QptI0aBdvaE fRRhGrGeNirGEs. 1dsbk 88P&RE046 10 be WREBRA. t he conponent
devices are 15 manufactured in a coordi nated manner or have conpatibly

mat chi ng el ect ri Eays, Bewstine further pped for agyay|te pergytipeEratigofaylErigdmeseld a way
to create agedifleanatReARE %gk@ﬁﬁ%ﬁ?'a&digﬁﬂl grgcésgiﬁg stefd, beWSis htf-reRBtRAL 1 T €
waf er having disparate devices to be AR coated, w thoutf speci al rocessi ng
to protelt tomingasebsdone afthewhplagvafdnei onedimid andyvithoul spewal paltrping aktexgr at i ng
opti cal dev&rﬁ%?tji timately with electronic chips, four attributes are 20
desirable to até reliable integrated optical devices. First, it nust be
possi bl e to get U drexd orftolslertsomic chipstwidel, id eneesrieltspeovedes oghortmore apther e

the light w thOUt crosst al kll Secon 1 t her e must bet nt? %bsoc{ bi n% \INa ers
above the adPiVED8 FYERARFSot IS ESHRNA \ONEr QPREGPIS BHTRY SRR L AECIE RO FY om
lescapi ng or ﬁmh ﬁﬂ?aﬂd%ap@dh&ﬂaﬁ%ﬂ; gfovidéegéttée&iss_iﬂ'dﬁohdf héallﬂlﬂfa’Eis%waﬂteﬂ, bfef a
arge enqugh_thermal nass attached to the devjces ta allow r i ci ent
heat di é§i patlPwine theaiero %Q%%W?TGEPWWC? TEHY ICtPagiee thi ua%\?q ‘Bgémﬁ?fom d be

mai ntai ned Gudvidiflg BERE R EPd1G IS @R bnddrHAFHE S hipheSdtfudhuis gy ie@@inby t he
devi ces do not inpact device performance. As noted above, the approaches
of FIG 7 adewedefects apdincregsqdgeyice Htifpr st two  attri butes however, neither

of those approackgshsgiiciel 85videdd waphs Hitedtatd Qtichihng leRECRCERHED cred an
approach results in a |large thermal "nass attached to the devices (i.e. the

substrat e ofintegrated epiocasiropie dever; dsespectiveefsulicthss theiremgenant davicepgiehough
appl 1 canis af & HRRMES i a%?ﬁ@sgal&gamg%ﬁ,? gambﬁlh%;% J[n)'atc.hﬂg elRbdrihl c@ﬁttact%%nts.

ot herwi se, the approach o pote pe made to satisfy the
fourth attribute Syl fathep, v3 IRFEISOSE ANBYIGLGAE 42 MtRTAEAUISOCL RO IC deviopithaf a

t hi cker | aye f SU 1 . vi.ce. . e i Lkely only
be acconpl iaglﬁg’afcfsffag t% ]%tggtg‘%g’gr%gl?‘?lﬁngdl a\féetgg?\vé(ltgg@eé%é%%@t“ﬁ @E{I%Pédggvi ces were
very transparesebsifigto prdiect tiseiadeesg taffecting Weirchilith® ldsevi ces oper at ed.

Mor eover, for many, cases, .t his. | d r.educe, .L.f.not destrqy, the ability
to satisfy the fi ?%??F%?@cg%VWPW?tFWéY lb’ eéﬁ’cgr(?m&@ﬁlpls’%‘ﬁtaéf‘ﬁve%a? npact
t he operaat i aies@dblétolciatireliddis Bgtitddaptcdl Aevitedser were redesigned to emt

o, Tor examble, g SSMCONdEl oL TRl kel LS Lhan b N s aned o

the light without crosstalk. Second, there must be no absorbing layers above the active

region of the devices that would preveht light from escaping or entering the particular
devices. Third, there should be a large enough thermal mass attached to the devices to allow
25  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
impact device performance. |
As'noted above, the approaches of FIG. 7 and FIG. 8 can satisfy the first two
attributes however, neither of those approaches satisfies the third or fourth since neither
30  approach results in a large thermal mass attached to the devices (i.e. the substrate of the
devices) or reduces stresses on the devices. |
Although applicants are unaware of any such case existing in the prior art or

otherwise, the approach of FIG. 7 could potentially be made to satisfy the fourth attribute by
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‘thicker substrates were left, it would be necessary to AR coat the
structure to prevent optical feedback into the laser. In additid ,DESUgdps an
.approach would |ikely also foreclose the use of comercially purchasable
‘pref abricated sem conductor optical devices, such as nost third 10 party

of fered VertiV¥RI¥¥Aty Surface Enmitting Lasers (VCSELs), BSYYHA%H Feed
Back (DFB) |asers or Distributed Bragg Reflector (DBR) |asers. In sum we
have devi sdéavmmathcker lwwséélmsﬁan& ﬁgmaﬂevmmt}i[cc;&lveﬂﬂxiémmmaﬂymmy‘eé ectronic
chip to create op. elec oni c.chjp at c

SHt P but oo xEPRRUEHT i SoRAtHE e Gl ReyietlRs IR mhery bifbre e
parties whefe d@ﬁe:lér@d; at Stmdhlthé aavwaebpermlhqﬁﬁﬁbv@,dfos?ﬂxmg?seslﬁnmﬁgd tdd@acd)ri or
art in ter ower cost to produce i.gher yield and inprove perating
life. FI G”?&qt depfeis the 2 hiliy %Fqsﬁg‘ﬂﬁﬁtg’fﬁﬂtr"é‘?/@d vm%f Predpplsg fitripsnt #ﬁf

appr oachy aq%a@llﬂ&woae&uoﬁ bfa h@&quwm&% tHeNBset WYRAIEABBedBicthiARR! RACH
overcones shortcomngs of the prior art while permtting close optical
access, rerixemals. appaeedngiormeFiAsatheteapi heingglesisnadgn emitduntp gt by addition, if
ntegrity, My, BRtdes, i Dous, ngde&:ifypc@ Eoaf MRLAGIEEIS bkt ol 1 L NE

approach of 1, a laser wa 11-502 “(nade up of lasers int egr at ed
wth a subf@@dmclem!lplthimqr ém@@l@e&l@hta@ﬁpmﬁ@rwomdm i(lmfweechqgeﬁlﬁua@@bct ors

i ntegrated \Mg}_]?ﬁgialhzé.}t}ﬁhas %r%Panliga@d Je 'c%?&e%i}t#rﬂl:?)ghcal 8£v1 ee)éaﬁpﬂl £ mg

manuf acturin nvent 1 ona ue or pur c AT rom an
appr opriat epartyioffireqddidrycal Bhtityr Svaface/Binittingal dspds (V dsm)e]mstrmaiead Fagd Béckbot h

| asers and tors in r d w,t C.QL substrate for exanple, in
some 25 al t@)&:@&i‘sﬁﬁ obgfﬁe‘gﬁ%ﬁraﬁmggﬁec g Fﬁgﬁ ¥'s manufactured or obtai ned.
Trenches 11-506 Jaksemeke had dedisd@d DOSp® c&bsmm&égrauatopnéamdéwdeduﬂd arfélvdtoak ( by
etchlnglnt ubstrate . Nn_sone ca into.a ri ate groups of
Gevi coo, | T oiRlaRTes S-ERUL 1P RO ALY YbHIeR o oa BeBiR: t | ed
Redu ndant Devisafy d%ﬂircaé’acﬁhlkéﬁch'&@ﬂﬁﬂdrﬁaﬁféﬁ ivien dRfredM $till futtRet, Wbk ddSantages

i ncorporated herein by reference) etchin |nto the substrate in 30 sone

pl aces Whi | eves thsgpiongt trﬁén@%qfﬁovberrucwt tq profiyce, i gharivirl tddmernyed prargmelife.
others. Alternagig/ ¢ ¥howd! B%ﬁnﬁﬂ}ﬁd'hf%‘flx Q&Vel %mé‘wrk% ekmﬁme gﬁsmacs&mi b
optical chip itself, fper se e creation of the growt h”of the
devi ces, or thetteashings ofd hecmémhea This eprpash @ercemes) shortemyings qiits P srtyhile

031 003423 P ERE Rl e BB SRS Al it helfoPt 02
then i nver t integsityd aud hayirerbetergheraial diedipation diriractanisfies: 508 and  bonded t o t he
el ectr 096 ¢ waf erIn]tl}e apg?%uﬁ bf¥hrG, flPral c?qrg%e?ll gg]gzr?a% gnﬁ a,se]:crlsl ag?cpwﬁf?ndl ng

5 techni'ques or sone er approp’rl ate propri ni-que

acconpl i shewﬂsmtdlhgomfantlladetedpt weafat 1 wad4gmatioup hfedeed:omm mtapratedwiftiea i n a

sui tabl e and re | t ernativel advant ageous| y i n sone

asce, furt MEEr SEAGIREPGe i S Yt hn g AT LAt
techmque or by purchase from an appropriate third party. Alternatively, a hybrid wafer made

=3

up of both lasers and detectors integrated with a common substrate, for example, in some
25  alternating pattern or other grouping, is manufactured or obtained.
Trenches 11-506 are etched to process a wafer into individual devices (by etching into
the substrate) or, in some cases, into appropriate groups of devices, for example, as shown in
a commonly assigned application entitled Redundant Device Array filed concurrently
herewith (and which is incofporated herein by reference) by etching into the substrate in
30 some places while stopping the etch prior to it reaching the substrate in others.
| Alternatively, since the invention is not the creation of the optical chip itself, per se

(i.e, the creation of the wafer, growth of the devices, or etching to created discrete devices),
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-11- 102 can be acconplished, as described i medi ately below, eith pri or to
bonding an optical wafer to the electronic wafer or after bondi re?gs

as it is done before cycling the 10 devi ces over operational terrperature
‘extrenmes by device operation if done after. Such processing is unsuitable
for the prior obfShNni ques described above in connection 7
and 8 becauseW%r#3 Esed it would dramatically increase the %ﬂ?sfﬁfﬁl
produci ng devi ces by .requiring. individual_ bonding of eac scret e device
i f the substFabyyewsid bevhmrsd 9‘9"6 lytithe QR lsteviee |"@éPF‘S‘7 E‘é@a‘i?fe yield,
due to stregggand/ or strain problens when the 15 substrate is very thin.
Dependi ng upon the particul ar wafer(s) and tical devices used, different
processi ng var|Hm@tla%lé1ewewp%§§|ﬂmnénvertﬁdan 3ligged wrmaﬂ@ctrwﬁenﬁ@ﬁraa@e is
thinned dowg,dugs & hOLIEKRAGS Syl BXSRSRi fop BBt ABventidnhP Gingd € hi N
.a range of between albout 5 flr%]nrcrons %n%’ 0gout t e 106 r}é }rhgn thlotrﬂkn ss 20
typi cal |y rteqhriqued of @memtb@@pmppmataproawwsecmuaﬂ@temmﬂwé@a tendingiofithe
substrate i 0 mcrons and about
a thi cknessg%%rmr‘g%g%ﬁgﬁ eeie‘{tr%% %Srhl R lﬁggfsev%&??ﬁﬁ%%ap&%al devi ce portion of
the wafer. In a Ahemstxvetyg amiﬁdvaﬁthgoaﬂjomsoaieeases, fuﬂnhanpm;tes*tsmgbéthmebstrabout 20

of "t ho subst DRt ApEREnr: dested reRPRRRRE DR i rhafn o

portion of bftalveiferto thdidledtond wer R afttrdaduding o 1dng a@1tf1’s flére beford &ytling thze
substrate i s thinned down to a thickness gbgut ECHZI: to t he th| ckness of
the opt i%al %’%ﬁseﬁe’fﬁ@ﬁa%‘i‘? trnerghTG ¥ tEsaes By dovdcs gheratig 1 B%ﬁféq‘it % m t he

descri pti onpRRbENg it ihsaRMN BANEPrid irbtctRfqied MEBEbALbovdIR colrdbhdRmSFIES. t he
overall substrate could also be_kept |arger that the thickness necessary

for close 6pR}EhpcatceHIged, ftd’\’ou&%mﬁ?‘épanmff‘ésea@%é@é%ﬂ%“cﬁ’@ée@(ﬁ?ﬁs‘f}’r uct ed

(as descri beguhg E%ﬂmﬁ@alb@ﬁd:ﬂg\bfféa&h HiSsHek HEREL 1@ thed b RRtel b ccfrhlh ElyOr
m crolens into the access way to a sei)aratl on spacing 16 2 DEC 2005 WO

03/ 003423 Pemayshor mgtlcaﬂwmu@%@e due ) strer@n@/ﬁ@smaurb@reblerp@ waen th§ccess
range. & t gxpected that such a case will be atypical. An
access vvay % S%?L% S‘}e%y e formof a trench or hole is also etched or
drilled in the Eamﬂmgtueomﬂwerpammlapmﬁet(@nnébpm dyrides adedddifferent pabeessng i ght
is emtted g%ngu?saerg}l&,g osﬁ) exanple, 5 using conventional etching or
drilling techniques, WA T8 preferably | eaving sone of the remaining
substrate intact In fpevaiiang thersohmuhhes thémmed dew@ato asthhkﬁesah:eaxmd oﬂm/immﬂm)
SIOLI)IeIr.]S? ;[ on SR ec I g(:lrjv%l%plﬁ%r}al?g% o?%eetgve&{] acbo%td éOn lglclroaﬂ% abou tlhl Il&gfmcron tﬁlcﬂges Some
20  typically required for close optical access.

- In a second variant, the substrate is thinned to 4 thickness of between about 100

microns and about a thickness corresponding to the thickness of the optical device portion of
the wafer.
In a third variant, the substrate is thinned to between about 20 microns and about 50
25  microns.
In a fourth variant, where the thickness of the substrate is about equal to the thickness
of the optical device portion of the wafer, thinning is not required. -
In a fifth variant, the substrate is thinned down to a thickness about equal to the
thickness of the optical device portion of the wafer.
30 As will be apparent from the description below, in accordance with the invention, the
thickness of the overall substrate could also be kept larger that the thickness necessary for
close optical access, for example, Wheré access ways are constructed (as described below) to

allow for insertion of an optical fiber or microlens into the access way to a separation spacing
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‘addi tion, depending upon the particular techni que used, the access ways may
have straight sidewalls, sloped sidewalls or sone conbination t hér&SEC 2005
For exanple, in order to produce an access way 11-510, having initially

strai ght si | ear the substrate outer surface and sl i dewal | s
near where tﬁ\g\ﬁ@a)gi:’f%ate meets the device, in a Gllium Arg{?ﬁ/g?%n? As)

substrate with an (Alum num Gallium Arsinate) Al GaAs stop | ayer
(suppor t i ngierphecdevicg &ithasbe slosnopfisalrcaiss sangerdhpveyshat is geteated éaésuch a

(i nterchanggably s£figriefd to herein as detectors)) hybridized to an ASIC
(collectively referred 15 to as the "Sanple"), the follow ng approach can
be used: First, Aheccazsoeaysl nbhsimthe S1m of pdrendsirdolepaelseetplead opdrillesbin the

substrate. . 'S | I .t 56, M&@ |l el q}g
reactive i o%ll%gt?aé%gfel ?%{%L&nadn%“eogg%ﬁg?}el% ‘?%é%ﬁ%rtgssesur ed ‘grgt{e%\(f\}!eg’b%ﬁ% ieo. 5
Torr bef5r euding condertiondretaing drelripliededsiquegn sdids pteferabéyllceengsons ofithaat e
residual water. .Once this. b ressure i s reached, .the f,i.rst 1. 20 of
tho ef ch | ST ETER GRS TG DPRRHCE RIS PRORCAGROHt e fevieg G et o
SF67 sccm Preclasigiics 26h tehgsed irfchidide [deapriBiog, GtdRmgRewand 25nbiadtios trag- BAS Vdc

Time5 mn Tapl.e 1 _This produces a straight sidewall extending fromthe
surface of R4fEHQD,AeRep EUP‘?H e pprbicular 5 %F&S?%oﬂ‘eéwﬁﬁ%‘f’%?ﬁ&éay Wat he

device. 25 dihewdil006%8 sfeRdild iraomeabBbinesh tagesfli zed to produce the portion
of the access ways 11-510 having sloped sidewalls with, in this exanple

case, Ghhs to Al kgrsxampledniorder {qPiqduge anpeeps e L i k0 hawing intieHe sraght danage.

In particul ghed IR REARESHsCRE Hhtet SRHcALR sTPRISiIdLWIIE ABArSyitere the sibsBatPHeeg 005
WO 03/ 003423 PCT/ US02/ 22051 Si C1414 sccm SF67 sccm Pressure70 mrorr Chuck

Tenp. 30 C Rfhedsvies. 922 watlium gtsggtel@hAv}j@bstrate 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
15  to as the “Sample”), the following approach can be used: _
First, the access W_ays 11-510 are resist patterned on the substrate.
- Then the sample is loaded into a 13.56 MHz parallel pié.te reactive ion etcher (RIE)
and evacuated to a pressure bélow about 3X10” Torr before introduétion of the précess
gasses to reduce or eliminate xesiduall\water. Once this basé pressure is reached, thé first part

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

SiCl4 14 scem
SF6 7 scem
Pressure 20 mTorr
Chuck Temp. . 130°C
RF Power 129 watts
Bias -245 Vdc
Time 5 min
Table 1

This produces a straight sidewall extending from the surface of thé subs&ate into the
substrate for a distance towards the device.

25 The process conditions are then optimized to produce the portion of the access ways
11-510 having sloped sidewalls with, in this example case, GaAs to AlGaAs selectivity near
infinity with minimaldevice damage. In particular the process conditions are shown in Table
2.
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-Tinme30 mn Table 2 Then the process conditions are optim zed to _getter the
residual C fromthe AlGaAs stoplayer. This is to prevent furtR r DEC 2005
formation of HO (i.e. performng a wet etching) after the Sanple is

‘unl oaded fromthe processi ng chanber. The process conditions for this
portion of 5 WR3¢HTess are set forth in Table 3. SF67 sccprRussiise 70
mlrorr Chuck Tenp.30 C RF Power50 watts Bias-20 Vdc Tine3 mn Table 3 In the
sinpl est case, the access way W [5idpE a5 STH{} g5 ppssi bl e, so as to

maxi m ze the amount of substratgggett—on thfsgéﬁvi ce. The remaining
substrate provides a rigid franmepgpg which 7 eig'"'t 5 the individual devices
from undergoi ng stresses, for expEpt = oA %%t achnent to the
el ectroni c wafer. Dependi ng upon-&H 'Igm?*ﬁc'f ar—devi ces and substrate used
however additional renoval of su *fgﬁ&r_n:ay 2 y#er | be perfornmed, for
exanple, at the tine the accessi#W&y is cre Tlg@lydﬁr by patterning the
substrate at sone point, for exa _folla m - achnent to the

L

electronic wafer. It should be noted hoveble2, that if renoval of additi onal

substrate is not JQRRMY. : D bsirat.e i emgyved, . the
thermal dissipation ad%n%eéﬂ%&@@ﬁf%"? gﬂlgg%t%ﬁ Eeré%‘/eerr?mgﬁ’%l%lﬁgglg‘ﬂé ‘g’\%ﬁ\’éover,
dependi ng up®eplasw Friels,to predend furfvep formbiiorenf FECIA 4. iperfarimingsa wattctahingy) hffer the

renoved, th fhd ] ' tand stress and.strain may.al sg be decreased.
However, | tesca Jlil_es‘t‘%%’%‘?"’ed\é}q‘%’@ﬁ ,p??cﬁ%lsfn,g § ﬁmé‘%fhé[iﬁ Brogess cﬂ%méoélls g?ft"%@“r“@%ﬁflal

of subst rdat ethe heocesalare sdi osthaTitde3.can be i nproved by increasing the overall
surface area of the substrate w thopt—20-sacrificihrg nmuch, if any, of the
structural advantages. Thus, it shelld-be 4ndSF ool that t he i nport ant
aspect of the substrate renoval [REesHEr sufif{dmEew ubstrate is | eft on the
devices to ensure the desired thetuskiTemnd |30t urhl characteristics are
achi eved. 18 2 8 DEC 2005 WO 03/ QREBRo®erpCT/ | J024#t2051 Mor eover, dependi ng
upon the particul ar techni que usgdias provi siloB08kdct he access ways may
advant ageously be, in sone casesTiperf or red Jmefrore pr after bonding is
performed, for exanple, before, after, Table®hile the trenches separating
the individual doyionai L8 o8l CREdicaRbd RNk sl ARSI s e 200! | e

amount of substrate left on the device. The remaining substrate provides a rigid framework

Sur

which prevents the individual devices from undergoing stresses, for example, during

10 attachment to the electronic wafer. Depending upon the partiéular devices and substrate used

" however additional removal of substrate méy further be performed, for example, at the time
the access way is created, or by patterning the substrate at some point, for example, following
attachment to the electronic wafer.
It should be noted however, that if removal of additional substrate is not properly

15  planned, as more substrate is removed, the thermal dissipation advantage may be reduced or
even eliminated. Moreover, depending upon how much, and/or from where, additional
substrate is removed, the ability to withstand stress and strain may also be decreased.
However, it can be appreciated, that, in some cases, by selective removal of substrate thermal

-~ dissipation can be improved by increasing the overall surface area of the substrate without

20  sacrificing much, if any, of the structural advantages. Thus, it should be understood lthat 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 aclhieved..
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‘5 Dependi ng upon which of the three imedi ately precedi ng variants above

are used, different processing will occur. FIGS. 12 and 13 show &&\i&capoos

different accessways variant exanples. For exanple, if the first variant

was used, thewsen@siopays may extend entirely through the sglystdyabfis{as
shown in FIGS. 12a, 12b, 13a, 13c, 13e). Alternatively, they may extend
fromthe outer SYf.

face of the substrate to a.depth ere, the _substrate
renmai ni ng 10 di re(?ﬁ%%ro@%pren & "Bt {}ﬁGBW%BYIa%tﬁCWﬁ{%ﬁeé‘é%g?B@\YiS{?@ PECPT YRAYS i s
emtted or deyedtathgesustydsh) besbnidlihses W fofBERbeEse by afie BBNESL ishefforgxanet e, as
shown in FI GS@Z ,’t15’2d,ﬂ13b, %&d 13f). In eneral , the substrate
remai ni ng dff ?’3’6 e AL 8T B the frershes srpaging ths indiddnal deviges ats efgbght i s.
enitted or detecOptonaill] anbER cBamEREn bOapplitdiotkO &St Af, iplQKHLq 100 microns or
| ess to enable close  optical access to the device. I'n other cases, the

thi ckness may bePFRJEEIPER Whish ol theghres immedigialy papceding yariantsibpye aronsedcases
20 m crons affetesss i ] i : AM sl he
range of aboute 20§1-m'0€§rS %%?Htﬂgc%ﬁtggg{@%%yﬁl&dzﬁ o%gw%%g?ﬁfgﬁ%’ﬂt Fé)c%ssg)e%ge%{gﬁ% upon
t he parti cuF¥anmiesc &'95 expple ibthe st vinirat wetwssd, thiagcceayvays may beendmtirely

advant ageou psagelecl : thgalk L fiher . f an, . ex I as_shown
in FIGS. 1;15&1%&%@9&%%%&%@{1 m c%“?%ﬁs b éi%rlrg ’el?e)a?*“seﬁba%ng?fﬁhﬁr@ 12b,
12d, 13a,  18xtendfjomitlsqutérysuefage cfylierybaine tofa deptb vetieouthe apptrgashesningn

optical y@rray. i i.eh ' f fi S. are s rted hy the substrate can
be creat (Zd ?}s{fjéélﬁ O\ggll tglggﬁﬁgﬁr??ﬁ @m?%ﬁmgﬁ%gﬁﬁ%gﬁs ¢ dq’egfr flﬁﬁ‘fte‘ﬁlééﬁlrgfﬁ‘iﬁﬁltt es
one or nor enptrdmplaieln kényovet afoe exanipts, @t sesadn FIGRARE,addBb] 193, 13bmt rate can
be created (suc s sh i n.Fl GS. b, 12d, 13a,_.13c, . 13e), or an_optical
array that gbeéagrﬁﬁ%ﬂgt{sﬁ\égéwwgﬁuﬁﬁ%rﬁvﬁ?t& BoYdaR OEéﬁOHé’ab‘?‘eé%ﬁFé@e{ele&%l 1835
shown in Fl émited)or d2BctébwilDbeftdedea¥@a thidkess b 8Bl 60 16 bs RsHB RAIL ahied
to roughen the furface of . the _supstrate and_ increase the exposed surface

area for bePPRP!R9eEssHRReledicrH I QTRE cages. nbifkaes@ayppreiuretiogberial, by
using the ! ea&EhOea8ssHRRIGH sOBEl A6 B Micrdns Or 1eb€ AMhdAgh typiARY E%:tﬁcﬁ{eﬁsa\qﬂqg’

stresses will _primarily not propagate to optical devicCes, rather will
be taken uB”W@ﬁ%BHEWFE@WG%WW @pusct roni ¢ chip, both of which

are better able k@diﬁ%ﬁaly, Eiﬁ%ﬁ@]ﬂguﬁéfﬂ!}]c ?Hi@lﬁéea%besg K creg't@d,:k%t %{‘;’%ﬁ %@ %ag

exanple illustrations o process ol creating electro-o
vari ant s . ac &&thgr bradventageouslyaised tquecondraiate dnapticd) Gber, fot exgnide, BECRBOE WO

cur  ace. om 115 g Fracsr eseciodhBy falpl s ol FGE Lo Fph et deer
devi ces20t he r esThes bykinploymgena of the hiswe apfibachds uh optichbarid)(R whichienad ¢t ed
R I T AT T
(Si), array that accommodates one or more individually placed microlenses s_uppofted by the

substrate can be created (such as shown in FIGS. 12b, 12d, 13a, 13c, 13e), or an optical array

that accommodates an array of microlenses can be created (such as shown in FIG. 15).

25 As noted above, the substrate can also be patterﬂed to rougheri the surface of the

substrate and increase the exposed surface area for betfer thermal dissipation.

It shbuld be appreciated that, by using the techniques described herein, i.e. leaving
substrate attached, stresses will primarily not propagate to optical devices, but rather will be
taken up by the connecting medium or the electronic chip, both of which are better able to

30  withstand such stresses.
FIGS. 16-19 are each example illustrations of the process of creating electro-optical

chip variants according to the techniques described above.
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‘5 Silicon-Germanium (Si Ge), GalliumArsenide (GaAs) or |ndium Phosphat e
(InP). Although the particular material used for the substrate dhl %ﬁﬁﬁy
_be determ ned by factors i ndependent of the invention, is worth not
that stresses due to thermal factors can be reduced by rratchl ng the
coefficients oWQ93PAh33 on of the optical device substrate an@cifgozmzos:

el ectronic wafer as closely as possible. lIdeally, the two should be of the

sane material, soFIGhataiks E%nﬁﬂﬁ’fefi'v?év%ﬁassmlgl@%dst%gp e énﬂﬁln%flasgp&eb BhE. 1&5:%

sane. El ect r'écal confacts 16-1008, 16-1010 aser excnta 1on
control are W&DRPALBH BHYSH lagercdexices, ths-resh ofwhirh aregtisosm. support. One end

16- 1016, 16-1018 THe RaRH 16—Qb@23fsr1éoqﬁéd %H@ﬁ&lsﬁ%&§gﬁ§%gt%etl‘ef@£ef8g;0@%

| aser device and the other end of each i1s a

whi ch an el e¥PPPsanya wbstentet6- J/Qé)ﬁrmderorfam anpsopmmasmmtfoa&ampmosme@n (Sis 15
deposited f NaTo W tr 0 16b
shows t he |ggslélfb&g§\‘7| ce 1?1%(3%%%}2%‘3?{5&1 é%g’%g E%"?ts%?f Oé?ﬁlgg"r&%@ go
i nverted andthppaticilermetenalasedior thespiondiervgl] piels bk Gct&ﬁﬁﬁed BhofadtOrd %&ﬁeﬁ@m
el ectronic V@ffﬁé %?nuo 0 F G 16@3% t.he Itg ser, device 16-1002 after it
has been attached he e TOSRE dat sipesigs (g tojthe ITGt?gCtQYséa%b%E?ﬁH‘é’flbﬁond
16- 1032 bet veeenhinf éher @Sﬁfﬁ[ﬂhts\té emslozl@f the SPticall @eviR dhstrdfe and B4 Qlecﬂ‘@né@zaér
FIG 16d shows tlg@ | aser, %l?cﬂey ter the substrate 16-1006 has been -

¢

thinned to Betweed ABSHe dhspithegmematesisl so thatghe padficmns
t he devile adﬂe&paﬂsfbﬁoﬁbﬁm&sem@yanl@ 1034 has been created in the 25

substrate 16- 1006‘%1 ag S ca via etching instead of drilling. Note that
in this exanple gopRats (031,008 1 &AL wsedfer daser expitatian andfontrhlare edght r at e

16-1036 to thewdevireseiaming, leols BeuphlESondbid1shdhs Acis bEgAev o2 Of

FIG 16e aftﬁr an_optional thernally condlctive nat a has been
applied to tHeTRPenacs aethasan Clchpd@f@atbpﬂ@er deviewund il otist tnd dfeach it a phdws

well 30 forig@ 2360 I V. conductivity
When cured AT R w bRl Blec Ao OB R e B b
devi ce, he ??P%@ég rvh?ﬂﬂlégﬂlﬁedevi@atl6éa®ﬁatofanmleatrohﬁ'twafeﬁr type device, except
that the detectorgge a 0 C 200

03/ 003423 PCT/ Uso%ﬁl'zizl‘(g)bcsﬁl g?@%%’d W@% %ﬁlg-"[ Hé"’r “%ﬁﬁt??gﬁ%ﬂarygﬁvge&ew ce
bei ng cr eat edvirtedandpesittmed pmrlcanespbnﬂmmd@ 16-18DOWE-1028 &t &a%leckddc Wafer @5CEPL

that this IaggQ devi ce uses the sem conductor material of the device as
t he stands 1 102, 17-1104.

FIG. 16¢ shows the laser device 16-1002 after it has been attached to the electronic
20  wafer 16-1030 via a solder bond 16-1032 between the respective pads 16-1020, 16-1022, 16-
1026, 16-1028.
FIG. 16d shows the laser device after the substratc 16-1006 has been thinned to
between about 20 microns and about 50 microns. |
FIG. 16e shows the device after the access way 16-1034 has been created in the
25  substrate 16-1006, in this case via etchmg instead of drilling. Note that in this example, the
access way extends from the surface of the substrate 16-1036 to the device claddlng layer 16-
1038.
FIG. 16f shows the device of FIG. 16e after an optional thermally conductive material
16-1040 has been applied to the device such as, for example, a low viscosity (so it flows well
30 for good coverage) thermal epoxy having good thermal conductivity when cured.
Although the above was illustrated with reference to a laser device, the process would

be that same for a detector type device, except that the detector device may also be AR
coated.
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‘FI GS. 18a-18f show anot her opto-el ectronic device being created in a manner
simlar 5 to the preceding devices. As shown, this device is of 2ReDBCy IS5
where the device sem conductor material is not used for the stands.

‘Addi tional ly, Wi\ghasers of this opto- electronic device ar SO
that they can be ﬁs’egﬁl n a redundant fashion. As noted abogg%]?#m%rleatl on
of an array having redundant |asers is described in the incorporated_ by

ref erence pat entFIgﬁpﬁ'ac]a?tf sk annther opia-qlestramia devicadsinecaratddy ipgranpgrispgilar
Speci fi cal | i mddr@shdwn &ﬁe@hwlwceg@ihapﬁﬂtlaslaﬁ&%rcg ubéd tﬁefg%nﬁsomyct&her e in
addition to creating an access wa , grouping trenches 19-1302,
19-1304 ar em@tmﬂ@dtherdevwe%@nﬁiandwd -ElBstFHit04. 19- 1006 using known et chi ng
techni ques, to p ggmﬁ - . 19-1304
wi th sonme of thgmggo %’}t %gr%gﬁ enc Q%gg&gﬁﬁ%%g%gaﬁnﬁdkﬁ%%%%m&n%r e

| asers can todhe precedingsitvices. shaﬂmwa, tbmdm’ne fsiofithe typetwheostthe devioror e servi ng as

a back-up | aser ned | ication
ontit | ed R RRf A e R s fhay Cithet Y BsBE e FBE: il 1oy
reference. &agrontbuiznicage: gbu;&dngtn‘atmey mﬁismjn'fahaidnaﬁﬁlfa&hioﬁ BBhstedBNNEr is
that yield for a, single wafer js.incre for_exa th a

pair of groﬁpﬁ’é’&q‘%&r@? 0 qfen gaay haylpgredun eS‘f‘Wé H’c‘ikféfncgg’ﬁmﬁeé sed in

its place. Rpatheh aﬂ%@ﬁ@?hba’&bn@ﬁ'ti’tfbﬂ%ﬂ@n&a@t @ﬁ!cﬂﬂ)&@ce@%&‘a}b% Zéiﬁ@eﬂ!lPIIFIGQQSGd
lifetime for the opto ectroni c device. For _exanple, when one [aser of the

pair flhal $hpwdites ; adJaq;ent Jogers mtie array weheas e Addiianyfo creptingfaragesse ey %1834 abl e,

the second gﬁ&ﬁfiﬁ %@ﬁbh@w-i%ze@é 980404 eﬁﬁé&iﬁtﬂ{e %aﬁ%%u&s&aﬂ'l@cl%o@ﬁsﬁge bad
one. Yet andt her —achi evabl e advant age 1s reduced cost to achi eve one or

bot h of thekngwmetehing erknigiesce didapth thed commeetniba geoypingitisaehes he-1347 A 24201 al

t of i th
mproved yi ST aRapEne Qg et SR T i PRl M e S RIS 1o

al so shows. arrdngadtd shamlaqoepn@s@mmmone on‘manserxmgpbebm@/la@,ﬂm pr oduced

using t T% f t ﬁ%s@ﬂﬁegﬂ@ cgrgnm% ss1é1¥e?1 é@hcm&?&tﬁ%& ﬁ%ﬁ@ﬁ%cﬁ%e“ccﬂa&%ﬁ& from

the top ice so access wa remai ni
substrate 195-1ﬁ6):ﬁﬁor®t\td!he1emdiyrbﬁmbcl s 30 cl earl y visible. As shown in FIG

19, the lasers a ed i.n fours, r.o 308 bein ed by the

gr oupi ng trenche@nig g‘? © ajnE 5 B’%ﬂéﬁgﬁfs‘éﬂ %Fmﬁmr?é}gh‘i‘t aIlfi)olifflrrent

path bet vwesingRejAaenincteassibscdue, fit@xgnpleprilida dROS grbiped hgers,ubateradepis

19- 1006 which is electrically uﬁ?lﬁtggtﬁs DEC. 2005 WO O?f/ 003423 PCT/ U802/§2051
I t

conduct i ng. dpBrecduthp 8dEECRDE] RlacynAnathrpotsptiyl gdvantage tg JaRg L08R bhes
19- 1004 28 € a5 ii¥dasedall hias € oRodpio-vemt dhicidebieal For ebzﬁnfﬂb sv\/ﬁéln%nfe 1280 df Mepair

vantage point. FIGS  20a-20f, show another opto-electronic device being
created in Anplindies. ikshedasap areregtermally,dadsperdsn sesetable, the spaepd g caBbe As
shown, this s&@&é&&cﬂb?o@ht BR&éM%c%P!hébEJ‘SnedeV' ce

Yet another achievable advantage is reduced cost to achieve one or both of the

immediately preceding two advantages. Since the incremental cost of increasing the number
25  of'lasers on a wafer is negligible, the improved yield and/or reliability/extended life is
virtually free. |
FIG. 19 also shows a functional representation of an example array 19-1306 produced
using the technique of FIGS. 18a-18f. The array 19-1306 is illustrated from the top of the
device so that the access way 19-1034 and remaining substrate 19-1006 over each laser is
30 clearly visible. As shown in FIG. 19, the lasers are grouped in fours, a group 19-1308 being
defined by the grouping trenches 19-1302, 19-1304 which ensure that there is no current path
between adjacent lasers in the group 19-1308 via the substrate 19-1 006 which is electriczilly

21



5 sem conductor material is used for the stands 20-1402, 20- 1404'28 05
Additionally, the lasers of this opto-electronic device are also grc%%e?(q n
the manner of FIGS. 18 and 19 except in pairs (one of which is not shown),
"as is evident fromthe grouping trenches. As noted above, a manufacturer of
opt o- el ectroni wodgwines of the type described above has twop /ﬁé'b'iﬁ?osf or

. obtaining the optical devices - they can manufacture them 10 thenselves, or

t hey can obt gj / roma third party. B nuf act urin opti cal

devi ces (r e%aelglﬁcgehgg‘ﬁ)&ﬁé?péﬁ?stOre%llﬂl‘%sgguoé]i’ g itg%?wégﬁ%mn&?fgilggﬁ% °§t9%Rnd
t he el ect r ondlthougif mne (oefdakctuallly bovisibRrfRal theyvah@ge sdiapl i city as an

"el ectronic chi p"% L&% an act uger caq t ake neasures to ensure that the
pads on each are P8 T%ﬁ?ﬁ A BRP1aG oplo-tlertpicdavigs beneHededineranppETimilfe
optical chipo thesdepes s TGS OMRIugh he. &L MQMﬁ&ﬂb&om%herkm&_@%feéy
el ectri cgl and . optical chips are not 15 dem&ged concurrently, even it they

are desi ne FCERPDAURLT; TRate Issehion thetftendsdfl BRgeth 1404t iAgiditionall ghe lasewrofui t h
a singl e manufsaptdél&tronidHefisSark Q%B%rduge&:fnqﬁfm&ﬂ%f 8111 Fak! . 1t9h:'xgepé ﬂmgl?airs
and e p-design, a

organi zation with regard to both the optica ectroni c chi

| ack of cor(easpbwkiehisaobiowmbas isenidanitiqmathe gonpimgdtendms easily occur -
particul arly wherg Qne desi d,.with |l es t.o third
parties or integration a\%[)}[/ Qgr;ea\g}l%é@m? ?gér?ﬁtg?%g%%deggﬁ? %@5‘3 ﬁ?f" d?:SSH | at ed.
Mor eover, s Aboegirsivo avgpues/fonebisisingthecdpting elsvices -t they chashagnfaofure @emher nmay

necessitgf e I I 1on of the contac ads her eby i.ntroducin
a pad mﬂ)ts alﬁér%%ﬁe‘%\etg ’%\Xhtﬂgeslec aﬁgﬁémgl?%‘%/f%‘@l‘}& t(teB ,mwgaﬁ%‘%“g ﬁ?%l’f‘ﬁ%} dewipges °
or gani zat i on(refEivethtoieresier forf simpieritylae ai Yapitical chip’yrand Shek@esh@nig vdig (Rgerkbaes
with a vari f different optical.chips,,but the optical chips are
commodi ty steﬁoe\é??%gbﬁ’éf]ﬂ’é’ iy ?Jgrﬁn?‘ ﬁ’?eF%Pﬂbca?E*er?iéh? ’Flﬁrfuf%‘lréﬁ“éﬁfﬁké ,me@ﬁ%e%“sto ensure
cont ai ni ng: thayhé piels efreddhi angproperiyipladed Seiisto g Wit RHotHet WHert MY bpivcal 88HT S,
DFB or DBR | asers, .topsjde receiyvjng detectors or bottomreceiVving
detectors) tHfi BPSlé‘r‘néd H&g'éf‘e %‘é‘t‘i’i??]é vieger. apielly geqtiienh andontigalichips are not
unrel at ers usd¥kigned éontScrdhfily] dveh i theyke dd3BMEBAR Pk w1ﬂiﬂltﬂ19§4méjfgéﬁ‘§a§1€w .
I bFe w

all be located in the sane place, if they are otherw se conpat t he
el ectroni c chiys cvsh Wb siglerpanufachrersriess therris slosgcasptination votinghe h FI G 9,

a single optdrgaliz ey Wi riasi to BB bpth dreicg@ggc '}ggggg%,g?g% ,pn specifi ed

by its manufacturer and an el ectronic wafer pads, onto
whi ch an optSoEisFpaadsrice betwaen tvatagtpade on eath cpn easibylodenr + hatipiaiy where ospeci f i ed

Cype 222 8 TRes0ss VAFD 00988 il BRHLTS sl asaBR R ol ' PP
el ectro veefrees istchutemplated c Mapendsr, sibsequettt imiptdvemnaits trechahges irethe design of
be. el oyed GetirRhdsPia ahotfe e O B E BB R Ghea s BRSY inberei B cd (o
in the exanphisalignmentiwhére none,pravioustyl dxiseel, evieh Rvithhthé SuMedThdriation.| aser s
having different Gontack, RAL Rt SRIEID B dekiZReddh b Het W Loty cdifferent
optical chips, but the optical chips are commodity stock obtained from third parties (for
25  example, chips containing: topside emitting cavity lasers, bottom emitting cavity lasers, DFB
or DBR lasers, topside receiving detectors or bottom receiving detectors) that are mass
manufactured for distribution to multiple unrelated users, it is unlikely that the pa&s on the
optical devices will all be located in the same place, if they are otherwise compatible with the
electronic chip.
30 For example, as shown above in connection with FIG. 9, a single optical device has
contact pads placed in the position specified by its manufacturer and an electronic wafer also
has contact pads, onto which an optical device can be connected, placed in the position

specified by its manufacturer. When the optical device is flipped over, for flip-chip type
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‘5 detectors. Advantageously, this allows for the selection and usg of the
"best - of - breed" chips having the best individual perfornmance for 8rREC 2005
.application and avoids elimnating such vendors nerely because they can
not, or wll Q. dieet an electrical contact placenment requyil r

03/ 3
standard. 10 I'n general two different processes are used, &'? ’t?&’lupon

whet her the g}p{{wcal | ces are bottomemtting/receivi g’? or t opsi de
eni tting/ r eE¥RAGRG IR &’6 cSHeEC Yrica s comtact padls of eash mall petis Flierad &Lewr:r\f/@lesw |

be used to b?f&ﬁénﬂﬂh@@&lﬂu@ﬂtdeﬁbﬁbe@%&E'tﬂ&n@@&ﬂoﬁ%&ﬁé aﬁasﬁah vattﬂapaét

receiving devices (detectors). Simlarly, op active t opsi de actl ve"
will refer thsnpesiy @tﬁn@ﬁiﬂgﬂﬂsﬁi’j refamed to in e@x@rpplpssumwﬂ nng@tVe&iltasrwsth 15

Bott om Act i ¥gudg Y alol 0?

em tting/receiving %é\fllr ceg i gnﬁﬂ%re%grﬁn&a | ve é %&cf er?gl\yvl

expl ai ned, ﬂFtFﬁOTSef erence to FIG 21. To facili tat e expl anation, it shoul d
be presurred t hat S S & tical
chip 21-1504 as ‘% PEnBRbIES ot BT e e Béeddf o e “best %glt:eﬁ‘?p - 1504,
can have bebavinptheibeg dndividual perfermadee: fohibe dppifation anElaJV61tls elafinhtivipldugh | Ng

| ayer 21-15 s add to the surf t he opti 21 1504 using
known technlgarﬁié’§S mﬁ‘l‘ﬁ@%%ﬂﬁﬁ&ﬁﬁ@‘b‘?o %ﬁﬂt HEHfAn ¢ eét’lff" fegt Rlppemeat

insul ating kap@emedtot s@eddd al | ow access to the contact pads of the

opti cal ﬁhi p. Trrlgft IS ﬁg@i glfgone by laser drilling or etchin 25 for
exanmpl e *Pn the $raFrat dwg dif fFenéP@a?SFeﬁg“? FedigRendgieapon Whﬁlﬁfﬂ’éthé opfisgkr i bed
bel ow in tthﬁe@tdr@tsbt@ﬂt  drhiltfd/reddillihd oith RS éﬁhﬁﬁyréaa%fg Conponent And

Manuf act uri ng Technl gue Al ternatively,. the openings or vi as 21-1508 can

be pre-forned i nFPH@ss %}PBWH)@, thaml‘%pttqr@acttve a’tllla@tmémrefermb%khmne i f
the contact eRadink 063des @lﬁ&rﬁraﬁd K&@&erécavag\ﬂé&teé d&&%ls) tmlgrﬂgl eg%m%" l“ as

21- 1508 are nmade el ectrically conductive by app yl ng ‘an trical
conduct i ve riepeidp agtive] wilbrefer toybath topsimiting lasers@nd topeeasping deestans. vi as (Whl ch

may optikonal |y Raye,Real. Pe coated with an insulator) or filling
t he openans or vias \% b ﬁgéprr}a&téées%l al 21-15 10. 23 2 8 DEC 2005 WO

03/ 003423 PCT/ USO%¢ p20%s asxusahmfeugmumt epittinf/rederyirgismicag(. emommmnw e not

fully fill
Cpent nos. or Sy RETKAERR, BEtREA 016 orfly FREBLE, TR R BRPRG: lold
chip to "sl| btprasmhed mhuethaoptam wﬁfhﬁz1eb302pva9\prcﬁbcs"sgd o adégitical chil 1 19T508RE

bet ween the two. r eov pi_lla action will: cause the
sol der to béhsﬁlaﬁs?(’\@mge d&l@ﬁ‘l ﬁfyoﬂgl?@gffgélﬁf’ﬁgswh* °9’¥§ Ve peer ?btwcl%oreae@? ng a
better eonnetd purtyand further aiding in

First, an insulating layer 21-1506 is added to the surface of the optical chip 21-1504
using known techniques. o
Then openings or vias 21-1508 are created in the insulating layer 21-1506 to allow
access to the contact pads of the optical chip. This is again done by laser drilling or etching,
25  for example in the manner used for creating through holes in wafers described below in the
section entitled “Multi-Piece Fiber Optic Component And Manufacturing Technique”.
Alternatively, the openings or vias 21-1508 can be pre-formed in the insulating layer
prior to attachment, for example, if the contact pad locations are known in advance.
Then, the openings or vias 21-1508 are made electrically conductive by applying an
30 electrically conductive material 21-1510 to the sidewalls of the openings or vias (which may

optionally have been previously coated with an insulator) or filling the openings or vias with
the material 21-1510.
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;alignment. Optionally, and alternatively, if the openings or vias were
pre-formed prior to attachnent, the coating or filling of the opénP&y008r
.vias (as desired) can also be perfornmed prior to attaching the insulating
layer to the optical chip. 10 Next, electrical traces 21-1512 are patterned
on the exposedv6islens@h the insulator to create a conducti vedqaagdabioem t he
(now coated or filled) opening or via to the location(s) on the insulator

f that wll i i : f
lectrical vat o ReiiRotiile RSP RIAGHITAL ofocl A9 G0N Hdy RS .00 4 48
possi bl e, degbignmentg Thisean bhdorpaf the opérsmgs oevies ereovidecemohgiptotdilewdjnt sodddr chi p

wll be mat it i.ngle thace .can.create two arn. nore . ternative
connecti on Som tsgggl}eaoétr?eéré;ﬁlg%% %cgtnr?ggg?eglﬁief’&é?rgwrfr?v@ﬁé agéﬂﬁglcaﬁgm}%ﬁbe mat ed
with are offesedenftheommoedddredichdn she edses, yapilbnty actioh kil cansergragEablbode gakiyned
area. In_a variant of the above, if the chj o _which the optical.chip will
e Toi nod- i < B9 BiecpSnd S Nies ot daieUp s e S HomHe OB ke i Rsuch
as a nodul atg¥gnmest. anot her | aser to. which the optical chip is optically
transparent) the electrical traces could be patterned on the 20 electronic
chip since, in gMRHoarly: Arsstliegatively g he cpinss GAVPE RETF eI PR

i nsul ating | AMeAmert84 cdaftfig BEAIUAES Hf &0 bp&Rids 3F Viak @5 QbkireMToan 6 Be bBrctmed

acconpl i shed,  the process proceeds as descri bed above, wWwth the joining of
the two chi pariopfa atiaghing the innwlading Javeplodhe emicalfhip. i p- chi p t echni ques)

fol lowedipy, N i GRHAAAA! 2 C050,orl BisHicdn Ble died WREDF AL EreniafiRyal OF

the substrate entirely, or leaving o substrate at kKness i
i s. Ther eaf t @eate g cersiuttone peth oo dednow geat@dlor filEE) opsaing er viangtheflodatien(s)ahi p

substrate, flow f nauct or. or i ion of AR coating can
be acconpli {gg\éﬂg Q%tsog 5“5%0% Qg& g?]i ar%geggggl g‘ the(l)'glﬁge?nof ) ?ﬁiﬁ‘? %/‘%ttaﬁgwd% & reo?q:eé%sc he
process as uwatet.eOftomally piederaletifftrentralignaess ate pgssibdy degeadipg upon the paitichelar

active 30 devices i1l now .ex i hed ith.reference to FIG 22. To
Fact I tate cSpi s he Pial G ¥Rl BLAREL wilh At B RET e cup oL s
obt ai nedl 5 r ositesmitive térnectigagoings ortcheatdd anassion fegiondfithe Bontadth® Wephatedwitic hi p
itself being in ndent, of the jnyention. 24 2 005 WD 03/003423
PCT/ US02/ 220%% 0&%3’8& ?@%ﬂ&leﬁm@h@’\éﬂﬂwﬁ}b‘?ﬁ n%?F‘*‘%‘iﬂgleBEB&%ﬁé?a' steps can be
perforned prior tg aadkition thelaBbyve, FRECESSto Wiieh the bftical Hip FBSjomed &l €1 by
the top-side surface . of the optical chi,p. This carrier can be nade of any
mat eri al and®iFErORiT IR apSRRSIP apPtherARtiGal shi fish at agodlaton oF reosier dasengo
during the rgatcn e dpRBalRAPIE SRy umsaréay&eqlecﬂd@m%ax&%oama{ya&&n&m the

optical chip substrate. 5 Thi's reduces the anount of material that nust be
et ched of0 dr ¢lpstenaria dhitotinge, necaweleBostaipstronio Ains alteagy esemwith an ingelatingdayer of

the optical @ fnbe used for contact rerouting. '
Once this is accomplished, the process proceeds as described chSve, with the joining
of the two chips 21-1514 (in this example, using flip-chip techniques) followed by, in the

g

* particular case, thinning of the substrate, removal of the substrate entirely, or leaving of the
25  substrate at the thickness it is. Thereafter, creation of access ways 21-1516, patterning of the
chip substrate, ﬂowing of a thermal conductor, or application of AR coating can be
accomplished as desired or needed.
Topside Active Device Process
The process as usable for topside emitting/receiving devices (i.e. topside active
30 'devices) will now be explained, with reference to FIG. 22. To facilitate explanation, it should
be presumed that the optical chip was obtained from some third party, the process of creating
the optical chip itself being independent of the invention.
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At this point, the process proceeds in an anal ogous nmanner to the process
of FIG 21 as follows. Holes or vias are either etched or drilléd§ B&: @W5h
.the optical chip substrate to the 10 contacts on the front of the optical

“chip. The hol j,as are then coated or filled with, an rically
conducti ve rra‘&éroi(’)/g(fﬂb(v\hi ch may be under |ayered by an i-nsu'l?éﬁﬁ "2’8%‘3% ng)

to bring the contacts out to the back of the optical chip. Alternatively,

for exanple, if Dppdditermelar or hoth of tireandigna gtens eande rarferasd paPY oSt nE By m = 15
t he back of i h t he. reat gﬁgg -Ef\fbi i -nresent
sone ot her pr%%gsbffgﬁ%%thgeﬁﬁg%eas%é ypﬂaesf@ﬁarﬁgg\g#tagee or e@}ci e‘gh%‘lﬁs %%ﬁi tabl e
| ocat i on arrdnhpareiect anygadterial emdhy cncoely vead forri@ditieandtholditethe ppiieel chimle t o
connect the i 3 y b ias or
ol cs. - advait S aBey S el SERAEN hvor QUL Bl i LSRG T )
can be usedIttipredicks tiRGnaiungofireattrial That smustde erbedlanirilied trhughdpedtessgbe or vi as

are wi de enough to allow the sal.der.. : s on the other chip to "slot" into
t he hol es (‘i—QP Ctsfﬁe@f,t °P‘ﬁ§?§%@°ﬁh’zﬁ@?8fﬁﬁ§h’ n initial alignnment between the
two. Moreover, iAtthie§BinGaASEspcaapobdeds 1 MChiIOFousindnnerao iR prdtesssAFIer21 to be

partly drawn into the openings or vias as it nelts causing a better
connecti on &f09%Sther aiding in alignment. 25 O, if the vias or holes

can be |ocated g9qiaforivRas@ed Eiftlefl@cidlon dkillel tR¥RRRTheloBREH LIAP shiRfratdkd @aEd
mating with the electronic chi t hat can al so be done, ‘and the vias or

hol es chh b@%ﬁr?@&%@ontpétm@g’ﬁ%ﬁmﬁct pads on the front side using
conventional techRidueSr vids adthdh doBRd BREHS Wigh, %%l%&tﬁﬁﬁfyrcgﬁ&lcﬁbﬂﬂa@ﬁéﬂ' ce

integration process, if the vias or holes do not coincide with the contact
pads of the(videmppbs wndehiageredbyen insdatpr qaatiemdo brieg the cerdgotreent trihe Borkidfe

Substrate oﬁlegpgcai)%%cal wafer FIG 22C or the other chip FIG 22D, in this
case the electronic chip, to provide a connection between the. vias or holes
and the cont act Abveaativelysfasexample, ibthheontatty go¢ lodtted hich thed aeress diteetlcfipps can

03/ 008455 Pt o5 5508 EPPIATLERLAR AT LR TR, oBtedtafhollerongl L O

performed, piloblenatheiholesoamanaw etvhed orairilleéd th a dufitablh docation dndraniekcisioalt hi ck as
to cause optical access, praobl.e r..has an ipconpatible. conplex refractive
ndex i cheqasare’ g AR g Bt Her G onrs S SRR P Bits BRI ough t he
carrier, it cskiagbgfiliag GRmaan holell al ternative variants, the carrier can be
|l eft on, even if i:t 5 wou|d, cause optical access_ probl has_ an.

. ns or
i nconpat i bl e conPfEaRiageUshe ifilRoneRigasor wip argutienilieg: 'ieﬁé%@sb%aeﬂsm&}d
t hroughabol gsgrintent, MEhid @nHelone B8RS SPeRBbyoridsQie Wide 3h&ABREBINw the sé106

bumps on the other chip to “slot” into the holes (FIG. 22B), 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 alignmeﬁt. |
25  Or, if the vias or holes can be located so as to coincide with the proper location for aligned
mating with the electronic chip, that can also be done, and the vias or holes can be connected
. to the contact pads on the front side using conventional techniques.
As with the backside emitting/receiving device integration process, if the vias or holes
do not coincide with the contact pads of the electronic chip, electrical traces are patterned on
30 the substrate of the optical wafer FIG. 22C or the other chip FIG. 22D, in this case the
electronic chip, to provide a connection between the vias or holes and the contact locations on
the other chip. |
At this point, the chips can be brought together and connected as described above.
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optical chip. In addition, if desired, one or nore additional opti cal
el enents, such as mcrolenses or waveguides, can be put on top » dela
.carrier. 10 FIG 23 shows a process simlar to that shown in FIG e;og%pt
‘a carrier is not used. Connection or Adapter Chip Alternative In an

alternative vaybagnbosysabl e, for exanple, when both the opti C@dmﬁgk% glnd t he
other chip are purchased from different parties or two or nore erent

chi ps are under |der have differ cont act d

pl acements, but tﬁ&gg%h%ng tep %&ggﬁn%@? TVE B OEQE%QFSCWBW nog*ﬂb "adapt er "
or connect i armotudp Ifthn chreler ie 86lthick ds 8bEducAdRidallty cREPloBIEGr hdiQn iARBHRIHES
herein in a strg gﬂ%f orvvacid Ee t hus al | gw ng desj gn and/ or manufacture
to proceed NEPEXTREIEHLE mdppyaICh Hoyldadyrreedy Rifest transmigsioate! iseniehbthecnahiet i on

chip or adapjagierGldinBuldsRdeth&vedC ARG atdE H:Eaﬁ@ﬂ&xe BEMEGRS be ﬁe'ﬁ%n n$tifle
24-1802 and bottom side 24-1804 of a common wafer 20 24-1800° |s patterned

so as to - cr &% tquse epdicolaceess problems pgbes anjncopyptible poraplen refiadivefindsm bihe
specified ¢ 4 or each
p QattddingRachst Qﬁfstdr%uggﬂhoié _jlt_ﬁ}hg Sé’rﬁlﬁ éfeefergb y éﬁ%ﬁ.ﬁb a&achgn%{ltqafth

chip to sone conmon point for each en crea and
crated or fiqptiedchipth a conductlve material so as to join corresponding

bot t om when t ho tpeiaah it ol niteh M PSBEARCL R, R hEFonutig:  ve
i npl ement at|%¢Vegmﬂnsc¢ﬁm®pat<bxuﬂophéthcwmneant of the adapter or connection
chip varjgant, si de JActive devi ces hown, the. adapter —or
connect i (gﬁ chip. 3‘?&%%% EQ% eICee St éaélo%%t 3@?@?%@%%&?%?1 usslye

for direct connélmmmnonorixb@t@mmpzaltexﬁhﬂvﬁ 25-1906 vi a connection pads

25-1908 and connect i the.30 electronic ip 25-1910 via for exanple
st andof fs 25- 191?’n 8‘?’&5’% © Vaigngusa IDII% {958’%“1’6‘?’ embeth therpptiee! ship a8

devi ces. | n dhiy se ﬁlﬁl‘éﬁdk@@ﬁ’&ﬂﬁﬁﬁfﬂiﬁﬁ@dﬁl@s b0 Qe Miosdiffaret dhiR are under
emttl ng/recel Vii ngﬁand thed\%‘?ﬂ@%fe is |ocated on the top side and, "optical

vias" 25- 191#Dsfi@aton ang they Tept GoRtactRd plaspments, Bpt thivenichrad Ridsemit
optical 15 ghin calBisZnSwhih ‘20perVE Q30QAd edp Pl /SRR 240R4ed B mealgﬁngﬁﬁl d cal

chip can be placed on top of the el ectronic chip and the connect

can be plac etaacgﬁlgf Bgreigain 56¥%gm§dtf@nﬁ?ro‘hpﬁ@%¢mgpw@/yr hetufasene tche
optical and gRbeel h@RkEeIcRI Ps. As a side note, although described in
connection with mating optical chips with 5 electronic chips, the sane
basi c process (i Referisgney tceFléio%E/bxch@hpwﬁﬂq@nmctleuppinp)prachptefg&np petiter ned

insul ating | ayglc QrertPedEQRL Gnd Bp Ba& 9! %Oi a%d 0B85 W2 78430 of A niSordaaRt ed

in a
20  24-1800 is patterned so as to create traces 24-1806, 24-1808, 24-1810 on each side from the

specified contact pad locations 24-1812, 24-1814, 24-1816, 24-1818 for each chip to some
common point fof each. | }

Through holes are then created and crated or filled With a conductive material so as to
join correspohding pairs, e.g., one contact on the top with its appropriate contact on the

25  bottom when the two are brought together.

FIG. 25 shows another alternative implementation, which is a further variant of the
adapter or connection chip variant, usable for topside active devices. As shown, the adapter
or connection chip 25-1902 has electrical contacts 25-1904 on only one side for direct
connection to the optical chip 25-1906 via connection pads 25-1908 and connection to the

30 electronic chip 25-1910 via, for example, standoffs 25-1912, jumpers, wires, ribbons or other
known attachment devices. In this arrangement, because the devices are top
emitting/rece_iving and the adapter is located on the top side and, “optical vias” 25-1914 are

also provided in the adapter to allow access to the optical light.
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tstraightforward manner to account for a pad m salignnent between any
conbi nation of optical, electrical, electronic, or electro- rrecmanmmlgms
wafers. Further Variants 10 As al so noted above, in sone cases it is
"sonetinmes desjirable to coat sone of the devices, specifi calléjyu 02520“
detectors, wiYVR%MASAR coating. However, the opto-el ectronic cP‘n% ;
descri bed above are made up of two (or potentially nore) dissimlar types
of optical devi d&sn theapticdl chipsanbripleted abltep efdhheledropitehrand Hiptqopgection

detri ment al CH‘/P c?a;xfbgéiemg@gn 10?%? both cﬁgyg)&\%@xqgg&bﬁhg%ﬁvﬁ bétwlebH fBSptiAPiddonal

vari ant of e abo processes, 't I ces 5 need t-0 be AR coated
do not haveel¢otrohie chipst i ngui shed fromthose that ordinarily would not be AR

coated. The procgss .l.argel y. foll.ows. the process i ove in
connection w th ‘Eﬁ'—a} e &(ge’\ﬁﬁ]é?lghtdﬁsénF%@%rc %#gg%ﬁaél%wgﬁﬁﬁgrcg&g ers are
creat ed,s f|dlgmedicelis, thechndd Basichestessdi.e. ukeofd @ahection chip i gppwapaiafelyi p- chi p
bondi ng techni ques. 20 The substrates are thinned as, to the. | aser
substrate, RAfegRed s @%@Vﬁt"r\ﬁm?%tett%@m%%%Itpragfnéé%agﬁﬁsﬁa@ﬁ ‘%ﬁptﬁ(gmcaonsi der ed
thick rel atipi@mt@rd i€ nlahh 6 8ssul forld1Rd hasgipnantibbireed by udinatioh bf er ent
types of laser devices will require a djifferent specific thickness, the

t hi ckness ofpticAlecleaitipalt gleptionichen flegtrpancghani@h weletever al times as | arge as
the thickness ofgplher Vaskks cavity, in the case of DFBs and DBRs and the

di stance between the mrrors, in the case of VCSELs. Since 25 the precise
di stanct wi | | vahyalse netedichpive.dn sameleasesdbis samefiraes desirablegp cpaseme PSheo use a
factor of i | SRHE MowbRRNEEpto-blecthdifc disckness
can be cont ?%e&%ﬁg&rﬁgg@?g{f %S/C,?etﬁorg’ggtr}ll a%zﬁf_cess .ha(r)lw_;vt.hg I Sxofagtor, h1l§¥hse
particul ar desoiibadmabbié ok neds up ef twy (ergvitentislly npre) disgimilentynessif eptiosl gqyices.

m ni mum t hi gkpess where.th I | aser's ability
to | ase. 30&&1553?\,%%5%%6 tg%ﬁ?%ggﬁ‘g’ﬁ%&%g%ﬁ?}féf{%%? %fg&?icti ve lasers. In
the case of topsihdeantaetislseid afether optioml batianadfthé wivive pracessedthetdawicesghati er

cont act T3 e b ABE ALt A BhLBYF i BRhe Rlm RRLY G R Rlogtrnd

DEC 2005 WOA®3/daed423 PCT/ US02/ 22051 instead of a carrier) is attached to

the topside of the |lasers. The _substrate is eifher thinned after . ,
appl i cation, to gh?Pﬁ°E?<s_ﬁéa§f§J)é§’HﬁB’§§WPé‘lf8§ﬁ ,Q‘Yslﬁef‘ﬁ'{%ﬁéf‘ VE RIPPHER NELs pri or
to applicat ipgs. 1 1QMSe iHRilskel WaesRbE b tortWiers afetidutaadNtlipfed @t aidatiadhitdhe
anti-reflection coated at the 'same tine. Thus, there Is no need for

speci al pat fherdigcfignischip iR Se SR AHNgHRFng between 5 the |asers and
det ect opg duri ngﬂl@ﬁﬂé&tg@ﬁé Eﬁ%e@_,&ﬁ?ﬁ@ssl@-ﬂleﬁlaﬁ suHs&?tf,hﬂﬁ'}t@ thepdiitdiesd @od t hat
e

t he above processes can be appli to various different devices. For

exanpl e, usisuestratesonldstii ba genstsiereditick relasive taothe thickaessiohghedpsenayity-aplihengh

different types of laser devices will require a different specific thickness, the thickness of the
substrate should be at least several times as large as the thickness of the laser cavity, in the
case of DFBs and DBRs and the distance between the mirrors, in the case of VCSELs. Since

25  the precise distance will vary from device to device, a good rule of thumb is to use a factor of
10X the thickness of the laser cavity. However, if the thickness can be controlled precisely, it
can be less than the 10X factor, the particular minimum thickness being empirically
ascertainable. as the minimum thickness where the AR coating does not affect the laser’s
ability to lase. _

30 An analogous approach can be used for topside active lasers. In the case of topside
active lasers, a subsfrate (which can be the carrier noted above, a separate substrate applied

after carrier removal, or, if contact rerouting is not necessary or performed on the other chip,
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on top of lasers in an array conpati ble format can be done. In fact, it
can be done when the nodulators are on top of or below the 'a§9r9ﬂ32m5
.Moreover, it can be done whether or not the two 10 (or nore) devices are
‘created in a single epitaxial step. Simlarly, stacking of topside active
devi ces on t09w9$(ﬁ&&£er topsi de or backsi de active devices e sb05
performed as can stacking of backside active devices on top of & Y her

t opsi de or back$H e actjve devices such as_shown _in FIGS.., 26A and in

greater det Hisfea wartathsd taBaimpede shths lasers i Shermbetrats isierberthimesd, 6B,

15 Devi ces tah@ftap{%ﬁo@ td Alridke6ssth 56RY Shbve AlinstdYol sAEH tYnclﬂﬁes§P dppiRgRddl ess
of the functions the individual devices @erfor m In a her appl i cation,

devi ces from di Presthists ahiavead:ita lasgey and detegarsisan pp srtirededipn coggbtits on a
common chi psgp. gmye X?L{s % eRli®nd ﬁééﬁlfor ?%H%I aﬂttﬁ'ﬁlﬁ%%x Qt{heg&’l fcﬁart g\ﬁ %ﬁg&t hs

can be interm xed ual wavel eng VI SIO tiplexin
mul ti pl e5Waﬁ@llmgtandﬂ@tecipmdgmmhm¢q3tlexpmge'5€M/\DI\/) applications, such as

shown in FI G 27q, ﬁs?ﬁn@ 16 food ot the aBI)veOr#?S%eQééQQ&e@e \‘kg{éﬁr R us

wavel ength | asers a er sca By
doi ng so, adifferek dexjcesaEbr dxam@lre migathe mlabtengsa)fﬁmanva‘nncn swalomg ehgbdtulatémr

conbi nati on of el engt hs can ected. ,There eli. t| ng t.he eed
CorPt iaabi o OR e R T B (b RS B0 b AR TR e B 1O% v

show t her malmodblathssrg s toprofet below sheddr. WhleredvapR esh b&ddnk Rilbmer draot the two

m cr ose nd and accuracy is limte I.n additi vel n be

Swi t ohodOat (PHESTEEGRICES 76 crepterl i pinglp epit step- h%"%lﬁag EP%QPE’B?% ¢ eI on
of a syst emd'éhaés ot bm@&e@% @S drdsksHid ladtivel de@RBPcadbe Ybrifdieie8 RS can¥@6RINgNIt hs
at the bit rate. Thus, sw.tching can be achieved in about 100 pi coseconds

(10s of gi GhBrcksiie aktive deviegs opiPneefirisher tepsidecr bagksie wriiwedlevises surh asshavm

types (i.e. iglefdseneRtand ﬁpﬁgatafde{aﬁsﬁr& mdd@ Bk mARRd od b8 SmithhE lakerCan be
i nterm xed such as shown 1 n. FIG froma cutaway side view. As shown in

FIG 28, stPPBs of two different vvavel ength | asers 28-2202, 28-2206 are

CreatEdsaS o1, DB ARk sk il SRV SR LA U aRAR e

2208. The stfuncpgnmemdyldualéqw@ewr@m (illustratively |asers 28-2202 Q1))

Gevi ces (111 ustr 307 bRfsr BRAEERITEDEREGY AT bR Bual MR bR BN T

fashi on. Nexbgetheeosh nmmmom’chlp lop atvhuiferdcalelevele Ths, ldserstof éﬁfﬂ‘ens&t Waxleimgnhs can

ot dovi codeaBITIGLpT i var g wetop s SBem AR sl his Vit o

si m | ar 2bas hiivision DRRPREiRIMWDM)tapplidatiss] ﬁuhag sHoR@en FI(BL@.?SUbSt rate or
carrier can be r ved, or thinne t he dev at o
example if they %?(g ﬁosém‘f"ﬁ?‘é?lr"é’rog%f{“f?ryf%é;"ﬁ F’étdYaé(f’ EIF‘H@ tegratc‘{ ona

common chip on a wafer scale. By doing so, and making each laser selectable, a specific

wavelength {(or combination of wavelengths can be selected. Thereby eliminating the need
for tunable lasers which rely on analog movements of physical pieces or show thermal
25  changes or effects and where speed is limited to microseconds and accuracy is limited.

In addition, wavelengths can be switched at the same rate that data is sent, thereby
making construction of a system that multiplexes various data streams at different
wavelengths at the bit rate. Thus, switching can be achieved in about 100 picoseconds (10s
of gigabits/sec).

30 Moreover, different devices, of different types (i.e. different types of lasers, lasers and
detectors, etc.) can be intermixed such as shown in FIG. 28 froma cutaway side view.

As shown in FIG. 28, strips of two different wavelength lasers 28-2202, 28-2206 are
created, as are two different strips of complementary wavelength photodetectors 28-2204, 28-
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-next devices, or they can be renoved or thinned after each set ofz devi ces
is attached. FIG 29 shows the integration of the devices of FICG 8)BEG r280h a
top view. As shown, 10 all 'the first wavelength | asers are attached. Then,
“all the first vvavel engt h photodetectors are attached. Then, all the second
wavel engt h | a¥&%$M%3485 4t t ached, fol | owed by all the second PGHVIPEHSE h
phot odet ectors so that the end result is a fully integrated dual wavel ength
transcei ver2208i The atdpoofﬂaeﬁrsbﬂeﬁtﬁs@ﬂiui@tisﬁphseris ﬂ8ém%(r7\g)edrefa¢taqhﬁcbmmgfé1eri ght
side of FIG_ 29. medi. at e exa sed
two | asers RHAESE eicgg&gﬁ%@f‘%c Stflﬂ%o %%Cé‘géc"\’/&?ﬁm g%eg g%?c G ?%/)5?914; sanme
I rrespecti Ve, 0f atehgadhdariesimDir fliHidne NeRE the dRE 6£the thifaatetiess (ietyatiREls 14seR Of
bott om acti ve, :Hgﬁr )g E@gall | asers, all detectors, etc., since an

&s

advant age o#8-2 aghsd irheimilpyi fashiqp. (Finallysdhe steipnefithtlast dswiessi cul arly on
a wafer sc these ca adi |y be performed on
an i ndi vfdugﬁus 5@1’% 8%e°t°rs 2%\??%%@%)&5: %ggéﬁgg&?%#sgle done for exanple,
in strips (as shoegenhdiag upon Be pamSular\Maﬁd”ltHch&bstrZQ osuhﬁbxf@hee tedddvedor lhedi ng
the strip 2191 22 %?9 2204, 29-2206, 19 22813 El_ﬁhlll furthgr, by

i ntegrating Q‘F‘d”gl e daviceg at iraaier Fasiledt ey é‘%ﬁ ﬁ’ﬂ fini9srainp gbthe o f

ot her wavel gHgubfHcesadt tBest da BB kdmdvRl bAthlRed¥ilYleah M¥MMCTBSsUS &t4Rdd. be
produced at | ow cost. Thus, . si nce single device, integrated transm tter

arrays for DWDM BY% 28 shovaythe ingagration °§‘ih5|dF‘§65fS@f FIC-28dro9t 7 top Vg Agjpown,

i Nt egr aghNgaf %@&a%@ﬁﬁ@h%eﬂs aveHEcHRl. fhél RO FhivivelBRRK J&tect%'tszﬁe can
be reduced. By integrating arrays of ten orf nore | asers, of two or nore

different oiasbedrhensll thaseernd veavalgneth dasers aseratachstiponedbyedithaecqndem i nt o

a single f| e
splitter, o?leggg?g @défgeﬁgsesoggéftg% , Engfrrésg (Eas %@gﬁ%}t%@ @%{ év? ﬁg&i%%cor por at ed
by ref erencgalaepplvclmhm epertion of whish 1\ihbwh itPéndg gedriotye on Qystright dimqfdientd. And 30
Manuf act uri ng Teghn e t . i can be
achieved in the 6? lg%prﬁ g nrelhlg'!g r%%(siﬁ e%lﬁyf)g%eﬁ Ya%’erg%ﬂﬁtgé an

opt o- ne¢han detafctoxsr the bectss mouhibeoaakentlﬂlsethe semet irespectivemf thwintmbery d{ffgpeit c al
crossconnect%) ﬁtﬁ C 2005 tg)3/0 3423 PC%,?HSOZ/ 2%&5} tn a further

appl i cat i onIBHCEhERFRIIBRYALGIOP OF Dot aetix e, Soupg TEohsIT U B r AAEC ?:Ién
serve as bobdvatags oPihe grdcasses thaabilisy t6 aifkund mach oparticelaty on ewhfsescakt

different tinmes or_ concurrentl Successjve Inte ratlon X, It|

Devi ces Pr ocess gf’rf@eﬁgrcéifﬁc'g‘ B%W@H%t}@& M}?P&re dnfdvidpald %e(eﬁrmng

t he chi ps, B@ggg) b@ﬂdoﬁédﬁ%ldbn@w&&npltehﬁtsu@mshmn@rbrwg@uﬁé @hth @i C
on

nodul e, vvlre b whi ch consi st of sh wires soldered to one or nore

of the &Ri p§UbS§a@Ilﬁ%@Sde% the sten 2f- 25%128’3220%128 220928 220§ onEeep- Wre bonds
are limted in Eﬂﬁ'fﬁrﬂfef SYHRBGY LS AR DE redtiRiahOlabdded ok HATe1bRANK N AEE hence

hi gh capaci tance and
of other wavelengths, an extremely reliable DWDM or MWDM module can be produced at

low cost.

Thus, since single device, integrated transmitter arrays for DWDM systems are not
25  available in the prior art, by integrating large numbers of lasers on a single chip, packaging
size can be reduced. By integrating arrays of ten or more lasers, of two or more different
wavelengths, onto a single chip and coupling a set of them into a single fiber, for example,
using a fiber based combiner/inverse splitter, a holographic lense array, or the techniques of
the incorporated by reference applications entitled Multi-Piece Fiber Optic Component And
30 Manufacturing Technique, the multiplexing of multiple wavelengths can be achieved in the
output fiber, in some cases without the need for an opto-mechanical or electro-optical

element to do the switching (optical crossconnect).
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-i nduct ance. 10 Hence, using wire bonds to make hi gh speed opt o-qlfﬁ%ro%c
nodul es is undesirable. |In other cases, even if wire bonds are "no Gs )
.nmodul es are created based upon an "inside-to-outside" integration process
"wher eby the innernost conponents (and those outer conponents that can be
done in paral W&soﬁ’sﬁ? conbi ned, followed by integration of EE’?/US&‘(}%?]”M
conponents to eac o:her or one or nore circuit boards, etc. until the .

entire nodule 15 is conplete. Such a process is, nost often,attrg(?@led upon t he

location of the Wdrfpdhmarprliceron Hfdhe teehpiAves.&rief S8 68Y HBOCHHTE 21Re into
account thesr 0636 YREESERY 12l En@Y 85 BinbniPRIHE BisdrSeithef Rl tindb 6y ef f ect
that integrating one conponent can have on anot her conponent (causing
reduced |i f eduepprentlys connection (i ncreasing capaci tance and/or
resistance).. Thus, gpesent mkaeRGI BERAIEAIDERSUP ol Adlpisficke! | abl e or

| ower performance product becalse integration of 20 one conponent nay
weaken a5 connect Wiin electoméa@andchionsap awde ameng thadiips, prakegestand giscugitboards
connection, ,or_increase. the susceptibil.it 0 r.mal. r_-Dhysi
stresses of ﬂ%{ TERHE BB carﬁg&euéérzi“}l}eerb\é}l%sf %&gtcgﬁél%g%ﬁﬁég)@ﬁ%% Ceven
where w re bonét masBEREichips, packagen tndiciedit bbdrds, par typicallyarsepr Woebsndssed may

nevert hel ess haye an undesirabl e and adverse effect.on the reli.ability

and/ or perf ﬁﬂ*‘ﬁ%&\%ﬁf ge%n‘fwsﬁﬂ%eréj‘}elto 8}55&%16 Fﬂf’afteé‘%hlg]? SHRELTC BE have
devel oped ajpmeeess that allows for creation of a nodule made up of a
nunmber of conponents, 'that does not connect conpopents usi W re bgonds. W
have futPher delsrEparsvis buds o ?‘H]%ﬁhl@b%e‘ﬁ%qg‘é ﬁfé‘é‘“‘EWQd‘ﬁ%léﬁ? ’ir%i]ie'of

| ater conponent Suf @hdiaysesHven BB BRISIE B6tused) n@AGlek ¥ drdatc@Paddi@gon an
conmponents. As a result, our process results in a product 30 that wll be

more rel i abf‘@sidrderobthide’] tagratiemprosessahereby s dnreErod ComPeneRt (! taesg outer
processes | @om'b&fenﬁrthaﬁ’ bar?tbd dong‘ﬂ'?@:;lle(})airé YomntRed BB Hedb P indpdtioh o€ Bl
attachment process, we have credted a packaging  technique that allows
optical devicombined corapanenta theagh pliedraane pomIPTe G@ighipBoards, etet ybih the catifeprodpls be
30 2 8 REC 0 : ' ;

packagi % t (%)é)‘gognpg%'ac c%%%@%ﬁ%ﬁgéééé%?éug%&a@gg 5%9%%\%@{&%@5‘?9%@2%
bonds. Thi s nyehbraldidyesalolt pialinekéingh esbuft theqpresesywherepths evesdhmedulé sns

possible (i.e. the. speed,is . limted only by, ¢ nen it not
Do 11 g SriBieg e RERs dnp i daine Upont GRTRRN G ochBP A il mys1f
reliabl e endeqicedlifz) orifs doAneved haressingeapeitace and/gniegistandeh T husypressntng

di fferent sol der materia{s, Eaviﬂ differen meltin% ints and ttafhnent
t enper at ur e<ECRYEFBIEHINYR 395 gql?;ﬁlilg?ve%ﬁef TSR PO g@ G a4 PRE t o

t he att aghnepk chRpeichBthaP@tdken bl S6khectsh, DidRase tapatitacCaid PaitBcdeiang

attached, the process. does not -have.the probje esepnt in the prior art.
NDr eover Olj:pmg)ection, or increase the suscepugmlty to tgermai an%?or %Lys?ca.? stresses o? a cannec%on,

for an earlier integrated component.

Thus, even where wire bond connections are not used, the particular process used may

nevertheless have an undesirable and adverse effect on the reliability and/or performance of
25" the overall product ultimately produced. | '

We have developed a process that allows for creation of a module made up of a
number of components, that does not connect components using wire bonds. Wé have further
developed a process that does not cause the integration of later components to have an
adverse effect on earlier integrated components. As a result, our process results in a product

30 that will be more reliable than the identical product produced according to the processes in
the prior art.

Specifically, by using a hierarchical attachment process, we have created a packaging

technique that allows optical devices to be attached to electronic chips, electronic chips to be
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-process is well suited to creation of non-optical electronic nodlgese@nghs
particularly well 10 suited to the creation of high perfornmance

.opto-el ectroni c nodul es where reduction of capacitance, inductance and
resi stance ar g, o(]‘sos;@pi ficant concern. In accordance with the invention, we
use a sequent Al PV 6&ess whereby at least: B. one sol der nEtEP§%4P2%5having
a first neltin dpoi nt and a first attachment tenperature, is used to
attach the ﬁﬁtaccg@ grreckagiz apd ppdaging & heatfettsd tg printed cifuit hears, el] withwt sate
device(s) t ; ey | der. material,..havi a
second el tp%%ﬂ'pg#lﬁ% %e%@i}gaé@%% eal?%%%%gﬁgﬂgtr EZS onésfgg nl.ﬂ’e%t,mnls osaggegn.?_gﬁe attach
t he previ ouspepd jsdimited cndynipomenpiosertt oamhiitibe not thewjrmgentong tercompaplse, Inone or

nore el ectroni.c chip(s).to_a package; .an . a third solder nmaterial,

havi ng a thf‘@&dgor%%ﬁﬂ%‘é’; & iaﬁ’f’orgﬁeglaﬁ%ie%lprg 1f"gchmsnt 20 tenperature, is used
to attach one orImavesieF, idiave catpgiifsdittat by esthgdifferent doldek thated MO tHAGKg
conponent, fg% exanp) e, g?c%g%egig;t o-a printed circuit board. The process
can be ext efl EF_”EBEUG%PQ S 3P0 PEAEFRY MBS RO FERIOYE AT ghattasRent d
mat eri al sekapbndnelandtemt Q@&hﬂ@nﬁﬁatéﬁ@bﬁﬁ@ﬁ@&?as!c? $8€ to3RIBonTPRNBRE b@Se
above. The materials used_ in the three or nore different attachnment

processes af@PcBffedinrecsrs Joes nof hexe Repeathlasesuesset i Hoypriar artt Mereeari gpr
conpat i bl e. plJReQUdREN Watel %o cr@éﬁoWn@J—oﬁfggfl’@% nit Ao duled Ex??ﬁa‘?ﬁéu%ﬂg%ﬁd' tions

for the chip to package connection Is Egt?ce to not affect the optical
conponeh? t &uitsHitp thesrration pUH ipperfasmannd opiorelctronic mfedulsh iwbere cedpetisiadi ng

attachnent. E&drkL. GAduk | 1. ol der for a given
at t achnment icgagener’g'ﬁwf%n%ée%]@ét e%%cgq%é&??%helﬁﬁ%ghgh%e han that of the melting
poi nts for the sbiatesrdanesadthithe inMentvocweswiasequeBtial ptaeps wherdblet Ipastcess. I n

ot her words, theyxsold for a8t attachnent step.has.the. highest
mel ting point. he sol 8@6?%&%{1%}@%%1 &#&gté??qg%tagg?gb“ ﬁ%%hlge'%ower
mel ting point than thempelaties, isised td attact the fifst polup af ¢onglomens togétker, fod he
sol der r the third attachment. step has a.|lower nelting point 31 .2 8 DEC
2005 V\Df183/ 003423 PCT?’%@@%/*Elﬁtfghgﬁvﬁﬁﬁ?g’c?f‘ﬁl%g@ﬁ&mg’ol ders used in the

preceding two at Cachnesdconsd @fder mappia)) Bivivy 4106nd hétin@dihti 268 betbnd attachment
i npl ementation, a fourth or npre @\tt.ach-mant st eps.may, be invalved. If any

step invol ves a t her nSEP§FaRER & YSEG & Al@Felr DEVIRLHE JorRKAmPanegts o apqilers ane

procedure applies. ThajmpoBent] fof exiipld, B $raARE R Mﬁ&)t@h%_ﬁ’ck&?e;%ﬂ&h that
heating the 5 adhesive to its nelting point, will not result in the

tenperature exce€di ng? tid Sﬁléﬁmﬁgﬁ%d?aﬁmg@fthirmelﬁmp@m adghigdattackomt al | t he
precedi pg connect i ONSien@sraARE $M:BE tPdital e&)’fgxfo‘?éjbﬂﬂe E&H%ﬁ%tér &F:ﬁec?ﬁ" ts. The

sane is typically, although not necessari ways, tru e attachnent
another component, for example, package(s) to a printed circuit board.

The process can be extended to four or more levels of attachment by straightforward
material selection and extension of the process in the same manner as above.
The materials used in the three or more different attachment processes are specifically
25  selected because they are thermally comﬁatible. In other words, by way of example, the
integration conditions for the chip to package connection is designed to not affect the optical
component to chip connection performed prior to the chip to packaging attachment.
Specifically, the melting point of the solder for a given attachment is generally
selected to be the higher than that of the melting points for the solders used in the successive
30  steps in the process.
In other words, the solder for the first attachmerﬁ siep has the highest melting point.
The solder for the second attachment step has a lower melting point than the solder used in

the first attachment step. The solder for the third attachment step has a lower melting point
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“tenperatures relative to each other, i.e. the attachnent tenperature for a
given step will be 10 higher than that the attachnent tenperat urde8dECt P65
.material used in any successive step. In sone variants, it is possible to
‘use the same material and, accordingly, the sane nelting and attachnent

tenperatures fwaposdobthe steps provided that the tenperaturechRAagithed at
t he precedi ng connection points do not exceed the nelting tenperature.

Not ably, in_so cases, .{he atfachnent tenperature in one step may _be
hi gher thanﬂiaﬁg%thlgswoﬁeﬁd“% < B (HP ST T B ﬁm%g,upferhﬁhs i's not
a probl em bggaidsier intpndteiod Sfolith 8N moR NG aMSIhKps HayBedenvoRetihe spaci ng of
the particular conponents involved, at the point(s) contact, the

T | of
previ ously j oi nelf 2BYFisH HERtvEs athermeliytsepttivandhesiyie giice gt gplderets ¥ ure to

have an adygjce@urehp el THRY ROmERDE fnRRANBEFRG0 L2 d manner,
t he processY)wi |l no%vﬁ%e descri bléid, gzéﬂﬁy Wa%uofa t\j\%%léiﬂghrrplhgggl%ltﬁéthe first

exanpl e, 3 an 2@hasiye & Bemplsing point wikros reslt intbelteinpersherierseedingthe meling goinTol
product is [ | | t i .1:0. one
Cl ectroni o chy metRelPtecl B the bBSR o & HheablP: b Rlalletinllchlh

i nt egr at ed woints. anot her el ectronic chip. The two electronic chips are

I ntegrated into ckage whi.ch.is integrate nto.an el ectronic circuit
board.. 25 The se?gﬁgameexlgﬁg’w@‘h&r%%?@_rg?’gﬁcﬁﬁs?’ﬂ? a&agﬁ&gg ifoetE? a@%&fﬁt t hat ,
bot h t he optiémysdratades fativé to each btheg i 8. thditpacianeht pagenniet aetagiveahiepwiBbare a
common ectronic chip,an n ditional . component that is used for

T onmenp Sort st EnE Bl R A Bhe R bt RO Bt S RO e RSt

el ectroni c chip, Tbsonvwevariahts,dt ispessitl loyusa telsiad Reakehltad, d¥ikLE, theddnd N this

exanple, the part qf the process, the copbination of joining materials
(i.e. sol dé’?&l’fﬁ "‘&‘ﬁﬁt?c { g eTatr s ar a&‘rfgg sfens Reqyidadithdt dhpferasraesdnesswed hown

in Tabl e 4. aBfhedrdde@rciRBGioNPodid QA &2 RETE Wik 23R tature.
ProcessiMateri al Mat eri al Mel ti\&?gAttachmant Poi nt 1Ii'lglkr?rperat ure Attaching

optical 20% Au / SO$rbih IBEPIaEss Jhg pitachmen tenpegatirg in ene sepARtyReriighst then ths

packagi 1g959 o t ' : | 9 79 '
Pb180C210C F{%%%%é%{?ofg B Do OGS b RS E?%Igglgﬁr?pq’l@ga&?%%%“sé% ofad of

process begichgapailan or fee tatthespacing of e patieulaysompenents involved, at the point(s) of

contact, the previouély joined components will not reach a hi gh enough temperature to have

an adverse effect. _
Héving described our process in a general manner, the process will now be described,

20 by way of two eicamples. In the first example, an opto-electronic transceiver module product
is created. The product is made up of several lasers (an optical chip) integrated with one
electronic chip' and several photo&etectors (a second optical chip) integratéd with another
electronic chip. The two electronic chips are integrated into a package which is integrated
onto an electronic circuit board.

25 The second example creates a similar transceiver, except that both the optical chips
(i.e. lasers chip and photodetector chip) share a common electronic chip and an additional
component that is used for alignment of fibers with the optical devices is_at'tached;'to the
electronic chip, by way of a thermally activated glue.

Example 1
30 In this example, the part of the process, the combination of joining materials (i.e.

solder metals), melting points and attachment temperatures are shown in Table 4.
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*devices to an integrated circuit (IC. This is done with a material that
has the highest nelting point (in the exanple Au 20%/ Sn 80% W& Bhper 2005
.melting point of 280 C). The connection 5 points to be joined are broug?ﬂ
"together and the tenperature is rai sed above the nelting point to cause
t he sol der toWRMBP34Phe j oi ned conponents are then cool ed t¥CHEIBRBhe
nmelting point so that the solder is fully set. The integrated

opt o- el ectr pnic TCpeaRtAl NI NG [N Nakplab andmiabeial Mepiigat ed AGatioment
el ectronic |C containing the detectors are {hen @t,in@ched t opduiyRerature

packaging, I CHEAEGEN OPLO- OhRTEGEhOE.C| Modubgye@ackage, usigg a sol der

with a melt| Qg naL ¢ Ctha the prior splder materiall's nelting point.

In this case; wr a wﬁlg(,/»sys (e ptng TEMPET gHHEe Of 240

C). The coni AR latd(amf atocl b,é?hgu L% piE eTtOn g e ar e [eaciT e ugﬂ[
e B g Zi

t oget her wi{ 2Cti v tion | ocations on the | ackaln.
Thg corrpone*ppmﬁdgmuﬂ*tj’r?a]. at-ed efpetrgtfr-e—above—240-—C p s tgan

Tt eatea LU a—t tHe—apove—=#% N UuL ICDD
280 C so the solder of the prior joi n?(fgg go not 15 renelt. The joi ned
parts are then dadlieskabpld)aleanstipag oﬂpﬂows@geglﬁmiﬂmbumhmfcmtdmﬁxphMr to set
the new joint(s). The final. par

process i n\EﬂV%Fé%t"taﬁémﬁFtaﬁéﬁH@HE&%} Tl"ttisrr}‘gdt eg& a%’g{?géldﬁa(tz‘ t;bBEJa’BondI?qgﬁg

circuit bogidn(® 68 8ahpid Be 20%@%%o<ymﬂ§am§mﬂgﬁemmﬂzzoec) SIHe@Gﬁneﬂ@érﬁr i al
which has a nelting tenperature |ower than either of the previous twp

sol der s 20 neiwtd to hajoinkd aredbrenght tgsether@adhe tqmppemarare dsyaiged aboxp thy meltiRg RO
tenper at ur . Thelj Lrts 98 AR oBIRA fohd v B8 nleRtinged are
br ought togtgt us,la%)esgléég&g%gt%hea{t]%gﬁpwg%?ure betwgen 180 C and eZIAJ%GC. The
modul e i s. tient sodldt 8 soblebglfaly sehe nel ting tenperature of the sol der to
set the new joi S Qgg‘mﬁg{ ' lves a
t enper at ure bel gtvﬂeﬁteg%gﬂ%gm %1&%1“%3@%0]?% géeﬁf%ngr att caﬁércrl& ?’s, t he
attach nent demonmdﬂ qontaamﬁme detectolis sreun atth@lep té the IC pre¥egingdnsieate ER QRO e 2

In this/ a rocess cei ver,
ocent Hoas Seishinic i bitfad SRSl VAR ettt oty Bl iich £ 88000

chi p) shar emategiarameitieg point. dnitlds edse, Sn&%%/a&bﬂddo]ﬂemmadedtimahngmetahae i's
used for aIi f fibers 'th t opti cal .dewi ces 8 .,.DEC..2005 WO
031 003423 PRAIARES, tagts on el Eﬁq@gﬁ%ﬁthﬁ e ek B g?ﬁ%?“& !

thermal |y aﬂfsh‘f@ip@&v@@hﬁfebﬂ&l lg&awi@ng dmame I@pmagmgl mtdon@ahws foMhdhiRédtade and
has a nelting tenperature of a sett ﬁ%é qgﬁgature of 0 C. As

3
a result, tHeaisrpeaae shovaRQ r(é@“%lésst@@tzggt?é% ]T‘?"l@"oélﬂ‘r‘i}@lé prot

requiri pg t e, AdREShiNG Isa%s BRIhQ &Bﬂdﬁﬂﬁéﬁv@t}khﬁeﬁig’tt@ﬁb&&tﬂ%e stfthd doRleptabet € t O
the printed circuit”board. The 5 steps and materials involved in the

process ar ethemsWiomisiTabl e 5.
The final part of the temperature sensmve bonding process 1nv01ves the attachment of

the module package(s) to a printed circuit board to create the module. This is done with a
solder material which has a melting temperature lower than either of the previous two solders
20 used. Inthis case, a Sn 63% / Pb 37% solder, with a melting temperature of 180 °C is used. .
The contacts on the parts to be joined are brought together and heated to a temperature
between 180 °C and 240 °C. The module is then cooled to below the melting temperature of -
the solder to set the new joint(s).
Thus, since each subsequent attachment involves a temperature below the temperature
25  of all the prior attachments, the attachment does not interfere or disrupt the prior connections.
Example 2
In this example, a similar process is used to create a similar transceiver, except that
both the opﬁcai chips (i.e. lasers chip and photodetector chip) share a common electronic chip

and an additional component that is used for alignment of fibers with the optical devices is
33



“ProcessMaterial Material MeltingAttachnment Point Tenperature Attaching
optical 1Cs t020% Au / 80% Sn280C310C el ectronic IC Attaching |1 @& OEC 2005
_packagi ng95% Sn / 5% Sb240C260C Attachi ng ali gnnent pi eceTher mal

A ue230C230C t o packagi ng Attachi ng packagi ng t063% Sn / 37% Pb180C2100C
printed circui rd _Table 5 The process proceeds as above. First the
optical ICs ar Oﬁ%@ﬁ‘%onnect ed to the electronic I C. Next, PICHNQJSOZ/ZZO“
opto-electronic 1Cis attached to the packaging by nmelting the sol der
above 240 Catfethedisl thaele@®nE. chifh by walief atherpikyrectiyatedadhesverghiredbet is wott he

packag ng i SeRPe AL b IRERE 1R IR, fdk 220 1 A e B iU

bet ween 180 260 &ndA2 36esflt, the pnoseswfsl alteter ovwthat dtathmentef the soxdpdnfemeapnnmﬂhder S
exist, from old.to al l.o and . eu iCcs ta uch.as si
Cana 11 e r iR ber St She W cnsfeth 8o BRa Rk B Brifed B el HEL,, o

t he minyssolsdzpﬁ SndirblitéxﬁﬂiinYoE@dTﬁi&hﬁlbxabésyaI&‘éEd\inﬁhl’Eab&lﬂ)ng with thell’ 15
reSpeCtlve a !flnﬂ p nt-s Sol der—Material-Mal ti ng Tnnrh

DT ST

81. %Au1199% n487 96. SBOMES3. 1595 R63 BEMIA 12ugHgtereh Mging 7 @%%hmes% n314
95%Pb/ 5%6n314_5%A _90%Ph/ 504 n310 [ _5%A 97 _5%h/|1%sn30@nt gon | Tomparatures| 5o/
95 59%b/ 2%6n3@4taghigggplical7IGsdph 303 20004/ 80008m 302 2. B9iKg/ 92. 59PLY18% n30

2. 5%Ag/ 92. 5%pislestrmioEE 959Ph/ 5%Bh295

Attaching IC to packaging 95% Sn / 5% Sb 240°C 260°C
Attaching alignment piece Thermal Glue 230°C 230°C
to packaging - :

Attaching packaging to 63% Sn/37% Pb - 180°C 210°C

printed circuit board

. Table 5

The process proceeds as above. First the optical ICs are both connected to the
electronic IC. Next, the opto-electronic IC is attached fo the packaging by melting the solder
above 240 °C but below 280 °C. Then the alignment piece is bonded to the packaging using a

10  temperature between 230 °C and 240 °C. Finally, the packaging is attached to the printed

circuit board using a temperature between 180 °C and 230 °C. }

It is well known that numerous different solders exist, from pure gold to aildys and
eutectics of metals such as silver, lead, tin, antimony, bismuth, or other metals. Table 6
shows just a few of the many solders currently commercially available along with their

15  respective approximate melting points.

Solder Material Melting
. Temp. (°C)
81.%Auw/19%In 487
96.85%A1/3.15%Si 363
88%Aw12%Ge 361
100%PDb 327
95%Pb/5%In 314
95%Pb/5%Sn 314
5%Ag/90%Pb/5%In 310
1.5%Ag/97.5%Pb/1%Sn 309
78%Aw/22%Sn 305
2.5%Ag/95.5%Pb/2%Sn 304
2.5%Ag/97.5%Pb 303
90%Pb/10%Sn 302
2.5%Ag/92.5%Pb/5%In 300
2.5%Ag/92.5%Pb/5%Sn 296
95%Pb/5%Sb 295
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“34 2 8 DEC 2005 WO 03/ 003423 PCT/ US02/ 22051 5%A 90%°b/ 5%8n292 2%A

88%Pb/ 10%6n290 85%Pb/ 15%5n288 86%°b/ 8%@i / 4%Sn/ 1 % nl |

%A286 80%AY 8 2NPEEAMB0

. 80%Pb/ 20%6n280 81%Pb/ 19% n280 75%Pb/ 25% n264 70%°b/ 30%Bn257

"63. 29b/ 35%6n/ 1. 8%In243 95%6n/ 5%6b240 60%Ph/ 40%46n238 97%Sr i / 3%6b238 99%Sn/ 1
%8b235 1009SnY92380HBN 97, 5081226 3. 5%A 95%Sn/ | . 5%8h226 6098BT/HHER AP DS

3. 5%\ 96. 5%6n221 10%Au/ 909%8n217 95. 5%6n/ 3. 9%A 0. 6%Cu217 96. 298n/ 2. 5%A

n/ 9928099 409%°b/ 60%6n188

0. 8%Cu/ 0. 5%6b217 10%Pb| BHETROYFPbBEN6SMPh/ 50%6n212 50%PRE50% n209
15%°b/ 85%6n205 45%°b/ SHURAZEEYFBYIIESIOYEN199 91%6
2. 8%A 77.2%8n/ 209 n187| 88%Bwva 8%En/ 39BI 187 30%Pb/ 70%En 1286
86%Pb/8%B1/4%Sn/1%In/1%Ag 286
80%An/20%Sn 280
80%Pb/20%Sn 280
81%Pb/19%In 280
75%Pb/25%In 264
- 70%Pb/30%Sn 257
63.2%Pb/35%S1n/1.8%In 243
95%8Sn/5%Sb 240
60%Pb/40%Sn 238
97%8Sn/3%Sb 238
99%Sn/1%Sb 235
100%Sn 232.
2.5%Ag/97.5%Sn 226
3.5%Ag/95%Sn/1.5%Sb 226
60%Pb/40%In 225
3.5%Ag/96.5%Sn 221
10%A1/90%Sn , 217
95.5%S1/3.9%Ag/0.6%Cu 217
96.2%S1n/2.5%Ag/0.8%Cu/0.5%Sb 217
10%Pb/90%Sn 213
50%Pb/50%Sn 212
50%Pb/50%mn 209
15%Pb/85%Sn 205
45%Pb/55%Sn 200
20%Pb/80%Sn 199
91%S1n/9%Zn 199
40%Pb/60%Sn - 188
2.8%Ag/77.2%Sn/20%In 187
89%Sn/8%7Zn/3%Bi 187
30%Pb/70%Sn 186
40%Pb/60%In 185
37%Pb/63%Sn 183
37.5%Pb/37.5%Sn/25%In 181
2%Ag/36%Pb/62%Sn 179
30%Pb/70%In 174
100%In 157
5%Ag/15%Pb/80%In 149
58%Sn/42%In 145
3%Ag/97%In 143
42%S1n/58%Bi 139
48%Sn/52%In 118
30%Pb/18%Sn/52%Bi 96

Table 6
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“409%°b/ 60%Nn185 37%b/ 63%6n183 37. 5%°b/ 37. 5%5n/ 25% n181 2%A / 36%Pb/ 62%Sn179
30%°b/ 70%In174 100%In157 5%A 15%°b/ 80%n149 58%Bn/ 42% nl145 3 %Ag) P79 n%@
. 42%6n/ 58%8i 139 48%5n/ 52%In118 30%°b/ 18%5n/ 529%Bi 96 Table 6 35 2 2

"WD 03/003423 PCT/ US02/ 22051 Simlarly, thermally activated adhesives that
are non- el ect g onductive exist and can be used in cqnpj tion with
the sol ders néh{(gﬁl/dg %se according to the techni que descri be%elr)ﬁ]g&ézizﬁ%} )
Moreover, it should he further understood that the nelting point of a
material used fo?™Bry, thermally atiated pdhpsivanihicrrnphePottierdly oM ctivsees #nda
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stays below the nelting point of its connection material. For = exanple,

wi th refereheegin o Exanpl e 1 above, if the opto-electronic ICis coated with
an encapsul ent {fal,,y 1t|sP$ﬁfEéIM¥rlhﬁ o@&ﬁla{tﬂgpgﬁﬁggp%&?gfgﬁﬁeﬁallu%dtﬂrSoma
extent, it may be posSible to raise the tenperature~to above the

t enper at Ur eaphrtichler stel dan ibg hjghientharodnetised mmtprededing 36p provitied that empeptureal | C

to the el ectyroni c 1 C hecaus e te ature at. the point .of connection
w1 ot exsisdtof remedRpAtE s e e B Bhel PO s R EREn Ay or
al t er nat i vekyamplé, witharefeemoprBahpld Datoee,jibthe eptolmlaetrsmié i ﬁi (ﬁﬁﬂec}l yitsepar at ed
by space or a thernal shjeld or .heat sink, _as l.o as the nmeltin

t gnpgr ature e%“tapi“ﬁeé‘%F H{H @W?Elé' t’ﬁ‘sBﬁteptg? ﬂ‘fktg'e}e rore P@??cs@g’ﬂéﬁte{nhﬁfmﬁ' g’ﬁper ature
can be excegdaibl@fo riibeths e, & Atdie BRitdthperdtiidSof tHein Rk i o2the nfatedial

t her mal 15gsh',el rWas' Flcac;\%?ﬂ%gt weenethe pI;ervi'ousI; bonded ,cgr}pce)neant_s and
the al i ghneRPgnete optical {C 1o g cletfopiclChitpanye Sisdeareraiiyart the PO afitenpseten ous
connect i ons wif] A& éx@&eﬁ'ﬂxéﬁ@]ﬂﬁ% E&iﬂf Gedb theRBcapdl1&:AN BRBRUBCE MRS, HndOi Nt

coul d exceed 240 C provided e tenperature at the prior connection points
di d not excé&euponentsto bejpined aressufficiqntly genaratedchyraprerear iedrasmelshielfordgptdiks of

Table 6, it Wohb aDfie WERAPEAFS theaiof Rm¥éHoh PSP GG dkbdedROhgnt i @l
Eto | st. tsoﬁ{gb g

conbi nati ons aré t oo ‘nuner ou . e under st oo
temperature can be exceeded at the new connection point. Thus, in Example 2, if a thermal

15  shield was placed between the previously bonded components and the alignment piece or it
was sufficiently spaced apart from the previous connecﬁons, the local temperature at the
alignment piece connection point could exceed 240 °C provided the temperature at the prior
connection points did not.exceed 240 °C. ' :

Even restricting the combinations to the solders of Table 6, it will be recognized that

20  the various specific poténtial combinations are too numerous to list. It should be understood
that the use of different combinations of materials (such as, for example, appropriate solders
selected from those listed in Table 6 and/or identified herein) according to the technique
described herein will straightforwardly result in numerous variants in accordance with the
invention. The hnpbrta.nt aspect not being the particular materials, but rather the relationship

25  among the melting points of the materials used for each successive step in the process. In
other words, as long as the solder materials are suitable for the particular purpose and the
various components are joined in successive steps, where each successive connection
involves a solder that can be melted without exceeding the melting temperature at the prior
connection points, the process will work.

30 Finally, it should be recognized that the above referenced process need not be used for
all the components of a particular assembly. For example, based upon example 1, the opto-
electronic transceiver may be one part of an assembly that further includes a housing, one or

more fans, connectors, cables, etc. Similarly, a particular assembly may be manufactured of
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acconpl i sh a nunipgstectini@dy Aatdgas bé el ditiinggrating optical devices, including, but not
lirnited to, vertical cavity surface emitting lasers (VCSELSs), distributed feedback (DFB)

25  lasers and distributed Bragg reflector (DBR) lasers, with electronics, irrespective of whether

they are top-side or bottom/back-side emitting, to form large optical device arrays and for
creating modules incorporating the resulting integrated opto-electronic chips. ' |
At high data rates, for example, about 10Gb/s or more, it becomes difficult to turmn
lasers on and off rapidly enough to accomplish data transmission by direct modulation of the
30  lasers. This is becanse when directly modulating a laser, electrons must be fed into the laser
device in order to create light and then pulled out of the laser device to turn off the light

during switching. However, this process requires a minimum amount of time and power to
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the previous . .
described therein and to ensure the modulators are made electrical contact compatible with an

electronic chip already containing lasers.

25 FIGS. 35 through 37 show example formats for integration of an individual modulator
in an array of modulators, it being understood that the process can be preformed in the same
manner on an individual device or wafer scale basis. |

FIG. 35 shows a modulator 35-200 having connections 35-202, 35-204 formed for
mating with connections 35-206, 35-208 on an example integrated laser device 35-210

30  previously integrated with an electronic chip 35-212, in this case a VCSEL. In FIG. 35, the
connections for the modulator were made using one of the incorporated by reference topside
processes. In the lower half of FIG. 35 the devices after the contacts have mated and been
bonded.
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~approaches to ensure that nodul ators are made conpatible with the
vertically emtting |lasers described therein and to ensure the rPobiESt 0%
.are made el ectrical contact conpatible with an electronic chi p aI r eady
‘containing lasers. 25 FIGS. 35 through 37 show exanple formats

i ntegration oVOAX34Hi vi dual nodulator in an array of mdﬂ%’%’zz‘ *t being
understood that the process can be prefornmed in the sanme nmanner on an

i ndi vi dual devi @&G36 shafve bn sitahaivb amidslatoF B630@bavitpeesnatinmsdf-H12086-364 200
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35, the connections for ermuatorvveenaeuin on t he

i ncor por at piny th VispLIRE eﬁPH&@%&%@mﬁt‘ﬁl?"ﬁ Wﬁe alf of FIG 35
the deviges aft engt ﬁ‘ﬁslfé%ta&ﬁédﬁlaﬂﬂ\éﬁltmed fonte Rednlischfndeshdadasérs3 702, 2005
WD 03/ 003423 PCT/ US02/ 22051 FIG 36 shows an alternative modul at or 36-300
havi ng conn¥cfQtone ssgledeser hadogirdundaptachve Fegiong ot HigWn -t 1n this sondteragine,

35- 206, 35- s%ﬁﬁa@@ AdASELARCY1.968 A udhlo gflyslfdaﬁ% e}%5ate tHebgt@3 RALKoSthele
process of a app ication 1ncorporated rein by reference, and, in the

| ower  hal feledtropivechip 3Fut1@, to twheredhsnoddataf wit's eontactsSit4d é can matgavitethed and
been bonded El crete
r edundant I%lg‘ZaFesfl °§9ta§%3§ 'l?é’?’rgbo?girﬂlgB@B%H&hE fsrzogyesﬁg%él\?{h%gtor uép?djédrpt&agtl ve
r egi ons1q noit hsdtean Jacated abdviesheclaseis QR BbAO4 migeatal witistha nl&cﬁidlsc &iip 306,

37-408 are t 9..physical Ly el evat acy

el ectronic %ﬁﬁegnégdlﬁ‘i‘}z/ 4 ghm?é?ghetelﬂwer (}hq?g? njt7t|n|e%1$'s con% {eg§nﬁ?4 can
mate w th tihe modhbwateslooadupifgofihiddibearbh flonwtie labat fithh cbmmohlﬁ@am shows
t he nodul at o rflt SZ g}PVWSter 10 it has been'| ocated above the | asers
37-402, 37- 989 qlopeEgiagt th the electronic chip 37- 412. In addition, as

shown in the | owsg ndi’tad fn tB& agplicatiodd incarpbiked by fefbrbBed, §repw1ﬁﬁxﬁd1ddﬁteg1@porof t he
nodul ator to all ow caqu I|n of emtt.ed beamsfromthe eI‘S\SII a connon

fiber ofS oPHEFSEH % afer@ﬁéw PEPGRoYREher Fred %Fér% oFeCit 6‘H€
i ncor por at eghBiafoR £ @ﬁﬁﬁzecpfoﬁﬁg{t%ﬁﬁﬁ ﬁeﬂuenf&ag b Bhe t3P o PO FRP&HTe ar €
slightly different dependi ng upon wh %ler the | asers (or detectors) and
nodul at ors dedcespr theibettemi(os. bagkgide) @rﬁlilﬁcllcﬁn?{jﬁ‘ferd@ﬁ#c%t”éﬁﬂiﬁg)mﬁt hryghehe top
of the respgﬁﬁ{r g devices or the bottom (i.e. backsi de) of the respective
devi ces or- not through a substrate. Three representative

al ternative i npl Thenteprasentstivecitemating impleoregiations; ereathdaqspdingds die Pro@sst he
i ncor potat ed refer ion

oy weond “Ro pBBRE0S ARRLLE B lRee RIS RL phdiuhlishsatRERt B0
shown in Fl Gduldferbid olagdr. These representative nnplementauons are shown in FIGS. 35 through

37, although other implementations can be made in addition to those shown herein'ﬂlrough

application of those techniques.
The basic approach compfises:

25 Integrating lasers in a large array onto an electronic chip. As described in the
incorporated by reference applicationé, this is done using either a) bottom emitting lasers,
where a funnel or other opening is etched into the substrate, the substrate is partially or
completely removed to allow optical access, or with no substrate removal, if the substrate is
optically transparent at the laser’s wavelength, or b) top emitting lgsers (i.e. emission of the

30 laseris not towards the substrate).

Ensuring that the lasers have *“pass-through contacts™ which allow electrical
connection to be made between the top of the laser wafer piece and the bottom of the

modulator piece via contacts on the top of the laser piece and bottom of the modulator piece,
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.37, although other inplenentations can be nade in addition to those shown
herein through application of those techniques. The basic approal:ﬂ DEC 2005
.conmprises: 25 Integrating lasers in a large array onto an el ectronic chip.
"As described in the incorporated by reference applications, this is done
using either obgltememtting lasers, where a funnel or ing is
etched into the substrate, the substrate is partially or c%%ﬁ%?%ggfq )
renoved to allow optical access, or with no substrate renoval, if the
substrat e i ¥ithgigthedsqigea] eptasdmpasting thaneeformanse okthdasen ispldt I otlsr wprdsop

em tting | agRi@nfbis Stiow HeS R 1ol 1ectRatifodhedts B e HAMBELS
substrate). En_sﬁri ng ?hate tct]e I asgrs ezgveal‘lwi)lass?tidrougeh 1conl'Euactaas:é}(%t\llrvﬂlll%]h

al | ow el ect Hicgafervegnairsetwafer)t o be nade between the top of the |aser wafer

Paser pi cce and boELbR oL TRAMNALCLYEL ARG, BB RE idedind S5 8816052

PCT/ US025 22 @&d hapetal dhetir dldvgrical emtacisealthaconicati of thrpeadéripige tHaewjikbd dosestnee  of

the laser itself. | n other,.words, .he,cont.acts .all] ow the d tors to be
el ectrical l ;t/he?%sr?ﬁsea@?é’ffmi‘%edflh%coéﬁ% a%?ﬁﬁhét Iﬁﬁt?léeis Wﬁ‘rt%%@‘?&lg?rﬁggq ‘#tt@? \P&FT ng
| aser waf er hrofghemhiatig” emthaldsanpiee. nodul at ors whi ch al | ow optical access
into and out of the device é—'; and have all their electrjcal contacts on the
same side of the Tmetheoadylsians withthe Jgger wjafir piece mp sipplar wayde the wayg

arranged i niRes et ih@pratddicRtd thodbctioRicARSind firaiyhe configuration of the
"pass- through contacts” on the | aser piece. Integrati ng t he nodul at ors

with thd0l aser wéfmsymbsr efsehemesdorregting thepassthrenghiregiops,and thesfermattinecof the

i ntegrated Qpfi igeR\(@fhkf APIEatERIoP1abds) AEIRELE] in 8 ARSI R G EsES
for creating the passthrough regions and the formatting of the “optical
devi ces (ei referenepapdiaadescsbasthereasers) are described in the applications

| ncorporated by i Rhak 80GRaNMbde: WRHduBRs BE] Aldhavl b st deiBeqader st ood

that the nodul ators can a ave a substrate attac em pendi ng
upon t he parthengUPependingbporethe parfionar implementetion e famiaker otipe npeningxan theheforef or

15 b j . _ . ; o
substrats, {heide 8 Ge b LBERNEINE S0 00820 ACTBR Bl 4R, one
if it is optcaché thinnkd,am #Eaubsttatetoan bakef adone df it isaptivellyMansparcat to thelasendi ng

th ticul du] at d it t | ocat.]
backs! de) | CRIEwH AP gy deBting Bin era et Hac frpLeRdk Motiidosetiet igobps or
toward the opbickside), Merfiuthel &bthdh openind dagbs ditededrbRRpdsRslastsd SiGcRRB theasers in

paral l el transcgivers, they have typically been thought- of and used
strictly as °8Efbd§-"@¥{dtti ng devices (i.e. outputting parallel to

20 While others had proposed using DFB lasers in parallel transceivers, they have

typically been thought of and used strictly as edge-emitting devices (i.e. outputting parallel to
the plane of the wafer). FIG. 38A shows an edge-emitting DFB of the prior art and FIG. 38B
shows an edge-emitting DBR of the prior art. Thus, the parallel transcéivers using these edge
emitting devices have been created by integrating the devices, one-at-a-time, in a one-

25  dimensional (i.e. linear) array. This is shown in FIG. 39. In FIG. 39, a circuit board 39-600
has the individual edge emitting array of lasers 39-602 mounted along its edge 39-604. An
integrated circuit chip 39-606, containing the driver circuits for the lasers 39—605, is
connected to the lasers 39-602 by a series of wirebonds 39-608 via the circuit board 39-600.

Since, as noted above, our techniques are usable with any upwards or downwards

30  emitting (or receiving) devices, we recognized that our invention was also usable with grating
coupled or angled micromirror coupled DFBs or DBRs, for example, because the grating or
micromirror cause their emitted beams to travel perpendicular to the plane of the wafer, such

“top” or “bottom” emitting devices having been created by others in the prior art to facilitate
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“the plane of the wafer). FIG 38A shows an edge-em tting DFB of the Eprior
art and FIG 38B shows an edge-enitting DBR of the prior art. Th8sDEQ (3805

. parallel transceivers using these edge emtting devices have been created
“by integrating the devices, one-at-a-tinme, in a one 25 dinensional (i.e.

| i near) array‘?oqwoyz?s shown in FIG 39. In FIG 39, a cir&&T{USpEEME 39- 600
has the individual edge emtting array of |asers 39-602 nounted along its
edge 39- 604n-wAffer tésfihg gf thbsie@icex WHIG. 40A gho38-26@fwarde nt ‘dopii engttingeratmgver

circuits for the | asers 39-602,. i onnected to t.he Lasers 39-.602 by a
series of W&PY¥ g0 @96’6‘8%‘?%?@1@' %Q% e aﬁ%ﬁ’?‘ﬁ*‘@@%d@%mﬁ 1 ,m%gaﬁ%% ed
above, our chggéaed 06 thampeiotisadimilatly, IFI@N0CIEheBE aS uptardow i@ damitidgem t ti ng
- (or receiving) devices, we recognjzed that Q@Ié i nvention a%s | so ysabl e
Wi th grati FCTORBLH uPIsd lasergit dhe imioE b At FIGk a&w@@é" Obg‘?@‘,om or
exanpl eg b%ﬁgﬁﬁgrﬁig}gmg;&%me@@serﬁ%?ﬁwﬁgr cause their emtted beans to
travel perpendicular to the plane of the wafer, such _"top" .or "bottont

em tting devi cedshaeinligowepproathantdedt nopsiblerfer thoseperpgadiplarsmitipg DEs or
facilitate]ﬂ%gt; Qg%%sg . agg};/aﬁasg - 0On=\af: sting of
t hose devi ces. I%& goﬁg\ﬂ\ér?vg?ﬁg%gv\grﬁgs 0 "to;g)e(g?ag%ﬁ%?l?%wlg{ﬁvg coupl ed
| aser of t hetecyoiios prasent Buthe FEkagratefiGicrihomehichdesyrweas thoumsed, siabtas showeii t t i ng
grating c%glﬁd | aser of the prior art. Simlarly, FIG 40C shows an
upwards or “top" emtting mcromrror coupled |aser of the prior art and
FIG 40D shows adianmgeinsly, 2 we'desdribedyithehntegratibn nfmoduatomsiwithdasersosipqualy | aser

of the prior.art. As a result, aur raach . .ma i ossible for those
per pendi culvépgéc?ﬁat‘faflﬁla oégaé?s’(ﬁr°w%§§§§5lbeqb%‘t §8Wfqﬁ%sﬁﬁa§grsieﬁen§u "‘?%P‘aﬁs nensi onal
array and iwHRgIat Teus| fir ieR@ibpit, v swifids ethittiug DFSl a2 ©IBRy Bicisaspraestimgtcoiypied he
i ntegrated circul n whjgh.they, were unted, such as shown i FIG 41.
10 Advant agaber g DERcajplef ddt A e, cuhEe YT ByiuE] GrEBreRSHET AP wi t h
| asers is efyathoe thipddnibvhine with WaUSERky of |asers, provided that the Iight
fromthose | asers eventually emts vertically. Thus, for ex%rgglae%a

S > BBR

sur f acel®ni t t i ngoisscrihed priRe incomrated by tgremrs IPRlistoneEplerseo

coupl ed wit g.-ﬂg G ALERGr M5 &M hOaskRYRbed Herdil], RREETAmS the hmanshnar
advant age t%g gcﬁ?ge\r?gﬁ%’bm tgﬂ VCSICE)!_;.LS 15 As deerscri b%d in the incorgorat ed
by ref er enceanapjjter ontrinsae ver fraysroottainingaYeS L, IB. orlpBR Jasar 2nth lettEmédsicays of
our inventigns as described therein, |arge-format two-dinmensional-
transmitter or transceiver arrays containing VCSEL, DFB. or DBR | asers and
el ectroni cs can WhileWE@SELyhiveshe /dSEitagervdbeinglaancrelwaretpd aytildbls taghnaloghir e
mat ur e d agxak!l abl e technol.o L Liakn him tations. The
out put Bowel CERLS RS AR, TRy poel AU bR ek S b

wavel engt h Masktysof 16mger eneeipiglh VESEL® feleengplb.st whvder@thyiof i Srsicemd and

beyond, is less than at shorter Wavclengths; and the chirp parameter (characterized by the

wavelength spread or the change in phase of the output wave during switching) tends to be
high. These characteristics limit the usefulness of VCSELs for longer distance data

25  transmission at ultra-high speeds. DFB lasers have superior characteristics which allow
longer distance, high-speed data transmission. Accordingly, for long distance data
transmission at speeds in excess of 10Gb/s, DFB lasers are superior to VCSELs.

In contrast to using VCSELs, using our approach with DFBs or DBRs allows large

numbers of Iﬁgh-power, narrower linewidth, low chirp, long wavelength lasers to be

30 integrated together on an electronic chip. By doing so, extrémely large bandwidth can be
achieved (relative to the bandwidth achievable with VCSELS) because resistive losses and/or
capacitive slowdowns are minimized. Thus, highly parallel (whether in space or

wavelength), low cost, intelligent transmitters or transceivers can be made that can send data
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~beyond, is less than at shorter wavel engths, and the chirp paraneter
(characterized by the wavelength spread or the change in phasezcg Egea .

. output wave during switching) tends to be high. These characteri®s P 008 ¢
“the useful ness of VCSELs for |onger distance data 25 transm ssion at

ul tra-hi gh spegslgselz® | asers have superior characteristics phj d.ow

| onger di stance, hi gﬁ-speed data transm ssion. Accordingly, Pplg}r[]g{&(/)z%{)fl .

di stance data transm ssjign at speeds_in excess of 10CGh/s, DFB | asers are
superi or to°¥/‘t§§€ﬁ§5 s 03 Ppeiers %d§ ferigenfeasaa be demewittyotherddsst oach wi t h
DFBs or DBRgechhd1oMBs, kadhad8 vausriger s of high power, narrower |inew dth, |ow
chirp, long wavel ength lasers to be 30 integrated together on an el ectronic
chi p. By doi ng s&owewsr #mathV CaEks thsalssiva fat ¢ver AstepBansmissionvetes peass that. vk t o
the bandwi dihnagineahls: i DFEGRELS); RRGAUSE iRl williy

capacitive sl OV\gOWI”lS Aare mnimzed. was hi g}sﬂly ;)Vgl?lé)l Foé#&?l\?\%g?ﬁg?ﬂeﬁ%taspace
or wavef en§itm3te trpesmisshen time perisd| Thes wecrmalsnsiraghtforwardly ceoatedeige emaysofin be

made that c . 1 over
Several tens 5y o] i fhofthatnchiidel s oh U et il SRR B HRSe er

| aser techoblaogiesing ¥i@iSkELas VCSELs. However, as with VCSELs, the desire
for ever faster ansm.ssion rates neans tha t .S Qi the.time the
DFB | aser needs |}3 ‘%a?(?eff‘m?‘g"vs?mwc wr?qessofgﬁw?%gﬁ&e?ﬁ?@ﬁg%%\a%@e 5 bit
rate transmieksiraticsis e same bodescribed Sor thespeaific MCSELSéxampRh irf 106 WRbgbiatadbgat e

| ar ge atléaysﬁof DFB l.asers w th nodul ataqrs ci osel¥ integrated on.top to
achi eve P ur CHEFRHAPREFANONS- ol Repsraess sts AT elases WalT O spipispieqs, copiaipings lange of

overview, thempéeeeasfdoEmitiiCOFBE drTIBRY)eTHek R asd arDRRfackbhbtting Wecause they
el ectronics is the sane as described for the specific VCSEL exanples in the

i ncor por at e&a'fﬁ/an_ TR PEF S U Preaemsles sratig o riereRdTataseuplaine e | aser
vaf er or wabpeheRdiQNs t6 i AT thAh A6 (BHIER BBy BEmIKE JuBGBtESPibibiang DFBs or
DBRs. These | asers are surface emtting because they have an el enent near
their out putibstdie)-exanpl e a grating or micromrror to couple the |ight

per pendijgul ar t oThie depnbiRE St wh ice6&d ek bstrate
or into the substrat g%h.‘u 1% .‘II)'he‘F]V, Hgg\ggﬁhg%u{)%ﬁ%meéﬁ%j%?%e i's
confi gured swbsémiet(i.atop” emitting)os tovsudsst (at ‘bottomB emitting) thesyppropiistg progess is
towards it CbetSme ; ﬁgl [Mel ha. [Qpri rocess is rfornmed
as descri be %l n cfg?l g?Fé%giﬁ\ éite%gf)[??hgtg{’ c?%@cg}sglgcg}p%%aﬁ%‘fbev eﬁeflenf’ee?nedr% F&*nd
reiterated inbri¢fibelfv.bel ow. |f the devices are topside emtting devices:
the | aser wafer is. attached, to.a carrier; i 20 necessary,. the |ase

waf er substrate :[t:m? %?Vﬁ%egdfe R ginﬁtdgwf)eét '3‘8Fa}§ere‘i’%ﬁéﬂa%‘ix‘°t%8 HPATREAY de of
| aser waber necessaryahd lasen wabe Rutistrat id thitedyicbhtadtiine Pattdie etchudl caCGhSbartk sidaef

el ectronic \i\aas]:ale Wafer in a pattern such that they will match the contacts of the electronic wafer

containing the drive circﬁits; if desired, an encabsulant is optionally flowed between the laser
and electronic wafers; and the lasef and electronic wafers are attached to each other at the
contacts. | |

25 If the devices are bottom emit.ting devices, contacts are pattern etched on the top side
of laser wafer so as to match the contacts of the electronic wafer containing the drive circuits;
and the laser wafer is then attached to the electronié wafer. Optionally, as with the topside
emitting device process, an encapsulant can be ﬂow_ed between the wafers and/or the laser
substrate can be thinned if necessary or desired.

30 These processes result in integrated devices which contain the various grating coupled
DFB lasers integrated with electronics. Although the approach can be performed without
them, consistent with semiconductor creation and etching techniques, making these edge-

emitting-type laser structures so that they contain etching layers and etch stop layers to help
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~containing the drive circuits; if desired, an encapsul ant is optional I%
fl owed between the laser and electronic wafers; and the |aser &niiDEC 05

. electronic wafers are attached to each other at the contacts. 25 If the
“devices are bottomemtting devices, contacts are pattern etched on the top
side of |aseWORAP®#23s0 as to match the contacts of the el EYENME00hf er
containing the drive circuits; and the |aser wafer is then attached to the
el ect r oni ¢ widlf ébricafiohiod talcbytactdsyersi dand, pobentinldpwithlthe sebsireteitiignide piocess pr ocess,
an encapsul.ant cgﬂ, be flom@d %etv\%ent.the waf ers and/or the |laser substrate
can be t hi mragiqie! Ipcomrueligl sgple QRGREUR- 30 These processes result in

i ntegrated devi GES. whiiiwsciaRahiarst fashivig theqitScegy sadpis aad the upd et dFBe | aser s

integrated with el ectronics, Al though the approach can.he perfor wi t hout
e cone BB WH<OHA R ARG PO BRI A P be ot S BERRSTES™ Faki ng
these edge-dedbidrh bR Bplof e 1hREGH tifeldrtgl Ur es so that they contain etching

| ayers and etch stop |ayers to help 42 2 8 DEC 2005 WO 03/003423

PCT/ US02/ 22051 iiGh42 shsiscadidediievn pr pasoreefipn dutesrpigd upis 45 R0 madnwprifiadwpy wit h

t he substr age, 1 hiapi ' iefd AL TESie it dub 904
producti onfa(ii E?eggb%%%%afg I %ﬁ%rﬁgg‘qgése% on?ﬁﬁltgﬁirqocéss stuegféﬁzngl t he

end resul t @fd anpdectropio drtegratedipir e &y applymgéhesteaphingnef hoinventiosr t he
simlar pro f. Lt i . 5 detectors on top of the

| asers in t%%%?e;aan)}%ﬁq%rﬁggg%maﬁg?ﬂdfehe\%%w of portion of an integrated
unit 42i®00 nadelngpother warkmoreatidrasnailing & the teaghingsfof gredinventjor, dhgrhodhlHBR

| asers 42-902 .i ntegrate it h dul ators 42 i

i nt egrated %ﬁn}’b(? JF]?IQ%%- g%!g%’é"ﬁtgrgadg% Ia§/°| rﬁgs?lyﬁgu%a'gg%l?g%g%@ngeﬁlésee?%gﬁn n%glnand
descri bed i ntdégnsted orep b thetladrsadp p kind bt mamser.aAtterhsativelyy the hibdulatancinber

vari ant created according to the teachi: f the invenii "t he dul ators
can be repl %%ﬁe‘gﬁs%éﬁcé%?@r"gs?ﬂé? a‘&P‘é“%SE?F% f lesyis & ?%Fgglgt%?sg%{ﬁpu t he
| aser wavel gl inatidr virin@I5ch & thodtilatod Bnddetdch of BEhEdulion cad be dtakedranner .
Alternatively, the nodul ators can be operated as detectors to absorb an

amount &f | PfYe the 1g5Ar plRe Y SEPR PIRESANRS: | | ght passes through them In ot her

variants, both ap{edd At thedste AR eholilatr wodld thadibalios Sanfling bLths bagked
15 above the laser using the same procedures. In those cases, the detector

or modul at oPoWeRFem thedesepsy Jhp desosbed dighl willgeatrate ReuBent Bihich Baheroueddottene
lasers. The;absoched.di aatagnemréd. %g;%rp%@r & thdabeR Blanbl £ cf@Rp1B@uE Rt ed tO

the integrated circuit and neasured. "If the power of the |aser -changes, for
exanpl e, dutenpsratarechangas orrdsguatiatinges therlaspegreadimei the alsbrbed eumrepd will ehasge t i me,
t he absgpbe [ ' e r rij :

cl'ectronye. CrpasEi " bl Mo R AR btk rord Bufenl SR bk ccr

out put powe theomuysit poweroopstarft or, éfeduteianay i propided-hutballasan ditlzer bowlé notgiut oresr

could not p lé‘;[muogll'{tpower (i.e. it was effectively dead) or died, a backup laser could be switched on its

j=

place.
Depending upon the particular implementation and needs, the fixed detector would be
25  used to absorb a small amount of light and let the large majority of light through, in which
case the laser would be directly modulated. _

In other implementations, the laser is externally modulated, by using.the upper device
as a modulator and then using a lower modulator to sample the output power by absorbing
some of the light, either in the “on” state or the “off” state, or some weighted average of both,

30  for example, where a modulator is transmissive in the “on” state and absorbs in the “off”
state; this means the modulator will let light through in the “on” state and block light in the
“off” state. However, in actual operation, some amount of light will normally be absorbed,

even in the “on” state due to the laws of physics and properties of the devices. As aresult, in
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~enough power (i.e. it was effectively dead) or died, a backup Ini?r coul d
be switched on its place. Depending upon the particular inple DECo %N d
. heeds, the fixed detector would be 25 used to absorb a snall anount of
‘light and let the large majority of light through, in which case the |aser
woul d be dire fyl ated. In other inplenentations, the |
external ly m)ﬁw)x%ﬂ%g by using.the upper device as a nodul aﬁa%?uszﬂ?‘(am?lhen
using a lower nodul ator to sanple the out put power by absorbing sone of °
the |'ight, @ctuplkgperaton,ilee gepprated camrent dn the flen™ anf‘6£” siptat @ some avwrgs oaebght ed
average of haiflge . -yec! s transnmissive in the
‘on" state and’ ab;é lgg Pn tﬁ%%%lg%g%t%a@emﬁl}l?%%s the nodul ator w ||
| et |ight througln $til ather n‘hplnihesta’adm, thmdevides ele driagged 1n|astab1ein dxfférént sdead, e.

However, in H!@ unt will. "
absor bed, &feﬁn | % Iie%mﬁcs d & °r(§ ﬁ]éla{o 58\2} %}?cwg ?:Sser f% cEc?r&pertl es
of the dévi cmziulaﬁsnsaor easalﬁctmmcs;l m&sm&m&es Afbtors. WO 03/ 003423

PCT/ US02/ 22051 act yal eratio ene at ed. cyr i '
state, or sone a@tes:f‘ g%g %Jéﬁgh %’ loﬂb%‘?ﬁ}é\l:ﬁpﬁqﬁe%?"’l@f Hngtgat}Vﬁ the

particul ar daﬁﬂjogiilwn{sn Fst the corbichieficel dﬂtﬂe&%@f ﬂid D06 ddshiEptidAWhE BBuRA Bn @f I anged
in a stack in different &e%ers for exanp a) electronics, detectors,

| asers, noddfRPSREhvesampieotall papsible e’lnh%dé‘?ﬂ%nts ds@pledhad teachesdannrmela of ther c)
el ect roni cs inteAB6K. STherHesi&ipﬁB&ﬁé,no@iﬁte%fpkéa% exﬂahsé}agvénqm'@ﬁtémﬁﬁorsﬁﬁ od that

t he above description is only representative of illustrative odi nent s.

For t he 1PonvaHpiégnse That alierpate e@h nneltlth@aapgt\l@vabwrprqspmtmmfoha§p¢ccﬁnmt@bxmf a
r epr esent at isN&insaiR JBY s aches

t he principl esmof th?r%aﬁ%cf%b%@d g{eég%?él ption %ngssrﬁ%yn?‘i %ﬁl {otrg
exhaust i vel yoriumismat te bglcpnsidsresd dxlisclapencfithase altersate Fnbedimbnter @a¢ ef ordmary

enbodi nment s t he

i nvention, grm%/ at %?%!l tﬂ{ﬁ égﬁgﬁg‘%ﬁe{ﬁﬁernéﬁb&@réﬁdn %éra{%nh sba%w

avai l abl e fmnnalplqsofthlemenmcmamdtothem deeqontntier ed a di scl ai ner of t hose
altern ate enbodi nents. One of ordinary skill wll appreciate that nmany of
t hose undescri bed enbodi nents incorporate the same principles of the
invention and others are equivalent. 44 2 8 DEC 2005 CLAI M5 Wat is clained
is: 1. A nethod of integrating nuttiple topside active |aser optical

devi ces, each having electrical contacts on a top side, 5 with an

el ectronic chip having electrical contacts on a
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.connection side, the nethod conprising: creating a trench, define 8bUELa2005
wall, fromthe top side of a wafer containing the topside active | aser
.devices into a substrate of the wafer; 10 making a portion of the wall
“conductive by applying a conductive material to the portion; thinning the
substrate to expose the conductive material; and attaching the topside
active laser devices to the 15 electronic chip by bringing the wafer into
close proximty to the electronic Chicﬁf.. s.t?ﬁ(éh that the conductive materi al
will electrically bond the wafer to t & ectronic chi p. 2. A nethod of
creating a weld ial icgaingdtiopsi de optical 20 device that can be joined to

anot her device by conprising, creating a trench, defipned by . a I, in a
Copsi de opt i cal L dehEENEH SE v EETAERES (B B o PP EIIE AViLE YA

el ectrical oSOMHACEvORed, LR IShEQind raBdthe chopesitde el chhe waf erndento a
substrate of the wafer; 25 making a portion of the wall conductive by
appl yi nd a vtBhducEileet et iAIirt BayHee poectshc2 hritPRICARI Y An out er

surface of the SUhstratge Unid nRRnoQ P& kggforned in the conductive
mat eri al COI’I(ISI%}:'[I ng t%e e'out er sur?ace vldl?ﬁ tﬁe trench. 30 3. A device

conprising: a tops¢deinepei caendevidedinedney dyalhe Aeehodicoftopneidd ofcl ai ns
Lor 2. 45 2 S dhC 2000 nd e L BEL AL ANLCE LIS A0; MmdPRs! de
active optical device forned on a er, the wafer including a substrate
havi ng a fisshstttrtekpésshatwaferi;ne 5 when the topside active opti cal

devi ce I& for rredma]tg{lf%%o sélrgeogccgf vt%eogtﬁhfalon%%\élt(ig?h%\(nan ?n gl ectrical
contact "on a top ; n-erectronic chip having electri alF "contacts on a
conductive material to the portion;
thinning the substrate to expose the conductive material;
and
attaching the topside active laser devices to the
15 electronic chip by bringing the wafer into close proximity to

the electronic chip such that the conductive material will

electrically bond the wafer to the electronic chip.

2. A method of creating a self aligning topside optical
20 device that can be joined to another device by comprising:
creating a trench, defined by a wall, in a topside optical
device on a wafer, the topside optical device having electrical
contacts on a top side, from the top side of the wafer into a
substrate of the wafer;
25 making a portion of the wall conductive by applying a
conductive material to the portion; and
thinning an outer surface of the substrate until an
opening is formed in the conductive material connecting the
outer surface with the trench.
30
3. A device comprising:
a topside optical device formed by the method of one of

claims 1 or 2.
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connection side; 10 a wall defining a trench extending fromthe top side of
the wafer containing the topside optical device into the substrald DEC t2008
. wafer; a conductive material on a portion of the wall extending fromthe
“electrical contact on the top side to one contact on 15 the connection
side of the electronic chip aligning the topside active optical device to
the electronic chip and establishing an electrically conductive path

t her ebet ween, and wherein the substrate of the integrated device has an
integration thickness |less than the first thickness when the electrically
conductive 20 pathad siresbabtéshedide. cdmseidingl:i gni ng t opsi de opti cal
device for integration _wth, an other _device conprising: a wall defining a

trench in a wafef WRRAYWG 3CELPSi REICELerSVHE JHEMELl CU e SEheF RN, the

topsi de optygedr denilga:iRgVa ek ralk eedvirkAl €0REAAtHiORnast 0P S dameand an
electrically conductive |ayer on at |east a portion of the trench
ext endi mg fVefR tHhe t6pside RFofver RRt WA erdeVRFBulh &PENeHst FA et @Tsidee waf er

to define ag..ORERIRGQN &8R4 BLDRhg SAH fAGRLRicdNeithSET 8he; apposi te the
30 device so that the layer forms an electrically conductive path fromthe

el ectrical sofact through the substrate to the opening on the external

surface; and 46 8 [ale] I iz 0 en a device
contact on the %?H%%E%%%ggg ﬁgg)ggggkge?gﬁgggf%%l8?ﬂ€ﬁg%£%%n§hthe sol der
mat eri al i scdmmamghitoni sidecontact with the opening and the solder is

softened, at |east Soe %Engge gOHQSJ mﬁL% géfﬁm Ento tng 5 _openi ng_and
align the opening Wth $Hé ¢8Rt ARG PEFRE AR eFS@t??céfF&ségﬁd%%tlve
pat h bet weetihé hea falreebht s ahimphectopsite tdpeidevi devricentiaed. tid 15 20 25
substrate of the wafer;
a conductive material on a portion of the wall extending
from the electrical contact on the top side to one contact on
15 the connection side of the electronic chip aligning the topside
active optical device to the electronic chip and establishing an
electrically conductive path therebetween, and wherein the
substrate of the integrated device has an integration thickness
less than the first thickness when the electrically conductive

20 path is established.

5. A gself aligning topside optical device for integration
with an other device comprising:
a wall defining a trench in a wafer having a topside laser
25 optical device thereon, the topside optical device having an
electrical contact on a top side, and an electrically conductive
layer on at least a portion of the trench extending from the top
side of the wafer through a substrate of the wafer to define an
opening on an external surface of the substrate opposite the
30 device so that the layer forms an electrically conductive path
from the electrical contact through the substrate to the opening

on the external surface; and

46



. 46a

10

15

20

25

2 8 DEC 2005

the opening being sized so that when a device contact on
the other device has a solder material thereon and the solder
material is brought into contact with the opening and the solder
is softened, at least some of the solder will flow into the
opening and align the opening with the contact and form an
electrically conductive path between the electrical contact and

the device contact.
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