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using conventional techniques such as wet or dry etching to form trenches 112 among the
devices 106, 108 which separate them into a series of discrete individual lasers 106 or
20  detector 108 devices . Depending upon the particular technique used, the etched trenches 112
may stop prior to reaching the substrates 102 or extend partly into the substrates 102. -
Following etching, the substrates 102 and their associated devices are nverted, aligned to the
proper location over a Silicon (Si) electronic wafer 114, and bondcd to the Si electronic wafer
114 using conventional flip-chip bonding techniques. Following bopding, the entirety of the
25  substrates 102 are thinned extremely thin, by conventional mechanical polishing methods,
conventional etch techniques or some combination thereof, to on
the order of about 5 microns or less to allow for close optical access to the devices and create
an integrated electro-optical wafer 116.
Optionally, the integrated electro-optical wafer 116 is then patterned, using
30  conventional techniques, to protect the individual lasers and the individual detectors are
coated with an anti-reflection (AR) coating 118.
A related alternative approach to the technique of FIG. 1 is shown in FIG. 2. In this
_approach, lasers and detectors are formed as described above. However, when the technique

of FIG. 2 used, the trenches 112 are etched into the substrates 102. The substrates 102 and
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independent optical devices.
| Both of these techniques however, characteristically create opto-electronic chips that
20  have heat dissipation problems during use and leave the individual devices more sensitive to
thermal and mechanical stresses produced during the manufacturing process, thgreby
reducing individual device lifetimes and, accordingly, decreasing yields and overall chip life.
Moreover, for the approach of both FIG. 1 (where the substrate is extremely thin) and
FIG. 2 (where the substrate is completely removed), stresses experienced by the devices are
25  primarily transferred to the very thin optical device layer which is the structurally weakest
part of the device.
Thus, there is a need for a way to create an integrated opto-electronic chip that is not
as sensitive to the thermal and or structural stresses resulting from processing and/or use.
In addition, a manufacturer of opto-electronic devices has two avenues for obtaining
30  the optical and electronic wafer — they can manufacture either or both themselves, or they can
obtain one or both from a third party. By manufacturing both the optical devices
(interchangeably referred to for simplicity as an “optical chip”) and the electronic wafer

(interchangeably referred to for simplicity as an “electronic chip”), the manufacturer can take
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20 304 placed in the position specified by its manufacturer. A portion of an electronic wafer 306

also has contact pads 308, 310, onto which an 6ptica1 device can be connected, placed in the
position specified by its manufacturer. If the optical device is ﬂipf)ed over, for flip-chip type
bonding with the electronic wafer, the contact pads 302, 304, 308, 310, of each will not be
aligned as shown in FIG. 4.

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

30 Thus, thereis a ﬁ.xrthef need for a process that facilitates the ability to mix and match
devices without there being any coordination between the designers of either or the use of a

standard or common contact placement scheme.
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20 In addition disparate treatment of devices causes other processing problems when the
processing must be performed on a chip having electrical contact pads in the same area. For
example, if a chip has electrical contacts near the devices and electroplating, electroless
plating, thermal evaporates, e-beam evaporated or sputtering techniques are used to place
solder on the contact pads, the height of the resulting solder bumps, renders it difficult to

25  pattern areas to protect lasers from AR coating because the solder buinps are much taller than
the optical devices.

Prior art lacks a way to eliminate the need to pattern a protective layer over the lasers
while allowing the entire wafer (i.e. lasers and detectors) to be AR coated.
Thus, there is a further need for a way to permit integration of multiple types of

30  devices on an electronic chip so that any additional processing steps, such as anti-reflection
coating, can be done on the whole wafer at one time and without special patterning after

intégration.
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20  the light without crosstalk. Second, there must be no absorbing layers above the active
E - region of the devices that would prevent light from escaping or enteriﬁg the particular
devices. Third, there should be a large enough thermal mass attached to the devices to allow
for efficient heat dissipation. Fourth, the structural integrity of the devices should be
mé:intained during processing so that stresses or strains experienced by the devices do not

25 | impact device performance.

As noted above, the approaches of FIG. 1 and FIG, 2 can satlsfy the first two
attributes however, neither of those approaches satisfies the third or fourth since neither
approach results in a large thermal mass attached to the devices (i.e. the substrate of the
devices) or reduces stresses on the devices.

30 . Aithougli applicants are unaware of any such case existing in the prior art or
otherwise, the approach of FIG. 1 could potenﬁally be made to satisfy the fourth attribute by
leaving a thicker layer of substrate on the device. However, this could likely only be
accbmplished if the operating wavelength of the particular devices were very transparent to
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it woul dehetrordc elsip Anying eleétRnicodip dohtactst whent ail ieasttsomp p&the adtivedevical f eedback

into the | ] ddi tion, h h. 1 d |ikel f |
the. use SPRGBHAIPLARRE) Sl A R R P PP SRR PR T ROH BBt | ol
devi ces, som€ BctB& deVISE codtictThavidg ab YleatitAlyadir¥giohdiag ble&iamicthiponfaas erdem t ti ng

Laser VCSELs), .Distributed Feed Back . . )
2%) ( method i%lvolves creating sidewalls deﬁn?ng openings in the substrate, extending from the

first side at the active device contacts to a bottom of the substrate opposite the first side, at
points substantially coincident with the active device contacts; making the sidewalls
electrically conductive; and connecting the points and the electronic chip contacts with an
electrically conductive material.

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

A third aspect of the invention involves a method of connecting two chips, one of
which being a topside active chip, each of the two chips having electrically corresponding

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

and physical locations of the electrically corresponding contacts on the other of the two chips.



(DFB) lasers or Distributed Bragg Reflector (DBR) lasers. 10 In sum we
have devised a way to closely integrate optical devices and aﬂélmﬁwgi C
chip to create an opto-electronic chip that can satisfy all four
attributes. Mireover we can do so using devices acquired f i

parties when WRHPEHR? Still further, we offer advantages oégfh%ﬁg’ﬁ or
art in terms of |ower cost to produce, higher yield and inproved operating
life. A first adfhesstandfbtltehespecty desciibed liersim oy essulbingrfipmolie viingteechingpg. a

hybri di zed chj ing a 15 top, active optical .devi havi ng a substrate
i ncl udi ng acoflfa?”sea%?Fﬁ‘epré?ﬁﬁieé@Y"ﬁ\%eﬂ@fft’c‘a’E@%ﬁﬂYe&g&p noggﬂ't he first side, the
top active optical deuéadvatlages DEifeguenddsiitbetihbin &t désw ofthbmagd wi th an

el ectronic chip having electronic chip contacts, when at _|east so of the

active deviadyantages pcfentroseeaikible fEAm FREECHA SPOIFR}s UG AR PEPeRFOMY 10
el ect ron Ceﬂggﬁﬂn fifpdkr g tﬁé"ﬁﬁieﬂ&qﬂ? g@sh@ﬁld b8 BSderstSA Batdkdy d¥€nd@ybee contacts

havi ng an ectrically carrespondi ng el ectronic chip contact. The 20 nethod
i nvol ves creeasitergd Bitlativms los thbdhventing abgedinedips the glaiths oz lidations en equitalandl ng

fromthe first side,at the activ vi,ce. ¢ . '
substrate dPpRFTHIms é"’fsiarnget’ S%%&F thgi% adg i n‘tg g@%@%@ﬁtcﬁrg%&%l%%a}j@% with
the active dianit®e sieRitasdusly prakitiga singlesiniodiadehts Similaty, simabdvyntagmdrect i ve;

and connecting the points and the el ecttonic. chip cont s w.th _an

el ectri cal IQFPg‘t‘ﬂl?M%PP‘?/%“PE‘E{PQ&!%P‘.’GHEB”’&“@E‘@ a@% goe% erg'?ﬁtf‘ﬁe\%lsrﬁ/"é“ Ry
invol vey a faybrek dhzedanhid shitdd Aét Yerondidepsiadiépepitiae in deerminitig egaivaldresl ce
coupled to an_electronic chip, the hybridized. chip having been_created
using a debdditionatifeptures ead a‘iYaPWE?S(PfégiiétﬁﬁcntIB‘F th@@ﬁ\?éﬂ??%’ﬁ“?ﬁ?/fﬂﬁ?&“ga

met hod of ¢ £ I f heh being a topside active chip,
each of the&?%/l\ﬁ)%tg#ﬁr%@ﬁ%ﬁ%&%ﬁ’gﬁ??@a&?el%grrespondi ng 30 contacts to be
j oi ned together that are physically msmatched relative to each other. The
met hod involves creating o) 86t DESRRPTIORBE rtenRAWENGS an insul ator,
each of the electrically =corductrve patns extendl hg bet ween physi cal

| ocati aiss of corriact Sluskateywppnfachidsehat havedleerpesed ithp byied b attesbanulipls of t he

el ectrically correspondi.ng cantact.s, on t.h ther of..the two chips. 6 2 4
JAN 2006 m@%ﬁ?ﬂmﬁ%q@@%& E?g‘PFFgéecgﬁap%“taﬁ%hrlp aspects described
herein, or resulfiGnyilfs@daes dpproaslesghdt baehieagssed dotht afiowatt thettashmuliplovi de
advant ages- and benefits ,over the prjor e%rif\‘i The.agvan.t ages and features
descri bed Hattemyemiting deviegs toformyan misatpted SIRTURPRIGL My feat ures avail abl e

from represent atgpses RRBOMLIERES e BhtthaPddvic waHRIOhREt pand laded in the position

20  specified by its manufacturer and a portion of an electronic wafer with contact pads placed in

the position specified by its manufacturer;

FIG. 4 illustrates a single optical device with contact pads placed in the position
specified by-its manufacturer and a portion of an electronic wafer with contact pads placed in
the position speci.ﬁéd by its manufacturer of which each will not be aligned;

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

FIG. 6 and.7 illustrates several different access way variant examples;

| FIG. 8 illustrates an optical array in which fibers are supported by the substrate;

FIG. 9 illustrates an optical array that accommodates an array of microlenses;

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

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

according to the techniques described;



5 assist in understanding the invention. It should be understood that they
are not to be considered limitations on the invention as defdédaNg he
clainms, or limtations on equivalents to the clainms. For instance, sone of
these advam@gass@are nutual |y contradictory, in that theycTagmmmbbe

simul taneously present in a single enbodinent. Simlarly, some advantages
are applicable,.t ne aspect of the inyention, and ina i.cable to others.
Thus, this su rg‘zg]f’ls %’W@%F’fﬁ%’?p&ﬂ‘éﬁ% Y SRR egqﬁg‘ﬁu’loat?‘%k)‘flnlbga%ﬁsi der ed
di sposi t iaéeordihgdetiRtethiigha destbyal ence. Addi t i onal _ features and_ advant ages
of the invention w |l beconme apparent in the follow ng description, from

t he drawi ngs, EHdl3 1gsiratesene pemple Pramseor prSOR 4rElecikp-OpticBHENDRMANNGS 15
FIG 1 ilgcg&g_?l 4 & he ARRLQAGRES HBAL have been used in the prior art to
attach multip g %ottom enitting devices to forman integrated _
el ect Bo- opt i cdHIGcH jblustrafes @otRerioptod¢ataniesiedppbaiarireted inatmanastesihigano used i n
the prior t.to ltiple bottomemtting devices to form an

i nt egr at etggé?v&efpgfgﬁ?%- *chip; FIG 3 illustrates a single optical device
wi th contact ﬁadslﬂoﬂuamchsialprdchsupﬂﬂéfdrbm@aaneaéxﬁéeeﬂ byI i tsdrrganuf acr:]tur er
and a portion of el ectronic wafer with contact pads placed in the

posi tion speciﬁﬁe?%&u?tfaéesﬁé’ﬁ‘t%%ﬁﬁ{sﬂ?l‘é@t‘FHS.@P.aﬁWFIdFY}QQS:r ates a single optical
device with congards imasmdhRGRetesd Wi HR@Shthdt ABles HOEGHEd B RV AL gud

manuf acturer and a portion of an electronic wafer with éontact pads pl aced
in tlRe FoBpisihin digawrdti ed by its manufacturer of which each will not be

al i gned; 25 FI } J i i f ] ervi ne
exanpl e appr oggﬁ' ggc%%ﬁ?%%%%ﬁlt‘%gj ?g@%}{:{%@&5@%@%@%@!5%@1;{%@%&@%6 and 7
i | ust r atsubstitete madichdhd fontagtstonasathgshipay vari ant exanpl esel EI G h8
illustrates anp,apii<al ray in which fibers. are orte t he
substrate; F:i:éa ' gé]jl:%loﬂvgghreé:%ﬁétgagﬂn%HF%%céﬁpJ?oPﬁggyﬁﬁ %’Hﬂ%ﬁﬁeéenan. array
of m cr oltknsibstratStd hdtch tha Coritddtd R ahatpeial Ohip; eﬁanpl ehp_r ocessdf or _clroegtl Egean
el ectro-optic chj.p variant accarding to t %q‘_z,ec ni gues described; |

11 i It1 ustrat e?]gn@ @Wﬁfépmcﬁ)séég’é‘[af Eﬁtgétrs AP Hy 8 é@@@%@aﬂa&q @HICI chi p
vari ant igf&aekei;ng to the techni ques described; 7 2 4 JAN 2006 WO 03/003427

PCT/ US02/ 22293 FIG_ 12 illustrates_one exanpl e process for creating an
el ectro-opti c &G 1Hus&1§pep & /epunection chip or adapter chip used to connect different devices;

FIG. 19 illustrates another alternative implementation, which is a further variant of the

adapter or connection chip variant, usable for topside active devices;
20 FIG. 20A illustrates the stacking of two or more devices using one of the techniques
according to the invention;
FIG. 20B illustrates a modulator stacked on top of a laser using one of the techniques
according to the invention;
FIG. 21 illustrates an array of, for example, one hundred lasers created using one of
25  the techniques according to the invention;
FIG. 22 illustrates the steps in creating an array for a DWDM application using one of
the techniques according to the invention; and

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

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

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



according to the techni ques described; FIG 13 illustrates one exanple
process for creating an el ectro-optical chip variant accordizigJit 2le
techni ques described; 5 FIG 14 illustrates another opto-el ectronic device
bei ng creat ewa os/a34rmnner simlar to the devices of FIGS. PIMUPIRYG 15
il lustrates a process usable for bottom active devices; FIG 16A

illustrates_a process usahl e for i ' LGRS . y
illustrat espepﬁlgmbgrtggs&og%&ﬁg?ceessf eéﬁ Oglg-%tagg r@ﬁg#éégzongf rb@géal gﬁﬁglu%@r%g%alfi 'l ed,
and 10 Caﬁnﬁgﬁiyzﬁ%dHhv&igi}ﬁﬂéf&ﬁérmal-'diﬁipaﬂiﬁx&mimmisﬁag. optical chip with its
contacts rerouted by patterning traces gn substrate. to match the
contacts on anotlR&e€ apRrqgch of K3G. 340k b, f?@gwﬁﬂae%@s%w“%ﬁ%‘agﬁ%é’@?}%m c chip
rerouted bysugﬁ%%@%gﬁh 5 H@cﬁ%&r Wiker 30BemsdDS SratRcion inBieRed Wit aGERihaRtID2PN an

optical chip; 17 1TTustrates a process simlar to that shown in
Fi gure 16A ierbieped,fhnexampteaby inanufag erp yeing & ppyentiopal eehpiqup ¥ BY a

connection c¢chi,p ok adapter chiR. t Qv | | wn FI G 19
illustrat espué?ﬁ%ﬁ%?mﬁl 8] l?ap%/gm:dir’pgﬁyen@rﬁ%g%{ﬁg% av%qr{:dﬁgféspnéﬁ?gﬁ? ﬁger)thvari ant
of the addpiety andrdetotorsiategatedorithn commardupstiata idreximple,tin paneiadteauting e
devices; 20 FIG 20A illustr.at esu_t%%S,\ ata i.ng, of two or nore devices using
one of the RAUERAr GHREE STOYRNE, 1H PP HEG R E PHPBRTi on; FIG 20B illustrates a

nodul at or st ackegefihed S5 RE ciBhddas Broctts aRgf@nigo didivienl teddes (schingiawor di ng
to the invention; FIG 21 illustrates an array of, for exaagjppbqi,és?ne hundr ed

| asers bt edbearbygatAlroifeoBe cases, pf PRTERIF Giaues oFdegrss: fog o V&t on;
FIG 22 11l AR ads e&%}%%aﬁdﬂcﬁﬁﬁéatRéaﬂnmtﬁéﬁeé/Aﬁwﬁﬁd EMiBMranll i cat i on
usi ng one o the techni ques according to the invention; and FIG 23

i |1 ust r at esherdveitiptaod whishas inferpprated heremrhyaeferpce)ibyeiching e the sLEISEBCRI PTI ON
FIG 5's hovﬁmeﬁe&:@% g;g.{é%%tg%gu% g%ﬁ ﬁx\{ng to AUELNIE he QBSr85R TRIeR. appr oach

according to e"invention. “This approach_ overcones
short com ngs of Aleengivielyy sinvetthavinivéntios is not the creation of the optical chip itself, per se

15  (i.e, the creation of the wafer, growth of the devices, or etching to created discrete devices),

the above would be skipped entirely if the optical device wafer was purchased instead of
" made.
| The optical device wafer is then inverted and aligned over an electronic wafer 508 and
bonded to the electronic wafer 508 using, for example, conventional flip-chip bonding
20  techniques or some other appropriate proprietary technique that accomplishes bonding of the
6ptica1 wafer to the electronic wafer in a suitable and reliable manner.
Alternatively, and advantageously in some cases, further processing of the substrate
102 can be accomplished, as described immediately below, either prior to bonding an optical
wafer to the eiectronic wafer or after bonding, so long as it is done before cycling the devices
25  over operational temperature extremes by device op'eration ]_f done after. Such processing is
unsuitable for the prior art techniques described above in connection with FIGS. 1 and 2
because, if used, it would dramatically increase the cost of producing devices by requiring
individual bonding‘ of each discrete device if the substrate were completely removed or
dramatically reduce the yield, due to stress and/or strain problems when the substrate is very
30  thin. | | - |
Depending upon the particular wafer(s) and optical devices used, different processing

variants are now possible.



2 4 JAN 2006 WO 03/003427 PCT/ US02/22293 pernmitting close opbiscghy ess,
renovi ng absorbi ng regions, providing a higher structural integrity, and
havi ng betterWPH’é/B?]ﬁF di ssi pation characteristics. In the afprdat¥2ss FI G
5, a laser wafer 502 (made up of lasers integrated with a substrate 102)

and a det ect or Waf£firsbRidiahtyBdeubliratfis Saine€ HewStd IthRREAE BitkxWisk br 8 Bkl at e
102) 5 is obtained, for exarrgl e, by manufacturing themusing a ’
0

convent i onafYPicslk i Wikkin grangg op betwgas ebopt Yrmigrrns pproept thad @0 misrondhiskuesy .
Al ternati Ve%’iﬁﬁyrbﬁgﬁédﬂfo‘f\@fo oﬂ’{ﬁgﬁct’%s.o‘c both |asers and detectors
a co 0

integrated W't mon substT at e, r exanple, in sone alternating.
pattern or ot herIngrssugidngriantstheavistraetivthmdedto adhichissest befweenahes 1606 ar e

etched to process fer..into individual devi.ces ( et chi .anto, 10 the
Substr at 5) " BFEEmE shil & alieS {ahatndig o BEMIOER b GRttR Pvesporiasior
exanpl e, astlgivafgr. in a commonly assigned application entitled Redundant
Device Array filed concurrently herewith (and which is incorporated herein
by reference) byt Meianhily Lheratels dhipngddo beiweanpbautP0qeisronspid abowttOppi ng
the etch prifdroad it reaching the substrate in others. Alternatively, since
the invention is not the creation of the optical chip itself, per se 15
(i.e, the creatibyp forrth wasiank were the tigkhess bf thesubstrste seboutmquad te thie tigekness
createdq@is ! : . i d entirely if the

opti cal lgev%‘%ﬁ%&gy&ﬁ%ﬁﬁﬁﬁ%&% ﬁé%%?ﬁm%@&ﬁe opti cal device

waf er is then i -ninerfiftdvagiant, tleisgatmtedy thinnad deirenta thickiesanatfont eualo eikd  bonded

to the el ecjronic fer. .5 usi ng,. for. ex | e, conventional flip-chip
bondi ng 20 ﬁ’é‘%ﬁﬁﬁsaﬁ@f°8Pcag§%°eoq‘%g?n%\{ﬁ]ber“6%%?ate proprietary technique that
acconpl i shes bonal will ef applent fegih teadesotiplied bdlow,lihaccetdandd with e Wvkftonl e d

suitable ang.reliable manper. Alternatively, and advantageously in. sone
cases, furt&’éﬁlmfﬁs(? @‘§§’i"?¥§ﬂ6’1‘bsfrﬁt€ cQyif &lsp Be kept kanger thahthp thickiessASPissmBEr as

descri begl iéﬁﬁﬂpﬁ&ﬁ'ab’ce@@,k&”&xaﬁ%&b@her@ﬁd'c@sfs va9s BRREAAGcBN (RREdABId belRH]E O
the electronic wafer or after, bonding, so Iong as it is done before’cycling

t he devi cesaliey fyineerspe phan eptigtl fibepprapigrolans indk the@aeess Wey idascprsatiopespasingon i f
done after. Sh@el i r Is | ques
descri bed a %}gﬂ? %@gﬁﬁectl 8%1%3\? Wﬂa@é ’%'ugérzdﬂé‘p&glggégéxgg&%‘% Ehgtg&gg%gi t

woul d dr anetasewill §e dtygicadase t he cost of producing devices by requiring

e Ry (e gty B SE R AN
pr obl enZ whanbsttdteown igtpostion df an vetioal dédibetwhiert. light is emitted or detected, for example,
using conventional etching or drilling techniques, while preferably leaving some of the
remaining substrate intact. Depending upon the particular substrate and device(s) different
techniques can be used including laser drilling, etching or some combination thereof. In
addition, depending upon the particular technique used, the access ways may have straight
25 sidewalls, sloped sidewalls or some combination thereof.

For example, in order to produce an access way 510, having initially straight
sidewalls near the substrate outer surface and sloped sidewalls near where the substrate meets
the device, in a Gallium Arsinate (GaAs) substrate with an (Aluminum Gallium Arsinate)
AlGaAs stop layer (supporting optical devices such as VCSELs and/or photodetectors

30  (interchangeably referred to herein as detectors)) hybridized to an ASIC (collectively referred
to as the “Sample”), the following approach can be used:

First, the access ways 510 are resist patterned on the substrate.

10



Dependi ng upon the particular wafer(s) and optical devices uigd, di fferent
processing variants are now possible. 9 2 4 JAN 2006 WD 03 0dAY 2006
PCT/ US02/ 22293 In a first variant, the substrate is thinned dowmn to a
thi ckness i nWex@#e320f 50 microns, typically to within a rP&Ag88122%et ween
about 50 mcrons to about the 100 m cron thickness typically required for
cl ose optical a , . ' tlzﬂ% ol St ﬁﬁE 0 a
t hi ckness of be'ﬁ%ggﬁleg'%%ag 1%%8&’@%%3%103?38 an lﬂ%ﬁ%ﬁ? ﬁtég%h(%g ?]oélsésﬂdh@{?‘ S
cor r espondiang evacutfed td Mpressnestelod atidue3X¥pi1 Tat befereintedpctionioftheqirocesshe waf er .
In a third variant, the substrate is thinned to between, about 20 m crons
and about - SHSSeRLieBie O FRHeGRR IR WAl o TECe (4h B8 PERBT 5 cheres BedRoi e
substrate isttRDQsH is §aHALd 4tnd HBcdsDEEanRDS of Th1Lf. the optical device portion
of the wafer, thinning is not required. In a fifth variant, the substrate
is thinded down to a thickness about equal to the thickness of the optical
gevice portion of the wafer. 1W1 m t he descri ption
el ow, in accordance with the|linvéntion, th thickness of the overall
substrate could al so be kept [8F@er that thed 7tskinekness necessary for 15
cl ose optical access, for exaa?J_e,——AAhepe—ac# are constructed (as
descri bed below) to allow fof*i%&&¢ti on of Wal fiber or mcrol ens
into the access way to a sepa@hLi&TaRACct Ng [30F@M the device within the
cl ose optical access range. Hpwever, it is gxpected]|that such a case wll
be atypical. An access way 51pRFPewehe for m|{dR9 watty gnch or hole is al so
etched or drilled in the 20 spgst+rate—over—thgz=RetHon of an opti cal
device. where light is em ttedB?)ar det ect ed, flfo4PH’eJd>?anpl e, using
c?nVﬁnti onal etching or drill|[TDgnd echni ques,| swiihl e greferably | eaving sone
of the remaining substrate i nding.-upon-tihe particul ar substrate
and device(s) different techniques ca a luseq including laser drilling,
etching or some TeAHbNRAL Oitralghesiaekall dxfendd@diokd 08 sureRP 6NHEE BgbstHae mtd he
particul ar techni gue used, the access ways may have strai ght 25 sidewalls,
sl oped si dsWhstiate for a digiprcedowtidp teidsiice-her eof . For exanple, in order to
produce an accesgg é%&d-G@q&- | A0bA| F‘ﬁk to DEdaREAE portibAlENRL byt he
substrate .outer suftace and s opeg s}pﬁ evva‘lfc%/ginear V\A%lé?e t he subsetratyg nmeet s
10 . 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.
SiCl4 14 sccm
SF6 | 7 sccm
Pressure 70 mTorr
Chuck Temp. |30°C
RF Power 92 watts
Bias -190 Vde
Time 30 min

Table 2

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

the process are set forth in Table 3.

11



the device, in a GalliumArsinate (GaAs) substrate with an (44 @"Q?ﬂ@
Gallium Arsinate) Al GAs stop |ayer (supporting optical device b as
VCSELs and/ oxwphahodet ectors 30 (interchangeably referred trrtheugbias
detectors)) hybridized to an ASIC (collectively referred to as the
"Sanple"), the foll ow ng approach can be used: First, the access ways 510
are resist patterned on the substrate. 10 2 4 JAN 2006 WD 03/ 003427

PCT/ US02/ 22293 Then the sanpl e [isFsl oaded ifiteca 13. 56 MHz parallel plate
reactive ion etcher (RIE) and |evacuated tlo a pregsure bel ow about 3X10"5
Torr before introduction of thd §5¢s6sss ga@é’é@oqo reduce or elinmnate
residual water. Once this base @ELEEE g3pegched, the first part of the
etch is initiated at the procegs _con Fors of Table 1. 5 SiCl414 sccm
SF67 sccm Pressure20 niforr ChugkRFiBamer30 CSBRvaReowgr 129 watts Bi as- 245 Vdc
Time5 mn Table 1 This producessg—st+aght °6 dewall extending fromthe
surface of the substrate into tt%as substrat’% 6‘? g di stance towards the
device. The process conditions [digethen OPpBiFERZET |t o produce the portion of
the access ways 10 510 havinglsloped sidewalls wiith, in this exanple case,
GaAs to Al GaAs selectivity near infinT&8e®ith mni mal device damage. In

ticul th SF67
Catm Preasur 70 misr e eREsg bRy IO ol e Apeste, Pt e

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

5  which prevents the individual devices from undergoing stresses, for example, during
attachment to the electronic wafer. Depending upon the particular devices and substrate used
however additional removal of substrate may further be performed, for example, at the time
the access way is created, or by patterning the substrate at some point, for example, following
attachment to the electronic wafer.

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

15  dissipation can be improved by increasing the overall surface area of the substrate without
sacrificing much, if any, of the structural advantages. Thus, it should be understood that the
important aspect of the substrate removal is that sufficient substrate is left on the devices to
ensure the desired thermal and structural characteristics are achieved.

Moreover, depending upon the particular technique used, provision of the access ways

20 may advantageously be, in some cases, performed before or after bonding is performed, for
example, before, after, or while the trenches separating the individual devices are etched.

Optionally, an AR coating can be applied to the detectors, if desired.
Depending upon which of the three immediately preceding variants above are used,
different processing will occur. FIGS. 6 and 7 show several different accessways variant

25  examples. For example, if the first variant was used, the access ways may extend entirely
through the substrate (as shown in FIGS. 6a, 6b, 7a, 7c, 7¢). Altematively, they may extend

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

12



Bi as-190 Vdc Tinme30 mn Table 2 Then the process conditions are optim zed
to getter the residual O fromthe AlGaAs 15 stoplayer. ThZ$ JANgpr event
further formation of HO (i.e. performng a wet etching) after the Sanple
‘i's unl oaded fromthe processing chanber. The process conditions for this
portion of WRMPIHEess are set forth in Table 3. 11 2 4 JRNTAS06%2980

03/ 003427 PCT/ US02/ 22293 SF67 sccm Pressure70 niforr Chuck Tenp. 30 C RF

Power 50 waitliespdBiaboi opbcal dBBSe Whefe @k Serdittkd of &b_%‘ec%dflﬁﬂeﬁﬁéedgaﬁﬁn the access

way will be as small as possible, so as to maximze the ampunt of
substrat e Icempletaly removed foraxamplecs shovat i FISs 6b $tr A &d, 7Ho v gesrad, the gi d

f ramewor k | .events the indivi.dual..devi.c f.rom under goi n tresses,
for exanpl gu u%!}%lg&mélg{a ér(e:%th%cmer @J‘%p?ljﬁgHg*.%lgPP%??’ﬁev}}\%f .reqfﬁlbgﬁmlﬂeéﬁq}pon t he
particul ar detestcd esll bangdsesdss b dickness @€abdud 1&V/ Ricraf Gk ldsOdEhat]€ fO¥dptied]
substrate at the tinme the access

may further be_perforned, for exanple, .
way is re&?‘éﬁﬁ tocﬂt’e %Q”C]ﬁag-‘f gihe %&Sqth%%%my@edﬁd%@ﬁﬁs 2Bt 3P MIETgRs @xanpl e,
fol l owi ng 13§ 188 HBAe éa%st2b%@oﬁ§érrl%@'ﬂth\6@§]ﬁ?gicgﬂ%{ thé &ﬁ&m&ﬁs%ﬁﬁf %ﬁfﬁﬁhe
however, that if renoval of addltlona1 substrate “is not properly . planned,
as nore subsee af eout2¢ mirsensdo 2kdybSQ MErensl  di ssi pati on advant age may be

reduced or eveRgghh : ' nd/ or from
wher e, addi i onéd:béﬁ%@??%%%@%%%@&?%égé%ﬁgﬁ%%e{%@%@n SeYess
and strai nfurtgr agegaduasly essidol accotbdowegetean optic rpfer eppipks eadhedn i hat , i n
some C‘i‘@eSFI(?é’ eée tive re va%) of s:llbstrate 1 t%géf'}gm%}?g. 7di57ssi pation can be
i mproved by 1HCr é’s??lar?%cr%%sr F Pty 43 shoxyndn tHe’8ubstrate without
sacrificing nuctihus by enployiaf ohdef thd 4boeé bisrRbachely anbptieirray Mishich kndfagul d be
under stood_i hat . t he ortant -aspect of the substrate renmpval is that

suf fi ci ent J8H ﬁersélPﬂé’”i!egBV yersubgirateifan e greaisd (sugh as shown in FIG. 8), an optical

array that accommodates one or more individually placed microlenses supported by the
substrate can be created (such as shown in FIGS. 6b, 6d, 7a, 7c, 7e), or an optical array that
15  accommodates an array of microlenses can be created (such as shown in FIG. 9).
As noted above, the substrate can also be patterned to roughen the surface of the
: substrate and increase the exposed surface area for befter thermal dissipation.

1t should be appreciated that, by using the techniques described herein, i.e. leaving

substrate attached, stresses will primarily not propagate to optical devices, but rather will be
- 20 taken up by the connecting medium or the electronic chip, both of which are better able to
withstand such stresses.

FIGS. 10-13 are each example illustrations of the process of creating electro-optical
chip variants according to the techniques described above.

FIG. 10a is a simplified view of a single bottom surface emitting laser device 1002

25  thatis part of an array of laser devices, the rest of which are not shown.

The device 1002 is isolated from its neighbors by isolating trenches 1004 and is
supported on a substrate 1006 made of an appropriate material, for example, Silicon (Si),
Silicon-Germanium (SiGe), Gallium-Arsenide (GaAs) or Indium-Phosphate (InP). Although
the particular material used for the substrate will likely be determined by factors independent

30 of tl'le invention, it is worth noting that stresses due to thermal factors can be reduced by | |
matching the coefficients of expansion of the optical device substrate and the electronic wafer
as closely as possible. Ideally, the two should be of the same material, so that the coefficients

of expansion of both are the same.
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ensure the desired thermal and structural characteristics arg, aghi gyed.
Mor eover, dependi ng upon the particul ar techni que used, provision t he

access ways wioimey2advant ageously be, in sone cases, perf@@momﬁgre or
after bonding is perforned, for exarrple bef ore, after or while the

t renches separ at e in are .et.ched tionally, an AR
coating canpbe %15"%?%"3 CpRa %hﬁdog fdel@ er%%ﬁap‘é‘tja“dﬁ@cgﬂtﬁr%ﬁ%%ﬁbn%l ch

of the threenh Btﬁﬁﬂl(ﬁgeimdfﬂémgﬁbm%ﬂ@éhﬁ qote 1@@6&%@1{ aedtaaricontéét 4k ELsGRt
processi ng le occur. FIGS 7 show sever al ferent accessways

variant  25¢85tEs fardhe lagsr devigmanddbe otherepdofqaphsis a\mrhlé?ﬁ 10R&sonie which ame
access mysel@&ﬁc%%@%cﬁ% I'nEt‘éhM lbm; %Hﬂlrhstaqgld&ugscfeéﬁsﬁtg? % ?%o?ci}feél\%u?&l@ GS.

6a, 6b, 7a, 7c, 7€). Alternatively, éxte surface
of the stibsi(Qtte ar gleciratiqivaferher e t he substrate remaining directly over 12

ahere 1ight is et {araishs Beladr GO ZRIE RateE B e SRV BARGR - cmovea,

for exanpl einversedwind posifiohel b&s.cofiespofiding pdds 1326, 1048)of ahRlegRMRE Rhfer 1030,
i ni devi ce where

substrate renai g. directly over the portion of the optical

light is en tteghg 10cSbpWs e thw%éo&e%ft?&gamt beeR aHiprheNk idBe clErORI YA 00
mcrons or 1@9Sid HsoRfeR bbbl T30 HEtwRRH (8 MspRtiR6 FREI03® 108L 1089 116%. | n ot her

cases, (Ee t hi ckness may be reduced to about 50 microns or ~less, and in

sone cabes 20 nilfPoHY SpWs thedaserdavirsafer thypibetaate J00CHes berndkinesddo betiveerhe

within the agoai@PmRiond a4 ihoadsdinfdads t 0 about 50 microns. Additionally,
dependi ng upon the particul ar access way created, the access way nay

further be advarfifyg py's thedgvicoafias srmesdawvey 13034@95 bmlcrdatebar the fstdnstrate

exanpl e, c ns [_exa as
honn i - Fr L0 B Bage 4 Gz Qe RSi], Rbrc Bl SRRty 8 oS P"

appr oaches, extende fvmndlbd swafacagf thetsubklratdnl(l%drsthefdewte dﬂedcﬁngalaﬁeraumoor ted by the
substraie can b .as FI G tic array that
accom‘rbf at es onZFI@r ﬁ%ﬁ%wt( tﬁﬁﬁ M@%&B@&nrﬁpt}?@ Bjﬁgefgg’ﬁb fiyegatalali he

substrate crA0bgs Kereﬂaplﬁtéd(t@ﬂlﬁ Ideﬁ&s SIGR YY) fdr Rx AThiSES;- 2 16W . viddskity (S it AlGws WEN forOr an
optical array .that 15 acc es an array of mcrolenses can be created

(such as s cPYpragerth ?eﬁ&"y viag gacrﬁotttemat sraductiyly whemcweh al so be

patterned to roughigk fh@ aBaviel v SR fratb M Rith SRS deaS §1a§51‘chc{u'39 rt@@p?@ce&é\@otﬁ& posed
surface area for better t hermal dissipation. It shoul appreci ated that,

by using t RS thaepms fragleee P deritrerrn that&edeteefamiwgce IEQ)’tﬁsb‘tOrbatAé{ attached,
stressesm Wdghtegri marily not propagate to optical devices, but rather wll

be ' :
FIGS. 11a-11f show another opto-electronic device being created in a manner similar

to the one shown in FIGS. 10a-10f except that this laser device uses the semiconductor
material of the device as the stands 1102, 1104.
FIGS. 12a-12f show another opto-electronic device being created in a manner similar
25  to the preceding devices. As shown, this device is of the.type where the device
semiconductor material is not used for the stands. Additionally, the lasers of this opto-
electronic device are grouped so that they can be used in a redundant fashion. As noted
above, the creation of an array having redundant lasers is described in the incorporated by
reference patent application entitled Redundant Optical Device Array. Specifically, FIG. 13,
30  shows two adjacent lasers in the array where, in addition to creating an access way 1034,
grouping trenches 1302, 1304 are etched in the remaining substrate 1006 using known
etching techniques, to a depth that connects the grouping trenches 1302, 1304 with some of

the isolating trenches 1004. In this manner, two or more lasers can be arranged to share a
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20 taken up by the connecting nmediumor the electronic chi p,zig?oéﬂJ of which
are better able to wthstand such stresses. FIGS. 10-13 are ea éﬂaﬁrrpl e

i I'lustrationg Qkniig, Process of creating el ectro-optical ebirpsvaniants
according to the techni ques described above. FIG 10a is a sinplified view
of a single bottomsurface emtting |as devi ce 1002 , 25 that is rt of
an array ofcOmENE fibgevith ene onpIe FEERS G aﬁkﬁ*c‘ﬁ’ lasen spch asdnesnked Ffe *te 1002
is isolate 1c8Hdrdtl h ported
on & subst e S e e R e e oo
(si), | ibyaefefsacerani um (Si Ge), Gallium Arsenide (GaAs) or

| ndi um Phosphat Al t. hou t he ticul ar S t he
substrate will %@Bﬂﬂiﬁ&ea’é%& &Olgupgfa% {af)err thlngéaglﬁl enfthl"@ga(Hff

i nventign, sirgld wafePistittréasdd sr@adskdor m%wﬁhdpm bf)grblhmrlﬂalersf ﬁona)lasemsan be
reduced by matching the coefficients of expansiq oBtlcaI Vi ce

CohesTat o st tEser Forheissbind plake. APeBTpeaan sguaiahe 45 BRERT 4 bet
two shoul d aﬂ‘i%&éasé&‘ﬁfeﬁﬁ%ﬂmé th-Blectrdifc ddvitde. FhiCexaRBlel WhirbdteSasePbt BXPANSI ON
of both are the sane AN 2006 WO 03/ 003427 PCT/ US02/ 22293

El ectri cal fineHy diss.df the (r8ers 2@ eatemally, independently sedsctableathie SacORA dASETFIRDLEl ar e
each nount ; ¢ ort. One end 1016, 1018 of each
el ectri cal %glg%fq’ ar?dgré%(?gérﬂé%mpé%%éﬁ}% gé or the | aser device and the ot her
end of 1each is a{qnambtﬁc;@BﬂucvhﬁmadmuageMedWeémst@Iasbitew ol drpothfthect i ve

mat eri al 1024, h as a sold Y, 1002
to an el ect‘?’fﬂ?fi@ %P@Fedlqgltﬁo 3 Vd&aggﬁ‘ld%gcetsth%mfm %ntapg)\gﬁd (%:e D%glgq? 49?% e
after the l@Rérsdnladyafétasndtigible, thevmptoned visld apd/er felishikity/eatendeddife ises pond.l ng
pads 1026, 1028 of an electronic wafer 1030. FIG 10c shows the | aser
devi ce 1002’“3%31“& %t has been attached to the electronic wafer 1030 via a
sol der bond 103Z18e{3w&shbREa hERRGH! teﬁ&s&ﬂﬂ&n%@%ﬁexaﬁ@ﬂa?anaﬂlﬁzﬁ prbﬁ\?&d 10
FIG 10d shows the | aser device after the substrate 1006 &s th| nned
to bet wen usingdhg tecmigreof BUES. dAet1 2k dibe aay 13 W0aylystratgdcdrom e figyace
device aft np@n 6068 eﬁg@ﬁ&{ §b1e1006,
in this cagét%/a?gzlega%%%?&gi égaggge dglgl?dlgfrﬁé? Not gf &c%!([h@l n thi s}agxarrpl e, .
t he access Amshowext Elwsu,fﬂmlasqrharegmupa@@ feurs,tah@oxm;wﬁ bging definrd bydhe he
devi ce cl addi n Ia
after an o ?‘@%éq %’ﬁéel’g 31]’3&? 13@450%v Cﬁae?s\]/néghﬁat?ﬂ&% &Qﬁngﬁ\bhﬁ%e%eegb@aceh

lasers in the group 1308 via the substrate 1006 which is electrically conducting. For purposes

20  of illustration, some of the isolating trenches 1004 are shown although none would actualty

be visible from this vantage point.

FIGS. 14a-14f, show another opto-electronic device being created in 2 manner similar
to the devices of FIGS. 10 through 12. As shown, this device is of the type where the device
semiconductor material is used for the stands 1402, 1404. Additionally, the lasers of this

25  opto-electronic device are also grouppd in the manner of FIGS. 12 and 13 except in pairs (one
of which is not shown), as is evident from the grouping trenches.

As noted above, 2 manufacturer of opto-electronic devices of the type described
above has two avenues for obtaining the optical devices — they can manufacture them
themselves, or they can obtain them from a third party. By manufacturing the optical devices

30  (referred to hereafter for simplicity as an “optical chip”) and the electronic wafer (referred to
hereafter for simplicity as an “electronic chip”), the manufacturer can take measures to ensure
that the pads on each are properly placed so as to align with each other when the optical chip

is positioned over the electronic chip. However, typically electrical and optical chips are not
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1040 has been applied to the device such as, for exanple, a lqg v%ifosity
(soit flows well for good coverage) thermal epoxy having go ! AP
conducti vi ty wéeamoessr ed. Al t hough the above was il ustratedpe/idsAB85£rence
to a |l aser device, the process would be that sane for a detector type

devi ce, exgept that the detector devjce na |.so be / 0 coated. FIGS. 11
2l T sholF SFSE G REsD Gl o H6H PR de0en ey SRGEY HbE A T4 oRdhiefon.
simlar t@htd)evans;tshemsleininiabfrer, Middsd BkreaX 6188 cobRiftatibNivihinder devi ce
uses the sem conductor nmaterial of the device as the stands 1102, 1104.

FI GS. 12a- PyERenizpiien witoragaid topath the aptics! gnd elegtepicdhimdssien, xledatfed in a manner
simlar 23,4 el ' Eﬁjpéam}o, | S | Is.0f the type
where the d%v%gégh%lsl‘ggm coﬁég{}gl’tﬂgﬁ\bhgsf@relagﬁ?cl s n toctﬁgjedp a?tgc\r{ﬂat?ﬁ/e&% eagnnasO E]

Addi t i ohal bgth ardalsd desimmsd with sdiésgo dptdopartids ec integniton ckathi deeices feong piheped so

t hat they n_be used i dundant fashi.on. As noted above, .the creation
of “an art ago R Pramted MO G Dot 8Py et b Efaw el BFp bl l by
reference pitlhe Mayappdsbicad alRfingtieilddation ffatleloahddet p4de) theady iDRYORRgATaAY .
Specifically, FIG 13, 30 shows two adjacent |asers in the array where, in
addi tion t IWFWQ"?I’&FF nRNE BEYIofsly e, every Wi thisame OFPRIZation3 02, 1304 are

etched in the regg wilg iSUPekERNE DR dUSENd K POWRI withaRaAby beGRIAHes, to
a depth that connects the grouping trenches 1302, 1304 with sone of the

i sol at thg PPqetehins. buighe optivakahips appenmunodity\iépck pbigiped fpmdirdpatias (e ar r anged
to share a ; 6. : . 3, Ny £ d i th
one or " or & Sugte b Sordaihe MR bR s Dl bR ke e

assi gned appPBRdaseon tapaide rdceiiinRadignidesrr bojerh eeskividg\detsetors) thayareiiash i s

i ncor por at | e . arhslng. from grouping the
acers i n Fn QBB P BB R P AU LAR R O R LR BB
because, f optikasqides willell be begted i thé sagfeqplpef tirg aretherwis® tempatibRwithSthe
damagei thl% ot her,.can be used in its place. Another potential advantage to
doi ng b cERCEWC P ncreased lifetime for the opt o-el ectroni c device. For

exanpl e, when OR6r dxample, & shbWe e in cdnnBioh Wi FE6:, 3,iafsidoltoptidfl AEHic SRR
externally, independently selectable, the second |aser can be selected and

brought onCeRtAr Pads nhrcsd én e Pesifionsaecifiskby Hsmarufachierand An elepTonicamater also

advant age hss doRBiERs, O whith ACEHRYEIORE oA bdt@hhechly, f1lk&d it BRBELEALE! Y
precedi ng two_advant ages. Since the increnental cost of increasing the
nunber specified by its manufacturer. When the optical device is flipped over, for flip-chip type

20  bonding with the electronic wafer, the contact pads of each will not be aligned. Nevertheless,
by altering the technique described above, the invention can be employed with lasers other
than the bottom emitting lasers referred to in the examples up until now, as well as with
bottom emitting lasers having different contact pad alignments, top or bottom receiving
detectors.

25 . Advantageously, this allows for the selection and use of the “best-of-breed” chips
having the best individual performance for the application and avoids eliminating such
vendors merely becguse they can not, or will not, meet an electrical contact placement
requirement or standard. |

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

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

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

“topside active” will refer to both top emitting lasers and top receiving detectors.
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of lasers on a wafer is negligible, the inproved yield and/or24 JAN 2006
reliability/ext life is wvirtually free. FIG 13 also a,

functi onal r\géroe@g‘ggati on of an exanple array 1306 produceﬁé{l}gg\@??ﬂé t he
techni que.of FIGS. 12a-12f. The array 1306 is illustrated fromthe top of
the device so BhatmtAreivaDeassPiegss 1034 and remai ni ng substrate 1006 over
each | aser is c{]r arlé visible. As shown in FIG 13, the |asers are grouped
in fours, a gro Ee BE9B%S 3R P3G e e hofery epyitipgreceiying sving ¢+ dakemactivso2, 1304
whi ch ensuieyitddplvill AW Be bR With ftreRBEOFRENVEED rAGIAES i wg the
group 1308 via ?h(le subs?rggte 1006 V\:hirgh is electri c%ﬁl y q%t?\ﬂlﬁgﬁﬁ%s.ﬁo%r

pur poses 20 pyesihed thetrthe ppiiral wafael 562 wanhpropesstddnioray aptieah cliip $ SMOBAlisgnssed hown
al t houglh n 9 o TERRVARNN 1] LS, oj nt.. FEl GS.
Lo 1417 ohogyeadofhaRodAus Ypucanlt S0P o bR bR AL AR it paiy o
simlar to theFugyiciesulaingfty@815000s 4ddedtogthe R facd\sf thhoptival dhifi S0dewinge i s of
the type ‘Mﬂﬁr“‘? fehﬁ%devi ce sem conductor material is used for the stands
1402, " 1404. " RUYIETBRED y, the lasers of this 25 opto-electronic device are
al so grouped i nThéiropeningesr vifs BDEGe ciedted idltht InsalaGLPLayér 5PRIo SlotvAdEess &

which is ngt shown), as.is evjdent _fromthe grouping.trenches. As noted
above, rra}?lff’ﬁ@ﬁfgaﬁ °f(s)tpe BERCB{ R i periy dereydassy g‘iﬂH%g PRI s | bed

above has XY RIMEmahfdr uedil 8} Bhdlidg tHsupRRoleE M waRM dE6ibad FREMnfe
manuf acture them thenselves, or they can obtain themfroma third party.

By manuf acfi$ignagapmlisatigmsicatiledddyltiPinse Bibey PplieCemponent At Manufeturingr
sinplicity @éhn?c{{‘: " i I Ra t. Tall (referred to

her eaft er %r or s rerpq?%:dlot %@Hgﬁerkvgﬁlg%idr%%:@dr%&(? fﬁagl{n%ty \k%%%%%cneijf acturer can

t ake measures t 4ltemstively, thempeningseor piad $5@ncapde preafoenpt ingtleribsulgtingtayedr so as to

align with .t he aopfical chi .S _positioned.over the

el ectroni cplg%ﬁg _38%_?0%%9%‘%%{ %/mp?l g’alfllrbﬁ&g}itaé:g arcflc?%afnoﬁgﬁreo ?‘lv%’glad@’?lc%s are not 15
2 4 JANS2006 \VIChé3{B@p4ddgsRETiakSOR 22298 elestigile dominotverbyapplying agven i f
they are desi gn and fabricat ithin the s organi zati on.. . Thus, even
wth a o ngRRrRRAt el Bulld Be faow el Beooutarr at MHcRmAn h ¢ he
or gani zat i Gﬁﬁdhiaﬂiﬂhiﬁ%éﬂ%ﬂeﬁiomji Eoated GvithRhiifstlata) 6 MIliSLHE OPdrings b PiadlRRHLIN, a

| ack of caqrrespondence between contact pads oh each can easily occur -
parti cul arF%‘?%@?aélélrpe or 5 both are also designed with sales to third

parties or integnahaBowy, i HEYcRRSs drvRlapd i Fully SAKEGRSy dad bE AR ed.

Moreover, subsequent "I nprovenents or changes in'the design o el ther may

necessPPat aligmest.i Fys eancbel dopaifithsrpperingsine viasareawide paryigh ta Alemwdhysalderr oduci ng

a pad bumps on the other chip to “slot” into the holes, thereby providing an initial alignment
between the two. Moreover, in some cases, capillary action will cause the solder to be partly
drawn into the openings or vias as it melts causing a better connection and further aiding in
alignment.

25 Optionally, and alternatively, if the openings or vias were pre-formed prior to
attachment, the coating or filling of the openings or vias (as desired) can also be performed
prior to attaching the insulating layer to the optical chip.

Next, electrical traces 1512 are patterned on the exposed side of the insulator to create
a conductive path from the (now coated or filled) opening or via to the location(s) on the

30  insulator surface that will align with the placement of the contact pads on the electrical wafer.

Optionally, if several different alignments are possible, depending upon the particular

electronic chip the optical chip will be mated with, a single trace can create two or more
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m sal i gnment where none previously existed, even within the sane

organi zation. Even worse, if the electronic chip is designed £d UAN wggsd
with a variety of different 10 optical chips, but the optical chips are
comodi ty syweqktal ned fromthird parties (for exanpl epcehispsa229s
containing: topside emtting cavity lasers, bottomenitting cavity | asers,
DFB or DBR | asers, topside receiving detectors or bottomreceivin

det ect or s plteTRgive spENaFHAIPOING RUIFISHE @ cemnestinm 1ggieR Hitha ganttstie benmpted pyutg
unrel at ed sls@fst frdid; o i a - tical devices wll
all be | ocat e%étl fﬁdn% ﬁée&sog%lre S%‘? g é%m%th%ﬂagg}agaggabg{l%égﬁg\? grgp'corrpati ble with the
15 el ect roni ¢ i yariakbof texaupe,.af thaship howhich Bwvaptical chiprwik bt joimedds &th FI G 3,

a single optical deyice has contact.pads placed i he positiqn specified
0y BB o G rendiad 1 SoMen frtcR i, RS S madyblE R ReherIRatBS 1 b

whi ch an emiidhGRd ofiRYI (e 6 APty Grafipefehs the dMcBLAlrddRs bdidd ROSdbmedon GREC fied
by its manufacturer.. en the optical device is flipped over, for flip-chip
type 20 b&leeironic i pinean ganexal, it elecirepis chipg glieady spime vith 48 dnsaletinglayeryi | |

not be_ al kgned beNeVERt P&t Serouty. @l tering the techni que described above,
the invention can be enployed wth |asers other than the bottomemtting

| asers ref er r e@neeghisis adeemplishep thespropessprorsedn avdesertbedabdveawitinihe fioinipgt t om
emtting | ' i fferel t 3Gk I . - .0f. _bottom
receivi ngO@g@%%&sMﬁghﬁ&sgﬁ‘%@lg’gﬁg@p ﬁﬁﬁge%é#ﬁﬁ%%zﬁ?%‘;ve@ﬁ%nggf ection and

use ofl0t heartibdatcasd, tHineeglof thtbybstratbasmongl vhide bestrate ealirelydordbavirgrdf dierance
for the appljcation_and avoids, elijnnati.n uch vendars nerel ecause
ey can ROITSE At GF Fickige 1 e Sherghf eI ok T GLAC B AR 1 Bl ACEaIROf e

requi r eneghip QibsEhBNUBWiEg of Athefhe} tahducloyVor Qpﬂlfc@ﬁdherAm QRESSEeS I e used,
dependi ng upon_whet her the optical 30 devices are bottom '

em tting/ PECEPishsd apdesiredhar #8d%hi t t i ng/ recei vi ng. For ease of expl anati on,

the term" bot t pipsffetdcfie DBkt PRBeddsed to refer to both bottom emtting
devices (lasers) and bottom receiving devices (detectors). Simlarly, "top

activéS or "tBipireeesnenuselde foitonsideemitting/ceobiying devigesci. ttensidg abtiger s and t op
recei vi ngyQel 80 Al &%ﬁla@e&%&&?&enc%ﬁ? ?gf‘fﬂﬁ facktfrdt gﬁﬁ%{aﬁ% %%hﬁﬁ&t om

Active Device ‘Process rocess as us ottom recel ving
devi ces (be presupwdithatitizeniptiod chipewasediinedifiom soow thied party, the pestesswif tieatingf er ence
to FIG 1o ofQeal 8Gh tisdifleing RBLRRRNE SFne ibedfbRY! @ ~

In addition, either or both of two optional steps can be performed prior to starting the

20  process. The first, attaches a carrier by the top-side surface of the optical chip. This carrier
can be made of any material and is merely used for rigidity and holding the optical chip
during the rest of the processing. The second, involves thinning the optical chip substrate.
This reduces the amount of material that must be etched or drilled through to access the
contacts present on the front of the optical chip. |

25 _ At this point, the process proceeds in an analogous manner to the process of FIG. 15
as follows.

Holes or vias are either etched or drilled through the optical chip substrate to the
contacts on the front of the optical chip. ‘
 The holes or vias are then coated or filled with, an electrically conductive material

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

Alternatively, for example, if the contacts are located such that access directly from

the back of the chip through the substrate would damage the chip or present some other
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be presuned that the optical wafer 1502 was processed into an optical chip
1504 as discussed 5 above. Alternatively, the optical chip 15042 4ciAN Bagge
been obtained fromsonme third party. First, an insulating |layer 1506 is
added to thwoswndiazme of the optical chip 1504 using knowCTBERARYEes. Then
openings or vias 1508 are created in the insulating |ayer 1506 to all ow

access to ads 0 e optical This is done by

| aser dri PlioH‘l?al g’re%é?ii e AT 65 arg 8{‘:11%%) éjﬁlﬁﬁéﬂnél Suﬁrbf]%é’cwﬁ’ﬁﬁgfl maglgﬁl €8y creating
t hrough hedsctbfcan@t addeddsaRMoREAdd 1B coRMEBINRE Yonta$ SADRRIhBRAduERE | ONS
entitled Miulti-Piece Fiber Optic Conmponent And Manufacturing Techni que

filed conéﬁméﬁtﬁl}m&&eéwsﬁﬁh%ﬁ% i ncorporated herein by reference.
Al ternativel N
Y. Al 22000 BRREL e lpax‘ﬁ.h%sseorjvﬁaggxe%'f'ﬁfﬂﬁpfﬁfe@t & B e hulbdib g

i nsul ating | ayer to at or exa e contact pad
Iocatli)nsalzsgnmehhdilhns dan baduzrif the o;hemﬂ'gse:mwashlevoqbemomglstocaﬂowthessoldi% are nmade

el ectrica uc by . con uctl terial
T570 1o ¢ RS GRE PR i 00k b Bs T 165 Btk eREER BRI § have
been pr evligalet epadet dhaninion Motedves it sunt chsed) cabillatyl dtgiod ill s thegsidar Vi as
with the material 1510. Advantageously, if the openings or, vias are not
fully filldg paftwé’;a%wt%@e OQRRIMNEE BT WS lfz@eaﬁqammeﬁem@ewﬁ apdfgdee 1
the openi Bgso6h alfgnaen@r € W de enough to allow the solder bunps on the

ot her chlg to "sl'ot" into the holes, thereby providing an initial alignnent
bet weth t 8o if the vianbr hedssecan be locaiedso @a@ecsnc1@<a\mthtt@rpyomclop@wn\imﬂ dligeeduse t he

sol der to Qt%n th Y e%gt?ﬂ%ﬁ?%ﬂéé] éﬂ:al?o%%’ﬁoﬁ?%n&’(he‘@ga%%ég&& aan%' 1e‘8f%b!5' ng a

better conne on an I'ng I n i gniren y, and
al t er nat i toahe/contdct pddeomﬁmrﬁqngsd@msing' aavantivxe] prebniffoesned pri or to

2l S0 bo. per for B [ PaRatS SR RgoE AT PR PREFF Syt O SUE ALBUR | bal

chi p. Nexdo ndtlcsitide with tﬁero@ﬁﬁ&pb&&tﬁé aed@ahice;mgaeaﬂcﬂ Recespamednsd e of the
i nsul %or to create a ¢ondu now coated or filled)

h
openi I oft S8 of e oPERATHETELS 1B of e o6+ R HIGISP, Rikesee nat wi |
al i gn W t fedldBicRBC RPMNidO4 cddtbetio 'BE%En #2898 8/ d188nAlieCddntE@bcAHBALEN

Opt i onal lé if sevéral different alignments are possible, depending upon -
the parti®aptherchi.ectronic chip the optical chip will be mated with, a

single trace gfi‘ﬂmﬁ L6, the s Qhn Mr&éhzto%etﬁer‘]d%&lcgﬂggteg\% 23699348ve.

PCT/ US02/ 2229
If the optional step of adding the carrier was performed, the carrier can now be

20  removed. If the carrier is so thick as to cause optical access problems or has an incompatible
complex refractive index which would adversely affect transmission of laser light through the
carrier, it should be removed. In alternative variants, ﬁe carrier can be left on, even if it
would cause optical access problems or has an incompatible complex refractive index, by
patterning access ways or through holes in the carrier, preferably prior to attachment to the

25  optical chip.

In addition, if desired, one or more additional optical elements, such as microlenses or
waveguides, can be put on top of the carrier.
FIG. 17 shows a process similar to that shown in FIG. 16 except a carrier is not used.
~ Connection or Adapter Chip Alternative _

30 In an alternative variant usable, for example, when both the optical chip and the other
chip are purchased from different parties or two or more different chips are under
consideration and they have different contact pad placements, but the contact pad placement

on each is known, an “adapter” or connection chip can be readily fabricated by employing the
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alternative connection points or create a connection region if the contacts
to be mated with are offset fromeach other slightly, but withiJANa2006
manageabl e defined area. In a variant of the above, if the chip to which

t he opti cal,ghi i1l be joined is an electronic chip (a to
anot her opt\l‘gg'fﬂg\gﬁp, such as a nodul ator, or another Iasggﬂpgﬁﬁgg\%hi ch the
optical chip is optically transparent) the electrical traces could be

pat t er nedtesphingsehesdin it 3 wvaightlonyasd wanes thysrllgwingrdgsign mpker ednataciuomioc chi ps

al ready CB. cﬂ&e@ &ﬁ‘elés?sm ating layer that can be used for contact
rerouting. e RS T8 acconpl i shed, the process proceeds as descri bed
above, wth thRefeafny oy to #F1G1 I8ewliivinshohis psofiztdondhip driadspiexdchiised tausi ng

flip-chip technjgues), foll d by, jnt 10 ritj cul.ar case, thipni.ng of
the” subst ForEe biirsoievies. P donirsodabd Boriom 8% g ot corprmg water LA

subst r gt e pakerhdiotB kG &BRS Fadel 1805, 1503 DA dnVach HdLBIrh AR PlcifsLREMCHRMS 1516,
patterni ng of the chlfdsubstrate, f 1 owi ng of a thermal conductor, or

appl i cat i sabemsARI2J&14.1§1%dR1 Hor cachebingp pepeePmyBondRaintifateagh. needed.

Topsi de Acti V?Tﬁ%ﬁgﬁﬁolg’wé"&?ﬁ crbRed B &g@&%ﬁu&%@&kﬁu&% o &8s to

em tting/receiving devices (1.e. topside active devi ces‘) W now be

expl ai nedjoimcorespefdingpaos etg, dak @ntd®d on The tmwith its appeopmiats contatiasrthe i t shoul d
be presu h t Pt | j s obtained fromsone third party, the
process gﬁg%é%g%?%g’%t?ﬁge%g%ggaog%%@b itself being independent of the

i nventlQon. I n Biti19ishews aotheriltentatibeiniplahentation opiticloR al fushiee parianaof the

performed prior to startjng t.he rocess. The first, attaches,a carrier
by the t 0BT SRt o B 1 aIds 2oy devicts rissBonBR: Bebithde of

any mater bﬁéorﬁ&ﬂioh%h%@?)@i Has\ebeHichRdonta@i1904 oh GHIlol0dial fogdikdeecmbdtpako chi p
during the rest of the .processing. The second, |nvolves thinnin

t he
optical cHiePPiemshipdPR0 viaTanmecticnnade 1908 wad sersgetionde theelestrpair ckiRdol0ust be
et ched or gdr fok _L,%Iszlb UG ERt 1@19,9&‘3?&&%?%, meﬁmto&epr&m%}tagmmm QeditQnt of

chip. 25 At pol nt’, the

the optical "¢ _ thi s ”pc : process proceeds in an anal ogous
mannet5 t ol this orangenent, becamsaihe deyices greftop ¢romieng/meksliving and thé adapter is lejatader

The 17 ont B RE AL A RN RS pl bR Aol M OB B, e

wi th, an eptiallightal |y conductive material 30.(which may be under |ayered
by an insul ator., coati 0 bring,the contacts out.tq.the back of. the
optical chip. J)'E\}Fetne 1?181?[}%371&%%0@6’?%@3%%? Ofﬁlcfﬁ%u%%%é%@tg? LEdHed such
t hat acceslipdhd BCplhdedioh@P of both chips to provide connectivity between the optical and '

20  electronic chips.

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

25  optical, electrical, electronic, or electro-mechanical wafers.

Further Variants

As also noted above, in some cases it is sometimes desirable to coat some of the
devices, specifically the detectors, with an AR coating. However, the opto-electronic chips
described above are made up of two (or potentially more) dissimilar types of optical devices.

30  Anditisundesirable to have the AR coating detrimentally affect the lasers.

Advantageously, in a further optional variant of the ébove processes, the devices that
need to be AR coated do not have to be distinguished from those that ordinarily would not be
AR coated.
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t he back of the chip through the substrate woul d danmage the chd$ JWN piogsent
sone other 18 2 4 JAN 2006 WO 03/ 003427 PCT/ US02/ 22293 propé_lz{}%n{z%% hol es
or vias are Y¥P&HY¥I*Hr drilled in a suitable location and an 2al
conductor can be added to the front side to connect the contact pad with

t he conduct or mﬁ@tddag 1§rge1§rtfdlldmghet11srecsz$ ﬂewmdesbrdjeégbowduamtlmfmu&ﬂﬁy if the
openi ngs or vias are he

al i gnment F1¥n? &hetgihg S‘H r“? 1dt4‘?§‘°‘t5’ﬁg’ﬁfe % 85"5}\%?3@% o ade afgancgg%t? to

all ow the tﬁg)glga{omcbgﬁg)ﬁag@ $1Ee &R te€thiques.0 "slot" into the hol es (FI G
16B), thereby providing an initial alignnment be e two., Moreover, in

bet we
sone cases, capilielsapsjraies eredHnyid) IPUt@éFj%téetaﬁgsgliﬂtré@r ‘ﬁYB’ ePYEFFRST Bfawn i nt o
the openi ng stpalte é/c;u stijitlsoe anqﬁél{édstﬁﬁﬁlr'ﬁbtm 18 18Rt B esCIPINEGR: eavignN Alfhbhgther
aiding’in ali & e vias or holes can be located so as to
coi nci de vd1ffareh1h§p¢nrodﬂmer devicest wiblrequire aliffepaet@pecifia thiskness.tthe thickness eEtheoni ¢

chi p, that SO Vi to the
cont act p t}qgldr%p&ﬂfasgﬁglgraug Egasclo agtﬁegﬁg&% e%#nﬂgsfgg%&\?\nge h the
backsi de amsé 61'1391%5 amammmddwmamembag:eﬁtnemmnpfspmehsqasa 6f VESELS. Siner

hol es do not coincide wth the contact. pads of .the ectr Qpi ¢ ¢

el ect ri calthe presise digtagcewnllvapynfzem 4avice 1§ dFﬁ‘ée 28889 pulg ‘éﬁgll‘m}? Ke® Bf)et"‘}%c]agtgr waf er

FIG 18 ofoxt B tRERRSs stthdladet Gavith 6 Bowieter] iffiie t&@l&ﬁsi&hﬁb@b&tﬁ‘r‘dﬂ@@ precisbliypis t o
provi de a connection between the vias_or holes_and t cont, acah]é(l ocations on

the ot her aanibg lesathanitheslQ¥ofagter, therparticy]ap muppymybiciRess, g‘ErBE}EP and
connect ed ag. feseld Dotk ARG thlél&eésh:@ne?é)ﬁnb %’i@éoaﬁﬁﬁdbeﬁ)ﬁoﬁﬂﬁbﬂ% fabg’scarrier
was perforrre he carrrer can now be 20 renoved. the carrier is so

t hick as t:tblmamstasmptlcal access problens or has an i nconpati bl e conpl ex
refractive index which wul d . S§l gﬁllght
t hrough the atg?f’“%all O8O} ap?hoguﬁgmbe%%&/ﬁ)ﬂo@s%% a&{"?tn%??ﬁatﬁt @gc%fgro Fa tse t he
carri efs cagetive ldserkfa smastra@s/(exmdhfcam be theoeridr tatesdovp iscpratasdeae pmdi@tiems or

has anlncorrpatlble conpl ex refractive .i ndex atternin s or
£ ough. hobEes SRy ramedly oy portst SFRPIR s et N o g i
optical chinBtead Hf Achehidr) RRAttachéd BaBd topslde GfitBe DEersTOTle s&ﬁ«ﬂlnatel io nistler tmﬂmedal

el enents, such as mcrol enses or wavequi des,. can ut on
carrier. after application, to a thickness as noted aboxg/e thinned to sucht%]%c ess pnortto Epp?icatlon

m

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

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

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

~ in FIGS. 20A and in greater detail m for modulator mounted on a backside emitting laser
30 20B.

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

functions the individual devices perform.
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FIG 17 shows a process simlar to that shown in FIG 16 except, ?!Alq?ﬁt[ﬁi er
a

I's not used. Connection or Adapter Chip Alternative 30 In an alter Ive

vari ant usabwe.osbh@uzexanpl e, when both the optical chip angdcthg ﬂtzp)gr chip
are purchased fromdifferent parties or two or nore different c?n ps are

under consideration and they have different contact pad placenents, but
the contact pad®pfldissappiicaliy, deyiges %Q’Tﬂﬁﬁﬁ?t egieniz) upbere Fan Reriniegiaedct i on

chip can hgedtRa@dhlaVeofr@ini chptdRth WifeCtRl WWeDN OTHuB Qastd of dffrel AN A0 MR can
03/ 003427 PCT/ US02/ 22293 t eachi ngs_ herein in a straightforward manner, thus
w1

al | owi ng desnigrmixadifosdustarauelaegtiy Avision myltiplesias (RBIBV} oranedltisle wagtlength ng now
to FIG 18;:whi 0 ' | r y&hhp used to connect
di fferent %&i\{\gﬁog%ﬁ]’,ﬁﬁﬁﬁn% SI @e@g@%g%gu%o¥§%ﬂgﬁgéél%g4 of a common waf er
1800 i $ 5 pat tRGn2Hslpwsas atrgy cffoaahendreddifferehBO6/elebBB8aseb@lAntegratedoh asi de
fromthe specified contact dJocations 1812 1814 181 1818 f.or each
chip to so%@%o&%orbﬁ?vﬁfﬁ T’%ﬁ ?é’cdrc?mg'lsﬁr Wdﬂ’g[% eggh lepeg Sg]ﬁ‘ghblﬁ’rae@?%ﬁc and
crated or wivelefgthWo# donibina€ioslofkawetengit e ) sckte@SThdeby dinfinftRgsReadi ng
one contact_on the top with its appropriate contact on the

pairs, e.qg., :
bot t om \mgiqr tumable lasera M8 ey 6 @n%l%%@t)w‘élee.ntﬁqf physicel pigeeson sy themedier

al t er nat i Vi@ahdR be BB Alnk Where M3L&s 1ishitBd {otﬁafchﬁécoﬁésrang%&;cytib %rsnit@(g apter or

connection chip variant, usable for topside active devices. shown, the

adapt 0 or corneéditien wak¢lpngtioran he switthed et the sgmegalsithal deta iogat, therabtl y one
side for dj ' Leal . Ghi 0, V] ction pads
1908 and oG ocaRATER oPlkfim b ARMERR vafiliBudHEunt} £ HAB0RC)

st andof f s wBtRpgthe afpthe bif ratd. rdms, swiittblhiog sandye avhisesd ik about 180 pircdenents (HBVI ces.
15 In thi S, rrgqgen}ant, because the devices are top enmitting/receiving and
the adapt &1 5819 ted on the top side and, "optical vias" 1914 are al so

provi dfd ihn theM?dgetmeﬁIdiffdgen'ﬂﬂé\dw\tsﬂﬁ‘?mﬁeﬁt@}llﬁeh@.eoﬁfﬂeﬁbﬁfh tybésghgaseﬁrn@&ri he
optic chip can be aced .on top, of t el ec i.c. chip and the connection
chip glén t?é‘Q&FfﬁﬁtQEf’ 6'259 coPieBBR: R ﬁ%&l"&mﬁ? HF?&@ oo BV $i9° HE¥ veen t he
optical and 20 s @eihHFIG. 0NisRHs ofvAdiSeRtt WaleRngBliRAUah, desg bichadtdd
connection with nating optical chips with _ electronic chips e sane basic

process ( i25@Te Woelierent s ABLIPRIFPEITY Wa¥ clangih hniadgiesiops 22041 ﬁé’gn &he.
| gsgl at i NGk Ave theHirsSthRty @hSurltR RGN0 o1, ) RACa i ARl HY IS A3 Resadapt ed
described herein. The strips of the next devices (illustratively detectors 2204 (Ay,)) are
20  attached in similar fashion. Next the strips of the third devices (illustratively lasers 2206
(A2)) are attached in similar fashion. Finally, the strips of the last devices (illustratively
detectors 2208 (Ax2)) are attached in similar fashion.

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

from all the devices at once, for example if they did not interfere with the integration of the
25  next devices, or they can be removed or thinned after each set of devices is attached.

FIG. 23 shows the integration of the devices of FIG. 22 from a top view. As shown,
all the first wavelength lasers are attached. Then, all the first wavelength photodetectors are
attached. Then all the second wavelength lasers are attached, followed by all the second
wavelength photodetectors so that the end result is a fully integrated dual wavelength

30 transceiver chip, a portion of which is shown in enlarged form on the right side of FIG. 23.

Of course, while the immediately preceding example used two lasers and two

detectors, the process would be essentially the same irrespective of the number of different
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straightforward manner to account for a pad m salignnment between an

conbi nation of 25 optical, electrical, electronic, or elect r o2 fe 13006 al
waf ers. Further Variants As al so noted above, in sonme cases it is sonetines
desi rabl e twWwo@9alzys0me of the devices, specifically the 6§bRs9s W th an
AR coating. However, the opto-electronic chips described above are nade up
of two (S@Fote tial ll% nmore) dissimlar types ﬁ{? optical devices. 30 And
it is undE¥ESDYReten Y 81 19 OB 35 Yen grodends plhigsrra il fetssipiscetcs ficq dser s.
Advant agegishtige éfMh@poblst R MRl RNAIx H@MhAR - P duheyRRAUG R Rpesses, the
devices that need to be AR coated do not have to be"di stinguished from

t hose that or dhdkese r3sesdisligfegrationyan radily beparéprmedorpamindixidualDdryice ¢y

03/ 003427 / | 2% rac | the C f | ows
descri beddeggg&}gj% ?ﬁ con%g%g?%r?g’vga t ﬁ‘%ﬁﬁ% llg}ll\sﬁéér)%lh? emlbésgé&p\%a‘glzl?tsheand

det ector smbfteatslefiron defimag td stripl 220h @2 06\2206,2208 et graighed to the el ectronic

chip via flip-ghj ondi ng t echni que The substrates are thinned, but as
to the |aser Ssﬁﬂtﬁpg?rg‘?ylgﬁgv?@%grpﬂ@ 6?4’?3’8%%@3?‘33? ‘éleévaé’ﬁlﬁ’éﬁtﬂéﬁl@ th§5| d still
be consi deffoftkr Wavelkngte, af éxveme® réi®1d DWTIes MWDM H6du1AsRbeGRYdcYd atAl t hough
different, types of |aser devices will require a different specific

t hi cknessl,owtcﬁg- t hi ckness of the substrate should be at | east several tinmes

as large as thgykhick @%gl% deficd ﬂﬁeérﬁé@ﬁa&ﬁﬂétér&rﬁs%ﬁﬁ%h%??%&% Ph&s and

DBRs and the distance bétween’'the mrrors, in the case 'S ™Si nce

t he pileciayeilahlenghe prigriatt) by/integrafinglargtenrinberstof ladery bt @ single gbipgpackhgingf t hunb
Is to use;a I . . i f e er_cavi.ty. wever,
i the t niAicaREt flia, BY hebile b bEEREERoR e oL RO mp Rl A enl O R C ]
factor, twaveleapthscntea singleachip and douplinpesst bfthery irtorpingle bkl forasaapleai nabl e
as the m_ni num.t hickness .where the.AR coating.does not affect .the |aser's
ability t ’ rot ' ve

D1 11ty BEEAoReer kel RO e B s et LELpEBOiS S gror s feriiidue el

| asers. |tfe Berpeasel tfrefeRR6d PplicalionfiitlvEMuBERESs FiBer DR ICoMdnbmNgh can be
the carrier noted above, a_separate substrate applied after carrier

removial , Mpnufagrurngteshaiqyes the rultiriening ofgnultiple sueengthscapbe adbiaved inthe t he
ot her chigput BSt BAGmRaRs GRS Henebd £ 5h egtp%siechaﬁéap&r damslaecal the

| asers. The subsfrate is either thinne ter application, to a thickness
as not ed eAsespéto datha pridching (aptical arpgsednnedy prior to application. Once this

s achieved, tfg AARPEHIBANIPhRHARREGRR 1A% AR bal & LGGhIRR R3Red at the

serve as both a pumping laser and a communications laser, either at different times or

20 concurrently.

It should be understood that the above description is only representative of illustrative
embodiments. For the convenience of the reader, the above description has focused on a
representative sample of all possible embodiments, a sample that teaches the principles of the
invention. The description has not attempted to exhaustively enumerate all possible

25 variations. That alternate embodiments may not have been presented for a specific portion of
the invention, or that further undescribed alternate embodiments may be available for a
portion, is not to be considered a disclaimer of those alternate embodiments. One of ordinary
skill will appreciate that many of those undescribed embodiments incorporate the same

principles of the invention and others are equivalent.
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20 sane tinme. Thus, there is no need for special patterning or 2tggﬁ h&€
di stingui shing between the |asers and detectors during the AR? &0 ?gﬁ
process. Thus, it should be understood that the above processes can be
applied to various different devices. For exanple, using the teachings of
the invention, stacking of nodulators on top of lasers in an array
conpati ble format can be done. In fact, it can be done when the 25
modul at or s econ to of or .,helow the |aser. Mreover, it can be done
whet her or t h€ £ lmf%rlﬁnre) devices are created in a single epitaxial
step. Simlarly, stacking of topside active devices on top of either
t opsi de or backsi de active devices can be perfornmed as can stacking of
backsi de active devices on top of either topside or backside active devices
such as showmn in FIGS. 20A and in greater detail in for nodul ator nounted
on a backside emtting |aser 30 20B. Devices that have a lattice m snmatch
can simlarlly Bemsthoked fr egmadieass aothybhvd difagec ohdips admd iimidiaviad dalp
devices perform 21 2 4 JAN 2006 WD 03/003427 PCT/ US02/ 22293 In a further
appl i cat s onactiévieceptiian dichfiercenthieni haxiialg \safseibs taat d naihegrey ed
together on a common chip on a wafer scale level. Thus, lasers of different
wavel engt hs rGaRt Be dentb@dT%ed Voldedtidle WMRIRAG R fditg s it iR tdditidNg
(DVWDM or multiple wavel ength division nultiplexing (M\DM applications,
such as shows ERofl Gn 3he 3ilE ALSNANS WAL I S JHNUSA U ferent
I C e. By

wavel ength l[asers a integrated on 4 conmD I'p on waf er sca

doi ng so, and _nmaking each | aser. sel ectable,. speci.fi wavel ength (or
conbinationagfow§§é%§nﬁph§h a&ﬁﬁéﬁsgﬂ é?e&Ft$h€Pe§}%§ﬁﬁ%Wﬁﬁiéﬁj he need
for tunable | asers which rel n _anal og novenents of _physical pieces or
show t her ma'@VefRgn§& oo e6$§$hﬁ@ Srspeed it Lsfised Mcrd¥econds
and accuracy is limted. 10 In addition, wavel engths can be switched at the
sane ratle t Ratigsgt deivd ceegontaedselnyre meltt isdd IBGes twiddy iadh lsast A% m t hat
mul ti pl exes various data streans at different wavelengths at the bit rate.
Thus, swit chifnghear lleetachievedip rcoaltautt s10hep dcbsedcapdsqidives opfical

gi gabits/sec). Mirreover, different devices, of different types (i.e.

di fferent typescef chageaad ltdeeled eckrodi¢ @elti@ptaqres,slﬁie%ﬁnmbobe each
interm xed such as shown in FIG 22 froma cutaway side view. As shown in

FIG 22, stijggn@l st sk Qmltl MaUGILREN deA2RIt 22X hRAMy ahe Creat ed,

electrically corresponding electronic chip contact, the
15 method comprising:
creating sidewalls defining openings in the
substrateextending from the active device contacts on the
first side through the substrate to a bottom side of the
substrate opposite the first sideat points on the bottom
20 side substantially coincident with the active device
contacts on the top side;
making the sidewalls electrically conductive to form
electrically conductive paths from the active device

contacts to the points; and connecting the points to
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as are two different strips of conplenentary wavel ength photodgze tors
2204, 2208. The strips of the first devices (illustratively |

(%)) are attached using the processes described herein. The strips of the
next devices (illustratively detectors 2204 (A),,)) are 20 attached in
simlar fashion. Next the strips of the third devices (illustratively

| asers 2206 (M are attached in simlar fashion. Finally, the strips of

t he | ast devices ustrativel detec Qrs ;220 re din
sinilar fashion. lé@ﬁéﬁ&Pﬁgcﬁﬁg Pﬁ&dﬁg I Gitd ncasel%')r%tez?lsub %gﬁbr
carrier can be renoved _or thinned frontall t he devices at once for
exanpl e if they @PBen&LECHEONLS ENGIR FOHEGtSt egration of the 25 next

devi ces, or they can be renoved or thinned after each set of devices is
attached. FW&Eh23nskdRstricaliegondust g Mededdwiledocsitad @ 24 rom a
top view. As shown, all the first wavelength |lasers are attached. Then,

all the firbbtWamebed@tbfphmmndetew@ompumaal devdacieedhifhen all the second
wavel ength | asers are attached, followed by all the second wavel ength
phot odet ectors so that the end result is a fully integrated dual wavel ength
30 transceiver chip, a portion of which is shown in enlarged formon the
right side of Ihe me3hodlocUSe M dile dnaTediidhR] LHY egietwgl 1exanpl e
used two | asers and two detectors, the process would be essentially the

sanme irrespegti th .22 2 4 JAN 2006 WD 03/003427
PCT/USOZ/ZZ%@% &gggbé%yeﬁgygﬁﬁﬁngﬁegk%&§;?%b ‘or bottom acti ve, grouped, al

| asers, all dete ce an vant age af the oc sSs is the
T . %tﬂ @ha%,d_ lﬁqﬂe i) %1 ﬁéﬁenln S

ability to mx a al'e. hese cases,

t he |ntegrat|on can readily be perforned o an i ndi vi dual device (or

devi ce typef @&&?%qérldhﬁQ&gqﬁﬁky &t le, in strips (as shown) or by
groups, with the 5 substrate left on defining the strip 2202, 2204, 2206,
2208 or group. Still further, by integrating groups of redundant |asers of
one wavel ength with those of other wavel engths, an extrenely reliable DWM
or MADM nodd.e Than et hordbdfc edl agitm 1| ovenmssitn. thHerusnalsimr et s gl dewisMii e,
integrated transmtter arrays for DWDM systens are not 10 available in the

prior art, kyddtra@Aatiyngdrangs e fsdsasers on a single chip,
packagi ng size can be reduced. By integrating arrays of ten or nore

lasers, of two ory adiRIA mtctlrtg ArPlie Jgéaertqt hon ARG v ShdWH 1 £1 gh and

coupllng a set of I nto a single ber, tfor exanple, using a fiber
based conbi r/|nverse it er, ographic lens array, or the
t echni ques some of) dengis.

15
4. A method of creating a hybridized chip combining a top
active optical device chip, having a substrate including a
first side and active device contacts on top active devices
located on the first side, the top active optical devices

20 also being on the first side, with an electronic chip
having electronic chip contacts, when at least some of the
active device contacts are not aligned with at least some
of the electronic chip contacts when the top active optical

device chip and the electronic chip are superimposed, each

25



the incorporated by reference applications entitled Milti-Piece iiB $ tic
Conmponent And 15 Manufacturing Techni que, the nultiplexing of nalt g &
wavel engt hs can be achieved in the output fiber, in sone cases w thout the
need for an opto-mechanical or electro-optical elenent to do the sw tching
(optical crossconnect). In a further application of the techniques, a |arge
array can be constructed that can serve as both a punping | aser and a
comuni cati o aser, .either_ at difteregi t.i mes or. 2qic ncurrently. It

shoul d be ufderdFodd tFASYT FOMbATE W& AP0 A &S TRtk et ati ve of
illustrative_ enbadinents. For the conveni ence of the reader, the above
descri pti on SAESHICAdY &GP TE © SRBIELIh GG BHifpI i AN tasdesiBie

enbodi ments, a sanple that teaches the principles of the invention. The
descri pti onmeahogotcomrdiditnds t o exhaustively enunmerate all possible 25
variations. That alternate enbodi nents may not have been presented for a
specific portionadftadthend rvemnmer dro tithet tHam taveri vendascirddledeat taanat e
enbodi ments nay be available for a portion, is not to be considered a

di scl ai ner efrdatdsg dildawadalles erdfidiimntcper@gyofirodicnarybstakild wil |
appreci ate that many of those undescri bed enbodi nents incorporate the sane

principles QfxthRiiindy iRt N QLR USFie LTI &Y o2 re 4 AN 2006 What

is clained is: 1. A nethod of creating a hybridized chip conbining a top 5
o

active opticgly %‘H U s AU 2 S YRS A E‘ﬁiio[?ec'dpiﬂ}% asHM%LSEa@é' de and

active device contacts of top active devices ocated on the first side,

the top active optical devices .also . being.on the.first side..with an
el ectronic SNEY lﬁe?v?:rli’ge glercstetr osn]iAce i r?oc]ghttsacqu?c%&c’tattorﬁl e5:1° sone of the
10 active device contacts are not aligned with at_Ie%ft some of the
el ectroni ¢ AMYF tESRdY WM AHRER o R iV ARG CE I ETHFEh PR he
el ectronic chip are superinposed, each of the at |east sone active device
cont act d0havihey teP &igiri cal |y corresponding el ectronic chip contact, the
15 met hod conprising: creating sidewalls defining openings in the

making the sidewalls electrically conductive to form

electrically conductive paths from the active device
contacts to the points; and
connecting the points to locations correspondingly
15 aligned with the at least some electronic chip contacts
with an electrically conductive material located on the

bottom side of the active optical device chip

5. The method of claim 4 further comprising:

20 removing the carrier after the connecting.

6. The method of claim 4, 5, 20 or 21 wherein the

connecting comprises:
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substrateextending fromthe active device contacts on the first side

t hrough the substrate to a bottom side of the substrate opposit&ﬁtJﬂy 2006 st
si deat points on the bottom 20 side substantially coincident with the
active device contacts on the top side; making the sidewalls electrically
conductive to form electrically conductive paths fromthe active device
contacts to the points; and connecting the points to 24 2 4 JAN 2006

| ocat i ons Corresrﬁe%pégiéﬂwn |{ gneds Wi fuddie Ale | S38hts SOHE €hECIEOHE EokBi P

contacts with an trlc |y conductive material |ocated on the bottom

side of the (¥fé/ 0 4#§6ﬂ%?§f%§§%grvfth5tﬁe die; artpod,nt gi?bﬁ%&ny@erein

t he maki ng t e si ec y conducti1ve conprises I ng at
| east some of the open S W n, ctricall nductive, material. 10 3.
The net hod " %ﬁeﬁ?ﬁ%?%ﬁé&eﬁ?ﬁt%%kh%ﬁlﬁﬁ t%@ﬁg?%eﬁgf?grl%?g%YricalIy
conductive conprises: depositing an electrically conductive material on at
| east some ofondEGi®Rwal Is. 15 4. A nethod of creating a hybridized chip
conbining a top active optical device chip, having a substrate including a
first side and active device contacts on top active devices |ocated on the
first side, the top active optical devices 20 also being on the first side,
with an el ectr aiie mdithpod hafi abaeheét wioareichtlpe coat betsinghtnaaes| east
sonme of the active device contacts are not aligned with at |east sone

comprises:

patterning at least some of the traces on the
substrate and at least some other of the traces on the

10 electronic chip.

8. The method of claim 6 wherein the patterning traces
further comprises:
patterning traces on the electronic chip.
15
9. A method of creating a hybridized chip combining a top
active optical device chip, having a substrate including a
first side and active device contacts on top active devices
located on the first side, the top active optical devices
20 also being on the first side, with an electronic chip
having electronic chip contacts, when at least some of the
active device contacts are not aligned with at least some
of the electronic chip contacts when the top active optical

device chip and the electronic chip are superimposed, each
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of the electronic chip contacts when the top active optical device chip
and the electronic chip are superinposed, each 25 24 JAN 2006 of 4 #&N 2006

| east some active device contacts having an electrically corresponding

el ectronic chip contact, the nethod conprising: attaching a carrier to the
top active optical device; 5 creating sidewalls defining openings in the
substrate extending fromthe active device contacts on the first side

through the substdale 1028 bobhom el 86eOfiet e SEbALEALE nARRAGI he the first
side at points on the bottomside substantially coincident with the active

device CONtagtScOfcdf1y ot fRsBLAGIndPEL 00 LR ST ARYB! LBnELEE! T LRI | ¥
conductive to form electrica conductive paths fromthe active device
contacts to th <S)cgintS' andncpnnecting the points to | ocations
correspondintEfI”‘gh SAREHEE A th the at | east sone el ectronic chip contacts
with an electrically conductive material |ocated on the bottomside of the
active optical de¥hterthyptBe FHRSRERRBA of claim 4 further conprising: 20
renoving the carrier after the connecting. 6. The nmethod of claim4, 5, 20
or 21 whérein theceronnbeyi pgdevaptpsdsfingng apgpinge0snpaheeSHPA§ AL &ces
bet ween the points and the |locations correspondingly aligned with the at
| east sone edeicemading frbmptbenaatise dedicakcogtahest pactbeelfecisti sdaldey
conductive. 5
through the substrate to a bottom side of the substrate
opposite the first side at points on the bottom side
substantially coincident with the active device contacts on
10 the top side;
making the sidewalls electrically conductive to form
electrically conductive paths from the active device
contacts to the points; and
connecting the points to locations correspondingly
15 aligned with the at least some electronic chip contacts

with an electrically conductive material located on the

bottom side of the active optical device chip.

10. A method of creating a hybridized chip combining a top

20 active optical device chip, having a substrate including a
first side and active device contacts on top active devices
located on the first side, the top active optical devices
also being on the first side, with an electronic chip

having electronic chip contacts, when at least some of the
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7. The nethod of claim6 wherein the patterning traces conprises:
patterning at | east some of the traces on the substrate and a® 4 dANt208one
other of the traces on the 10 electronic chip. 8. The method of claim®6
wherein the patterning traces further conprises: patterning traces on the
electronic chip. 15 9. A nethod of creating a hybridized chip conmbining a
top active optical device chip, having a substrate including a first side

and active QRMIiGR CRIVAM SciikAOFs actd odey £85ed | wrah et ol b e Sbkst
side, the top active optical devices 20 also being on the first side, with

an el ectronig GhP 1*?:%’11 el egh £:9NL & i P c‘%% CSe n .lea of
the active ogew Ce Ton a%?%l are nggt (grfl gnesd W r?]l at le tag%h%g g t?‘%gf
el ectronic %%% contacts en the top active pptical device chip and the
ol ectroni ¢ AR5 CERHATIPRGE L EATHOTES S RS 29T HITRAE S Teca(
sonme active device contacts having an electrically correspondi ng
el ectroni c Gf fFheomtacke2itheSOmRt ot W iF Y SFhCOR MR AnF e Y eI sibst rate; 5
creating sidewalls defining openings in the substrate extending fromthe
active dévi edasfimisalsl wrretreIPorAing deleehroni® ¢hir seprtacte thea bottom
side of the substrate opposite the first side at points on the bottom side
subst ant i al metdwichciamtisdnd t he active device contacts on 10 the top
side; making the sidewalls electrically conductive to form electrically
conductive paths dfttetirey actéaerdeviltevring a thickness greater than a
minimum lasing thickness over the top active device;
creating sidewalls defining openings in the substrate
10 extending from the active device contacts on the first side
through the substrate to a bottom side of the substrate
opposite the first side at points on the bottom side
substantially coincident with the active device contacts on
the top side;
15 making the sidewalls electrically conductive to form
electrically conductive paths from the active device
contacts to the points; and
connecting the points to locations correspondingly
aligned with the at least some electronic chip contacts

20 with an electrically conductive material located on the

bottom side of the active optical device chip.

11. The method of claim 10 further comprising:
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contacts to the points; and connecting the points to |ocations
correspondingly 15 aligned with the at | east sone eIectroniczthquﬁ acts
with an electrically conductive material |ocated on the bottom side of the
active optical device chip. 10. A nethod of creating a hybridized chip
conbining a top 20 active optical device chip, having a substrate
including a first side and active device contacts on top active devices

| ocated on the fijstk e3irfdgg thed0P Gl Vig GiHd Rl Gasd AhSDy D Nen on
the first side, with an el’ectronic chip having electronic chip contacts,

when at Iea%%tig%que&q%rg%gtt-%eg]g}gew &6t device contacts are not

aligned with at least sonme o ctronic chip contacts when the top
active optical device chip and the electronic chip are superinposed, each
of the at |east sone active device contacts having an 5 electrically
'correspondin%belectroniq chjp.contact, the nethod conprising attaching a

carrier havi PRAHEE G r SR SR S % ni mum | asi ng t hi ckness over

the top active device;, creating sidewalls defining openings in the
substrat & 10 ext @tdilify S AR HemashigadaRtdealomaitice drrimeed i ¥2t2R”j de
through the substrate to a bottom side of the substrate opposite the first
side at poi rtlscirariie kotipom tdiaaysulssitzat ich iy riing degen wrdate@ active
device contacts on the top side; 15 making the sidewalls electrically
conducti ve tuify heeheiiodadf yoreorsfiictliadenspht-hslir oot th@ ac2?ve device
contacts to the points; and connecting the points to |ocations
correspondingly aligned with the at | east sone electronic chip contacts

13. A method of connecting two chips, one of which being a
10 topside active chip, each of.the two chips having
electrically corresponding contacts to be joinea together
that are physically mismatched in alignment relative to
each other, the method comprising:
creating electrically conductive paths on an insulator
15 surface of the topside active chip, each of the
electrically conductive paths extending between physical
locations of device contacts of one of the two chips and
physical locations of the electrically corresponding
contacts on the other of the two chips, from the device
20 contacts through the topside active chip to the physical

locations of the electrically corresponding contacts.

14. The method of claim 13 wherein the insulator has holes
defined by sidewalls, extending from the device contacts
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20 with an electrically conductive material |ocated on the &?{twﬁede of
the active optical device chip. 11. The nethod of claim10 f H
conprising: 26¢c 2 4 JAN 2006 patterning access ways in the carrier and
applying an anti-reflection coating to the carrier. 12. A hybridized chip
conprising: 5 at |east one top active optical device coupled to an

el ectronic chip, the hybridized chip having been created using the nethod

of one of clialuthudh trld 1 Phor A Iehe A BADOG, ofpeoDNEEL Enga1 Y0 chi ps,

one of which being a 10 topside active chinp, e two chi ps having

electrically pondi 0 S . be joined together that are
b FASEIRANGLG, £ AGL 5.4

physically m i‘nalign relative to each other, the nethod
conprising: creati electrically conductive paths . on an insulator 15
surface of the t&k?g%dkg a‘%ﬁ‘? Jé‘?}c#p‘?l%%@?ﬁ%?l]t CORFEREYRal Iy conducti ve
pat hs ext endi ng between physical |ocations of device contacts of one of
the two chips and physical |ocations of the electrically correspondi ng
contacts on the other of the two chips, fromthe device 20 contacts through
t he topsPde ot iThe @fthad ehechhimi bhlvherrin iU miking thecheieal |y
correspondi ng contacts. 14. The nethod of claim 13 wherein the insul ator

has hol es ddfdated dal st dewadustiextabpnigsdsom t he device contacts 26d 2
4 JAN 2006 through the insulator,and the creating the electrically

conductive paths fQmPri¢asie ki &y & ieh hod eslettecicd Th) | yos@uductéve. 5 15.
The nethod of claim 14 wherein the making the holes

material.

10 16. The method of claim 14 wherein the making the holes
electrically conductive comprises:
depositing an electrically conductive material on the

sidewalls.

15 17. The method of claim 13 further comprising:

joining the two chips

18. The method of claim 13, wherein the insulator is part
of neither of the two chips, the method further comprising:

20 joining both of the two chips to the insulator.

19. A module comprising:
two chips connected together according to the method of one
of claims 13-17.
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el ectrically conductive conprises: filling the holes with an ﬁ%g@%ﬁb@ I
conductive material. 10 16. The nethod of claim 14 wherein t i 8
holes electrically conductive conprises: depositing an electrically
conductive material on the sidewalls. 15 17. The nethod of claim 13
further conprising: joining the two chips 18. The nethod of claim 13,
wherein the insulator is part of neither of the two chips, the nethod
further conprising: 20 joining both of the two chips to the insulator. 19.
A nmodul e conprising: two chips connected together according to the nethod

of one of gljal 3-17. J, Q... T t of claim5 further
conpri si ng: %tohi ﬁlh#g I{eégoéﬁg)s%rcétaelé“é%&%heer %%%%%1 aim4 further

conpri si ng: thinning t he subsgrgte 22. The nmethod of claim4, 5, 20 or 21
further conpriSihy a9t GRAi ACECEAFPier having a thickness greater than a
10 m nimum | asi ng t hickness over the top active device. 23. The nethod of
claim?22 further conprising: patterning access ways in the carrier and
applying an anti-reflection coating to the carrier. 15 24. The nethod of
claim9 furler Foepmethog atft adiiimg 4a fugaheirecamprisgireg t hi ckness greater
than a mnimum | asing thickness over the top active device. 20 25. The
met hod of cl ai m 24 ifnmritee rt heorqubstinegte.

ly
t he

22, The method of claim 4, 5, 20 or 21 further comprising
attaching a carrier having a thickness greater than a

10 minimum lasing thickness over the top active device.

23. The method of claim 22 further comprising:
patterning access ways in the carrier and applying an
anti-reflection coating to the carrier.
15
24, The method of claim 9 further comprising attaching a
carrier having a thickness greater than a minimum lasing

thickness over the top active device.
20 25. The method of claim 24 further comprising:

patterning access ways in the carrier and applying an anti-

reflection coating to the carrier.
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patterning access ways in the carrier and applying an anti - reélection
coating to the carrier. 26f 2 4 JAN 2006 26. The net hod of cIa.fnJﬁN 2006 9,
10, 11, 20, 21, 24 or 25 wherein the making the sidewalls electrically
conductive conprises: filling at | east some of the openings with an 5

el ectrically conductive material. 27. The method of claim4, 5 9, 10, 11,
20, 21, 24 or 25 wherein the making the sidewalls electrically conductive

conpri ses: %%_.deffi‘?ﬁ%' bt & &eldifcal ) ¥5 canducd ver Mei@rigd, oy aty 3gast
sonme of the sidewalls. 26g
wherein the making the sidewalls electrically conductive

comprises:

filling at least some of the openings with an

5 electrically conductive material.

27. The method of claim 4, 5, 9, 10, 11, 20, 21, 24 or 25
wherein the making the sidewalls electrically conductive
comprises:

10 depositing an electrically conductive material on at

least some of the sidewalls.
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