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denotes the figure and #2 denotes the item in that figure. For example, 9-213 means item 213
in figure 9. |

Opto-electronic chips have the ability to provide huge optical bandwidth. However,
20  that data sent or received optically needs to get into and out of the chips electrically. Thus,
the amount of electronic I/O needs to be large so as not to unduly create a bottleneck in the
flow of data. Given the constraints on how fast an individual electrical line can be, the
requirement for a large amount of I/O typically translates into a large number of I/O pads on
the chip. However, the ability to place many electrical I/O connections a chip is
25  counterbalanced by the need to place the /O connections as close together as possible.
Typically, users of optical modules (containing one or more opto-electronic chips) or
designers of components on which those modules mount, like to have the modules configured
so that the modules will mount onto circuit boards and have the electrical I/O connections at a
90 degree angle to the optical I/O connection. Thus, it is desirable to allow the electrical
30  signals to traverse a 90 degree bend.
Moreover, to the extent optical or opto-electronic chips are connected to flex circuits,
they are typically connected using wirebonding techniques. Such techniques introduce
undesirable parasitic capacitance, which is particularly detrimental to high frequency

operation.



inmportant to ensure that the speed of each of the electrical connections to
the chip can support the highest bandwidth (i.e. data rates) possible. The
use of flwwioBlesseircuits to make 90 degree el ectrical turRETIUSOARA6OW
electrical 5 access to occur at a right angle to optical access per se is
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connectors coming off a chip also have large capacitances and inductances which limit the
speed of the off-chip connection and also increases the electrical crosstalk/noise between
adjacent electrical channels.

25 FIG. 2 shows one such example of a flex circuit arrangement that allows the optical
devices to be placed on top of the electronic chip, but the configuration is still limited by off-
electronic-chip wiring and still inhibits access to the non-active side for cooling. Illustrated
in FIG. 2 is an optional auxiliary chip 2-12, a chip to flex connection 2-14 an electronic chip
2-16 and an optical device 2-20.

30 Presently, there is no way to package an optical chip or an optical chip with an
electronic chip (i.e. create an opto-electronic chip) that allows for close connections between
the two, reduces parasitic capacitance and inductance, provides unobstructed optical access

while allowing for connection of a heatsink to the chip for cooling.



Qur invention involves an approach to the integration of optical or
opto-electronic chips with electrical connectors. Qur approach circunvents
t he need wWoro3obé¥42chi p el ectronic wiring or electrical | ea@cTBSO2/20804 ed
connecti on approaches. Note that the flex prior art of circuit FIG 2

exists to the right-side of the electronic chip. Hence it is difficult, if
not inpossible, to effectiSEMMARY-OK BHEANYENAKONo aid in cooling the

el ectroni c chi since it. can not b aced on the front of the chip
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techni que mnifmzes parasitic electronic capacitance and i nductance on
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rows to even be away from the optical or opto-electronic chip edge.

Still further, our technique minimizes parasitic electronic capacitance and inductance
on flex circuit-to-chip connections.
In addition, the technique of placing the optical or opto-electronic chip on the
25  backside of the flex allows for easy heat sink access to the chip without impeding or
interfering with the optical path, irréspective of whether the chip contains topside active or
backside (also called bottom) active (also called bottom active) devices.
The advantages and features described herein are a few of the many advantages and
features available from representative embodiments and are presented only to assist in
30  understanding the invention. It should be understood that they are not to be considered
limitations on the invention as defined by the claims, or limitations on equivalents to the
claims. For instance, some of these advantages are mutually contradictory, in that they cannot
be simultaneously present in a single embodiment. Similarly, some advantages are applicable

to one aspect of the invention, and inapplicable to others. Thus, this summary of features and
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advant ages shoul d not be consi dered diapositive in determ ning equival ence.
Addi tional features and advantages of the invention will becone apparent
in the foWbesioog2tdescription, fromthe draw ngs, and fro®CrTRESDR@INE. 5
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows a chip and flex circuit
according to a prior art approach; FIG, 2 shows one prior art exanple of a
flex ciddgntagesshanklnas e comsidsreddisprsiise in deisapiyraequivalenss. Addional of a

Sual o g L i PSSACABRSE e WG PR e ko

i nventi ﬁramtﬁda Gia\xﬁﬂg§bml/\&omth@plaunsew of an exanpl e doubl e si ded flex circuit
with a through-hole for use in accordance with the invention; FIG 5B
shows a side view of the flex circuit of FIG 5A; 15 FIG 5C shows a side

view of an alternati V?;It(ﬁgit; ééﬁ{)l‘ﬁ?)ﬁ WTFIE‘B#AW?N(_@ G 5A;, FIG 6

illustrates approache een used I1n the prior art to attach
mul ti pl e boFIG@rh shoiwstai chep aifeivﬁl@mrom atanrdingto kpriegatpstoadtect r o- opt i cal

chi . FIG strates .approaches t have been used in the prior art
Co At i ach miFG A BOWSGHE BHPLRT LM Abo E6 STT: REREPRAS nt ogr at eg

el ectro-opti gl CdhoRss, 1%9)6F51p€bt1v% b é}kﬁ?ﬁﬂl@&?§dﬁ"al§id3%e% bt GiphcclRMh&Ew L t h

contact pads placed in the position specif its manufacturer and a
porti onthefineemtiehect roni ¢ waf er with cont act pads placed in the p05| tion
nuf act ur er |l ustrates .a sin evi ce

o i) cont act Fiska TN B Samele Sptpropd S BaeFrdin Byt Beplitpacelir er and

a portlmalﬁenﬁanel ectronic wafer with contact pads placed in 25 the
position specifi ed by its manufacturer of which each will not be aligned,

FIG 10 il uElG-a¥eshaws astoppiavs plean exagiple apble Bdest Jexesircugmetiox Bnpngh-kgipr oach
accordi 6%81&c@?rd%ﬁ@e%‘ﬁ?th%fm\%ﬂ‘ﬁohm’e”t' on; FIGS. 11 anpl 12 illustrates

several di Tt erent ‘acce vari ant exarrpl es; FIG 13 illustrates an

opti cal arr aylG.rsBdtionhs afsldbe\hswaifﬁléﬂl@mmm@fbmtm substrate; 30 FIG 14
illustrates an ?é%el cal array that accomodates an_ array, of m.crol enses;

FI @G> 15 i1 | uklG-2(ethogise Sé‘%’aY’fﬁ‘fVé)f P gheativesrarigpiefithe Q%ﬁlr@&ftﬂ 6. 8Bt i cal
chip variant Fxc@%qgg& ares &Cppr&a'aﬁesttﬁ&t*}{abgﬂ@él e & th'egfmr Eﬁ% atth nhlISE" at es

one exanpl e proce eating an electro-optic ip variant “according
t o t he b@ximmegitesg desscesnbécuim 4n DB EIBdPE-opEh LISp2/ 20699
FIG. 7 illustrates approaches that have been used in the prior art to attach multiple
bottom emitting devices to form an integrated electro-optical chip;

20 FIG. 8 illustrates a single optical device with contact pads placed in the position
specified by its manufacturer and a portion of an electronic wafer with contact pads placed in
the position specified by its manufacturer;

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

25  the position specified by its manufacturer of which each will not be aligned;

FIG. 10 illustrates in simplified high level overview, one example approach according
to the teaches of the invention;

FIGS. 11 and 12 illustrates several different access way variant examples;

FIG. 13 illustrates an optical array in which fibers are supported by the substrate;

30 FIG. 14 illustrates an optical array that accommodates an array of microlenses;

FIG. 15 illustrates one example process for creating an electro-optical chip variant
according to the techniques described;
FIG. 16 illustrates one example process for creating an electro-optical chip variant

according to the techniques described;



FIG 17 illustrates one exanple process for creating an el ectro-opti cal

chip variant according to the techniques described; FIG 18 illustrates
one exanpWwe opiaeless for creating an el ectro-optical chip Pamiwne/2068ccor di ng
to the techni ques described; 5 FIG 19 illustrates another opto-electronic

device being created in a manner. simlar to the devices of FIGS. 15-17;

FI G 20 il | uBlG d7 dBusirajps ope sxarplg precessolor psptiegimelesiyeopfispl B varigmtG, 21A
illustr . r . r,. topsi de active devices; FIG 21B
iIIustrPaii‘l(i{cgls%11 et%?%g%%lg&%ﬁg‘r&eﬁbt%ﬁé contact holes are coated, but not filled,
and 10 can BKXilstillugtratdsiogseRahple prkdses2fbr Creatinysn elactepbptical clgpivarimitt h its
contacts rerouted by p_attec{ﬁni ng traces on the substrate to match the

cont act ¥ciiingigithefechmayes defetibeds b shows the contacts on an el ectronic chip
reraut ed by pRj gy AGHS: lo-eldifroitBl b8 beink ArdaRiif o!difinE PTG &, ON an
optical chip; 15 P Cgrﬁg%%a?ﬁ?us@?%tees a procless sPmlar 1o that shown in

Fi gur e tBéAcexengfiFIGBatS-d7carrier is not used; FIG 23 illustrates a

connection chj r.,adapter chip used.tp connect different devices; FIG 24
illustrates %@ﬁéuu%qafeé%??eéguﬁ% %ﬁ_ﬁ?ﬂ‘ﬁ??ﬁtﬁ‘fe I€Fr is a further variant
of the adapggy ZQAiﬁﬁ;ﬂfh%'stdﬁBcé&E‘hQabY@fo‘r?dﬁs_ide%ﬁ@é §evi¥s; topsi de active
devices; 20 FIG 25A illustrates the stacking of two or nore devices using

one of the tE€hRlGuBsstratasdhe plionesstcherditheicantacittiodss, ar¢-c@ted bt ndt[filledrandes a

no at or st. ckefl on ttpp of a laser using one of the techniques according
to the YAVERTIBAEFIES 26 illustrates an array of, for exanple, one hundred
| asers creat Bls. 23 Cr8oRB &n Bptica? Bhip MeitH REEIMAUERr AREDE PhA@riiAg trhcesiof et | on;
FIG 27 illustrates the steps in creating an array for a application

usi ng oWdsitte tq metch ahennipsésomaodralichig; t o the invention; FIG 28
il lustrates f*‘{@ RDURESS t contacts oﬁ*]arf Jlgéﬁo?{ctcﬁﬁ%}’érgﬂi%d ﬁ' g?]t_te%gi&%%a%sf owchart

for one exanpl € process I n accordance w I NVén shows
t he variheysbstatqroneintisthbebmgcts ohag@ptcaohigh ng to the process of FIG  29;

FIG_31 is a flowhart for another exanpl rocess in accordance with the
i nvient i on; Bty 2%%%@#@@3%8 ﬁ@f%ﬂ@@g&%g@?ﬂ ng“re 31A except that a carrier

1s not used;
FIG. 23 illustrates a connection chip or adapter chip used to connect different devices;
FIG. 24 illustrates another alternative implementation, which is a further variant of the
adapter or connection chip variant, usable for topside active devices;
20 FIG. 25A illustrates the stacking of two or more devices using one of the techniques
according to the invention;
FIG. 25B illustrates a modulator stacked on top of a laser using oné of the techniques
according to the invention;
FIG. 26 illustrates an array of, for example, one hundred lasers created using one of
25  the techniques according to the invention;
FIG. 27 illustrates the steps in creating an array for a DWDM application using one of
the techniques according to the invention;
FIG. 28 illustrates the process of FIG. 27 from a top view;
FIG. 29 is a flowchart for one example process in accordance with the invention;
30 FIG. 30 shows the various components being joined according to the process of FIG.
29;
FIG. 31 is a flowchart for another example process in accordance with the inventioné

and



FI GS. 32A-32D show exanpl e assenblies constructed in accordance with the

i nvention according to the teachings described herein. DETAILED

DESCRI PTIVON 03/003320ver vi ew, by allowing the flex circuit t®CRABE2/20699
through-hole in it and bonding the optical or opto-electronic chip to the
back side of the flex circuit, for exanple, using flip-chip _baonding

t echni ques, BIGEHu3RASIHRshaw exangple asgembligs m%@gtwoﬂéﬁc%‘wléﬂ@ont acts to

t he optﬁlgé\ljlt%oglratcﬁ&ag%gg!tﬁetpggé%ésc(%?%rﬂgﬁrhe}- backsi de and contacts for

connection e rin oar ‘(PCB) on the front side. One
exanpl e of such a dual side flex circuit 3-30 in accordance with 10 the
invention is shown in perspective in FElLG 3. The through-hole all ows

optical access to the opti CQPEWI&}?&F@%R’W]E chip while the placenent
of tshat chi %Qﬁrg}\tclﬁwb%%‘ﬂ&frin%aﬁ% Ifl%xedircﬁitrt Hate aﬁk&%g\@}gl@ﬂﬁth dhper mal

contact with 't iI'pto be e for coo{;l ng. Mor the pl acehent
achi evespticakorf apteglectrgnivkhipdo dhd loack sglefod theafldxarigmitp forlesammplef ustignfipedhipns t o

be nmade to the optical or.optp-electroni ip viathe flex circuit. 15
advant agpula eealies; vreibl frsaesihiarrrd thbeaisive St fo-Be OB Pbpei de
active oﬂé-eﬁ%&bni%'cﬂﬁ) &POE HR R ARl cBfifabid For RINEQMA 18 3hd Dfristed EiduitBbatd

em ssion (or, in the case of photodetectors receipt) of light is away from

t he el edGRByrinche fiopt side.whhe bxanipde opsuchal dudbsifle Bex ciaeudt hyBin aicoatinced with

additiop, .the.techni gue can al.so.b I in inst ances re there is
sortd of BrineRibE L BeMide RRREYRE wOEIG il THE S0l Bu naR ARG SalER eV B Bl e
that t tﬁhﬁéﬁfiﬁo%&cﬁr&ni@]@mﬁﬁﬂﬁldfth_é bRideRadtdTthdt ehiphm thevadkestahdflef cikdgiht t he
active device operates with. The invention solves the problem by placing

opt i cal alsegllevesiop gopdihenpalicnatagt with therfhip toceigade fier eerjiga Meuseyadi that i on

beor onelfhi SRS ek RehoRly o MR BHET ARRE dilnbyBony e oo ¥
09/ 897, thadk todé 8Ptcad 8Boptoal 28R thibdia tied flexf ditomét. June 29, 2001 and entitled

"Opto-El ectronic 25 vice Integration” he detail ed .description of which
ar el epr oduc V%@WD% QB G19ET Whethe tagRiG 5@@9@8&%‘@5&1&8 RISt he

el ectr og &cg{gjd? éﬂ%tfﬁgih)é) dcBive é%iléﬁglééthg H&t@&%ﬁ& ' Rein heéabs o !

opening in i w optical access for t optical devices e
provi di plptedateses rereipheof lmhestavaryi foons thepel¢atrongodip tegwhich plenaiticgl deyaes t he

Convent PR Eh rgyagiog, D etnaAGat 615t AE CREBHRT ue-uBaegiar el Fn_
Uni t ed Qndd 88mBatIBE e PivE& P @PLiSE Hkﬁheé\lﬁﬂ-thé)gééei&%é%&daéd 18sk tHeIBRNRy 2001

and entitled "Successive Integration of Milti Devices Process and

Pr cfuct 18 optipallycleangparent to &Qwavagwn@inowghmmtlivs dedpr opruatesiwidkl ow i n t he
section of tJfgesame.tiSt:le. tAés a geestl)ﬂ t1 .si%n I o= be brog ht o%lrt fromthe
chip t hrough' X BEEHIY O McRrekiem &y placipg Opiedh dPgee Poiop ShICIAI % of

el ectri gap, thidighadyblitiahticipgrobess UBE exdngplaiitiag bné bEhEREHhh RSB 003421

PCT/ US02/ 20699 . . Lo .
the commonly assigned United States Patent Applications Serial Nos. 09/896,189,

09/897,160, 09/896,983 and 09/897,158, all filed June 29, 2001 and entitled “Opto-Electronic

25  Device Integration”, the detailed description of which are reproduced below in the section of

the same title, and bonding the electronic chip directly to a circuit card which contains a cut-
out opening in it to allow optical access for the optical devices while providing access to the
electronic chip for cooling. Depending upon the particular case, the bondings described
herein can be performed using conventional techniques or according to the technique

30  described in United States Patent Application Serial Nos. 09/896,665 filed June 29, 2001 and
entitled “Successive Integration of Multiple Devices Process and Product”, the detailed
description of which is reproduced below in the section of the same title.

As aresult, signals can be brought out from the chip through a double side access

circuit card to a conventional set of electrical I/O pads that can be used to attach the module

6



to a printed circuit board. By doing direct integration, perfornmance and
cost limtations associated with wiring or using other electrical

att achnmernwormobsi sns are reduced or dispensed wi th enti PEMUSOFRIG9 4 shows
anot her exarrpl e inmplenentation in accordance with the teachings of 5 the
invention. As shown in FIG 4, the process begins with creation of, or

obt ai ni 9 Prifed eir@iihased- BY: Apine ditest issration e Pamags Andssstdimitationached, for
exanpl e, sgaaaéﬁ%ﬁ%‘%g%? 'il@ihgtog}elggg\g@chpatﬁkﬁnerﬁ ¢&h%sﬁ95{e}§gﬁc%ﬁ‘&ce 4-32, a

ball grid array conne an optica access an openi ng
in the dﬁpensedwahlehtlﬂlﬁ& an el ectronl c chip 4-38, an optional auxiliary

chip 4-39 anﬁ}{ﬁ | ectri acc - 40. .10 Alternatlvel% or_jn addition,
el ectrical &ettioys eny F’(/\@‘é‘ﬁl 5@?@3‘110%&0&@@&%96&% cdeArhKgs ok an be

donsg; byinetit\edtiBe ARk SERRS in PIG. AOIRRSSLOPehs & E&‘é‘aé{%f’%f biginfRL Bpds for

either frontside or backside emtting devices, such described in, for
exanpl egledtronioeigp ono, whiChepticpl dévicesrte ettached. fois/‘@mgqplamd ddscn‘liethhgrpin | nfrared

F | P Ny t. | EE t
ot ces BB G Rt Btioeb NS § - 2o BhI id 0 Gt AL ST a9 wrerrhood
on the glceqt4-9nigp ao?,ema slotﬁerwetx dulaandeyd ‘éﬁ%iect?&hb‘é 1tp4a93: %ﬁ%tpﬁbneﬁ auxm@lty cal

i nput to or optlc output from is via th eS| t eoplcal devi Ces
opposi t ehip he39 @ﬁ@@td@ﬂﬁﬂ@lé‘me@4ﬁéq | exi bl e or fI ex" circuit is used that

has, i r aces, ont ai ns edded wires take the
or ol rTcar shRHN A ARG Bt loel SO MRt el ra AR 20
connect @évicek @tn Bx domy 18y tanb@dakn Bady] oﬁédrﬁp’reédf&ﬁ“&r reflowesldefing Watholds €an be
attached to _conventional circuit_ boards via industry standard techni ques. A

flex cifiEher froptsigle or bacsidesaiging deyipss.cyeives daseplpdain for examply, JofongotP-acr oss
the fle cuyi S and in FIG SB
or in aar?héz;L ?e%ln%{‘?{,eg’g(,gr?%ﬁ? Sﬁlg?g}'y gnﬁég?d%?%”g?{h ts(i)I\E/)|In\<§h ¢ The purpose
of the Semrcenductam,ﬁﬂﬂ@ﬁTmnsacsonmerRmrm Dhveiced, Mol EEn2i5 Ne 2, Te“elmlms}' 19n8a
con t 25 si.tion fro ircuit to flex circuif, the partj cul ar

e bt E@ Sies affsRlae tﬁeqlh@e efepiramie shipeor faattthredqvmpé neRtsal a%ﬁssl(b%g as
the pr@ﬁ?c%l in%utst%tdr%%h@ﬂ otphub i) SOFR YR i M}ﬁe o RANEEHEQ bppSitethé €S
passi ng across it e flex CIrCUIt I's bent along the score or conpression
so t hat elpgtemic diipased, or when connected to ot her conponents, it contains
a right angl e Lol 0ne porti the fl.ex OCII‘ ui t t.a 90
dear o6 angh e Bipphefen SFEuRR tord et byt Bfeeef T el s kAT g5, 3
and 4. ehibsdael biires td taRe eV detEH 8nhIR o (HRRIRIBEICIBY CovellihR feQ sRed tEX
circuit prevents access to the optical devices and nmountin og via a side

opp¥si t eommectoh dorxemple, 9ibdl geideatay {BEotspamestani whichsembe agachpdtachi p. 7

conventional circuit boards via industry standard techniques. A flex circuit 5-42 is scored or

compressed along a line 5-42 or 5-44 across the flex circuit 5-40, such as shown in FIG. 5A
in top view and in FIG. 5B or in an alternative variant in FIG. 5C (both in side view). The
purpose of the score or compression is to ensure that the bend is located in a consistent
25  position from flex circuit to flex circuit, the particular score or compression used being
irrelevant to the invention, so long as the purpose is satisfied without damage to the
connections or wires passing across it.
The flex circuit is bent along the score or compression so that when released, or when
connected to other components, it contains a right angle bend (i.e. one portion of the flex
30  circuit is at a 90 degree angle to another part of the flex circuit, such as shown in FIGS. 3 and
4.
Normally, flip chip connection of an electronic chip to a flex circuit prevents access to
the optical devices and mounting via a side opposite to the active side creates problems with

cooling the chip.



WD 03/ 003421 PCT/ US02/ 20699 Advant ageously, by incorporating an opening
5-46 in the flex circuit design both optical access and cooling can be
achi eved wotohoet42ei t her interfering with the other. In adacCTiusn2@9d urt her
advant age resulting fromthe techni que described herein is that the flex

circuit can be easily caonstructed such that additional  auxil i_ar&ﬂchi ps can
be attached ASVaHREeAEIHAVIBFYROBHNE A opdnang 3rdo W the flex rirqul desigybpthi n FI G,
4. In o : : i : ible flex

G rcui (Rl #RSng LB (AR SR AR B R R CRhERIBRACSRE © TR

al l ows for keegpiditepns béurties bdvantagbetsniinrg frde theatecloiguepdesa@iseddsreiisrthatas

possi bl 0 that the highest speeds_can cattained. In alternative
vari anttils%[eﬁélr%t %@S&ﬁe}w&ﬂ&ﬁ Pu%wgata%@ﬁi%la%ﬁl%@npﬁ ARG 4t t o be
10 "5 | el fle®acichit d8hdhsPeiwed subh B sh'o%tiﬁmh & ﬁi&ﬁéﬁwc\iﬁé,tth&ﬁjrm@@ﬁl%h@r or

support, for exanple a printed circuit card having appropriate connections
and t hecredtepudimlisulesiccesaible fex cismd sarilht elootricabeomadctions cph bemiad¢ oh both

ot herwi se attach, to eparat e .horizontal card.to nmake th 0 degree turn,
si o aRgescoeavs B ReBRisthe dB%hes SuRrm BENo BuERER ot et bRl | ghi
angl es. thabthk RidhesttsPedds ¢k baBfifine® conbination of a vertical card and a flex
circuit could be used, wth one being horizontal and the other being

vertical . | ninsaliernative veatants, (a9 dngsee hend sad/ar teabdiy der the dexicibanitiodd with a

t hi c nt. for__exanpl.e n nnect.or bl ock, creating the right
ang{(fei rﬁ?gé‘??q%n%%bﬁ LIRS nrwkt]ﬁeﬁlf{\%gms&é E%figﬁtﬁaa ergf 5%98& Y SX%EPlﬁga a two
(or norgntpd ee@itRpt Bathg asprofiradte eatbctieRand e Bbughmoecidulibagkdd apar asi tic

el ectroni c capacitance and inductance that may, in some cases, reach
unacceptoabigiraddy grlug-inty’ gratherphssratiagl foshieparaticharizentat pard o makethe 9| aced by,

for ex ki I | i : I nd
contacts o% tgﬁg u(b)llélg g%?&&{sﬁeggesf@ ge‘%ﬁqﬁ? gcg cgﬁllrlégyl} |ng agg gfrH: ,lylgoa&(?rslaﬁq mﬁr e board
or a nuddglesl ayer circuit board. 25 As will be apparent, our approach does

not, suffer fro roblens of the prior art,. becayse the thro -hole all ows
Dotoal  secolBEaNERR £ Srbgaiin Tha VoridH i gt 2dlp Aewd could Be fredt

non'aCFM{ﬁ_oﬁéQénghoﬁﬂﬁltaﬁ%ﬂtﬁé’&thél%éin%?}e?ﬂféa'ﬂg- _I'n sunmary overview, we use a
flex circuit designed wth a through-hole in it and then bond the optical

or opt o- el eclrstitli forthdrivariauts itwg sepatdte pardhequld be hsddquidh a thord dvanpivacit, &irde of

30 the f| ircuit. Th It i dual - sj ded f i.reuit which h
cont act SeRIs pESHiRh samostor ok, bt B Rt titendin bivkribedng "
contacts foroaspetehti dkaviack BSudih@X t%é (diuhdref PlesdiPphddch iSheNEoh sorfa@dte
exanple, a printed circuit board on the front side. The hole through the

fl atanageiionmdide parasitie elestromit cepachence|and éndwataned thehmangniseae cases,

opt o- el i i the back of the flex circuit allows good thernal
cont actl%?i%ﬂ]gl{ebcﬁ%)g‘ieble\?\}egﬁlst he optical or opto-electronic

In yet other variants the flex circuit is replaced by, for example, an insulator having

electrically conductive traces and contacts on one or both sides, a printed circuit board, a
multiwire board or a multi layer circuit board.

25 As will be apparent, our approach does not suffer from problems of the prior art,
because the through-hole allows optical access to be maintained while providing easy access
to the non-active side of the chip for heat sinking.

In summary overview, we use a flex circuit designed with a through-hole in it and
then bond the optical or opto-electronic chip, using a flip-chip technique, to the back side of

30  the flex circuit. The result is a dual-sided flex circuit which has contacts to the optical or
opto-electronic chip on the backside and contacts for attachment of the flex circuit to another
element, for example, a printed circuit board on the front side. The hole through the flex
allows optical access while the placement of the optical or opto-electronic chip on the back of

the flex circuit allows good thermal contact to be made with the optical or opto-electronic

8



8 WD 03/003421 PCT/ US02/ 20699 chip for cooling, each while allow ng | arge
nunbers of connections between the IC and the flex circuit. Thus, our
appr oach wow®sioers1 f or access to a greater number of el ect PERIUSODopAIS

t han can be obt ai ned usi ng prior art techniques in the same area. It
provides the ability integrate el ectrgnic UO pads on opt| cal or

opt o- el @e? fgsoel 11%;%1@6%11 Whﬂ?rﬁlﬂqwmgﬂ?ég%aumh%o eRBSCERBP R SRR 2l eedge.
It mniglL 1sqhupcar asitic electronic capacitance and inductance for the
electronlc chip-to-flex circuit connection. Finally, having the electronic
chi p on the Backsiudpprech pheviddsear aicesuo b gatdtawmndes yi ¢dlectonsd MR padcess.

Opt o-el ectronj ¢ DeV| e.lntegration .10 Fl 6 and 7 illustrat proaches
that hatPan suRhe ARiage HSl%EHgWYBYGC lﬁu%Sdnﬁe%tS&War%ﬂﬁpwéds SRR 1 ng

(or get ﬁ?égraﬂg ebRoRO /Ol roﬁ@ph@al P ogt%aé?gc‘ifoﬂﬁs &fipd 1h'rﬂﬂt1(tfé‘i‘edj1%§)v%cédeﬂg) )

devices to forman integrated electro-optical chip. According to the
appr oacéwaf fréi@e Syip rugd |Iphmnrrawrm:rasamlefodmnmcbapamwnwaai@1néud1mtcc domrthe 6- 102

in a conventio nner s are.nu e, det ect ors rch

ot or r ogeqEE P 407eR St hublisth el hEAE e AP Ak
SUbStraéiethéﬂeﬁé@ﬁ‘&ﬁf‘all%v&sfbakiﬂﬁedt@ﬁlﬁraécesa'ypl cally, the port| 0” 6-104 of the
substrate 6-102 closest to the junction between the optical devices 6- 106,

6- 108 and the substrate 6-1020pto-phaeteoni¢ Dgvigaidegratiomhi ch is opti caI |y

tr par ent e th at £ 0 devi ces, .0 The
de\alllrb(s: es 10%ltG % %1%%ﬁgstf%e?pr%%°ggs @gﬂba ugﬁenlg{l%egﬁ lhetl?%oﬁﬁﬁ t? g@?‘lc ques such
as wet mnltﬁlﬂe/bcﬁtoﬁherﬁguﬁga(d‘r@ewbﬁﬁggqalb@ Sefbrrddlid a3Cbadikeiie etrﬁiamge(w dsctipg 96,

6- 108 WhICh separate theminto a serles of discrete individual |asers

6- 106 ofieviess & fosm - intpgraied fledto-opicabelPng upon the particul ar techni que
used, the ehcheg, %"tfﬂfe@ﬁ?m@cﬂé@ﬁ@% ﬁqtu‘?cgbég[dg%o%rg f@%ﬁ%@n@w&@?sxﬁ)‘éﬁé&r at es

6-102 or exten e subsira oW ng et ching,
substr aﬁéQZ i aaﬂwam:doﬁaﬂ] elannas soart aivdipld delectoss @iterchanpeeblyerdferrad togimrelint o t he
ion ovr a Silicon el ectronic wafer 4. and_bon

Si d 2
pfaofie Cf@%@é{e&w ©n\theiE pwE of 9& 'd@%f UpFAFe Ht $smaPn mlﬁhaﬁ%hﬁiss boHRIF fy °
techni qﬂa%;onﬁald m Hhe basdhfacs- mmo@ea@ fo'th Yan®fiod Bt?cw%&pﬁfe o?h@a‘i d@vﬂ:% are

t hi nned extrenel hin, by conventional nechanical polishing methods,
convent lQﬁ;éHO@tand thmﬂvahr:q:a 6s1 03ris sude oﬁmmalemal wichtib eptéeily ttapspapant ahtheor der

f about 5 to, al | ow f to the d
and” or WaYReE Frivich SR Ter GETreS hRean taarere 106 CHE R MBnal y. the.
I Nt egr apRdesBbLasifPcRbhical WehBhud-shdBad wet diity BRUIRIO F6bm u&wngsh 6-112

conventional techniques, to protect the individual lasers and

i nd0/i curapngibe devieesso-2P6 6-Eefawhighwpnanate theaninto a e¢riesef disaretevmylividad i ng

|6 n 1 éls G I%éé’rs }S 81t0§ or 8 %et% Stof! gtl 0¥ Qe iREY. cﬁgp enEl %g [ gn rtl{aecptl]?ﬂlcg.llfar tgghnﬂugnsed 'tk?e shown

etched trenches 6-112 may stop prior to reaching the substrates 6-102 or extend partly into
the substrates 6-102. Following etching, the substrates 6-102 and their associated devices are
inverted, aligned to the proper location over a Silicon (Si1) electronic wafer 6-114, and bonded

25  to the Si electronic wafer 6-114 using conventional flip-chip bonding techniques. Following
bonding, the entirety of the substrates 6-102 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 6-116.

30 Optionally, the integrated electro-optical wafer 6-116 is then patterned, using
conventional techniques, to protect the individual lasers and the individual detectors are
coated with an anti-reflection (AR) coating 6-118.

A related alternative approach to the technique of FIG. 6 is shown in FIG. 7. In this

approach, lasers and detectors are formed as described above. However, when the technique

9



approach, | asers and detectors are forned as descri bed above. However, when
the technique 9 WD 03/003421 PCT/ US02/ 20699 of FIG 7 used, the trenches
7-112 ar ewetoslexd2i nto t he substrates 7-102. The substrat ePCTABO22069Nd t hei r
associ ated devices are then inverted, aligned to the proper |ocation over a

Sili i | ect i f 7-114, and, bonded to th i el ect i f
- 114" UG CONTE S BrRahes 11 b A ched iy s qUQ: TREFRSHAS ToWRd! ng.
the SUDRFALEAslobA Rb et BEMUNAVLYed o é@%e R¥p&aBLEBLIL9BA! sitRGHani cal

pol i shing met hods, conventional etch fechni ques “or- some conbi nation
t her eof (Sit deatdnivwhfer 7dlldsanddpinidedio the Seslsctranit Wafatdvl desirmneedamel an

i nt egrated_ el ectr.o-opti.cal er.7-116. tiopally, i Nt egr at.ed
el ectr ot Gpidis EEhniatass TS Pdinee Riretorenst bt LEareth@ Wholfi vi dual
| asey's ﬁﬂ%v%ﬁ‘,eby Rl ¥iifhmal m@&{aﬁﬁtggl?cﬁisg{ngﬁ&ﬁ&&?cdﬂ\kﬁti&ﬁl @ﬂ&h'tedhﬁfqhé%f on (AR)

coating. 10 The techni ques of 6 and FIG 7 nmeke it possible to
get opt samd cmtpationghenspf, ite allow dordase optical aegrssityhthe devihes atd\dreatsan o capt ure

t he appropri.a | i ght,.withau | lowing light comng from or going to,
adj acen’fl%(%é?}?‘ig]gc‘f‘g'%?%g’ta%éhy% those adjacent devices, a probl em known
as "crosst al Bptiodali fdlihtégratddl Fedt@BPticEISWABRY- 115 s BER phterhéto PrSibanEeS
between a device and an optical fiber or optical mcrolens bé | ess than

100 ni cingivédual Bispgand thenafivduabdetecters ermeagirdswith sw prti-taflectiom&R) epadingo

si gyl fi cant roi. I It j i f Vi t hat

ot P10 L evant TE BEbhildes GEBIPEICKSha G FRAT fofRbRo Bt optEalieF R, (4
r educesogtival lehéeslcins enoight theheddviides t& cdpilire aliccapprdiiiiaté gtakdtHoubaltowingns or
| ess and the approach of FIG .7 renoves the substrate 7-102 entirely,

| eavi nglightIcOMpET Pt §oing iy afiard deviegstte @fectrpyiod diose adiageit Hewees; Aese

t echni BOVWERNES as © LSt .63l : - | I at
have hg%?ﬁlgl Ssi pat ?So%?%‘r%%g{ ér}:ﬁ) E G ?1 ’ntgi;ﬂédf g@ﬁge% gheﬁgﬁaé\asees%lﬁg&irl gg’f@f%ﬁ%@%%l ces
nor e sedwmiidd and aneptitilditenbr aptetaimmidralensbd lest thes $66 nperodsiced during t he

nma acturin r.0C her.eby reduci ndi vi dual ice lifetjnmes and,
ook o nal v AaBiRESE? ntlEd ik favtes B HEatr BO Rty hsatrts 1o, e
E Ilog oackyeRhdRile Fégqi%n &r thivleyited the: \?ﬂ'lqﬁ{e\l?e% ﬁgﬁtsﬁ‘&ﬁ Teéc,??lrﬂgﬁiﬂc@ it thﬂﬁﬁ‘ng 25

7 (where the substrate is conpletely renoved), e€sses experienced by
t he deviecmuqes ef HG. fraeduops thegdhickegss efithentitessubsirate 6Hi0R topbdus &imigronisoe | ayer

which is th tructural akest ar f devi ce.. Thus here.is a
noeq 1 oFsHE® PRI G TRt R osfltia Tol e T et e bl s
sensi t i idepeademeptibarddiceand or structural stresses resulting from

processi ng and/or use. 30 In addition, a manufacturer of ogt o-electronic

devites has B ofikegsadeshpisjuephevueverrrfaracteasiignlly cagateenioslestpnis shipshater -
h , i . S 1 i
they Caﬂa%%@g{]@gsgﬁ%%}afp@ﬁ]%@s 8{11}1]15}%0154% AGORE kﬂefﬁmtvg%uaggﬁce%@ﬂ%e QBIsRN e or

both froma acturing bo cal devr ces
thermal and mechanical stresses produced during the manufacturing process, thereby

reducing individual device lifetimes and, accordingly, decreasing yields and overall chip life.
Moreover, for the approach of both FIG. 6 (where the substrate is extremely thin) and

25  FIG. 7 (where the substrate is completely removed), stresses experienced by the devices are
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.

30 In addition, a manufacturer of opto-electronic devices has two avenues for obtaining
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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(interchangeably referred to for sinplicity as an "optical chip") and the
el ectronic wafer (interchangeably referred to for sinplicity as an

"el ect rorwoO 08k00332) , t he manufacturer can take 10 WO 03/ 002€¢Z2M1S02/20699

PCT/ US02/ 20699 neasures to ensure that the pads on each are properly

pl aced so as to align wth each other when the optical chip is positioned
over t haesfuessttp enjuce tai the padsvew each arg piopealy plagédesst asi toaligamuth eaght othat chi ps
are not_desjgne opcurrent.l evep i hey are designed and fabr.i cat ed

o chin whribtERRHed 2 baftinted it ' deshitiRi ST RER S naRD diittraand

unl ess §MREECHISs £t A5EIRIgHRA COhdRichA ovbh Mthey e desigied At fabcadtwithiggard to
both the optical and electronic chip design, a |ack of correspondence

bet weenthg same etgapidiomnThese Avearatitie asingle reamdacturep amnlasg theggr isylosgher e one or

A R, N e S

| pr ovegaiting a Mck ©f ao@espondéhct Betvites caitacifpadé b edchry eh@Bassit-apatiahlbayi ng
the location of the contact pads, thereby 10 introducing. a pad m salignment

wher e nheregneor beiblaye dse destgnedwithhsalgsie ghird partigfeinapind OF BRegatiay with s
desi gnegl % i i f Al I i.nS, e
opti cal ((iiecvéucl%f)tsﬁ% ztaﬂrJ éﬁgro#r%%sﬁs yyﬁ%@l}ﬁggt g/lf'd rgé%‘%? ’fsgl{ﬁ?etqﬁ?étdﬁlggor@?{gg&() ¥ girféngte ]
exanpl ein thhdgsgrcaidithenmag nedesgisitelaltezimgtthe logaticar dfi thatomtaot iphds, krsehys, bottom
emiting vgrt,i cal _cavity lasers, distributed feedback (DFB) or distributed
Bralfy r®HPeRding 2 prbmysalighrat Yhfr epnemeuaHy FEFEdbet ter chirp and Iinewidth
charact eri st Eﬁél Vofse PR, éi'éc‘%ﬂoﬂﬁ;%{ifi@ﬁ'e!;i d ®2used ARSI aABiriefy B Siffdr

detectors or bottomTeceiving detectors) that are mass manufactured for

di st ri bopticehchips buhe ioptieal ehipe last eothmeditysstodkt obitanedhfrpinghiyd pties (e pads on
P Pt g S thite S GRS P Reb AR e ho 1
FIG 8, cavit§ilaetse dRRIHuER foll@ack @3935391%&%11@@3@@ rePRéter DBRP1adRe (wicB04

pl aced in the position specified by its manufacturer. A portion of an

el ebd r oerch havgbater ghigp andylineyvidtischemsteaisticyfan org-dggiceapplicaiongrtopsidhi ch an
optical _device, can be nnect e Laced in th L if.le its
manuf actirer e e RSt ek e B REG4 R i fralF Babl AW RRTGL b EBUBY

bondi ngtowhtilfiptenérelhedus@s) iciswaligely thdi€hecsuds aatthgesiiabdeiiots wit aB®d, 9- 308,
9-3 10, of each will not be aligned, as shown in FIG 9. 25 This presents a
pr obl enocafed Fythe stme place.sevendl they aetofherwise spsapatible wathche elgeierieehip.

Mor eover, if LD ' it 1 4,008 ' ier chip
n i nd, and® SpeBid I ORRL0RAAGl, £ ERRRRRL DAL s B0RIL btk AR BEETT o
W t20 a 80Z, Dedtdtlaced ih detpopitaaspesified byits miahefapiusarniAngpréowl of @peleitroaid on done
for the original device will be irrelevant to the new_ device. 30 Thus,
there i Wakr 3—&?’? ﬁéﬁo(iw_é@antﬁstrpaés §T3(9§e%'§ T¢ oo v apoRtied JeRiE S P ty to i x
and mat glinedeyighasa h RISkt AP & RE] BPiteRYn SRk N# hoBpial Wese: khe
designers of either or the use of a
flipped over, for flip-chip type bonding with the electronic wafer, the contact pads 9-302, 9-
304, 9-308, 9-310, of each will not be aligned, as shown in FIG. 9.
25 This presents a problem in that it limits the ability to “mix-and match” devices.
Moreover, if a chip is designed with connection to a particular other chip in mind, and
subsequent events create a need to use a different device with a different contact placement,
all the planning and coordination done for the original device will be irrelevant to the new
device.
30 Thus, there is a further need for a process that facilitates the ability to mix and match
devices without there being any coordination between the designers of either or the use of a
standard or common contact placement scheme.

In addition, in some cases it is sometimes desirable to coat some of the devices,

specifically the detectors, with an AR coating.
11



standard or common contact placenent schene. In addition, in sone cases it
I's sonetines desirable to coat sone of the devices, specifically the
det ect or swowBwbs4an AR coating. 11 WO 03/ 003421 PCT/ US02/ 20633IS05@06HR
coating prevents light fromhitting the top of a detector device and being
reflected at the detector-air_interface due to the differences in the

i ndexes of rARAKceeabing pravients light fromdiitiagthe top ofedstecior deHer andsheingf | ect ed
i ght 'I%ﬂ{aétgd‘{at rﬁi%ﬁéetreéejﬁfﬁuﬂﬁ rFRRLAE Ea% d‘i‘ﬁ&%ﬁ & n'tﬁe%ﬁ&c{xef %%ﬁi@@ FRe not

be conver ri ca st gnal's roma system

poi nt  Ss ddporitaifor dEtma)raheoﬁﬁtsmﬂécttagh@lms hg]ZtEtBattdfbes aetl eln&ﬁ:tthamat@‘tdn isegncy of
t he det ector because it prevents |jght from bei ngil ref| ected at that
0

i nt er f A hepegeangioh breomsiertedl aya elegtrigat Bgnals ¢ eolt ipfos) 8t Hogha fsﬁtem point
ref lsect dpilyy). T;h RRLHHR E@at&g%@ﬁhﬁﬁ tﬁeﬁz @fléﬂ'@ffgﬂan@y bAGE rdet%%f'ﬂ&%]u%
‘0 resu

reflectivit the to at amnimumit
detri nqrrbednltg/hgﬁﬁemb¢1hgrdfmstedg¢tﬁmt1mfaoé the laser, if not prevent it from
i t her 10 If a wafer ot h nd detectaors in an

| asing alto
B P atigwHer, Bt A 10p THORINEEY BIER Ih EIO BT Bresiordp SRS Aicaou!
mandat eAR%Etn%)&gé BlseR@bh&nhOmREtidiRfoMBE B BifrorPALLIEMR af PmpliRlusftd the

| asers durin AR coatTng depositi'on phase to ensure t hat those |Iaser
devi ceswﬂbdmmomtaﬂmﬁm theblpsinpectixR afdhbe laser, lfﬁoéplmwmtetﬁvmdamg @lt@p‘émeat e

LM O B SR R0 SR R SR 1

ID I 0Ces sddiébtors,| donPériidnh I isQ6k GRsu1d HAnPAS Habkpdclay patterfia g tH&gvéf&ebdD r Ot ect ed
devi ces. Fi naIIy, it forces the electrical contact pads to be protected as

wel | . Iperéomapd feoprotfct fhadasees dur@atth%ﬁk coptiggdenosiiop phasedo nsee thet Bwessi ng
probl eng g@cémﬁre% 98&%%«3“%’% p%plg-rforrred on a chip having el ectrical

cont act pads e sane are xanple, if a chip has electrical

cont act s nedrhd fretedton cedispdrate eﬂeemtdhopf thbivagdousadiffetend@s@s phalid wafer t her mal
evapor at es, e-beam evaporated_or sputteri (g t echni ques are used to pl ace
sol 1c$er TSANI 95X EA RTQFCESIRGSIEDS, Wll?é’hrfé’ﬁ“tj ffimey pn h@lCPé‘%‘HF%SPSn@e%‘Ftd’é PrOSGHpRS:

renders eIt %‘ﬁ %t’fc{dggéﬁﬁ t\g hgssﬂﬂ Qﬁﬁgi‘ﬁg% hd fro c&fd%blcbésﬁhélgf 13[*8}::%5%1{%03“ ng

becaus e so l'er"than the optic evl ces
Prior aslectheailcentact\mﬂstqiaee;bmtﬂctedtaevswlﬂe need to pattern a protective |ayer

over the | aser e allowi ng t entire wafer (i.e.. las

Getectors) B RditkR didatictuiel cHistites (e e finmisSiins BrRism e by e
permt 4 Bt&Sh ?Eﬁd&ﬂb@f)er%ﬂﬁeﬁmnea dyPRavied ele&ﬁ%l%%ﬁta@fba'ﬂg el Ghke A, ¢REP SO

t hat any additional processing steps, such as anti-reflection coating, can

be MbneeX@mpﬂd;ef awlop baseledricaltcontaets mm*éhadct'mﬁswhdmecsmdainag, efsstrolsshi ng after

30 int e}% 1ng, ) Yikrmal 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
pattern areas to protect lasers from AR coating because the solder bumps are much taller than
the optical devices.

25 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
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

30  integration.

We create opto-electronic chips which, in some variants, provides one or more of the
following advantages: allows use of a lower operating current, thereby reducing power
consumption and heat generation; provides better dissipation of heat that is generated,

allowing the lasers to run at lower temperatures thereby increasing their usable life and/or
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W create opto-electronic chips which, in sone variants, provides one or
nore of the follow ng advantages: allows use of a | ower operating current,
t her eby rwowsioog2power consunption and heat generation; pCoUSdE206kEtt er
di ssi pation of heat that is generated, allowing the lasers to run at |ower

tenperatures thereby increasing their usable |ife and/or 12 WO 03/003421
PCT/ USOZPY98echelish WaYdenagh peritads anfeny deng arighss sFaeiurah oty Fravitiig 18 hi gher

struct ug.al &E&Q%C;Mmf §éﬂ&mlifghmgemr defects and increased device
lifetinme. ave urt ewsec a way to integrate optical and electronic
chi ps to cre@ledase further dgywetdeadwa:ptoanmlgeaie opiat antbelectenic chipsipertdivan of

whet her. t he %f onent devjces are 5 miﬂf ]gh ﬁd in a coordi nated manner or
have coRfrgtat gxPﬂéfeeﬁPﬂlg ViSE IFTERRaCtiXe A WREt ?19%‘?11_30@54 V¢S 2ther, we have
deviss edyanyadtutcd 1195%6&%111%%& AR 8f Rﬂre%ﬁ@aaﬁﬁl?%%gﬁ %eﬁ@tﬂcﬁlecohbﬁ% oiftts! OWS

for an entire wafer having di sparate devices coat ed out
speci al  pr ostaé firthgr, tw;elparvctdemsed hwaly 4 ercgtean infefrtid apgo-tleeironialdevicd that o

| ase. ninte tin tlca deV|c s.in t ith.electranic chips,
four artiimi PLE aitise SPe R PR PE IS e BT o dopf. Pifelieddl oot ca

devi cesprobdskib to plotdBd e lﬁ&ré)&sa‘{féé’uﬁgﬂﬁu%ihtg’l@é1a§él| fibers or optical |enses
cl ose enough to capture the |light W thout Crosstal k. Second, there nmust be

no absor b| ngW[h&l} errtggrab@g/@pttqabdqfe@eiswlmatélg’w electronic dips. deur attnibuteastd d

pr event t LR he particular devices. Third,
thglrog eSlr g 15 a‘FéFge eelrll1 L%Eﬁe(f%‘%etl]’ rargﬁieqﬁass attached to the devices to

al I ow 15 forFlesftflt fiuethe peaiblahosst AaidaDAibersOLptital lehgestldse @hotighl toicaptaey i ty
of the devices should be maintained during processing so that stresses or

st r ai nstheXight wiheus grasgtati, Segend, thsge Hkblstrhﬁno Fhspring Buegs aboysdhe a¢tience. As

not ed first two
attri bﬁ?g%ﬁﬁg&}g%%e?%%g?# %?ﬂ re{’:(lh ﬁta%%{rqoegécaﬁmg Osr;eg%@gtgééé%ﬂ&n ird or
fourth ddvives. Mkird,Hhere sROuldpprdagh enamg]nl tharniahnass aghed tosheadévioasgs aHowached
to the t he supstrate of t devi.ces) or reduce tresses on

t hel HouiPE Bbt I%tglﬁ%ﬁlg%ﬁl Hpm BiS s Broghelan fé%@%ﬁ@e%%%seﬁ@ﬁ dBSisting in
the pr 'ﬁﬁm?aﬁﬁed‘}funn%%l?gée‘éél A8 50 fh@?st?e@&rs%ﬁﬂalﬁg eﬁleﬁen&:dqg)‘{hg dQ\%&rHo'Iﬁ’}tl y be
made to satisfy the fourth attribute by leaving a thi‘cker |ayer of

subst rammaohdﬁvmmeﬁmnmceHomever this coul d likely only be 25 acconpli shed

if the oper vel e th of e t] vi ce er transpar ent
to the vvav g'?ﬁv &RP{C}% é\f%@{é %?]gﬁggcan ﬁ%ﬁl\@?ﬁﬁ 80 many cases,
this V\Déifrﬂ)ufe@.%%ver héitebf hosd & ;gxoachbﬁsaﬁbﬁég thy tHif Sdfbiu®h YinkdWeiftlef St

e

attribute and would likely also detrinentally inpact the operation of a
| as¥}l dappresshgesulis & ¢ hege thewnal wease aftached faythe devigeslidet the gabstratecnf thexanpl e, a

sem Con(gel‘éf(i-:cegor%&l?ceggllreslégst(;]leﬁle%h\%gesbel ng designed to emt into air. In

addi ti on

Although applicants are unaware of any such case existing in the prior art or
otherwise, the approach of FIG. 6 could potentially be made to satisfy the fourth attribute by
leaving a thicker layer of substrate on the device. However, this could likely only be

25  accomplished if the operating wavelength of the particular devices were very transparent to
the wavelength at which the devices operated. Moreover, for many cases, this would reduce,
if not destroy, the ability to satisfy the first attribute and would likely also detrimentally
impact the operation of a laser device unless the laser were redesigned to emit into, for
example, a semiconductor material rather than being designed to emit into air. In addition, if

30 thicker substrates were left, it would be necessary to AR coat the structure to prevent optical
feedback into the laser. In addition, such an approach would likely also foreclose the use of
commercially purchasable prefabricated semiconductor optical devices, such as most third
party offered Vertical Cavity Surface Emitting Lasers (VCSELs), Distributed Feed Back
(DFB) lasers or Distributed Bragg Reflector (DBR) lasers.
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30 thicker substrates were left, it would be necessary to AR coat the
structure to prevent optical feedback into the laser. In addition, such an
appr oach wowB@od4ekel y al so forecl ose the use of comerci 2CITyUSpue@hasabl e
prefabricated sem conductor optical devices, such as nost third party
offered Vertical Cavity Surface Emtting. Lasers (VCSELs), D stributed Feed
Back (DFB) Insyah ywvadéYlP?@%Wéﬁ taaplgeRly mé?gré@toeéwa( BeRrey gukgnelectronisn

03/ 00344, RCHEHSAR PR rdrile S hal Bar|AKSH ARV foRL BB MEY VIOV EIRE dan

i nt egr a%%poogtajfcal 8évi ce(';sr élnd a eal e%trolnl C coi ptocr 'eateean an ¢o

opt o- el cusimpdeviask iapquitedtfrana thishparsésywladnl dekmed. il furthet, s offyradeasagese can

do so usi devi ces acquired fromthird parties en, desired. Still
FUr t herOVeRATRE A ST A SEver oo phetuse ey reld A e Vet eeglite st ¢ o
produce, hi gy 19is8b#saRdinhSIQAEsh RREI Fehngw] dde®xample! dgprokh ﬁ&&‘f&ing 'rt]d;

sinplified high I'evel ‘overview, one exanple approach according to T
t eachi niys tathingeof theémtanton. Thissppiopelvadicanes shorteamings pf thepriny srt wthilehe

prior art ile ermtting close optical access, repnovi absor pi ng

et onabormg0E Slosh S birdre o Mo rihon RRAR, broV R 4 ARG 60k

t her mal inﬂﬂ!gﬁ?,laﬁ& having Baft@Gh&hias issipatidnthaRRtcpRAELach of FIG 10, a | aser
waf er 10-50Z (rmade up of |asers integrated with a 10 substrate 10-102) and

a detector warftbe anerosduof it d0.plassr virderaldr o (madeagroddasarsinterrated willbet r at e
10-.102) i [ ' h ' .

cortibn 15Rate  PaaRt bRl Waf s RAOTRAAG b ARB P oy,

Al t er nagubyiedty 10-d 0RYBrdbthinaf, €or axasile, bp nehubotufink el asiagd coeieRtibmls
integrated with a conmon substrate, for exanple, in sonme _alternatin

pat t er niCBRIIGHFRIDIGIEEISH GOm & s tirddany- SWicmatively, abybridoweiResade- 506
are o ;%ggﬂ%d?h POSERT deteliRiSihtdoPlt Wit 2 thoitadn SBYRE ok 1S5 G 0t he

I'n sone cases, into appropriate groups o vi'ces, for
exanpl ealteasatimig@attiernror othet groupigy isassiufadured ppbbiaatedon entitl ed Redundant

Devjce Array_filed concurrentl herewith .(and .which js incorporated herein
by F51 er enc el Ty Cra feher FEod o eumt ¢ Pce 7 el foriees GARFBRETERp! ng
the et ciheRfibBate) @r,iih _séﬁé‘éliﬁeg,%nfo%pﬁ}f)!?ﬁ{er @bpd oF &Vﬁ_@i,?(i)r SAnPid, 88 BRfvRl V.

since the invention is not the creation of the optical chip itself, per se
(i.e, theommmenlyiassigoéd appdicaiadnegntitlgd Bwdindant Dhvicel dwiaydded emcatrettling t o

opt | cal MABVRE Cial G FEBermpie G R Rt et oy IR FhE R st el Bevi ce

waf er i sonidy§iBcds WiTel seéhpaittihs letcliiRidr @V R FeadRingltBE §ubshate inefhers. 508 and 25

bonded to the el ectronic wafer 10-508 using, for exanF_I e, conventi onal
R

f1i3 chip boAlrmgtivelsctrcdbeivertiauigaobihn reatiph philieiontieal shimptseldi parype _
techni .qq.% &Q%&[aggﬁ 8?%394}%? fggqg’f} 'o@%eocfev}cQ§|or%&ﬁﬂn@\l}g}l@k ;dr%%f:?%{% H&i?c%sé,ﬁ fonic

waf er ina sui e an e nmanner . terna vant ageousl y
i N sonetheabewe whuld beskipped estasiyrigthefoptibsl deuies twalidravas purchased instead of
made.

The optical device wafer is then inverted and aligned over an electronic wafer 508 and
25  bonded to the electronic wafer 10-508 using, for example, conventional flip-chip bonding
techniques or some other appropriate proprietary technique that accomplishes bonding of the
optical wafer to the electronic wafer in a suitable and reliable manner.
Alternatively, and advantageously in some cases, further processing of the substrate
10-102 can be accomplished, as described immediately below, either prior to bonding an
30  optical wafer to the electronic wafer or after bonding, so long as it is done before cycling the
devices over operational temperature extremes by device operation if done after. Such
processing is unsuitable for the prior art techniques described above in connection with FIGS.
6 and 7 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
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10-102 can be acconplished, as described imediately below, either prior to
bondi ng an 30 optical wafer to the electronic wafer or after bonding, so

| ong as iwoiog/ooane before cycling the devices over operaPCPAm22@HPer at ur e
extrenes by device operation if done after. Such processing is unsuitable
for the prior art techniques described above in connection with FIGS. 6
and 7 beewyedor dpmgiely reducrdhe vickh dnata duess gnd/orcsiesrroblsms dwn the

pr oduci k requiring individual bonding of each discrete device
if the @g%rgaﬁggsﬁge%gg{% conpletely 14 WD 03/003421 PCT/ US02/ 20699 renoved or
dramat i cal | yDemsthding poea thd gdrtculaieafer(s)sindepsicanidioes sdedadiffepnoptoeassinghen
the substrate is very thin. Depending upon the particular wafer(s) and
opt i cal VRIS ALK 8SSIRIPf f er ent processing variants are now possible. 5 In
a figst varignt g bﬁa?ﬂttﬁé Eibfatb s iRl BEwHWNA liBloted 1 BSST ShiERESS Of

50 mcrons, typica to wthin a range o tween about 50 mcrons to
about ttypicallptomwithiora iehgedfiesgeent appircH) hycrompoiabewt the i 0@ nagen dpelkinesd

access.. In second_.vari ant,. the substrate is thinned to a thickness of
bet ween'VRISBHY TefgBed fRr R OPEA 35558t a t hi ckness corresponding to the

thi ckness of it h@comt V&t 48y qb8rRLd thithe@to a HickdRss ¥eBleen dbodt 100 I d
variant, the substrate is thinned to between about 20 m crons and about 50

m cr onsmidronsanflabeute thinkinagstcormaspendingtie therhiskness of Bfe apticalgleise pattoniaf about
eq to the thickness of the optical device portion of the wafer,

t hi i n ei"v(f;‘?{m required. 15 In a fifth variant, the substrate is thinned

down to a thinckinedSadb@iithettbdtatd i@ thififed thibetket@Bodf 20t iR ré3tand aboeteoi ce
portion of the wafer. As will be apparent fromthe description below, in

accordamEEonig t h the i nvention, the thickness of the overall substrate

could also b, kg hlvﬁﬁv;grgt; \évhél%tthé ﬁ?c&@gs%f@&s@bgﬁ{tg?&%égt %@él @gtislgftlﬁcb@géébca'

access, for exanple access ways are cons el ow)
to 20 adfthevoptival devdes portion of therwadat thdmiing idieit rauired.cr ol ens into the access

way {0 a separaljon spacin fromthe device withijn the cl ose opti cal

acckss rangeld aréflalw@‘rlépnta the g@s&ﬂs&ﬂ%@r@&%&eﬁ Lﬂ??éé'éo%eﬂvﬁﬁ%ﬁﬁt ypi cal .

An accegy &%é%ﬁicai &Evﬁ&jyofxﬁérﬂbﬂfle%/afér?mh or hole is also etched or
ﬁ ubs

drilled 1nthe s trate over the portion of an optical device where |ight
is emtted oAsuel betpphredtdrone tenjskaiptiod Helosv, my acrordaan¢ wathdhe iatvettiongther

AR NE S T T EA RNV X AR
di f f er eibse diftie AR STos dRarkfle UFBSte hdckiitafibark 35@¥trudiell|(hd dBeritidddw) tBr sone
conbi nation thereof. In
20  allow for insertion of an optical fiber or microlens into the access way to a separation spacing
from the device within the close optical access range. However, it is expected that such a
case will be atypical.
An access way 10-510, in the form of a trench or hole is also etched or drilled in the
substrate over the portion of an optical device where light is emitted or detected, for example,
25  using conventional etching or drilling techniques, while preferably leaving some of the
remaining substrate intact. Depending upon the particular substrate and device(s) different
techniques can be used including laser drilling, etching or some combination thereof. In
addition, depending upon the particular technique used, the access ways may have straight
sidewalls, sloped sidewalls or some combination thereof.
30 For example, in order to produce an access way 10-510, 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
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addi ti on, depending upon the particular techni que used, the access ways may
have straight sidewalls, sloped sidewalls or sone conbination thereof. 30
For exanpWe,03/06840r der t o produce an access way 10-510, haecmgiSoneashal |y
straight sidewalls near the substrate outer surface and sl oped sidewalls
near where the substryat ets the device, . in a Ga m Ar si natef(er%(f\s)

1]
subst r A BT EREeablyaleEef i psteaas idgteriars) hdiridized p en ASTC Golloctiydly To

(suppor . i-cals i : \/ d/ or photodetectors 15 WO
03/ 0034 f@%ggﬁ%g%g%gg%ééﬁﬁﬁwﬁggggﬂiﬁagggkémggferred to herein as
det ect ors)) Hiydiythdiageeds tvaya)-ABl Geendtipattemodby thessubstratel to as the
"Sanple"), the follown pRrpach used: First, the access S
10-500 are r Blondhe sipets BROGE AR 0L 56 St bat S taret iopeee B G
IntG a 4 Acidi Bar ﬁkésﬁ}e RIG bR 3KV & OGRS AUCRbED £ the pe&qssevacuat ed
to a pressure bel ow about 3X10-5 Torr before introduction of "the precess
gasses gasesdduskcepr eliminateaesiduad svathralOngatlss baspressuieiisrdagisd, hedustpagt i s
reached he fi.rst.. t . of the et is dhitiated at the process conditions
of Tabl &* ‘.3e‘ﬁf‘&i1Ftiagg(£?§5}ﬂr‘?pr§ﬁﬁs‘f°’§cgg?ﬁs @r@%&%ﬁe 20 niforr Chuck Tenp. 30 C
RF Power 129 watts Bias -24gciWdc Tinme 5[qyRecabl € 1 This produces a
strai ght sidewall extendi nggkgom the surfcgescer the substrate into the 10
substrate for a distance t¢ u,bethe devi T80 T ocess conditions are
then optim zed to produce tHhE ROt -on—of {.Bfl'gés; ways 10-510 having
sl oped sidewal Is with, in {h2t> : <A§-48&As_io Al GaAs selectivity
near infinity with m ni mal| RIRA%EE damnge MO Wakthe| parti cul ar process
conditions of Table 2. SiClBi®4 sccm SF6|724x¥ds Pressure 70 nforr Chuck
Tenp. 30 C RF Power 92 wat { im8i as - 190 VdS mihi re 80 min

Table 1

This produces a straight sidewall extending from the surface of the substrate into the

10  substrate for a distance towards the device.
The process conditions are then optimized to produce the portion of the access ways
10-510 having sloped sidewalls with, in this example case, GaAs to AlGaAs selectivity near

infinity with minimal device damage with the particular process conditions of Table 2.

SiCl4 14 sccm
SF6 7 sccm
Pressure 70 mTorr
Chuck Temp. |30°C
RF Power 92 watts
Bias -190 Vdc
Time 30 min
Table 2
15 Then the process conditions are optimized to getter the residual Cl from the AlGaAs

stoplayer. This is to prevent further formation of HCI (i.e. performing a wet etching) after the
Sample is unloaded from the processing chamber. The process conditions for this portion of

the process are set forth in Table 3.

SF6 7 sccm

Pressure 70 mTorr

Chuck Temp. | 30°C

RF Power 50 watts

Bias -20 Vdc

Time 3 min
Table 3
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Tabl e 2 15 Then the process conditions are optim zed to getter the residual
G fromthe Al GaAs stoplayer. This is to prevent further fornmation of
HCL(i.e. worBooxaeng a wet etching) after the Sanple is umrCoamsez2depom t he
processi ng chanber. The process conditions for this portion of the process
are set forth in Table 3. SF6 7 sccm Pressure 70 mlorr Chuck Tenp. 30 C
RF Power 50 Wdhe simpigshgasepiheyeress Wawﬂé RhSoralb pepassibie sowes panagnuzeithe
PCT/ USQ a e_acce | as
possi bi h608 BBtk T LBl ARchR The rhitin RS ERSralENiobde a DEIPRRRRRLY, 02
The r emghich peevenits she imtlaviguabdevdes feom ngdatgding vewsseds forvdthlplq; denegit s t he
I ndi vi dual . devi ces from unde 3,3#)@59 stresses for.

(S €

L
at t achnéitachmgnttp heglectionimiva e Do %@P%@ﬁxa eaﬁrlﬁf emsgrteaerﬂ ces
and ssu @%pad@@&aﬁremrsrs@%t& Wpairth& PRl fofthed ‘f&séxraﬁfp?e H?ﬁheftl!rﬁet her be

performed, for exanple, at the tine "the access way is creatéd, or
pat t er nhagedehewsy tssirc&teds oa by petteningithe substate @k somé point, dor erx\amrp@ f(ﬂtmmngr ment

to the f It houl d be noted however, that if renoval of
addi ti o%%ﬁﬁ“s" 3?%&\,%69%‘50 Stoperly planned, as nore substrate is
removed, theptkRRNdBE nied %b%{rérofhaﬁﬁ‘ Y&hbwaef H&Mn&ﬁd E@siHaRds A6t préperBven
elimnated. Moreover, depending upon how nmuch, and/or from where,

addi t i oplaimedyasomerstsebsteate isrremened, theetheinial |dtS§1P@@OIW\M‘4¢§ta§ﬁ waytheés@carh grstrain

cadkl BRSSP rony bR g R Py n RATE! BB a0

| pr ov egibbyatt dceLRSed)ghd Aligume fdltstagd kfrégend sesin @hayt 16 Sadstdagéd W t hout
sacrificing nuch, if any, of the structural advant ages. Thus, it shoul d be

under st BOWCYSait cithke amrecigedthat insemecasess b srlectiyp semawad of eibstrate thegmehat
suf fi ci &E'sﬁ Fl%taﬁ%?m I%VE&EB? ifes1hG tﬂﬁwé}a%s&r ce LUf‘?h%%g) ﬁ’agé Widyt her nal

and struct ar ac eristics are”achi eved reove I ng upon the
part [ cuéaanﬂtmg tichyy i ang e, thq:)stmchﬁalcndvanitagdse Téms;esﬂlovmiﬁss umdeystadvthattthgeous| y

j n some cases erfornmed before. o I erfornmed, for
oy k! s pect oR B Sop AR AT ELS ot St USRS e S BABCA Buml
devi CeSerdlife t?é ghed tl?éi’m@&ﬂ&)éi‘ﬁ'chﬁ‘al BRraARrCRALI N HERRdbe appl ied to the

detectors, desired. Dependi ng upon which of the three i mediately
precedi ng vaMognvst, dbmﬁlrglg)ough@pamcular technique used, provision of the access ways

may advantageously be, in some cases, performed before or after bonding is performed, for
example, before, after, or while the trenches separating the individual devices are etched.
20 Optionally, an AR coating can be applied to the detectors, if desired.

Depending upon which of the three immediately preceding variants above are used,
different processing will occur. FIGS. 11 and 12 show several different accessways variant
examples. For example, if the first variant was used, the access ways may extend entirely
through the substrate (as shown in FIGS. 11a, 11b, 12a, 12c, 12¢). Altemnatively, they may

25  extend from the outer surface of the substrate to a depth where the substrate remaining
directly over the portion of an optical device where light is emitted or detected is reduced but
not completely removed, for example, as shown in FIGS. 11¢, 11d, 12b, 12d, 12f). In
general, the substrate remaining directly over the portion of the optical device where light is
emitted or detected will be reduced to a thickness of about 100 microns or less to enable close

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

within the range of about 20 microns to about 50 microns.
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different processing will occur. FIGS. 11 and 12 show several different
accessways variant exanples. For exanple, if the first variant was used,

t he acceswowagessppy extend entirely through the substrat @Crasozwon i n
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that accommobdat es an array of = mcrol enses can be created. As noted above,
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bst ' ;
i oai papkefiify BEEAIEdNTANRISP AR AGE Bolle ARk B doier R

descr i bethstardedunh sirewses.| eavi ng substrate attached, stresses will primarily
not, propagat ptical devices, but rather will be taken up by the
confvect i ng RSO Hheadh e lustgatiogs o @erwsmwt@s@l%ﬁpr@mgb| eto
Wi t hst agifly $uedhiSIdcEREESto ¢ éte%hﬁéuesjcjf_é'sé?oe‘ara%ogé(:h exanple illustrations of

f [ al chi

the process of creating electro-optic Ip variants according to the
t echni ques deKtlbhésa sibplified Fle@ oflbsingls battsirsptfade euittinglasaridedcs il higDe2

bottom sur.fac mttin aser device 15-1Q002 that is part of an array of
| aser d 'ﬁ18(}3@1?0?%21?&&%15&%@1&@g?eere%}&flv&_\ pn?%]gno&g& ce 15-1002 is

i sol ated fropmd devidtel DY i idYatéFRbAI s SHHBRWESo 1881 oL RSELBNT5-1604 A{Y is
supported on a substrate 15-1006 nade of an appropriate material, for
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the particular material used for the substrate will likely be determined by factors independent

of the invention, it is worth noting that stresses due to thermal factors can be reduced by
matching the coefficients of expansion of the optical device substrate and the electronic wafer

25  asclosely as possible. Ideally, the two should be of the same material, so that the coefficients
of expansion of both are the same.

Electrical contacts 15-1008, 15-1010 used for laser excitation and control are each
mounted on a stand 15-1012, 15-1014 for support. One end 15-1016, 15-1018 of each
electrical contact acts as an electrode for the laser device and the other end of each is a pad

30  15-1020, 15-1022 onto which an electrically conductive material 15-1024, such as a solder, is
deposited for bonding the device 15-1002 to an electronic wafer.

FIG. 15b shows the laser device 15-1002 of FIG. 15a after the laser array has been
mverted and positioned over corresponding pads 15-1026, 15-1028 of an electronic wafer 15-
1030.
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of the invention, it is worth noting that stresses due to thermal factors
can be reduced by matching the coefficients of expansion of the optical
devi ce suwetmsata2and the el ectronic wafer 25 as cl osely a®Cpamssr/icee

| deally, the two should be of the sane material, so that the coefficients
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at
about 20 m crons and about 50 microns. FIG 15e shows the devi e "after the
access MB¥. 15-1034 has been created in the substrate 15-1006, in this case

i a etching i fodrilli that in.thi le, . t .
oxclindef o EpaSEfhoms B evicdidr D 1% 8 i TR ol wRkGiT ng
| ayer 1f5-10403s bbbh figBed 15these0is stiditasi ¥tiekample, 10 vibERitgi(§ceit flaws wllli onal

thermal |y conductive material 15-1040 has been a{)_p_l ied to the device such
as, forfoegenfptaverage) harmalspesy havinggoad themalsonguictivity whegewad.cover age)

s, for _ s | )
above was | | TIR R AR o AR AR ot VIR BUEE e i BRLABLLT,

be t hatbesthamsaferfona debetoi Bpe Uyyice, dRvépt ehat Greaifctdridatict hrydddodet AR devi ce
may al so be AR 15 coated. FIGS. 16a-16f show anot her opto-el ectronic device
bei]ég ci%&ted in a manner sinmilar to the one shown in FIGS. 16a-16f except

that this | A 1 : d I L as
the stands 1euriog CEPTaTotr QAR GARTe Sec RIS A o AT ST, 2
devi ce toehagnecsheainad FIGS al Gaaltfexcepit thak tris 1a28@ dewict lsespghe sedicogludewi ces. As

Shoun, SIS ok, S bR iy, Jevi e, o conductor mterta
FIGS. 17a-17f show another opto-electronic device being created in a manner similar
20  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. The creation of
an array having redundant lasers is described in our commonly assigned United States Patent
Application entitled Redundant Optical Device Array. Specifically, FIG. 18, shows two
25  adjacent lasers in the array where, in addition to creating an access way 18-1034, grouping
trenches 18-1302, 18-1304 are etched in the remaining substrate 18-1006 using known
etching techniques, to a depth that connects the grouping trenches 18-1302, 18-1304 with
some of the isolating trenches 18-1004. In this manner, two or more lasers can be arranged to
share a common fiber with one or more serving as a back-up laser, such as described in our
30 commonly assigned application entitled Redundant Optical Device Array.
One advantage arising from grouping the lasers in this manner is that yield for a
single wafer is increased because, for example, with a pair of grouped lasers, if one laser is
damaged, the other can be used in its place. Another potential advantage to doing so can be

an increased lifetime for the opto-electronic device. For example, when one laser of the pair
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el ectronic device are grouped so that they can be used in a redundant
fashion. The creation of an array having redundant |asers is described in
our conmowby3asregned United States Patent Application emCirtusezi2@eedundant
Optical Device Array. Specifically, FIG 18, shows two 25 adjacent |asers
in the array where, in addition to creating an access way _18-1034, grouping
t r enchelnally diepf the fasargare extemaliy, mrdepepiepHE selestablp, the secoBd lasek @nbs. 1006
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S B A B i foaBOb i 14, e e PRE RO BERRES i 18P BN Na: ¢
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virtually free, FIG 18 also shows a functional representation of an
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way 18-1 I'ni ng substrate over aser | early
Vi si bl ealthdsigh homwouldlabfdally 8¢ visttde fraseths vantaggpomped i n fours, a group

18- 1308 bei fi t he, gr oupi trenches. 18-1302, .18-1304 whi.ch
enstie that TIE dOpdShshou ARahE GHbrCLbBr ROEH oS by 48 A B & Eme YRS oup
18- 13084 s PSS 21 PAdich96 NGl ARl BEILE YOG iccFOT

purposes of illustration, some of the isolating trenches 18-1004 are shown
al t hougsennoomslugion hrhteied isalskq fdydhesstaidsl 18- 1403 3-h# 4. vAdditigeallyp thetlasetssof-l GS.

19a- 19f , . show anot her, apt o-el ectroni.c devi ce bej r.eat in a manner
i m | ar S REHRYF dSCCh frepeae TR A grnes of AR ISTeIEPEE (5 o
t he typ@neendidhisnseshodR), a8 mﬁ@@ﬁ%hpﬂherg%@mg&lmﬂcﬁeysed for the stands
19- 1402, 19-1404. Additionally, the lasers of this opto-electronic device
ar 2l so gr obpadted gbeve a mannEactuger ¢fjop®-clegtrepieldadeasyof dist typedesaribed  (one of
whi ch i Se | Vi de . r i [ S 0 As noted
above, PREhETER Henp 5ot Sfh it obiATa o YT AP rmhSAENE L, e
themselves, or they can obtain them from a third party. By manufacturing the optical devices

(referred to hereafter for simplicity as an “optical chip”) and the electronic wafer (referred to
hereafter for simplicity as an “electronic chip”), the manufacturer can take measures to ensure

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

30  correspondence between contact pads on each can easily occur — particularly where one or
both are also designed with sales to third parties or integration with devices from other
sources is contemplated. Moreover, subsequent improvements or changes in the design of
either may necessitate altering the location of the contact pads, thereby introducing a pad

misalignment where none previously existed, even within the same organization.
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above has two avenues for obtaining the optical devices - they can

manuf acture them thenselves, or they can obtain themfroma third party.
By rranuf awouwsiosy2t he optical devices (referred to hereaf PET/GSO22@PNPlicity
as an "optical chip ) and the electronic wafer (referred to hereafter for
simplicity as an "el egtronl c Chl(‘glﬂbls t he manufacturer can take peasures to
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|s contﬁn&_ate . Moreover, subsequent inprovenents or changes in the design
ei t HEFTIRS SHRcessitate altering the |ocation of the contact pads,

ther eby int rPM’aﬂ@l@a@%mﬁ&b%%hﬂéﬁiﬁl@&twﬁ@@ftﬁﬂt@@ al%ﬁx?!é optiday diésiRd, even
within the sane organi zation. 20 WO 03/ 003421 PCT/ USQ0Z/ 20699 Even wor se,
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an K1 ecbi ebire Foge bving ¢t e egnias e RigimenR: b ih beRoHACHTE 8l  devi ce
can be gQphgsted, placed in the position specified by its manufacturer.

When the optical device is flipped over, for flip-chip type bonding with

t he el ect r onAdvamdgsoyslytbiscdlowa dor hpad@leﬁfon@ad hlswa the hbcst@ébade'd’(j akigs

Nevert hel ess %.a(ijtﬁréli the tec lga?C” bed a .tge i nyention can
be enpl RYEE Redretindy é’rrma?(?’? é‘pB? Y(fl ghr,mé@ P&SY%8f erred to
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havi ng different contact pad alignnents, top or bottomreceiving

det%Q:t olreﬁulrmmtmatgééudi y, this allows for the sel ectl on and use of the
"best - of - br egd” e I t he
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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
25  “topside active” will refer to both top emitting lasers and top receiving detectors.
Bottom Active Device Process
The process as usable for bottom emitting/receiving devices (i.e. bottom active
devices) will now be explained, with reference to FIG. 20. To facilitate explanation, it should
be presumed that the optical wafer 20-1502 was processed into an optical chip 20-1504 as
30  discussed above. Alternatively, the optical chip 20-1504, can have been obtained from some
third party.
First, an insulating layer 20-1506 is added to the surface of the optical chip 20-1504

using known techniques.
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20 requirenent or standard. In general, two different processes are used,
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or topsi dwWOo@ai0deng/ recei vi ng. For ease of explanation, tRETESOMR06RDtt OmM
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|ns atin ayer rior to attachnment, for exanple, if the contact pad

| ocati ons arAdkammously,aﬁﬂﬁmpemnghexnvlaiinenopﬁmlnyrfglbdpﬂaeylcaxsbéﬁseﬂfb@&dare made

electrically conduct ive by a an electrically conﬂuct ive materi al
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vias wt 10 t e material 20-15 10. Advant eous en| ngs or

vi as arlestwotn thaltvy. Mdready, ihlseme cases iapilsedadtionavitl caade the smldd:r tobhpsrtlyan be
do if.the.o etgl nlg .0r vias are vifhde enou%h to all ow thﬁ sgl der.. hunps on
th ot hEFWE R tE DOPL{RS T Vi3S fifpelissepdng 8?%&?9“%‘? T piding 14

al i gnmegi tween the two. Moreover, in some cases, capillary action wll
cause the solder to be partly 15 drawn into the openings or vias as it

mel ts causi ngptionrdiyt and dtsnrsiveiyoif tmepehingsloe viaaiverapre: rm@d Plg,(m‘tent

Pt ot A LGRS Bt o LB A T G R
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20 Next, electrical traces 20-1512 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 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
25  alternative connection points or create a connection region if the contacts to be mated with
are offset from each other slightly, but within a manageable defined area.

In a variant of the above, if the chip to which the optical chip will be joined is an
electronic chip (as opposed to another optical chip, such as a modulator, or another laser to
which the optical chip is optically transparent) the electrical traces could be patterned on the

30  electronic chip since, in general, most electronic chips already come with an insulating layer
that can be used for contact rerouting.

Once this is accomplished, the process proceeds as described above, with the joining
of the two chips 20-1514 (in this example, using flip-chip techniques) followed by, in the

particular case, thinning of the substrate, removal of the substrate entirely, or leaving of the
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manner to the process of FIG 20 as |l es or vias are either
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the fr Ot?le oprah ﬁl optical chip.

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

25  conductor can be added to the front side to connect the contact pad with the conductor
coating or filling the vias or holes.

Advantageously, if the openings or vias are not fully filled, they can be used to aid
alignment. This can be done if the openings or vias are wide enough to allow the solder
bumps on the other chip to “slot” into the holes (FIG. 21B), thereby providing an initial

30  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.
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el enents, SUPI@ Q§ sﬂbﬁé Qb%%%lﬁﬂar WQH&QH&\S‘@& FAR1R&cPita cﬁfhe& dtlusddre
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carddier is n@@nn@g@qh_ or Adapter Chip Alternative

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

25  teachings herein in a straightforward manner, thus allowing design and/or manufacture to
proceed nevertheless.

Referring now to FIG. 23 which shows a connection chip or adapter chip used to
connect different devices, the top side 23-1802 and bottom side 23-1804 of a common wafer
23-1800 is patterned so as to create traces 23-1806, 23-1808, 23-1810 on each side from the

30  specified contact pad locations 23-1812, 23-1814, 23-1816, 23-1818 for each chip to some
common point for each.

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

bottom when the two are brought together.
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20  described above are made up of two (or potentially more) dissimilar types of optical devices.

And it is undesirable to have the AR coating detrimentally affect the lasers.

Advantageously, in a further optional variant of the above processes, the devices that
need to be AR coated do not have to be distinguished from those that ordinarily would not be
AR coated.

25 The process largely follows the process flows described above in connection with
FIG. 10 where the laser wafers and detector wafers are created, flipped over and attached to
the electronic chip via flip-chip bonding techniques.

The substrates are thinned, but as to the laser substrate, only to the point where the
substrate could still be considered thick relative to the thickness of the laser cavity. Although

30  different types of laser devices will require a different specific thickness, the thickness of the
substrate should be at least several times as large as the thickness of the laser cavity, in the
case of DFBs and DBRs and the distance between the mirrors, in the case of VCSELs. Since
the precise distance will vary from device to device, a good rule of thumb is to use a factor of

10X the thickness of the laser cavity. However, if the thickness can be controlled precisely, it
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devices, specifically the detectors, with an AR coating. However, the
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In a further application, devices from different epitaxial wafers can be integrated
together on a common chip on a wafer scale level. Thus, lasers of different wavelengths can

25  be intermixed for dual wavelength division multiplexing (DWDM) or multiple wavelength
division multiplexing (MWDM) applications, such as shown in FIG. 26.

FIG. 26 shows an array of one hundred different wavelength lasers all integrated on a
common chip on a wafer scale. By doing so, and making each laser selectable, a specific
wavelength (or combination of wavelengths can be selected. Thereby eliminating the need

30  for tunable lasers which rely on analog movements of physical pieces or show thermal
changes or effects and where speed is limited to microseconds and accuracy is limited.

In addition, wavelengths can be switched at the same rate that data is sent, thereby

making construction of a system that multiplexes various data streams at different
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all the second wavél ength | asers are attached | owed by all the second
detectors, the process would be essentially the same 1rrespect1ve of the number of different

devices, whether they are top or bottom active, grouped, all lasers, all detectors, etc., since an
advantage of the process is the ability to mix and match — particularly on a wafer scale.

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

25  device type) basis or can be done, for example, in strips (as shown) or by groups, with the
substrate left on defining the strip 28-2202, 28-2204, 28-2206, 28-2208 or group.

Still further, by integrating groups of redundant lasers of one wavelength with those
of other wavelengths, an extremely reliable DWDM or MWDM module can be produced at
low cost.

30 Thus, since single device, integrated transmitter arrays for DWDM systems are not
available in the prior art, by integrating large numbers of lasers on a single chip, packaging
size can be reduced. By integrating arrays of ten or more lasers, of two or more different

wavelengths, onto a single chip and coupling a set of them into a single fiber, for example,
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i ntyr alsicomplte cRlkch ARTEEH IS, nst plme Patsd ipew isdaeaiion of irronmesents in the

module and does not typically take into account the process whereby the overall module is
created or the effect that integrating one component can have on another component (causing
reduced life) or its connection (increasing capacitance and/or resistance). Thus, present
techniques can result in a less reliable or lower performance product because integration of
25  one component may weaken a connection, increase the capacitance and/or resistance of a
connection, or increase the susceptibility to thermal and/or physical stresses of a connection,
for an earlier integrated component. _
Thus, even where wire bond connections are not used, the particular process used may
nevertheless have an undesirable and adverse effect on the reliability and/or performance of
30  the overall product ultimately produced.
We have developed a process that allows for creation of a module made up of a
number of components, that does not connect components using wire bonds. We have further
developed a process that does not cause the integration of later components to have an

adverse effect on earlier integrated components. As a result, our process results in a product
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(i. t he eed'sli n abilities, not the wiring
arm g t ffPag céﬁnce reﬁlffﬂ“(xv?@)%(& E‘éﬁ] “a nore reliable end
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materials, having 10 different nelting points and attachnent tenperatures,

and enpl oyi n a pemd soddgr araterial duiving® rsémhmﬁmlmwéaé'dstta@awhmmttachrrent

materla bei ng used to t n att che t he

b ocesempg e Ak B AR PR TRl T ERIPRRAR kR P st AP BRer - our
processdévsce(gltd, a@gle&@&nggh@,r eation of non-optical electroni c m)dul es and
particularly well suited to the creation of high performance

opt¥ el ect r ohi ¢ ndb&ErEd soldermatedalbiving 2 secopd mlirapainirnd sepondutieelieetand

resi st tehifpefihite qt u§é£t'3'aftt'a§1ﬁgfre gg@?@%i;{ljgg{se{a:c%ﬁl%%{l%p fPan¥itle? oo 301 ' ON. we

use a sequenti1 al  process
example, one or more electronic chip(s) to a package; and

3. a third solder material, having a third melting point and third attachment
temperature, is used to attach one or more of the components created in ii) to another
25  component, for example, package(s) to a printed circuit board.
The process can be extended to four or more levels of attachment by straightforward
material selection and extension of the process in the same manner as above.
The materials used in the three or more different attachment processes are specifically
selected because they are thermally compatible. In other words, by way of example, the
30  integration conditions for the chip to package connection is designed to not affect the optical
component to chip connection performed prior to the chip to packaging attachment.
Specifically, the melting point of the solder for a given attachment is generally
selected to be the higher than that of the melting points for the solders used in the successive

steps in the process.
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1. one solder material, having a first nmelting point and a first attachnent
tenperature, is used to attach the first group of conponents together, for
exanpl e, wptodwoed421 devi ce(s) to an electronic chip; 20 2. &CFasSon68d| der
material, having a second nelting point and second attachnent tenperature,
Is used to attach the previously joined conponents to _another conponent,
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given attachnent is generally selected to be the higher than that of the
mel t i ngthp ohatersals wned Horalk e peeosding sdnigetiphs as msewwerd sidhe preegiing eprmketion

pr ogess, '2t9 WO 03/003421 PCT/ US02/ 20699 In other words, the solder for the
fir af T4 ¢hment step has the highest nelting point. The solder for the
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the first attachment step. The solder for the third attachnment step has a

| over nigMperirgbicativedo sechudher, be. thheitashmgeltsmperatire forargvesrserewilhle t wo

attach ”ﬁgﬁ@%ﬁ{;@% HERANGING rdiS o tlgﬂh%tifeﬁgll ied ENB{féﬁ% Gk 9y, @ fourth
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poi Nt 0kt thd fiRckleh FEdiitloedtPEAnt O Bl bxdBPRIAARAL RfepiRCt | NS, as measur ed

at the preceding tonnectio 10 points. The sa typically, although not
necessari | y Nbishlysin someecdses, thehwtaghmeantemperaturempmeatapesy behighénikart theeach

other, i.g. the attachnent te rature .for iven step wiJl be higher
Chan t nielingeoRt BLe RFEATDE Sife CR RS GHS (s ARreHapebes PiehysctiBessi ve
step. | ghcapdiRany of dddHoSthe kpaciry JTABShAHiBulhiOcorFRONERS HBRAIRRANRLBE htht(HSE
accordingly, the sane 15 nelting and attachnent tenperatures for "all the

st e}y peanacidbe pisstouslydomedpempeonanés widkinireagh a high enough temperature to have

an adverse effect.

Having described our process in a general manner, the process will now be described,
by way of two examples. In the first example, an opto-electronic transceiver module product
is created. The product is made up of several lasers (an optical chip) integrated with one

25  electronic chip and several photodetectors (a second optical chip) integrated with another
electronic chip. The two electronic chips are integrated into a package which is integrated
onto an electronic circuit board.

The second example creates a similar transceiver, except that both the optical chips
(i.e. lasers chip and photodetector chip) share a common electronic chip and an additional

30  component that is used for alignment of fibers with the optical devices is attached to the
electronic chip, by way of a thermally activated glue.

Example 1

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

solder metals), melting points and attachment temperatures are shown in Table 4.
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at the precedi ng connection points do not exceed the nelting tenperature.
Not ably, in sonme cases, the attachnent tenperature in one step nay be
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the optical mhhRexampleSthel BSiGHaft FprdedWbpROlRIRQEhAm&R LPIheDpAEA @ CcOMDN
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mel t3 ngpdiats 16 Be fmikbdadré BESNFRNMO gétROMRH AhdHefpettine SRR aPoveb thefting3sdiMO
03/003421 PCT/USQ2/ 20699 Process Material Mterial Melting Attachnent

Poi nt Tierpgasedhe pelderdp maglhi His joiped sampommismie thogeopled tebeew3dhomeltngyi ces to
el ectroni: | packagi ng 95% Sn / 5% Sb 240C 270C Attaching
packagi dﬁtﬁg@%@%@%&?é}gs]m&timc 210C priont ed ci r(::uit board Table 4 In

t hi s exanpl €Thd egtited dptpadideirohicdCavattnihe therlssevd drd thémtedratad bptent of t he
optical , devices to.an integrated circuit (1C). Is is,done with a

mat er i afleHRRC K @W%@{nﬁifg%g‘g?ct% B¥S R atiasird tO(’ihﬁRJ RackagiE [ecTate 899910 Sn
80%0M t He@rdiid hbffle ?Q%Hr%tge,QIsir%Baosoﬁer with& ﬁ@fi‘iﬂg‘gﬁlﬁ’ werRi ths gﬁrere ﬁ?déro' ned

are brought togethe the tenperature is I sed above th I ng poi nt

to cau smgteriel’sm!ehlmg pomtmid this celse, g i 9@6 / Sbifposdderss ased (nfedtmgdombedture bel ow
the mel ct)fl )i °C?.Ojl‘ﬂé con acgtsh grg tﬁeqae"se§ ?é gr?c{ thlesde{elé!olr ¥c Sa%‘et each brought together with

their respective connection locations on the IC packaging. The components are then heated

to a temperature above 240 °C, but less than 280 °C so the solder of the prior joint(s) do not
15  remelt. The joined parts are then cooled to below the melting temperature of the solder to set
the new joint(s).
The final part of the temperature sensitive bonding process involves the attachment of
the module package(s) to a printed circuit board to create the module. This is done with a
solder material which has a melting temperature lower than either of the previous two solders
20 used. In this case, a Sn 63% / Pb 37% solder, with a melting temperature of 180 °C is used.
The contacts on the parts to be joined are brought together and heated to a temperature
between 180 °C and 240 °C. The module is then cooled to below the melting temperature of
the solder to set the new joint(s).
Thus, since each subsequent attachment involves a temperature below the temperature
25  of all the prior attachments, the attachment does not interfere or disrupt the prior connections.
Example 2
In this example, a similar process is used to create a similar transceiver, except that
both the optical chips (i.e. lasers chip and photodetector chip) share a common electronic chip

and an additional component that is used for alignment of fibers with the optical devices is
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The integrated opto-electronic IC containing the |lasers and the integrated
opto- electronic IC containing the detectors are then attached to the IC
packagi ngwotog/oexdent e an opto- 10 el ectroni ¢ nodul e packag@pTﬂESimgmw sol der
with a melting point |ower than the prior solder material's nelting point.
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mel ting tenperature of 2 C and setting tenperature o _ _
resul t aholve 2&@ ¢ bybdlew 2B &¢ e dhemthe abignmentqu¢nean bomdedttt élecmanb@gm@usmg a

re dhesi b 5 . before e .atta dule to
nelth | Gihetrafe BEESh odp o <R 2YECr Eipdi b rckEr P SSMTHR! wdhe PriTec

pr 0CesSciffuft boR@Myinga tbalYetatire bRFAZAISOMBtagd Rab °dvat erial Melting Attachment

Poi nt Tenperature Attaching optical 1Cs to 20% Au / 80% Sn 280C 310C

el ectroni c | XEisawelhknowg thatnemeroue didtereny solgess Swist, [Byn sarezebiiodlows and t achi ng
align neé.{lttec? & Sme&FsrsIE%fl agsﬂls?er %éa(l)dc t1ﬁ381%mony, bismuth, or other metals. Table 6

shows just a few of the many solders currently commercially available along with their

15  respective approximate melting points.

Solder Material Melting
Temp. (°C)
81.%Au/19%In 487
96.85%Au/3.15%S1 363
88%Au/12%Ge 361
100%Pb . 327
95%Pb/5%In 314
95%Pb/5%Sn 314
5%Ag/90%Pb/5%In 310
1.5%Ag/97.5%Pb/1%Sn 309
78%Au/22%Sn 305
2.5%Ag/95.5%Pb/2%Sn 304
2.5%Ag/97.5%Pb 303
90%Pb/10%Sn 302
2.5%Ag/92.5%Pb/5%In 300
2.5%Ag/92.5%Pb/5%Sn 296
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to packagi ng Attachi ng packaging to 63% Sn / 37% Pb 180C 210C printed

circuit board Table 5 The process proceeds as above. First the optical ICs
are bot h wormaeexded to the electronic IC. Next, the opto-@cCeatSoveiesd | C is
attached to the packaging by nelting the solder above 240 C but bel ow 280

C. Then the alignnent _piece is bonded to the packaging using a 10
tenperature betweer] BYPU5%EM 240 C. Finally, the p38kaging is attached to
the printed circuilt5%ba00%RbiT%Sa t enper ature pet wg8n 180 C and 230 C. It
is well known that |myoREE8%PY fO6SeNt sol ders eki st 296rom jpure gold to
al loys and eutectilg3oqi,/MhLghs such as sil ver 'eadggtin,| antinony,
bi smut h, or other %%ﬁj/g% P/h%S?}/],"/Sﬂ]?I’%A ust few gg the many sol ders
curr _ent |y conmer ci gt ,—Q}‘/&W?Q/gull € atong wth—the J.iggeapcbt I ve approxi nmat e
mel ting points. Solidge t Pat—Mel-t--rg—Fenp- 8 6@%#—19% n 487
96. 85%Au/ 3. 1598 3 0% Mo 361 100%RPh 327 gsr/@b/ 504 n 314
95%°b/ 5%6n 314 50/4\98/19@%9"@;“ 310 1.5%A 97. 5b@h/ 288n 309 78%Au/ 22%Bn
305 2. 5%A /95. 590/ 72%30/304In 2. 5%Ag/ 97. 5%°b 303 9@%Pb/ 10068n 302 2. 5%A
92. 5%b/ 5% n 300 2.79%RY/IPLSAFPb/ 5%Bn 296 32 WO 0320103421 PCT/ US02/ 20699
95%°b/ 5%8b 295 S5Y%AFIIDXPRAESYSH/12821n 2YAg/ 88%°bf 1098103290 | 85%Ph/ 15%6n 288

95%Sn/5%Sb 240

60%Pb/40%Sn 238

97%Sn/3%Sb 238

99%Sn/1%Sb 235

100%Sn 232

2.5%Ag/97.5%Sn 226

3.5%Ag/95%Sn/1.5%Sb 226

60%Pb/40%In 225

3.5%Ag/96.5%Sn 221

10%Au1/90%Sn 217

95.5%Sn/3.9%Ag/0.6%Cu 217

96.2%S1/2.5%Ag/0.8%Cu/0.5%Sb 217

10%Pb/90%Sn 213

50%Pb/50%Sn 212

50%Pb/50%In 209

15%Pb/85%Sn 205

45%Pb/55%Sn 200

20%Pb/80%Sn 199

91%Sn/9%Zn 199

40%Pb/60%Sn 188

2.8%Ag/77.2%Sn/20%]In 187

89%Sn/8%7Zn/3%Bi 187

30%Pb/70%Sn 186

40%Pb/60%In 185

37%Pb/63%Sn 183

37.5%Pb/37.5%Sn/25%In 181

2%Ag/36%Pb/62%Sn 179

30%Pb/70%In 174

100%In 157

5%Ag/15%Pb/80%In 149

58%Sn/42%In 145

3%Ag/97%In 143

42%Sn/58%Bi 139

48%Sn/52%In 118

30%Pb/18%Sn/52%Bi 96

Table 6
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86%Ph/ 89Bi / 4%6nl 1 %A nll %A 286 80%Au/ 20%Sn 280 80%°b/ 20%6n 280 81

%b/ 19% n 280 75% b/ 25% n 264 70%b/ 30%Sn 257 63. 29%°b/ 35%5n/ | . 8%In 243
95%5n/ 5%8N024003480%Pb/ 40%Sn 238 97%Sn/ 3%Sb 238 99%Snl | ¥BETABS2/20600% 5N 232
2.5%Ag/ 97. 5%6n 226 3. 5%Ag/ 95%6n/ 1. 5%5b 226 60%°b/ 40%n 225

9. 290Bn) 2. SR BEIOASERH V Sdisish BB OB A B pPBYEC Sxist and

OBl 90z LD ] B B R et T SO on e 167

30%Pb/ 7ig¥@n. 186 40%Pb/ 60% n 185 37%°b/ 63%Sn 183 37.5%°b/ 37. 5%8n/ 25% n

181 2%/ 3%%0@%2/1 nSh%lZl% bearglgt et}/ug g/ro.]s oo:cllzléllat the melting point of a material used for

5  aparticular step can be higher than one used in a preceding step provided that temperature at

the prior connection point(s) stays below the melting point of its connection material. For
example, with reference to Example 1 above, if the opto-electronic IC is coated with an
encapsulent that will thermally insulate the opto-electronic IC to some extent, it may be
possible to raise the temperature to above the temperature of the melting point of the material

10  bonding the optical IC to the electronic IC because the temperature at the point of connection
will not exceed the melting point due to the encapsulent. Additionally, or alternatively, if the
components to be joined are sufficiently separated by space or a thermal shield or heat sink,
as long as the melting temperature at the prior connection points is not exceeded that
temperature can be exceeded at the new connection point. Thus, in Example 2, if a thermal

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

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

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

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

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

multiple modules, some of which were created using the process described herein, for
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100% n 157 5%Ag/ 15%°b/ 80%In 149 58%Bn/42% n 145 3%A 97% n 143

42%6n/ 589Bi 139 48%Sn/52% n 118 30%b/ 18%Sn/ 52%8i 96 Table 6 33 WO
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non-el ectrically conductive exist and can be used in conjunction with the

sol ders noted_above according to the techni que descrjbed  herein. Moreover,
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| ect ed .f t |isted jn Table 6 and/or .jdentjfjed h [ di
o Fhe TAEAR L M0 eBRPrBEdHar B PhF BT RBrEiPan Tese e
NUITET OUSMEIHRIPIS dMhSRGERIHEE ofhdralcRBuivaeyent i on. The inportant aspect
not being the particular materials, but rather the rel ationship 25 anong

the melting points of the materials used for each successive step in the
process. In

35



other words, as long as the solder materials are suitable for the
particul ar purpose and the various conponents are joined in successive

st eps, WwP@3®eP1 successi ve connection involves a sol dePCTRsD2/2@M be
melted wi thout exceeding the nelting tenperature at the prior connection
points, the process will work. 30 Finall it should be recogni zed that the
above referenced process need not b€ for all the conponents of a
particul ar assenbly. For exanple, based upon exanple 1, the opto-

el ectronic transceiver nay be one part of an assenbly that further includes
a housi Wgat iertaimed istor e fans, connectors, cables, etc. Simlarly, a
particul ar assenbly may be manufactured of, nmultiple npdules, .sone of which

vere creat edl-usi ndy eteOGeiRackagiop ar ppifalclya that has ‘%?Plé’bﬁg‘@ﬁ@?/i@@gﬂl
PCT/SUSOQé&%g%B%I}i;ﬁm%toﬁs%-el%&r&ﬁ@% Ethé mé’l‘lﬁk&h\/&éﬁaﬁﬁ{%ﬁ"{“ ch were

manuf act ure g a prior art process, or e created according
to one vari gnbviding hHfexpciomitss the type hhving e fapearfheecamtiet secomd s)xfacanppaiiot her

nodul e created according to ot her. variant, of . the process (i..e. at |east
one-of {60! Sitae A Bauengil e deinerampening o et st Bene 1 r
modul e) grsPsul BRe (F£RE Rs&MalHNE, ﬁiéadﬁéhﬁé lﬁ;lg PPk Bra]‘flle ?tha[lel%(%h&ﬁﬁ%' Lifface;

constructed in accordance wth the teachrngs o he I nvention are shown in
comonl y asshapdig dfronteileSifaneptdelstigenic Paipdénthesspindosmrfaonsi@brthal Nos.

29/ 144, 36 d.,29/ 144,365, It ld th d that th b
ol bRt R 1o B ol Suredie e J16E Pk Pyt ah SR Bt siEnalsy™® oo
conveni gR6iRg 8 of HEMIEAERH-cldcdionRRAYEoRaRAhidEh 8t Massitfick 9RUBEHp@ingso

representative sanple of all possible enbodi nents, a sanple that teaches
the pribaichpppenieg alloves optigehadeess. to ireeondeslectrprir 6hiptead aheek side ofieadte-o
exhaust j . e [ple variations. That alternate enbodi nents
may notélﬁcg%/oémb%gg?%a?cé%gﬁbb%%rgg(rﬁﬁ{zg?speci fic portion of the invention, or
that further undescribed alternate enbodi nents may be available for a
portion, is not tg be considered a disclainer of those alternate

enblodi ment s.2-One ‘bre msthed @if glapy 1dRyther cpmprismgsoarsciing ahsat sigiothe bagkhose

undescr | & (0 id Ok gfig..the same principles of the invention
and ot h%!r?(ggfar ggg%w va "Z‘ht i QE&% %%’003421 PCT/ US02/ 20699 CLAIMS Wat is

clainmed is: 1. A nethod of packaging an optical chip that has been
hybri di zed wth 5 el ectroni hjp to forman opto-electronic chip, the
met hod conpri-si ng'?h?)%&iogiokﬁggnél é%h% qogmr’tglnéfm"[‘lﬂ@&tl%‘én%iw(ﬁﬁé aPtF‘ia:l st
surface,aad t@t&%ﬁ@@le%ﬁBﬁi@%ﬁiquH%intg?he thmiebiidSér tﬁé‘h@a@?ﬁag%%éﬁ‘{ﬁ Rg walls

that defines an opening through the flex circuirt from
20  cooling.

4. The method of claim 1, wherein the flex circuit further comprises a dual-sided
flex circuit having contacts for the opto-electronic chip on the second surface and contacts for
attachment of the flex circuit to another device on the first surface.

25
6. The method of claim 5 further comprising minimizing parasitic electronic

capacitance and inductance for electronic chip-to-flex circuit connection.

7. The method of claim 1, wherein the flex circuit comprises a crease and the

30  method further comprises bending the flex circuit along the crease.

8. The method of claim 7 wherein the bending comprises forming the flex circuit

to a right angle bend.



first surface to the second surface, the opening lying in a plane parallel
to the first surface; bonding a front side of an opto-electronic chip to
t he secomovabéxee such the 10 el ectronic chip is | ocatedPeA/B0zzwend
surface side of the first surface an all optical signals passing to or
fromthe opto el ectronic chip.occurs through the first surface via the
openi ng so %hat Amackngang met aﬂp@mﬁnﬁip& cal access to the opto-electronic

chip and a b for
cool i ng. I%%Wégda n%l?{%m&tb%m %nﬂil%? %&ag%ﬁglsge%éﬁggﬁhgﬂg ng a heat
si nk tOexttéiEhl’@brkweai e fioft std‘eeandph@seebﬁtmde;m c chip for cooling. 3. The

met hod of claim 2 further conprising mai ntal i.ng uno ted optic
access to tﬁéobfﬁt%aéll pie-elomirenie ghig, ﬁaﬂ%w? @?Yéceéélbfﬁ’é‘éltz?‘ﬁ@eﬁmt qHo ﬁlfat

Sink t n the
er>l§ c?sregﬁklfdt ﬁaéu?{ er r%%ﬁ%%ggg%gnéﬁgltgé%d&gbwﬁex cfelﬁl?tl}irgtguﬁ%é\?%ﬁ%ont acts
for t heommleetmlnﬁccﬂnp) and carttaqbs bnatbdhenﬂm:ﬂmdmmurtfvad@uamingwmehm&s theopto-
attach he, fl ex CI cui t. to anot her, device rst surface. 25
o e D te S bring I e I B e e iees e bl itk B qpRBnB RS ot 1 oo

capaci ttﬁQ@a%c@é@.% t&%&ﬂ%@&@fw%@?&%&%@&aﬁ'&bﬁcél@f dhhBpetibdCoiclor@@nnect i on.
7. The nethod of claim1l1, wherei | ex circuit conprises a crease and

the 30opteahdayidearnd emoth@rctmcs @dllibetiationgh & hlané defimard ycthe firdlsslegnd ke cr ease.

8. .The net.hod of c n ndi_n es for. t he, flex

ci IE0T SoobgE defiee b el ER & S o B O R Rio B o 858 S RBitic kg ng
met hod él@d’tﬂihﬁcﬁétﬁﬂop;ﬂfsﬁ&la@idégieﬁnmb tHetopbiealrddvitayi ng a first side and a
second side and an opening extendlng between the first side and the second
side; nounting an opto-electronic chip, having optical devices hybridized

t hereon, ontg,the .f:he. circuit board by bringing together
contacts Iocﬂted éﬁ%gasurpgn ?mﬁﬁggggptoelectronic chip and contacts

| ocat ed on tdttearf1b1eh@v¢rtga:ﬁrst side thd b sedont Bigle\and elzotital cdnleetsogt ieoth eeefixtt oni
chip belng nnuntg @éch th t the opti.cal deV|cg§ are allg@ed with the
opeli ngdlsecondatidescthesarries heyiee B%PP‘EIHPE’ greigRdiRg rppy the st sideda e sgpondn
opticalggd.gnal between one of the optical devices and another device w ||
be throug a plane defined by the first side and a 10 cooling device can be
coupl ed to aasoptd aleetrodic thip o@ptmrsnig@mtaimﬂtcmcdhmahyhmdazedltdat IefisttWe actpiteo-

el ectronic ip opposjte a sj.de defined b tical V|ces 10. An
opt 1 ol SRRLIcHHSS BoRsHF R GhiP eyt st Fls fetied By ot o SRSRREO second
si de anghi@b&rthE afRhst4RBLBGYSoptitalP®ivices Bfd fHe'edctronic chip and a second side

20  opposite the first side, the electronic chip further having additional electrical connections on

the first side,
the opto-electronic chip being connected to the carrier by a bond between the
additional electrical connections and at least some of the electronic contacts on the second
side of the carrier,
25 the opto-electronic chip being further located so that the at least two active optical
devices are located relative to the opening such that coupling of light between one of the at

least two optical devices and another optical element will be through the opening.

11.  The apparatus of claim 10 further comprising a heat sink coupled to the
30  second side of the electronic chip.

12.  The apparatus of claim 10, wherein the carrier is a flex circuit.



15 and second sides, the carrier having an opening extending fromthe first
side to the second side; an opto electronic chip conprising an electronic
chi p hybrwoiozee4# b at | east two active optical devices, PO#/UShBALIDNI C
chip having a first side defined by a point of connection between the at

| east two active optical devices and the electronic chuf and a second side
20 opposi te the fThestprasags ofchamd0swhersi the eprisr S ARHERC FEgtRPastdi t i onal

el ectrical connections on the first side, the opto-electronic chip being
connected to the carrier by a bond between the additional electrical
connecti ons kind aﬂnhg@ammmaﬂkkmm]mhwhahﬁmmbomtmrEnmﬁamﬂmnnhm&M§ second
side of _the arr| he o e tro i p bei further | ocated so
that t Haeee (fléfagfl wiseze %Eeﬂﬂné? YSge é tarS@cch&égqeed relative to the
operi ng such that coupling of |ight between one of the at [|east two
optical devices and another optical element will be through the opening.
11. The appariat usTlm‘ap@hlatusnof@laimr]IOhdnerciomm¢asii<crgzomm'eastaﬁbmkirmlmided to the

Sher of Merndfe Al fivu SRR Raiin HEAARIRR SR %3 The

appar atgisht @hglesRdpg¥ 10, wherein the carrier |s a prlnted circuit board. 14.
The apparatus of 'claim 10, wherein the carrier is an insulator having

el ectrically conductive paths |located on the first side and the second
side. 5 15. The apparatus of claim 10 wherein the carrier conprises a flex
circuit and wherein the flex circuit includes an indentation to facilitate
bending of the flex circuit into a right angle shape.



