WO 01/90793 PCT/ GB01/02296 1 OPTICAL DEVICE WTH CH P LEVEL PRECI SI ON

ALI GNVENT Field of the Invention The present invention relates to active
optical deobrews BACKGROUND OF THE | NVENTI ON Active optieal/csevixres, such
as VCSELS, edge emtting chips, receiver chips, transmtter chips, etc.,
having active optical elenments, such as lasers, light emtting diodes,

| i ght receiving diodes and photo transistors, are usually nounted and
connected on a single side to a substrate. They are commonly nmounted with

a two-di nensi onal QbtfhtabinAlts wiPdl ¥u SR pMTEiGRlALe@RRABENt S
general |y present, using several attachnent methods including flex

circuit, wre bond and so-called C4 technol ogi es. Conventi onal

chi p-to- M@M@/—H@’@%ﬁ%chmnt techni ques are often |abor-intensive and

prone to inaccuracies. This is due in large part to the extrenely snall

di mensi ons of rhd1¢60IMONERIS i NGl Nelsl tb MR ACEEicASqeMREL. as to the
nunber of manufacturing and assenbly steps required to interconnect those

conponents. In United States Patent No. 5,857,049, issued on January 5,
1999, to Beranek et al, fOPATSREQYNG| OR THE| BNFERFENOF OPTOELECTRONI C DEVI CES,
an optoelectronic nodule is shown that is precisely aligned wth an

optical fi behctmeoﬁ‘l@ai Qiév§c<§50| deén %Qﬂ?t%%h@d e'EiQe te*&@t@jlﬁ?{g' e@dpsf, i ber
supported ce te ten S .S u ed to

u sio I
self- alig enltvﬁ °%18nhetrﬁ?%mdto?r %épsc’:o I;Iorfe%f“’mgl Uit @ ?flg?atelem “ent No.
5, 818, 10?“‘31} ssukrFere. Pilghs Giieting deﬁ‘ﬁS' Gdﬂbbé%“GlVlI’gg‘%lOdFéranél-P@tSTAG(I NG
BY EDCE MeaAliEtZAT|I 8N vanallnt egmakéthndcesmgertedaskagengls shidasbrat ed,

wher ei n Lpgdeased &E&y%g%knmagm gbeakhi width £edwba@inlehE¥orﬁ1&eoﬁ%Hl:§é&%§l by
integrated circuit chip a_chi tac and. bonded onto a

substrat 8" ThRe Thi'ckhes Ca]f' componen%aﬁ Pzat i dny E5tUre and ot he ebogdi ng
mat er i al 2praspreR: aleélf%‘fdl%qflf‘db%@[ weeh cigfitiys viret Pend 808 sonpridvédheat
di ssi pat ceshnollngddmi.t ed States Patent No. 5,790,730, issued to Kravitz et
al, on August 4, 1998, for PACKAGE FOR | NTEGRATED OPTIC CI RCU T AND
METHOD, a

Conventional chip-to-optical device attachment techniques are often
labor-intengive and prone to inaccuracies. This is due in large part to

the extremely small dimensions of the componentsg and their interfaces, as
well as to the number of manufacturing and assembly steps required to

interconnect those components.

In United States Patent No. 5,857,049, issued on January 5, 1999, to
Beranek et al, for PRECISION ALIGNMENT OF OPTOELECTRONIC DEVICES, an
optoelectronic module is shown that is precisely aligned with an optical
fiber. The module is solder connected to the optical fiber supported upon
a base, and surface tension of molten solder is used to self- align the

connection of the components.

In United States Patent No. 5,818,107, issued to Pierson et al, on
October 6, 1998, for CHIP STACKING BY EDGE METALLIZATION, an integrated
circult package is illustrated, wherein increased mechanical and
electrical reliability are achieved by integrated circuit chips formed
into a chip stack, and bonded onto a substrate. The thickness of a
metallization feature and the bonding material provide a stand-off between

chips that allows improved heat dissipation.

In United States Patent No. 5,790,730, issued to Kravitz et al, on
August 4, 1998, for PACKAGE FOR INTEGRATED QPTIC CIRCUIT AND METHOD, a
structure and method are shown for packaging an integrated optic circuit

having multiple microlenses. Surface grating forms channels between the



structure and nethod are shown for packaging an integrated optic circuit
having multiple mcrol enses. Surface grating forns channels between the WO
01/ 90793 WRCW1/¢8803./ 02296 2 optical circuit and the m crol PaBes1/#20gNTENt
for registration patterns is achieved using surface tension of nolten
solder in a plurality of solder bunp bbnds. In United States Patent No.
5,687,267, issued to Uchida on Novenber 11, 1997, for | NTEGRATED
OPTOELECTRONI C COUPLI NG AND CONNECTOR, an optoel ectronic nodule is

opt ihcal Lxép?iaagneﬂka&ilt mﬂpﬁﬁ&%ﬁcfdlgggﬁs OnAﬁ.g%Q@ﬂH)@or %é@@&’i@tt@orb%\éi:@&ns |
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ASSENBLY SPREE ®substrates are aligned and connected using the
surface tensi on of rmlten solder. In United States Patent No. 5,661, 831,
i ssued to Sasakiugftteal st208s PAUEMS 110265, 639 D6,7 , T D suER TdChbN MO AN ING

SELF. ALLONED, 0P CAL BLEAN oc AND CRTL AL VB CLLDE Y, MEANS, OF BUVPS O

RECTANGULAR PADS 'AND METHOD OF an optical®nodule is
shown moGRERHSCWTH EBVE GuPBE- ARt 24 Parserth GBE SpbiPez® st PeaTmmon
subst r at evbSirefacdeviensi-gharsfd ablgneent sobeles.is used to self-align the

| aser diode array to a patterned pad on the silicon substrate. In United

States Patent 1i0uni3eG3.88 pakasUd. AN clfBYecdd. 3 LI ool Boc Bl N, 6d, @l Tor
PARALLEL CPTICA rs are_ interconnected td an

ERCONN
array of 8 ?058% 196V tes foﬁr‘?’&’baﬁ)&ﬁ% CBW%WP‘?R@NDtWWW SROTESt €S0l der
j oi ning ﬁhbsﬁﬁ%eélaéﬁeﬁk@nequgnmmﬁcm esingy ghe |sagéacedtetdiod ¢hmglten
substrat eoldads are formed through lithography relative to the holes. Then
flip-chip technology is used to align the chip to the pads laterally. In
United States Patent No. 5, 398, issued to Benzoni et al, on_ August 9,

1994, for SI NG Iflﬁ-eﬁlﬁ‘é‘tﬁ"ﬁa&ﬁﬁt PROGUGED 83 obtTedl S arteldi Ay alzstr‘?r%;mgement
i s shownAuSgttdas. BERD: dlorgPRAERRL (MODUSR AV ENCGA T ARECNERt PRAE CAl ELEMRNT t he
| ens, andybherrress wavkdernpe Av yars bersumbe dvsrpdacectaoveind hep vasseshlred

ConponenEAgSIWIBtLlﬂN@- T@QE&E‘J%IQ]COPEE%J ﬁb&ﬂ'e is shown mounted, with a wave guide
and a laser diode, upon a silicon substrate. Surface tension of molten
solder is used to self-align the laser diode array to a patterned pad on

the silicon substrate.

In United States Patent No. 5,631,988, issued on May 20, 1997, to
Swirhun et al, for PARALLEL OPTICAL INTERCONNECT, optical fibers are
interconnected to an array of optical devices, and aligned by surface
tension of melted solder joining the two elements. Alignment holes are
laser drilled in a substrate. Pads are formed through lithography
relative to the holes. Then flip-chip technology is used to align the
chip to the pads laterally.

In United States Patent No. 5,337,398, issued to Benzoni et al, on
August 9, 1994, for SINGLE IN-LINE OPTICAL PACKAGE, an optical packaging
arrangement is shown. Solder bump alignment is used to align the active
device, the lens, and the lens holder. A fiber ferrule is placed over the

assembled components with a modicum of precision.

In United States Patent No. 5,535,296, issued on July 9, 1996, to
Uchida, for INTEGRATED OPTOELECTRONIC COUPLING AND CONNECTOR, an
integrated mounting assembly is illustrated, wherein optical fibers are
supported between a grooved substrate and a clamping substrate. The
optical fibers are coupled to a device. Alignment is achieved by surface

tengion of melted solder.



In United States Patent No. 5,535,296, issued on July 9, 1996, to Uchi da,
for | NTEGRATED OPTOELECTRONI C COUPLI NG AND CONNECTOR, an integrated

nount i ngve@sentby is illustrated, wherein optical fibers PeEGBSUMINGt ed
bet ween a grooved substrate and a cl anpi ng substrate. The optical fibers
are coupled to a device. Alignment is athieved by surface tension of

nel ted sol der. WD 01/90793 PCT/ (GB01/02296 3 In United States Patent No.
5,499, 312, issued to Hahn et al, on March 12, 1996, for PASSI VE ALI GNVENT

AND PACKAG NGroFy{REOH ECIREM &t QQV%%'ENESzTQsQEJ& GALaMAVESIDES: USI NG
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St at es Patentd hiod aBpd2Fudbare Biswefonrruibnatl0,alig@hentt of ®wiediun et al, for
PARAL LEL w&HuChbs NTRREOANNEGE i @1 calcthbRepsadihee ddbesncopnecied to an

array of .gptical %%vgfeg% tl?ggbgkéngged by surface tension of nelted sol der

j 0i ni ng t e two enen S. nited States Patent No. 5,247,597, issued to
Bl acha et al, on Sept ember 21, 1993, for OPTI CAL FI BER ALI GNMVENT, an
optical fiber IhsUnigkd firedenifehesin Nem 2 #RAP56r Fssped vonnHas 3P a@5, usi ng
surface tengi@ne®fal, SﬂhdeAthmaﬂsOth:aAﬂJniqtmOﬁmheseﬁat:@ntflbl@rs 2xd97, 609,

i ssued on, J@J&ﬁﬁyct%% tol%%?»arra&o Blopden séw@L,s, Ah 4 1L ARSEVBLY
| NCLUDI NG FI BER ATTA ace tension | qU| i'ed faterials is used

to face- aPFFHR™f ?%é}eét‘iﬁ §B6§eé"d3?’rf‘l£9 Htob ° Wefrﬁsan optical device. SUMVARY
OF THE I NVENTION I n accordance with aspects of the present invention, there
are providedranumipkt calatpackaghngosty, uet Lrog, andueetdrodifame @ educimng sane.

An opti caly M@g@gﬁl a@%rdsz&g otp@I@ALf bfs Mﬁﬁmcogmap%@éalaf%}sagat e
havi ng su str§te%1 @ rgjs an, active optical ech] aV| gafront
si de and *a*BEEK"LS F& ProWéeé%ﬂgvﬁurgﬁf?t%Sl%? &hehtee & mYupl er
havi ng atcldsssborsire optl caI fiber aligned therein, said subst rate, said
active optical device, and said coupl er being optically al i gned and bonded
In United States Patent No. 5,197,609, issued on January 12, 1993,
to Blonder et al, for OPTICAL ASSEMBLY INCLUDING FIBER ATTACHMENT, surface
tension of liquified materials is used to face-align fibers disposed in a

groove, with an optical device.
SUMMARY OF THE INVENTION

In accordance with aspects of the present invention, there are

provided an optical packaging structure and method for producing same.

An optical package according to a first aspect comprises a substrate
having substrate alignment pads, an active optical device having a front
side and a back side, at least one active optical element, and a coupler
having at least one optical fiber aligned therein, said substrate, said
active optical device, and said coupler being optically aligned and bonded
together to form said optical package, said active optical device being
aligned and bonded on its back side to said substrate alignment pads with
at least one active optical element being optically aligned with said
substrate alignment pads and said at least one optical fiber of said
coupler, and being aligned and bonded to said coupler on its front side,
said alignment being accomplished in part by surface tension of a liquid
bonding agent disposed between said coupler, said active optical device,

and said substrate.



together to formsaid optical package, said active optical device being

al i gned and bonded on its back side to said substrate alignnent pads with
at | east vomel/aopd ve optical el ement being optically ali gnedrAasiBohiozeé d
substrate alignnment pads and said at |east one optical fiber of said

coupl er, and being aligned and bonded t% said coupler on its front side,
said alignnent being acconplished in part by surface tension of a liquid
bondi ng agent di sposed between said coupler, said active optical device,
and sai d subsirat@ec O 04420793 teq/p%%&amodﬂme&ts&&mawseaaccor di ng to
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substrate, and attaching an integrated active optical device to said

substrate.

A method according to a preferred embodiment incorporates the steps
of grinding pins and optical fiber(s) in one pass and then aligning the
active optical device and the optical fibers by surface tension of solder
or other conductive adhesive ligquid. The substrate comprises copper
circuit contacts and doughnut shaped alignment pads that are used as an
etch mask to allow removal (hole formation) of substrate material in a
central region of the alignment pad. This precision aligned hole, which
aligns with the electrical contacts of the substrate, is used to align the
optical fibers in the housing, using pins. Solder balls connect the die
to the substrate and the adhesive; or solder on the doughnut pads fix the

optical fibers to the substrate.

The invention preferably provides an optical chip device that can be
connected on its back side and edges to provide new and unusual, high

precision, chip level, interconnect configurations.

The present invention preferably reflects new optical chip
interconnect configurations, wherein all six faces of the chip can be used

to interconnect the back side and edges of the optical chip, using



circuit contacts and doughnut shaped alignnment pads that are used as an
etch mask to allow renoval (hole formation) of substrate material in a
central megobos7ed t he alignnent pad. This precision alignedr/esbe0229éi ch
aligns with the electrical contacts of the substrate, is used to align the
optical fibers in the housing, using pi‘rhs. Sol der balls connect the die to
the substrate and the adhesive; or solder on the doughnut pads fix the
optical fibers to the substrate. The invention preferably provides an
optical eghirfpade@Wetecdd@bt&aBpbRalCDIUMGERMyOind hetdlAaGkaSicdepatdsesggasdt o
provide Qelygqugi#@y&@l asfl@h, RLEGIRLON, chip level, interconnect
configurations. The present invention preferably reflects new optical chip
i nt erconnect configurations, wherein all six faces of the chip can be used
t o i nt er conne&khe tingedor wicderadnia eehyddevfant prbigpl iddb wrisrkpge deirng WO

01/ 90793 cRGIAGBML £OR2OBpt b sbpdabda semhadrdies aieopti cal |ithography and
netallization processes and a new, sinplified assenbly techni que. The
invention preferably provides _an optical chi ackage for coupling a fiber
optic cable to a transni t¥ihg Gres Pﬁ?@’tﬁFﬁg&Fﬁ’ﬁN OF THE DRAW NGS
Preferred enbodi nents of the invention wll now be described in nore
detail, by wayréderexargabedimhys ofi the nefeiepBsarilo idebaciREpayd g more
drawi ngs 4Lk Whi Ghia bl GUREb1b! LSt r i8S - 8 SCHAIMRLT Gre RELSREGT e, expl oded
vi ew of first., enpodi nent of the optical package structure of this

i nvent i off¥ 3 RPEUREY2 UEpi cts a schematic, perspective, exploded view of a
second enbodi nent of the optical package structure shown in FI GURE 1;

FI GURE 3 showsi@uricheimubetrateh de scRaxpltadebevbptale a ekpidada erdodt nent of
the opti ¢alsPapkadeest YCLM 8,8haWN,ddaEL QURES Jhoadd Ris RLGURES4a - 4d
illustrate schematic, cross-sectional views of four techniques for
aligning and attaching an optical coupler to a substrate and to an

i ntegrated ci FEEHRE ehqpicht 2 pFehaebdt-dapewertite t pxplvdehodenfol ehesqrdsent
i nvent i oanbddiGhiRE oSatltke ppticmlapsthesaiti-Gotusiedghornein afictite 1¢oupl er of

FI GURE 3

FIGURE 3 shows a schematic, sgide, exploded view of a third

embodiment of the optical package structure shown in FIGURES 1 and 2;

FIGURES 4a - 4d illustrate schematic, cross-sectional views of four
techniques for aligning and attaching an optical coupler to a substrate
and to an integrated circuit chip, all in accorxrdance with the method of

the present invention;

FIGURE 5a depicts a schematic, side view of the coupler of FIGURE 3

with a locating pin inserted therein;

FIGURE 5b illustrates a schematic, side view of the coupler of
FIGURE 5a with the locating pin cut and polished;

FIGURE 5c¢ shows a schematic, perspective view of the coupler

depicted in FIGURE 5b with flush pins located in V- groove holes;

FIGURE 6a depilcts a perspective, sequential assembly view for the
optical package structure shown in FIGURE 1;

FIGURE 6b illustrates a perspective, sequential assembly view for
the optical package structure depicted in FIGURE 2; and



with a locating pin inserted therein; FIGURE 5b illustrates a schemati c,
side view of the coupler of FIGURE 5a with the locating pin cut and

pol i shed;w&hA¥RE3 5¢ shows a schematic, perspective view oPCT/eBova2ps er
depicted in FIGURE 5b with flush pins located in V- groove holes; FlIGJRE
6a depicts a perspective, sequenti al asenbl y view for the optical package
structure shown in FIGURE 1; FIGURE 6b illustrates a perspective,
sequential assenbly view for the optical package structure depicted in
FIGURE 2; andrYr21£9QiE83-RCL/ £B01LO2296 sQuEdtBIRE HLenbiBpiveEss far a

perspect | &, é%ﬁ!ﬂéﬁ@'ofaﬁﬁe@i:}’ca‘i'%&ég s%ruééﬂrédslﬁ%ﬁoﬂl FR8ir:0t  the

opti cal package structure shown in For purposes of clarity and
brevity, like elenents and conponents w | bear t he sane nunbering and

desi gnati ons Fhr cugbetsts phelbikgur esd PrEESCRI PIHeORL @RNTHEPREMERREL) s

EMBODI VEMTS Gepertak! yargppakichting the ddavemidions frdabuyest opiel eadurpackages and
a nethod of fabricating sarre V\/nerei n an optical chip can be | ocated upon
its back side and edge, when a substrate, in order to

it
produce new, three di r@ﬁgflifﬁéimloﬁt E’%’t(’)’ﬁﬁ%@REEWF’BfW{“FonS The three

di nensionality is achieved by using standard sem conductor opti cal
| i t hogr aphy anéndmtal|dpzakimf) PHOGESERSon NWLERfebHdiRgl tidckh&dREnd AN
expl Odede?r?o\é{ ?E tf%biiéa%&ng ahEalyn-package, 19 .of iy Scah”ﬁ!ee%!:%d' ﬁpcﬁh

Theassenb% IS optilCa acael |ssown|nteseguent|a

fabri cat Fbh EfepEd Geficedr 1™ indgat R BYFETA Cor ThGaETngC12, is
shown w phoduespessit:i verssl dgramehcnadndntdrgertdchgepifagsudediopsl 18he rthsgrectivel y.
The pi nsdiderafendiBtgals Renahvd waeitdlrasiich amittiaktOF porpasite, to

enhance Qgtﬂoglggl%; aggq;etgppjzgglorpbgggerssggl conduction, depending upon the
i nt ended appl’i catiion of the optical package. The coupl er 12 conprises two

hal f sections 12a and 12b, as shown in FIGJURE 6a. The two half sections
12a and 12b alev|wstpetincotRtEPRE ¢ =& ppiededarignabmt thivs opgicadd 16 in
pr eci Si Opadkgeony eF 22k, iandhtion iGagidvne ol &&denblPeiEStdid bpridagr ooves 22.
The ali ngg&tgep_iL(pS.leéh%diJQhe sequential fabrication steps depicted in FIGURE
6a. A coupler, or housing 12, is shown with respective alignment and
locating pins 14 and 16, respectively. The pins 14 and 16 can be any
material, such as metal or composite, to enhance or inhibit heat and/or
electrical conduction, depending upon the intended application of the

optical package.

The coupler 12 comprises two half sections 12a and 12b, as shown in
FIGURE 6a. The two half sections 12a and 12b are joined together to
capture alignment pinsg 14 and 16 in precision V-grooves 22', and to
capture optical fibers 24 in V-grooves 22. The alignment pins 14 and 16
align the coupler 12 to the substrate 30.

The optical fibers 24 are ground down, so that they are essentially
flush with bottom edge 21 of the housing 12. Doughnut pads 26 and 28
located upon the top substrate surface 31 comprise alignment holes 34 and
36, which respectively receive alignment pins 14 and 16. The holes 34 and
36 of doughnut pads 26 and 28 are precision etched into the substrate 30.
The doughnut pads 26 and 28 act as a locating surface for solder or as an
adhesive bonding agent 46 that bonds the coupler pins i4 and 16 to the
substrate 30. It should be understood that the holes 34 and 36 can be
formed not only by etching, but also by drilling, laser ablation, or any
other technique known in the art. The surface tension of the solder, when

molten, self-aligns the active optical device 32 to the substrate 30.



align the coupler 12 to the substrate 30. The optical fibers 24 are ground
down, so that they are essentially flush with bottom edge 21 of the
housi ng 30 oDewrghnut pads 26 and 28 |ocated upon the topPeDBS0I/ER206 surface
31 conprise alignment holes 34 and 36, which respectively receive
alignment pins 14 and 16. The holes 34 dnd 36 of doughnut pads 26 and 28
are precision etched into the substrate 30. The doughnut pads 26 and 28
act as a locating surface for solder or as an adhesive bonding agent 46
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di sposed agersdrf ace 31 of the substrate 30. The active optical elenents 35
connect to the circuit lines 37 by neans of electrical contact pads 39
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Now referrin , second package
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the substivat&h3bnd subseemEpl 3 s hetdbipiithed RQ tRbUYBABRLL i Pindst Idinands 216, as
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and 16' ar & couplér to the substrate al i gnnment. pads 42
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f or med by’aéﬁr"izoa%d rea st tPrascalr dediasg3di nSontrapied Badkows' fandshe' t o
coupl er suyfiac@odded Apothesudreans ehcd asniigacanstnsekeshpadsasmautdidpe to

i nsert p'tBSc%léf‘%u]:@aéentZQ C%Qi&l’?&"r Jrgaréoof %&mi@c&%%upﬁ‘e% f)ycgse wo&ic{ %ht l'y

out fromthe CcOo pI er bottqm surf I Xture can to precisely

set the propesrerpl BB ot AltSi oh it (?P}é%%l[eé & Cs(?nE]?artuE]E‘%(fnﬁﬁé’rOtrude

slightly out from the coupler bottom surface 21. A fixture can be used to
precisely set the proper pin protrusion to create a constructed pad.
Alternatively, constructed pads may be made which protrude out from the
surface of the bottom surface 21, by a two step grinding process. First,
all the fibers are selectively ground flush with the coupler bottom
surface, then, pins 14 and 16 are selectively ground to the desired
constructed pad protrusion height. Constructed pads 14' and 16' may also
be created by inserting a pin, not shown, into coupler 12 so that the end
of it is flush with coupler bottom surface 21. It is preferred to have
the coupler fibers and constructed pads ground at the same time to ensure
planarity and positional relationship between the constructed pads and
fibers. The substrate pads 42 are attached to the constructed pads 14'
and 16', respectively, via a bonding agent 38. The bonding agent 38 can
be molten solder or liquid adhesive. It is also possible to provide
another liquid that can be dissolved and removed at a later time. As
before, the surface tension of the molten solder self-aligns the

components.

It should be observed that the active optical elements 35 are
aligned to the coupler optical fibers 24 via surface tension created
between the bonding agent 38, coupler constructed pads 14' and 16', and

alignment pads 42 on active optical device 32.



Al ternatively, constructed pads nmay be nade which protrude out fromthe
surface of the bottom surface 21, by a two step grinding process. First,

all the fwoer/e07a3 e sel ectively ground flush with the coupP€r/GiBot/ox2o6
surface, then, pins 14 and 16 are selectively ground to the desired
constructed pad protrusion height. Constructed pads 14' and 16' may al so

be created by inserting a pin, not shown, into coupler 12 so that the end
of it is flush with coupler bottom surface 21. It is preferred to have the

coupl er fibergetvdigonst riir@ds padsh Gaousbadbedtheos ¥FeLhd BBriR18PSIH=6e
planarit%ﬁ&ﬂ?lﬁQﬁb&an@ta EﬂgthgﬁgglpTQ%Rg)?Qafhgcgonsﬁg CtEd pa%s and
S

fibers e substrate are_ attac t e constructe pads 14" and
16', resfe@®isvety, th@Fal b’cﬁ?ﬁfin"g’“t&g]%‘ﬁth 3B acthe® FBRtFatgdeticht 288 Eah be

nol t en séleercipeuit quidtradhesi vies the dldgmieso piossiblaadt 16 pr ovd déex anot her
liquid t b@ic&@nsthﬁtd&%@bv&dlp@f&sr graniedodticdalat 861dsl BB .cohscndefore, the

surface Eg%sr{ %Rt Ehﬁl gR&tl%n slq'le Fécaﬁ:%kfhoq - g%sarg%reig N3, t shoul d

be observ e active optica enent s are %@gd 5 Orh e coupl er

opti cal FF‘beé‘Tvén%lP“\l?Fal‘}s&F‘? ae®Y RS biftdPe dhedioWBE e 2R 178 X BHEPNY- 1e¥ent
38, coupbkercicdnstatgbiel opads hdlesapdd bBacengnd ofabpuyhmeniggpadst 42 on active
optical device 32. WO 01/90793 PCT/ 3B01/ 02296 8 Referring to FIGURE 3, a

third enbodi ment n{JeQbea)fso&Qeer %91150@5 aqqghamh Showns %5F'@£R§1th
|IIustra\thEclisriLTheotlca iriwgrlses a~ coupl er i's

al i gned Bot ¥ ﬁl%ttflgea%b?‘? c?QF B 822 andha COFPjeESF ¢hr c?tﬁ‘fit t}seubst rate
30 vi a t Feblregardntingd asidwenhd TBe pihe ¥4 exd 16 praiipresidionrixcet8d
conpri sesifh aebsédntd atat oftikel s aridheeal ingonert-gpidies b antbuke. The

| ocat or heol esfh§9 ﬁ&gwprt%g'a%'sx beg W%Sﬁdté Qe oI 8E8LEMINY B{er]%c%l Q;g?l%ghby

fab t t l.ow ‘precision etc
hgl (ralscgnlﬁtl]%l‘ 58nae5nt‘%98$°usﬁgn?ﬂ ﬁae af‘déh‘(e ftleﬁjre ??é’%eeﬁz 'sol der bal | s 53 align

with the pads 55, via surface tension, to bring the active optical device
32, the coupl eetdingnowt be rIsuixst nat-e 430 dnake Akl givsmntourlhe pins 14 and

16 are p%@g;ssis@&logg@tﬁ@wsvgft Bprfl%%@e&;up&& thiaﬁsﬂgfs' Ez'ﬂdlﬁ &%ﬁsr&%thg&%ed in

- WS the |"ass ers e aligned
the v groov% Sagz 30 an actl\)e opt:Lcal cllev?.ces he various methods and 9
with the active optlc

structures of the present invention can best be understood with reference

to these FIGURES, sequentially, as hereinbelow described.

The method for manufacturing the optical package 10 includes the
steps of providing an optical coupler housing 12 comprising at least two
alignment pins 14 and 16 and a plurality of optical fibers 24 extending in
a predetermined direction therefrom. The alignment pins 14 and 16 are
used to align the optical coupler housing 12 in a horizontal direction,
relative to the substrate 30. The alignment pins 14 and 16 and the
plurality of optical fibers 24 are ground in one pass, to produce a flush
pin face of the optical coupler housing 12 and an electrical pad. The
optical coupler housing 12 is aligned to the substrate 30. The integrated
optoelectronic circuit 32 is attached to the substrate 30. Finally, the
integrated optoelectronic circuit 32 is directly attached to the

electrical pad of the optical coupler housing 12.

With respect to FIGURE 4a, the optical coupler 12 comprises both
optical fibers 24 and alignment pins 14 and 16, which are accurately
positioned relative to each other in an optical lithographic process that
forms no part of the present invention. The locator holes 50 in the
substrate 30 for the alignment pins 14 and 16, as well as the location of
electrical contact pads 39, are also accurately positioned relative to

each other by optical lithography. The optical coupler 12 is thus



el ements 35 di sposed on the active optical device 32. Referring nowto

FI GURES 4a - 4d, there are shown four, cross-sectional views of optica
coupl er Ivooei/mgse3 12 di sposed relative to substrates 30 andr/aBbi/RIoOptica
devi ces 32. The various nethods and structures of the present invention
can best be understood with reference to these FIGURES, sequentially, as
her ei nbel ow descri bed. The nethod for manufacturing the optical package 10
i ncludes the steps of providing an optical coupler housing 12 conpri sing

at | east at¥neal {gRABMHuLBE NS 14 3YdndHisabd -aighndhal ity of eptical rfd bers 24
ext endi ”%c£lve é%ﬁcgﬁecﬁ ‘%me ”af]zd Q'a{t%g&re ”1;&*11 erel rb%@raTh%Rg‘tlvl %Qéfr?”tofp' s 14

and 16 are cou ousi n ina or| zont al

directioff® CCF‘é‘F%l‘HO%?é 180 t’ﬂ‘étesﬁlﬁ%tt ¢ @036"6 'F’ﬁél%ﬁﬁ 6ﬁ‘ffé‘ﬁt3‘b| A§sakE al® *P6 and
t he pl ucahndopedftoophe crkiddlberewl24 mnueigy dantk ithierembpdbentt dur bduce a
flush phbidaceriofireliig: eptacak soupk efonh@&taioagtol%haruilbaarae;lee% rigaligad.

The opt ltgglmaggggolo%r tltéo%?l:ﬂg,llgodp%e Zgggdchteo %b@%rgégj%]br%debs? gQ@:?&e

|ntegrate toelectronic circurt he su

Finally, 3°he tf‘ﬁtd&@’ﬁgﬁ ed B‘iﬁtoé}%‘tsrﬁl?ﬁ 8PEJr‘ia&uF’tbe§E 5 talt'rI?cf"FE/”’ét tached to
the el eepricdl dpddeoi? tihetloprptiall cengihes WousitagddiZs W tin ragpectiano
FI GURE 4aith heigptdneadircouplan {12 ccosMrikses pheddtinoptdreadt fai beinse24 and

al | INENLoRILS ddk 2Bf O I Ei ALG: AGGURALELY:, AR 1OBSEILE A&, O each

other in_an optical Tithographic process that ornms no part o e present
i nventiof?- The | ocator holes 50 in the substrate 30 for the ali gnnment pins
14 and 16, as well as the location of electrical contact pads 39, are al so
accur at el y posiith GRefdedelkatinert b, eatdd Qfdier, e optical cddptibegraphy. The

opti cal 8ks Jb%thsogtqum WO,01 90793 E’&I&@@Q&!dogz f 149 a%t achedy1 g, the

substrate gnent .pi ns active ‘optical

devi ce 3?rFsac§¥F%t€ﬁé’dp‘isétf‘Pfée BBt A et°36acﬁy°ﬁ%?n§l%fant ARS8 connect i ons
38. Note 1@%&9??9159@%@??%50pt“ﬂhea¢ptdevl couBler Lfsie pttdaheqoto thormvbetesdet o
the opti cal borphebiheiisthgetkd patst bis seabodi oRH arduioti SnseatédnAbo the

therewi t @upytxrx%@rbso oh ﬂl’h% @a&%neme Qe LA a%u%ﬁa%ﬁeréﬁ’o dyl mbshs hR&4MALI NG
of the op;L b%];)]Iupler to.t e%:ébstrate the substrate 30 tao the

devi ce 32° §ﬁ§n?%é°%spt| cal™Fi peree 2°4’tt18ajt ﬁiév’a%et Pgets also attached

to the substrate 30 by means of the C4 connections 38. The active optical
device 32, itself, is aligned with the optical fibers 24 in the optical
coupler 12 by solder ball-reflow of the coupler/substrate sub-assembly and
the chip/substrate sub- assembly.

With respect to FIGURES 4c and 4d, the optical coupler 12 comprises
constructed pads 18 and 20 interleaved with optical fibers 24. The
optical fibers 24 and precision constructed pads 18 and 20 are accurately
positioned relative to each other by optical lithographic means. The end
of the optical coupler 12 is polished concurrently with the optical fibers
24 and the constructed pads 18 and 20. Alignment pins 14 and 16 (FIGURE
4c), in this case, are optional and not shown in FIGURE 4d, as the
constructed pads 18 and 20 can also provide structural support, as well as

locating and aligning functions.

A bonding agent 38, such as reflowed C4 solder ball jointsg, is
introduced between the electrical pads of the optical coupler 12 and the
upper surface 33 of the active optical device 32. By placing the C4
connections at the end faces of the constructed pads 18 and 20, alignment
between the active optical device 32 and the optical coupler 12 is
facilitated. Also connecting the active optical device 32 to electrical

contact pads 32 on the substrate 30 are C4 connections 38, as shown, which



optical device 32 in the optical package 10. Standoffs 62 in conjunction
with alignment pins 14 and 15 establish a predefined offset distance

bet ween tWeot/e9df the active optical device 32 and the cpapiGani/earsd ace
12. Wth respect to FI GURE 4b, once again, the optical coupler 12
conprises both optical fibers 24 and co’r‘?struct ed pads 14' and 16", which
are accurately positioned relative to each other via an optical

| i t hographi ¢ process. The optical coupler 12 is attached to the substrate
30 by nmeapsafifi sEONThE UEnad Padstdkd cfNfledbrichhadonater iRl Hdiwesd @dei Nto the

substrat 6 30.J BoLILS §aRg, DLakakheL.aLe.al hached hereto by means of Of

sol der baI? connecti ons 5 he active optical device 32 is also attached
to the substrate 30 by neans of the C4 connections 38. The active optical
device 32, it SeFézripg ) FHHASRE Gt I coepleptixab $hoherwitp4piesishmn opti cal
coupl er hnggbvsom'emtp@ldalr efdrove @it ihdnene ostplies) substd at earsuboagsegbl y and
the chi p/sybst,rate gub- assembly. Wth respect to FIGQURES 4c and 4d, the
opti cal coupl er 12 conprises constructed pads 18 and 20 interl eaved with
optical fibers 24. The optical fibers 24 and precision constructed pads 18
and 20 are ac@gfarrihyg tpdsFiRfoRkd thel earisteudtedenasly bl lsed 2y avpti cal

| i t hogr apghiéstreass.atthe wwagd hot b gpfunaatluedU@inelrdedtl$ WiBhi ¥hRedotton

concurrent,by, M th ctfh@hgp;tohgﬁér ttgwsetrﬁ 1224 and ;the ,constructed pads; 18 and

20. Alignnent_ pins in this case, are optional and
not show?FH ¥ ICi‘JFﬂE '84d: as the construct ed pads 18 and 20 can al so provide
structural support, as well as |locating and aligning functions. A bonding
agent 38, suclreasrriell owedeti: se| dae dabplesf ai2nis,shbsn wibh r@ddcecsbet ween

the el ecthiscal pads: oteetrh@r&ntdl §&kn .COARIEr lﬂlad%d atlttepoluptpﬁ@ aw%a&& 33 of
the acti vq: olptl ﬁal evice onne t]ons %t he end
t

| a
faces of tHe cORStFUE & anstSS’cpld ?Cg%oa"ll g1 n%rh ebs‘e feetet At &t ve
opti cal &é‘?W%é“SEhJénéP?Wte optical coupler 12 is facilitated. Al so
connecting the active optical device 32 to electrical contact pads 39 on

the substrate 30aFi845C4 GIBRECELONS. BBy AL, 1\5@&.%%{\%&1&910%2&%9(3

PCT/GB01/02 6 .1 staplishes.the final structure of .el.ectrical
connect i ons & V\Ba(é)t % @n optical package a.LOc, ac%:l.ve optical device 32 is

aligned and bonded to both the top surface 60 and the bottom surface 21 of
the coupler housing 12.

Since other modifications and changes varied to fit particular
operating requirements and environments will be apparent to those skilled
in the art, the invention is not considered limited to the example chosen

for purposes of disclosure.



active optical device 32 and the substrate 30. Referring to FIGURE 5a, a
coupler 12 is shown with precision V-groove 22' (typical) for locating the
optical fwoer/e0723t and | ocating pins 14 and 16. Referri ngp€DGBb{ARES 5b, the
constructed pads 18 and 20 are illustrated after they have been ground
flush concurrently with the bottom surface 21 of the coupler housing 12.
The sane holds true for locating pins 14' and 16'. Referring to Fl GURE 5c,
the coupler 12 is shown with both pins 14' and 16' having been ground
down. After grinding and polishing thg&apues flush, the pins can then be
soldered to a pad on the substrate 30 (not shown in this view). Referring
to FI GURE 6¢, another_ enbodi nent 10c of an optical package 1is illustrated.
In opticdl palRatitdt Pa&EIIveIPELEHT AetHPeerad? having) f¥RT&P%¥nd bonded to
bot h t healopreur frade, 66 andivehertiotl glavser fhaten @ Dfontt diglecauplaebadiousi ng
12. Sincei@ het medificationRe ghdcehangesntyarhed boudfibl RAthd G4l Bast
oper al i ng,L QUL L aTeRls: A0,V LLANTENLS, Wi Jd,obe. appanantcdig. Lhese.ski | | ed
in the art, the invention ¥'s not consj ered flmté to the exfnp e chosen
for purp8SESof 3 SEFOSIFRICWeS B 90798 BCT EBPL 8228679 TeIAPRS 1. An
optical packaged woaprl SrApIR. SIS ratice hepriingl Sebite atng aligedemtd pads,
an acti veoadd 6alitdevide shayicBgsadf st rsiddal apthear RAGK withde: 18Lsd @ast one

active optical . ) S : Y/ 0 ; 13008 o atiecal fiber
al i gned ?%%%i ﬁgélgglﬁdélsu%g?rb%t g&%g?{f‘lggt%_\r} %; tVJi gglssta %,eé\}l%cgll,O Snd sai d

coupl er BEITRIBbtHCHI 13 SP1YRECSERE BnoRY-POGEPRErC 6214 GPIRSH bt i cal
package, bstial adéqriedeanpipeddd deviadd dwipher @hi frredreand sidondetd edivtenback
side to saifh subsiplakeealihPurRNty padsacsl tdhsabn|lLast1iones wakiMe 294 cal
el ement Qeing.qntdGall ysagh;&%ﬁgew gbiégegi@upséircag g%Fv@Eé 9nggnt,;pads and

said at | east one optical fiber of said coupler, eing aligned and
bonded t §“8%Hi*@ Roupl er on its front side, said alignment being
acconplished in part by surface tension of a |iquid bonding agent

2. The optical package in accordance with claim 1, wherein said

substrate alignment pads comprise a through hole with a surrounding

annular shaped pad.

3. The optical package in accordance with claim 1 or claim 2, wherein
said coupler has a bottom surface, and constructed pads disposed thereon,

said constructed pads being bonded to said substrate alignment pads.

4, The optical package in accordance with claim 3, wherein said

constructed pads are disposed flush with said coupler bottom surface.

5. An optical package, comprising a substrate, an active optical device
having an upper side and a lower side, at least one active optical
element, and an optical coupler having at least one optical fiber aligned
therein, said upper side of said active optical element and said optical

coupler being optically aligned and directly connected together.

6. The optical package in accordance with claim 5, wherein said lower
side of said active optical element and said substrate are connected

together.

7. The optical package in accordance with claim 5 or claim 6, further
comprising a liquid bonding agent disposed between said optical coupler
and said active optical element, wherein, during assembly, the surface
tension of said liguid bonding agent facilitates alignment between said

active optical element and said optical coupler.



di sposed between said coupler, said active optical device, and said
substrate. 2. The optical package in accordance with claiml, wherein said
substrat av@abi/gniaent pads conprise a through hole with a speT/cBnt)2g6
annul ar shaped pad. 3. The optical package in accordance with claim1 or
claim2, wherein said coupler has a bot®om surface, and constructed pads
disposed thereon, said constructed pads being bonded to said substrate

al i gnnment pads. 4. The optical package in accordance with claim 3, wherein

said constr Uch@do;Q@g§l a8k alies pRSRdotddtsh Mthhcﬁaalmm coupler, botd eamsiy face.
5. An optigal egpggengggbr%qngrl Sing a s&bstr an . active optical dévice
Si-

havi ng an upp OWer e at eas oné active opti cal

el enent, and an optical coupler having at | east one optical fiber aligned
t herei n, 9ai d Thppetisaeackagaiid sacbrdemceptitbabnye beaerft canichssaiwd oepti cal
coupl er hekhRgiopiicablycaal b&iﬂﬁgr and didieetd )én@%@gi@éiyt @%EQ@C‘I £:8m The
Opt i cal %@95%@1&@ o%gfgarldgfl&n%n ar%.dcx!vl'?c‘-:!rrcljl saWQ o %1caf ﬁ‘:ack?gee\l\@uzfthselrde of

said active optical enent sald substrate are connec oget her. 7.
The opti c?&?‘plb“ﬁ@ﬁaagé”eFﬂnda@EBerc?aﬁE"elWt?11‘36‘?%‘? rﬁPSrWVE]rﬁlcﬁP’GeCtﬁér‘t%éﬁld
conpri si Wgseel iegdic batrtiontt @derturdesposed bet ween said optical coupler
and said active optical elenent, wherein, during assenbly, the surface

t ensi on qf, sai i t a t. bet ween said
active oqt %caA Eééek%l‘ein?mgﬁﬁ%ﬁgé@lgﬁ% %’ga"%g%%aﬁ ég&% SHPE0769 BCT/ CROL/ 02296

12 8. Th§u Prictal PatkHge ?%tlﬁé%cﬁlﬁﬁ?fbteaﬁfta}’i‘ EPEich 7°oURheT eithe sEeB=1 i qui d
bondi ng &gepkiséeapri ses solder in its nolten state. 9. The optical package
in accordance with any one of clainms 5 to 8  wherein said optical coupler

has a distal end,onpgsLl %Lylcsylspaﬁﬁgrfﬁogmngs%g&mg&ag\,cf%w%as%aéw ¢l ement, and

wherein S i.d o I'1 ses active optlcal

i
el ement ST Bvﬁvscg%dﬁé‘c%éﬁ’allbt%QifdoPtdgth AP <B¥g4re Epfi cal coupl er.
10. A netthedeTegmnitaghdierstties igerefropt iwadl Fadkatfe teogdiosiang pinssbbbta at e,
an acti veseptticcalisgl easnbbpandhlato@nti GalusGopbestivi e St 8@RStrate;

aligning said optical coupler housing to said substrate; and
attaching an integrated active optical device to said substrate.

11. The method for manufacturing an optical package in accordance with
claim 10, the steps further comprising directly attaching said integrated
active optical device to said alignment pads of said optical coupler -

housing.

12. The method for manufacturing an optical package in accordance with
claim 11, wherein said optical coupler housing and said substrate are
attached to said integrated active optical device substantially

simultaneously.

13. The method for manufacturing an optical package in accordance with
claim 11 or claim 12, wherein said step of aligning said optical coupler
housing to said substrate is performed with the aid of said at least two

aligning pins.

14, The method for manufacturing an optical package in accordance with
any one of claims 11 to 13, the steps further comprising pushing said at
least two alignment pins relative to said substrate to create a vertical
offset from said optical coupler housing relative to said active optical

device.



conprising: providing an optical coupler housing conprising at |east two
alignnment pins and a plurality of optical fibers extending in a

pr edet er waedydps ecti on therefrom said at |east two al i gr@EGBOPI2236 bei ng
used to align said optical coupler housing relative to a substrate;
aligning said optical coupler housing t'¢ said substrate; and attaching an
integrated active optical device to said substrate. 11. The nethod for
manuf acturi ng an optical package in accordance with claim 10, the steps

further aenprirskngtdbs el Mar@ltfa@&mlﬂg S3Abk ilcAl e&rc@sgéi magédo\f@a&%t lredl
devi ce tgn§acgrg ?élcg__ggggtllpg of Sal geapop%urct%ercgou rls ?‘%‘3 12. The

met hod fqQr manufacturing an op |ca ckage 1 n ac ln(‘?Ia m 11,

wher ei n $aFY D BPFERL %‘?ﬁ?ﬂil ’%‘?twﬁﬁ’&s?iaﬁé %Pr?dcﬁjalcﬂu%:'t?&sF?‘a%légar%‘lda%%‘”&éﬁ%rédt 0
said int @gtweedpwallv@empm@ail sl isglestgabst ahtimirdfyce semidrantcugly. 13.

The met hadghor vernuwbagddat f@:l&ﬂté)ﬁhbcﬂjlgﬂ@&iﬁa&ﬁoﬂgnsmgﬁmge iskha claim

11 or cl S Lf i ¥ cal Lou | er housing
to said ghgg%atﬁmﬁgg%%r?g%%dg%plt% t éi giﬁdp ?ggdgcg IlF%ahst %RE/)% al i gni ng

pins. 14. The nethod for manufacturing an optlcal package in accordance
with anyfene Tof ndtap@eforimgryfagiurihe st epsichirnavérge dnprisirdgnqeushing sai d
at | eastclhiw 13| i glrEEM spiaS el AoH@i dg0 aitd cShRSLEAIB1 84 GheAlLndlten
vertical s.9ffset fromsaid optical coupler housing relative to said active
optical device. WO 01/90793 PCT/ GB01/ 02296 13 15. The nmethod for

manuf acturi ng an opti cal package in accordance with any one of clains 11
to 14, tRé-st&ps Tkphdiorcemipsiuyrdng iy opicehgpaskads Gui dcdvondiaegwagent

bet ween saath 0pt i @lre 00k @rophoEsl Iagupﬁai Housih@Uaat £d1i a8l ieve aRbkcadly

devi ce andssaied SMRASLLA @entéghgté&" 266 Bseﬁaqndglcéa'a%g LAt g hepding

agent faC|I|taftug: allrg]p trat sal Integrated active

optical déWte. S lS%t‘—’itgﬁfhlg“gu?)IS@F"?ﬁ)dﬁ:?@ati‘% ackfge r?BFh‘E?(} figyice
manuf act (Pi ?@daﬁl-ﬁﬁtll et opatdgeriitaacouptiméeusiingh clai m 15, wherein said
i quid bondi ng agent conprises solder inits nolten

1ls. The method for manufacturing an optical package in accordance with
any one of claims 10 to 17, wherein said at least two alignment pins

comprise electrically conductive material.

19. The method for manufacturing an optical package in accordance with
any one of claims 10 to 17, wherein said at least two alignment pins

comprise electrically non-conductive material.

20. The method for manufacturing an optical package in accordance with
any one of claims 10 to 17, wherein said at least two alignment pins

comprise thermally conductive material.

21. The method for manufacturing an optical package in accordance with
any one of claims 10 to 17, wherein said at least two alignment pins

comprise thermally non-conductive material.

22, The method for manufacturing an optical package in accordance with

any one of claims 10 to 21, the steps further comprising:

grinding said at least two alignment pins and said plurality of
optical fibers in one pass, to produce a flush pin face of said optical

coupler housing and a flush constructed pad thereat.

23. The method for manufacturing an optical package in accordance with

any one of claimg 10 to 21, the steps further comprising:



state. 17. The nethod for manufacturing an optical package in accordance
with claim15, wherein said optical coupler housing has a distal end
opposi t elwo odpwpdsed from said integrated active optical Bevicsel/ oz
wherein said steps further conprise attaching a second integrated active
optical device to said distal end of s& d optical coupler housing. 18. The
nmet hod for manufacturing an optical package in accordance with any one of
claims 10 to 17, wherein said at |east two alignnment pins conprise
electrically ceonfiiali sadanat akbal .twd%1ifhedrebhod ahorsaranpfuaet ity Bg an

optical packagesi ACLOLARNGR Mt A% 008 Of - & Al B 10r1Red Lagwher ei n
sai d at Igast two alignnment” pins <cConprise electrlcaIFy non- conducti ve

mat eri al 262 The net hod for manuf acturi ng an optical package in accordance
with any one of clains 10 to 17, wherein said at |east two alignnment pins
conprise thermally conductive material. 21. The nethod for manufacturing an
opti cal package in accordance with any one of clains 10 to 17, wherein
said at |least two alignnent pins conprise thernmally non-conductive
material. 22. The nethod for manufacturing an optical package in accordance
with any one of clains 10 to 21, the steps further conprising: grinding
said at |least two alignnent pins and said plurality of optical fibers in
one pass, to produce a flush pin face of said optical coupler housing and
a flush constructed pad thereat. 23. The nethod for manufacturing an
optical package in accordance with any one of clainms 10 to 21, the steps
further conprising: WO 01/90793 PCT/ GB01/ 02296 14 grinding said at | east
two alignnment pins and said plurality of optical fibers in one pass, to
produce a protrudi ng constructed pad thereat.



