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ref erences are denoted by #ABEARMUBPSAND MESHGR2 figure nunber 15 and #2
is the itemin that figure. For exanple 23-114 is item 114 in Figure 23.
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subst r dfiled June Edd()(b] on, top side emtting/receiving/processed devices are

easier to test than bottom side devi ces, before integration with

el ectronics, since contacts and optical access are on the sane side (top)
of the wafer. 30 The driver and garig@rEUNgHi try for these devices is nost
comonly fabricated from silicomcrrcults. The electrical contacts are

al so on the As stforth hereinf myiresaes hreodenoted thiyet aihi where dnds thedigurauncharcui try
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opti cal devi ces woul d ow el ectrical interconnection to the driver and
cont r ol aveyrfeem thesubstrate of the wafer on which the devices were formed (i.e. containing the

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

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

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

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

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

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

and driver and control circuitry chip, it is difficult to connect them together. Inverting the top
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but prevents correct optical functionality, absent a hole being nade in the
el ectronic driver chip. Ohers have attenpted other ways of integrating of
top emttwegosdeyizees With 5 el ectronics. One approach to d@imgse3@2dss Shown
in FIG 1. In the process of FIG 1, the process starts with a wafer
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superstrate, 30 one m ght consider adapting the prior art approach by an
anal ogousitiaggpdayarstio othenetecishepntactssiu pad, Sor exampdm ¢netciiehih goardriolighort he
substratet such as shown in FIG 2. In the process of FIG 2, a wafer 2-200
is et ch9BEAd 2 ped to formthe optical device 2-202. Contacts 2- 204,
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Thus, there is a need for a process that can make top side optical devices that can be

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

25 SUMMARY OF THE INVENTION

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

wherein the number preceding the dash is the number of the figure being referred to and the
number following the dash is the item within the figure being referred to.
While, to avoid the thermal problems of the prior art associated with the superstrate,
30  one might consider adapting the prior art approach by an analogous approach of not using a
superstrate and etching through the substrate, such as shown in FIG. 2.
In the process of FIG. 2, a wafer 2-200 is etched and doped to form the optical device
2-202. Contacts 2-204, 2-206 are formed on the device. The substrate 2-208 is thinned to
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is made on the via wall and a conductor material is added into the hole, on
top of the dielectric, to forma contacts 2-212, 2-214 extending fromthe
back si dewignsidoggont acts 2-204, 5 2-206 on top. Sol der orpaEd20L03€r
electrically connective material 2-216 can then be added to t he contacts
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In addition, through use of the teachings of the invention, costs are lowered because,
instead of having to fabricate special purpose devices, the devices can be procured from
multiple vendors as “off-the-shelf” items.

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

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

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

30 future.

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

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

for potential interconnections.



i nductance of the interconnect. As a result, parasitics are reduced, naking
for I ower power and drive requirenents and increased device speed. 5 In
addi ti on, wigppswbagsurability is inproved because the interggnempbs2an be
fabricated when the optical device is either in die or wafer form
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the cl ai
optical splitters, lens, micro lenses or other optical or electrical devices can be accommodated

during the fabrication process.
It should be understood that a further advantage of the invention is its applicability to
25  both light-emitting and light-detecting devices.

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

30 claims. For instance, some of these advantages are 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

advantages should not be considered dispositive in determining equivalence. Additional
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BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 is a prior art approach to
integrating a top side active device with electronics; FIG 2 is an
exanpl e ofycARy8X@sP! e approach to integrating a top side gitiv®,9%4ce
with electronics; FIG 3 is an exanple of a process for formng a topside

active optical device in__accordance with the teachings_ of the invention;
10 FI G featpres and advantagra of deduveptian vl bscqrps enmsrnbm he dellavdas desceptiph-ocessed
in ac L i 51?1%- Ge 3 y@sr.iant of the invention; FIG 4B shows an
alter ngt?ér\ge v(gr?%ﬁr%g’o tﬁﬂel p?o%less of FIG 3; FIG 5 is an exanple of an
alternative variant of a process for formng a topside active optical

device in accordance w.th t i t.he invention; 15 FIGS. 6A

t hrough 6G are exanpl &R éﬁ%‘s&a&%ﬁﬁ@rgﬁﬂ AWINGS can be nade usi ng
devisces cr eagyef 1Ii§la§ﬁ%95ﬁa aM tbhinthRtihe aehY 8AS aGfveldasick M@NdARnick! G 7
illustrates approaches that have beeR used in the prior art to attach

mul tiple bdiiodiean tximpjedfei cemnplo apmoachaie integratina e dep sileadtive-depice cal
chip; FIG,8 il.lustrates approaches that have been used in the prior art
to att M RGFEPHEF: 20 bottomenitting devices to form an integrat ed

el ectro- opt i@, 3G8hR exdthfie 0P aipkdcesd foR Fir fétogﬂid@ aBitd GRlcal@iceenW t h
contact pads placed in the poSition specified by its manufacturer and a
por t i orecedrdarcesidle thedpaadingsfod thajnventiosnt act pads placed in the position

speci fied by manuf act urer. Fl 10 id |l ustr [ i cal device
Wi tel%) cont acthgagé 15@%8@%‘“%5?{%% eeva 8??38#05%?§£%1|%§@g§6€9%e Ssealr?rlt%muf acturer
and a pRebidencakitiathediIer Brvafhst ofdiceinvimtion; cont act pads placed in the
position specified by its manufacturer_ of which each will not be aligned;

FIG 11 il G 4Beshows agjalipmptiy evprkpng af the percessfikiGedi one exanpl e approach
according t I L-an: &l r}g?%‘ i | .
several di ff%ﬁé?ﬁ S g@%g%gﬁ&g%a%gﬁﬂéﬁ%%&agm %%&%%ééf%\ %Flalt%ﬁ'e;at@ggéan
opt i cal opiceladevide inacahddrichevith the eeashippoof thd idwentibve substrate; FIG 15
illystrates ptical ar t hat acc ates an.ar.r of mcral enses;

F1 A5 16 1 11 uQ oA Emeh St 8 ap 5t SLeom e aioaa of WY Ahataee BF Fisds SEPeal

chi p valdydik crArA%h dbddme Wit thetABkaNest WesfehiGt: S5 WO 03/ 003423

PCT/ US02/ 22051 FIG 17 illustrates one exanple process for creating an

el ect r o- opt i K&t 7dHiigrajesr dparrachesdbarhdive hednonsed én thephior g ésatthsb orilpld; FI G

at es. one exarg%?o r ocess fgé creati n&lgﬂipe-l ectro-optical chip

18 illust :
vari an'tJbot om emitting device an integrated eléctro-opti

FIG. 8 illustrates approaches that have been used in the prior art to attach multiple
20  bottom emitting devices to form an integrated electro-optical chip;

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

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

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

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

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

30 FIG. 14 illustrates an optical array in which fibers are supported by the substrate;

FIG. 15 illustrates an optical array that accommodates an array of microlenses;

FIG. 16 illustrates one example process for creating an electro-optical chip variant

according to the techniques described;



according to the techni ques described; 5 FIG 19 illustrates one exanple
process for creating an electro-optical, chip variant according to the

t echni quesvdBmossbed; FIG 20 illustrates anot her opto-el agtiabe2@eVvi ce
being created in a manner simlar to the devices of FIGS. 16-18; FIG 21

illustrates rgcess usable for bottom active devices; .10 FElIG .22A

11 st at os Aopr STl 20 Earihle pEse b Sieet e tyes EipapE elip Fapa

i 11 ust rREeidde thE ReRfqudiRE&idche contact holes are coated, but not filled,
and can assist in alignnment; FIG 22C shows an optical chip with its

cont acts rerldi. 48 ilbystyatestone akangple paasess fon crehigng sudlseiraopticabclinvenatthe
contacts o .anotﬁue% ﬁ_\glﬁ ndéS Fg . 22D shows the contacts on an el ectronic
chip r 16 8’(@8)} ep CHEART T ¥ %Ces on the substrate to match the contacts

on an opti cakrikhbRlludtlafes 0Ad ekdrhpls hFteSfoR cREBEEHSBel8bthl-btical ehip Ratiaghown in
Fi gure 16A except that a carrier "is not used; FIG 24 illustrates a

connectaceerdista to thy teghizigresrdestiitsdused to connect different devices; 20 FIG
25 111 ust rat@ﬁ %zﬁlﬁ'sff{ate%la%gﬁl&a% Y &1dcBhi .rﬁ%gitcg%iﬁg ’cre‘gfgd(ig al of %iﬁﬁlgp{
e “adap ip t, usable Tor e

variant of t er or con etctl on ¢ varra OpsI
acti ve tledeviess offHIGS. 26A8j | | ustrates the stacking of two or nore devices
usi ng one of _the techniques according to the invention; FIG 26B

illustrates %an%lLijllhé%t’g?FeSsﬁtI&@q@éﬂuiﬁ‘hlethbP@ﬁo%aFfé‘é‘?e@eV%ﬁng one of the
t ecfani ques F’)i%.%ﬁqalg%te esfa;%rwé%s LENEDE, ?cﬁisidé'a@tivgae\}fiéésus'[ rates an array of,

for ‘exanpl e, one hu ers create sl ng one o t he techni ques
accordi ng t oFich@2Brillesitatasrihe piloGess 2dheird thesbniatid®ldshare sta@h butna fdktlj ang an

array for a.DV.\DNEg&EI ication using one of the techniques according to the
i nvent i G255y 1@ 8% | |ustrates the process of FIG 22 froma top view

FIG 30 is apfd ovehdbls Bﬁ"b%)f?&@ cBp AN Bs IREESRrdule BSE R RANAS Wtk bntthe
invention; FIG 31 shows the various conponents bei'ng joined according to

t he pr owbsizatofo Bhich thagnt&ta/d ABLIFOIUD3 PCT/ US02/ 22051 FIG 32 is a

L S ORGSR B SR B SR BRE AR EH T
I nvent i @p sasseafetb MthtéitheRenthed ohiaN Gptis Thip; bed herei n;
FIG. 23 illustrates a process similar to that shown in Figure 16A except that a carrier
is not used;
FIG. 24 illustrates a connection chip or adapter chip used to connect different devices;
20 FIG. 25 illustrates another alternative implementation, which is a further variant of the
adapter or connection chip variant, usable for topside active devices;
FIG. 26A illustrates the stacking of two or more devices using one of the techniques
according to the invention;
FIG. 26B illustrates a modulator stacked on top of a laser using one of the techniques
25  according to the invention;
FIG. 27 illustrates an array of, for example, one hundred lasers created using one of
the techniques according to the invention;
FIG. 28 illustrates the steps in creating an array for a DWDM application using one of
the techniques according to the invention;
30 FIG. 29 illustrates the process of FIG. 22 from a top view;
FIG. 30 is a flowchart for one example process in accordance with the invention;
FIG. 31 shows the various components being joined according to the process of FIG.
30;



FIG 34 is asinplified representation of an array of nodul ators on top of
an array of 5 lasers on top of an electronic integrated circuit; FIG 35
shows a ma@uizabhenz havi ng connections fornmed for mating w tprogdenesisi ons on
an exanple integrated | aser device previously integrated with an el ectronic

chip; FIG shows gn alternatiyve nodu| ator havi ng connections forned for
mat g w ¢ h FIEoRAct TBHabH OB AR e ae oSt HLAGOBIOR ShLeJRbEEes: 10
FI'G 37 shovggs, ypaushe) é%wt}%?c'aﬁlpié)a{s_séiﬁ@ﬁéé"cbﬁstﬁic%ﬁﬁ%@ccfr@ﬂiéﬁ%ﬂf‘thé asers or a

single laser having redundant "active regions; FIG 38A shows an

edge- ernventiog aBFBliog to the tgachmgs describedh@ein38B shows an edge-emitting DBR of

the prior art: G 39 0 t he ral lel transcejvers created b

| ntegr ati ng e Shi Smel i) Gk enBg ol it at SELS RURS e o

|'i ngar )lakd dWiophlf &h cieosib ansgrafed epwaik,ds or "top" emitting grating coupled
| aser; FIG 405 shows a downwards or "bottont emtting grating coupled

| aser; Fl GFI%085 shwvse mdulping hasing conesponsdoimed frg matiog ot soapedivnpl ed

251 R RN oo b BRSO oL

Si rray and I ntegr d intimtely

W th drive MGegh kWL AfeRSfivt mdtulder HavingWoah&dioas fozhiell formikigchith hey
were nmounted; and FIG 42 shows a side view of portion of an integrated
uni t neE@BnERhons oma lager deyiGeamsiigoRack sidedyoesssigr at i ng coupl ed DBR | asers

i nt,@gr at ed w r ORI G 4 r j j:

apBPoi ng. th oo Ry ecs Bty RRtaR e kiRl el R AR o ietRhser oy
assi gndavidgSediRatbmnictidpdgicasf i on Serial Nos. 09/896, 189, 09/897, 160,

09/ 896, 983, , 158 and, 09/ 896, 66 |l filed June 29, 2001, are all

i ncor por at ecﬁ%esggﬁﬁo‘f@a? edssrendieans ’@gﬁﬁgm@m&g%ned United States

Provi si onal {Hai egl sARRL M@&ge%igﬁ{g]gng.th%?‘%i&%@65, 998 and United States
Provi si onal Patent Application Serial No. /366,032, both filed March 19,
2002, are alH6.BHshrpothapeciilberaiseeibss cehteddydntegfating thenddvates massit-aspeci fi ¢
det %i | s.rel.ated t.o di ffeL nt .asBects and variants of the «current invention

ar d°set™ g A BEAHRFISIPEhE-CsPDHADY ent i t | ed " Opt o- El ect roni ¢ Device 7 WO
03/ 003423 PGHGUH0R/sBeRSdn u \ﬁﬁﬁgbﬁ“tbﬁ’rémitﬁl%'gfagﬁ%b&ﬁﬂédﬁﬁa%f ation O Miltiple
S e

Devi ces Process and Produc and nt egra rrays O Mdul ators And

Lasers On EIEé&x ABRisbews a dewhwouss @b Viedtiope cenaittgrecgraling ¢aupladilaserst op si de
emtting | A ’40& Cs)ﬁovss/é gne ulgv%:rﬁis gr' 'r{gp" emitting micromirror coupled laser;
FIG. 40D shows a downwards of "bottom" emitting micromirror coupled laser;
20 FIG. 41 shows a two-dimensional array and integrated intimately with drive
electronics present in the integrated circuit on which they were mounted; and
FIG. 42 shows a side view of portion of an integrated unit made up of a two
dimensional array of grating coupled DBR lasers integrated with modulators and an
electronic integrated circuit by applying the teachings of the invention.
25
DETAILED DESCRIPTION
Commonly assigned U.S. Patent Application Serial Nos. 09/896,189, 09/897,160,
09/896,983, 09/897,158 and 09/896,665, all filed June 29, 2001, are all incorporated herein
by reference. Commonly assigned United States Provisional Patent Application Serial No.

30  60/365,998 and United States Provisional Patent Application Serial No. 60/366,032, both

filed March 19, 2002, are also incorporated herein by reference.
For completeness, specific details related to different aspects and variants of the

current invention are set forth below in the sections entitled “Opto-Electronic Device
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detectors, or top side processed nodul ators (hereafter referred to
collectively as "topside 5 optical devices"), are created so that they can
be easi | ywiggzags@ased onto el ectronic chips. In overview, iprraghorsiance wWth
the invention, the process of form ng topside devices that can be

integrated with el ectronjcs and t. suffer fromthe problens of the
prior aPtesrainyol PESCsEYR agrafé%rbgﬁ2 MilineDavics f%sswﬁ PR i nto ¢ he
subst r atigrepftddNSrflR 'fﬁodﬁﬁﬂﬁ@kﬂh'iﬁséé@fﬁ[Ele&?éIﬁ&f’.ni ng dielectrics and
conductors~on the walls of the trenches so that the 10 conductors extend

all the way We hahedbeldeds préceshin whieh tdpeside ahitisgilasers dop sids redesnng hi nned

either just down ta.the point re the bottamof, th onductor region in
The tr ALTH9rS O dsrbDde ARG o S e IR LeCRED i RSS! de. o
t he ssubsiicat Rviest) e cFaReto tMitithe, cdn@RWabity RIFpabd bRbRIdLBicTHipst rate to
protect the topside optical devices fromdanmaging |evels of stresses. 15
Wth that ovarovesigw,.dn apsasdarice vasbethp inveption dbsproeess o6 farmug topsidp deviees

now bo. Brcen EdnelR RS RERRERY bty bR M Rt AR e & 5

an_opt i gablvepdietiing défr&RRéSftinMBe RPisiddodin indyRe Sutktdfblofale devicdibst r at e
3-304 is a _neaningful starting point (Step 3-3000) for this exanple. 20 The
opt i cal comtaas vader ermteripg dicksiricsrangsprdiiciass ep digiyallsref thetrenrdes sg at the

ex l e 1 i i f j i i i pon and
ot} scopithints i WY LR e piRMP S aRTtERdY N SOERImihiiake OF ST
t he t opeithedmsodoviih®e thabeint ivhee théBotsath of thetoenddaer regioanptle, trdneh veeen about
20 m crons and ahout 1 icrons or nore, Qr so. into the substrate,.. 25
meki ng SPPEEC Rt B émali ngé} comgtets g tHPRAHER O S%Eéﬁtaﬂvf‘eﬁ?n&ﬁﬁam ai n
good c : i anl;ggy-' g the
sl ope g%@%ﬁ%gnmﬁglhq%%%gﬁ%%fga\%é %C?I(S}aol gfrill%‘lg%ﬁ/\(}aeﬁcgﬁlté ggdg?{ar%éﬁ?flg%ki ngﬁ%jr omt he

t op) r aehds of $temssean outward tapering). Dielectric material (not shown), if
tors.3-310 12. are d to form

shorting i s a.caoncern, .and cond R oSi t

pope R 3 P R ot e e B S B G SR
obscur e absQuatetVIH the fdabhinds of 86 iANRLIHAPSIIARVORS hreddntSEMI deguil With an _
alternative variant, the substrate can be used as one of the contacts, in

whi ch cigseensalty FEne3.deep trench need be made. Similarly, if a three or

four term na evi ce, exanpl i nation | r t Vi ce,

| aser - nodul a‘é%? ,0“8}”]1%?2?’- %%ﬁ%ﬁf‘g?i-%ﬁgf ect%ﬁ%an}l%g %pﬁéég%a%ga%fe %’g}ﬁ?(sezn%lggh Vi as
or trengnegatd 304034 QQ34iA3 AP CIh i A8 D 3-30@) oraths exaaplel 0 al | ow
formati on of contacts for all of the appropriate points on the topside

optidal devi Besontisakdevices §ui00 (enkyi angiof sthigitis shewmlie detrsda farsypmple, veher
s AGRER A0gp R RIS Ryt ARG T SO 05t ©1 1
3004).
Deep trenches 3-308 are etched from the top side of the wafer into the substrate, for
example, between about 20 microns and about 150 microns or more or so into the substrate,
25 making sure'that the profile of the trenches are acceptable to maintain good coverage of a
later deposited conductor (for example, by having the slope of the wall be either vertical or
inward tapering (looking from the top) rather than an outward tapering).
Dielectric material (not shown), if shorting is a concern, and conductors 3-310, 3-312
are deposited to form positive and negative device contacts 3-314, 3-316 (one of which is
30  obscured from view in FIG. 3) for the topside optical device. In an alternative variant, the
substrate can be used as one of the contacts, in which case only one deep trench need be

made. Similarly, if a three or four terminal device, for example, a combination laser-detector

device, laser-modulator, or laser-modulator-detector, is created then enough vias or trenches
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contacts in a single trench). 5 Next, the substrate 3-304 is thinned to the
poi nt where the conductors on the bottom of the trenches are exposed so

that contwe¢i@/0834338, 3-320 are formed, or can be put, on tgegudebiemn of the
wafer. At this poi nt, the topsi de optical device 3- 322 IS capabl e of being
cl osely an el ectronic chip 3-324 ex conI a| n| ng

it ve. bt eRm te el 9?9&’[1%%@%%0% Fafiths %Hpé?Pmtt‘F]B‘“P %th@toaﬁ
topsi dg, ﬁ@l?&l'(fé% fced gé’é GEfoRt t%%%nﬁ[‘gr&clﬂﬁ'e §loRfd ARAIfSur &r}b\peﬁtréﬁ%ﬂesoﬂéﬂeﬁéin vvaf ers

forns nt egr at optical unit. In sone variants, a polyner, for exarrpl e
pol yi miwpep Vdretlasrﬁmubsmatgmgsaim cawhaegit o10if 1tt1hpoasr‘té¢1tor®$nmm gvershef dont act s
have been rrgde ot { he joining to add strength and/or prevent damage
to the LHHCEIPES! "A%ot her alternative variant, the processing proceeds

as descri bedyahlome senstart 3-3048 thinmbcmfu 128 pBint Wh@re&H@@éﬂcﬁb@rﬂ&%e mettomt Op
when the conductor layer is reached Inspead the thinni ng continues until
¢

t here |05f the W@i@% areteheoflf}dﬁd@mt@pnﬂa@tyéﬁ18T$n3§06i6fﬁ0€rledl@é carsbe putuen gt ed in
Fl GS. Aﬁﬁt t contrasts this variant's approach to that of FIG 3
FI G 4 637 side view of a portion of a device wafer processed in

20 accor dancgt hid poifith eheftbpsideopthl @vliced-3221R chipab@dbf Wding ¢10sdly fategdied t he
hole 4-400 is made to have tapered walls 4-402. Insulating dielectric

4- 404 awidh e plgaEenie §1114v-34@)%4 Soreexgaple contpiaing«iiyetang cento LBty t hen t hi nned.

Ho wh
t h\éﬁ\ég:lduct O‘ISP%%&I 59X toé%éltl lﬁggkmquésrﬂ% %}tggﬁdeﬁge@r ﬁe)%ic%%d thp%}é\ﬁ@gndugtn or
i nner sahip 3324 4ptddl wa&'&slfdmmﬂm&gtatecb@t&hhmt in FIG 4B, the t hi nni ng

continues until there is an act g. i.n the inner urfac 4-410 of
the conduct o SEERIETIERSE BHYEH %@&amp ¥ &Emawfﬁépufbf’%giﬁﬁf R

sur f acehe 1BY-HRE QBESHE @Qntﬁgtg A5l N b de ol Skt ?d?ﬁmg‘l‘@@&ﬂ {thesfiopajde opti cal

device 4-412 is brought into contact with a solder 4-414 on the mating
cont actprédveht amhageaio théemtta@m c Chl p 4- 30 418, and the sol der 4- 414 is

rrelted capijlary ac vv|II w the nelted spld 4-414 u t he
Caity 4 oo e Bt Bttty bifeabas derabed tpik iudane o
the sol tﬂﬁﬁuﬂg"@ﬂh& E\@osﬁ@de%\és hét stdPRHert B dbAMctd?aeis Rh@RES ms@aaarmé each
other and into alignment. Thus, to sone extent this 9 WO 03/ 003423

PCT/ USORimiescontinaes unti these isel Holain t@n congluce duied, Thik diffrendengiliystratadins ol der
1L, ol B8 S 98 PS5l BRSO Deeer,
of FIG 3 exERRUA is al cutahy side view of a portion of a device wafer processed in
20  accordance with the FIG. 3 variant of the invention. In FIG. 4A, the hole 4-400 is made to
have tapered walls 4-402. Insulating dielectric 4-404 and conductors 4-406 are added. The
substrate 4-408 is then thinned. However, as shown in FIG. 4A, the thinning stops at a point
between when the conductor 4-406 is exposed and a point prior to breaching the conductor
inner surface 4-410.
25 In contrast, as shown in FIG. 4B, the thinning continues until there is an actual
opening in the inner surface 4-410 of the conductor 4-406 (and any dielective that may be
present on the surface).
By processing according to this variant, when the topside optical device 4-412 is
brought into contact with a solder 4-414 on the mating contact 4-416 of an electronic chip 4-
30 418, and the solder 4-414 is melted, capillary action will draw the melted solder 4-414 up into
the cavity 4-400.
This provides at least two benefits. First, the ﬁassage of the solder into the hole will

tend to draw the two pieces towards each other and into alignment. Thus, to some extent this
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exanple of a variant enploying the technique of FIG 4B. 5 FIGS. 6A through
6L show sone of the many configurations of devices that can be forned

accor di ngwigmsldosrpr esent i nvention involving a topside optpcgaisodexsee, for
exanple a topside active |laser 6-600, a topside active detector 6-602 or a

t opsi de processed.mdul ator 6- 604, accordi fo th resent invention, in
conj uncta iRt WeehAieHas. Peroad. e dowinget @e sk %6%81% }r%zfmna%ra_g@%lo
devi CeS& Al ki BodisHRRITRY &nfiné ity Qlvikae topside optical device. 10

Opt o-el ectronic Device Integration . 7 and 8 illustrate approaches that
have been uslEdé.iSns amhexgorplepf a ovdrall ptocesstsimidarito itheit of BH.t2oenceptiit tsiang ( or

detectin also referred to as "backsi Ltting (or detecting)")

devi cese"g%f‘pﬁeo? Gaphe P&P&dﬁf‘e‘i%@il%%fgﬁ@%chi p. According to the
apprsoach of FdS. 64, thifdbh 6P Botvadfileof 1R BahPédBBuRMNods YPd&hics uRsbipbe 15
7-102 in a conventionall manner, as are nultiple detectors (interchangeably

r ef er r efidrmed #rspuding todhe presesdetentivn iplang & kwisideopticddevigedonefample abst r at e

i Mith. the | . .ni.cal | h i /- f th
|, SOTIRR Mk e 83 B Gt e el BReBRCE

t he subsgar adcdrdind R2the pre¥Bstan@intian MalcehfuabtiodWwiR ofher RRéM 6604, Yielet@PEIHAZENt  at
the wavelength at which the optical devices operate. The devices 7-106,

7-108 atanedidHon@opp dedessdalatize inp ebniaiatrOdaf thetoppidgaptica devicas wet or
dryloetchl ng to formtrenchﬁptg;%%]cgrom%rﬁ)&gcegﬁgeﬁgﬁi\é ces 7-106, 7-108 which

separate theminto a series © screte indi | asers 7-106 or

det ect or 7- 108G \and @dllustiaepgppdoarfiesiihorhdve de@atided dutterprioe atino giwschused, t he

etched trenches 7-112 may stop . prior to reaching the subs,traete 7-102 or
e oRdete

ext end TpRIPIGOqtippHemitiae (O deteriradalso HGI% 0 "‘flféidétegﬂ'i“ﬁé, 0B r at es
7-102 apg;dbei fonﬁgaﬁﬁgfgﬁfa?%?&gogﬁiﬁf&ﬂ&5 inverted, aligned to the proper

| ocation over a Si ronic wafer 7-114, and bonded to the Si
el ectroni ¢ wAferdidg 1d theupprogcelr oflvkht7, omdiplé lasqs.clre forbred dinragwafeciubsigates .

Fol | _owi bondi ng,..the entirety of .the substrates 7-1 are thjnned
extiSeneT§07 OBy bR e Futtelh S ro B SR gy FEaed O EA | onal
et ch t eghyNofdRRcks) SATReIF 8WhRIoR 8h h QP e @b &PHe il @miAth J8htthelafdderymtagbout 5
mcrons or less to allow for close optical access to the devices and create

an i nt etye aovigndl- E4 ofghe putistrate ntd2e¢logesttpghe Loctid odweesthedpteit degoey 22051

i i d-el - OpL i waf -116 i,s.th d,
ol g oM R aRaM R R a03 S bRP Rl ARl REMFich S Pl ralERBEHRE e
i ndi vi dyaelchtiegtviish Ble@®pticsldetited\bpdiateN TAB Hbvit&l7-04, i70108(AR}heg0at i Ng

7-118. A related alternative approach to the technique of FIG 7 is shown
i n 249 G pracesped ysgconyentinnabigeniquessel anwet Aeireeicbing ta fems Benebes ‘G412

descr| ba%'or?gbtﬂg QevibQRYEE, 7- LR, ?eﬁa?ﬁ@ MM fhto a series of discrete individual

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

25  inverted, aligned to the proper location over a Silicon (Si) electronic wafer 7-114, and bonded
to the Si electronic wafer 7-114 using conventional flip-chip bonding techniques. Following
bonding, the entirety of the substrates 7-102 are thinned extremely thin, by conventional
mechanical polishing methods, conventional etch techniques or some combination thereof, to
on

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

an integrated electro-optical wafer 7-116.
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of FIG 8 used, the trenches 8-112 are etched into the substrates 8-102.
The substrates 8-102 and their associ ated devices are then inverted,

ali gned t@dfaopneper |ocation over a Silicon (Si) elect r&@nﬁso&‘l@&%i 8- 114,
and bonded to the Si electronic wafer 8-114 using conventional Ttlip-chip

bondi ng techni ques. Foll owi ng bondi ng, the substrates 8-102 are then wholly
10 renoved, Optishy.dhe egptedslaskniop Falﬁ%ﬂf‘?rs%i}‘églsm%@,rne ot i onal etch

techni Oc&%%rﬁfonaﬁt@%fﬁ%@%gbtio rb%tje&nché Hﬁﬁﬁ@&a& lées?rs ahl o ifnﬁfvicﬁ{a? g\g?&&rsia?@l access

to the devices an atean integrate ectro-optica er 8-116.
Opt i onadolated wittear attegpflattich @R)odontingpiliiBal wafer 8-116 is then patterned to

protect the _individual |asers and_the indivi | _det ectar r oated with
an anti -ref %6@%& aﬁﬂﬁ)ﬁ%eo%amwﬁ toﬂstwb@%aﬁﬁu&s SovBat N & s Fl G
8 make Ap@r&eﬁﬁh&waﬂcpd&@&o@mé ofthed AO@LSH a‘BB{ré.Cﬁbwk@éﬁ@ﬁ@ﬁh@%@dﬁﬂlﬁl@9h to
the devices to capture the appropriate light without alfowng [ight comng

from oof RJGi Bgsedy ftheddinabend-1 2 wiectchet atafiicsuibstaatgs $l 02.hdhesubdiraice il 02

devi ces, .pr obl.em.known as ,"cr.osstal k' . i cal l t hi.s requid.es that the
separ atghe SRSHEE SETREAE MebaBiied: dinped il Brene 4eRlsdh OB Aot

i cr ol eRs) deiloffswiBAs 118 0mdivenaststo tROSHsledtiondWwhiey 8- 1NQtRiRehRIdAS ensur e
that there are no significant absorbing |ayers over the active region of

t he devilipeshin bending tefhmqusse Hollpwipigtbonding, b culpsitiatps $r Heeare thentwholiyi ng

techni que of . ElG 7 reduc t he thi.ckness .of, t ir . 7-102 to
Lol SehoBta, By Soprer ERAE bR o IS RE R as v EidraPeBiRbAghg - 102 L
8- 102 ewind @mbindtda\thdigoftd dliaw forwotudt bytical Betepeddhnticdgdsisddlcradeyvinces. 25

Bot h of these techni q[ues however, characteristically create opto-electronic
chi ps tintegratebglectioeentical wafep&tllén probl ens during use and | eave the

i ndi vi dual d@g}%&@gé@g FrtSEBRN el ko oBricI REIFAE. 1 74 tH&P%’%}T%glt? prdiéc 985

produced duri cturing process, ereby re
devi ce individuahiaserann] thadodivdiunpdeyectate areamaicd gvith &l dgi-sefidctinme(AR)lcoeting |1 f e.

Mo , f th h th 7 (wh L.h bstrate i t |
thi and | aBheedg e onore Hike cn el et Boke R POR Bt B SURBER oot ecses
exper i enRd) BYsek BRsEeYduEBTo MRIRIdeS R ddp¥urk ﬁf%{h‘f)f)?d’p‘i‘%% fight Wﬁoﬂ@#ﬂéwﬁﬁ% n

optical ‘device layer which is the structurally weakest™ part of the device.
11 WO Oligloocuhi® fREn/ wepig@oadjaceihdevicastie pifedt any o thode idjaceat dewceaspa cr eat e

an integrated opto-el ectronic. chip that is nqgt.as sensj.tivye to the thernal
and or pplsey aan i ol dybiengtprenin fusBbFEMiicn HRuhGcpe
addi ti ofbyvice sxBRAHIAGEH TREr 6f oftRhPmRSlehd B less tHAY | OBmidtags.t wo avenues for
obtaining the optical and electronic wafer - they can manufacture either

or ot h t henddditienallypbothtieghnigues emsugbihal thersriee v sigotfivant absodingHpyds party.
% R ALL0Re L0, 15, BRI 5%l O 5T RGGRE e IS © T
technique of FIG. 7 reduces the thickness of the entire substrate 7-102 to about 5 microns or
less and the approach of FIG. 8 removes the substrate 8§-102 entirely, leaving multiple wholly
independent optical devices.
25 Both of these techniques however, characteristically create opto-electronic chips that
have heat dissipation problems during use and leave the individual devices more sensitive to
thermal and mechanical stresses produced during the manufacturing process, thereby
reducing individual device lifetimes and, accordingly, decreasing yields and overall chip life.
Moreover, for the approach of both FIG. 7 (where the substrate is extremely thin) and
30  FIG. 8 (where the substrate is completely removed), stresses experienced by the devices are

primarily transferred to the very thin optical device layer which is the structurally weakest
part of the device.
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(interchangeably referred to for sinplicity as an "electronic chip"), the
manuf acturer can take neasures to ensure that the pads on each are

properly woaadsLe as to align with each other when the qrirgab2sldip 1S
posi tioned over the electronic chip. However, typically electrical and 10

optical chi are not designed concurrentl even if they.are &lgi ned and
Fbr i cat ed PRI (RoreR8 TERhEPT YRR AT Ao MRS Bpigrpeqtiicthdy fgPis ot
manuf acdsubRditivaaBS thetMBrRdic? sGh@8R] steQsdeAihORoM fridsih endbO@rl zat i on
with regard to both the optical and el ectronic chip design, a |ack of

cor r espondenagddidioneemapvrachicer of tty-edactramihdevages das twoavsases for obfaming ul ar | y

where one of both are also.designed wt al es,to thi.r arties. | 1nd or
i ntegra ?831[_1%?%&1?150‘[&39? Ejélgerf_ rth%{ 82{111[_8?“11 i rrgeeét_h?rsorcbgm ‘glﬁ%sgﬁleesd Pr% e%l\ll_er,

s ubseqUushtdin o bAYVEHERS a Biir CHang Sy mafufabi@ride Bolithebpidal bevicegry necessitate
altering the location of the contact pads, therepy introducing a pad

i sal i g(gﬁ@wha%@éblér refgrred i fovisbupliojtyes jas { ‘apficabelin N asddlae clegtramewaletct r oni ¢

he” opty it rEfEERD e B AR sy o) CeRini Wik Mmoo e 20

exanpl emedshigaso esutaihat thg palloms edbh agdpiopemdgplaesd socal to adign Wwythleastesther bot t om
emtting vertical cavity lasers, distributed feedback (DFB).  or di,stgwgut ed
Bragg r&kereihe gptigabohip is Resitiened gyier e elsstpnicch- v ererdppichlluslgctiireit dt h

Charact ard of Lo . . . ey s
de?1 ggt o) sﬂcglrd ot{rg%Oﬂr%g%ngg ?\%ﬁc&et g@f’%lrv g:?ﬁtthﬁfﬁég g§1%12§591§afﬁ% agétdmlle nf or

di st ri bt sane otganiration. pTleusy evesl witle o smgkensanufactirsr, wnldask tieye isklise t he pads on
the optical. devices will all be 25 located in.the _.sanme place,. even if they
re of HPHGEOT AR ereAPEs NG FeRait ol i B e Blek e 6505 shown
In Fl GdRignda Pdcﬁ%k@o@&ﬁ)bﬁé’énc?_ﬁyﬂg%gn 20204 paas ok ethash eRaAfSoBur 3PAticRadP4

placed in the position specifie y its manufacturer. A portion of an

el ect r owhere onapeboth agd@saflesigred svidvsrlesde thiabpar@es3ogning o integratimt withvhi ch an
optjcal ,device ¢ be connect ed | ac iLn the, positi.on specified, by its
et actes 5p repfi derorinm Bty oset et B pRaR G PP e o Calls L) e
bondi nginwhé fesi diCofRliiet manEcasEiils altdrih@ teORtaALIn (aHs céhtd PadHtheséhd, 9- 308,
9-3 10, of each will not be aligned, as shown in FIG 10. This presents a

pr obl eninfradyding a ped missigameniavhase pprgprevionsly gXigied- nat ch” devi ces.

i nd.  and oV g5 PO i AsBRBaRED Rk At o3 P
need t ooptizal chiph, biiethe opticke ¢hipe aid ddmraodliyf teskesttainahiramtthipt paeise(for al |l the

pl anni ng and coordi nati on done for the original device will be i rre{ evant
t 0 4he FEHPlYEYIPE EONtTIIRS’ tensideseIEing eriqah e3ViRydaters Sptiomsryitieg yerica

Lot by G 4, Rt 0 900 GRSt ok Ll gyl o
common cohthavd bgtteackinpatd Bedveidth characteristics for long distance applications), topside
receiving detectors or bottom receiving detectors) that are mass manufactured for distribution
to multiple unrelated users, it is unlikely that the pads on the optical devices will all be
25  located in the same place, even if they are otherwise compatible with the electronic chip.
For example, as shown in FIG. 9, a single optical device 9-300 has contact pads 9-
302, 9-304 placed in the position specified by its manufacturer. A portion of an electronic
wafer 9-306 also has contact pads 9-308, 9-310, onto which an optical device can be
connected, placed in the position specified by its manufacturer. If the optical device is
30  flipped over, for flip-chip type bonding with the electronic wafer, the contact pads 9-302, 9-
304, 9-308, 9-310, of each will not be aligned, as shown in FIG. 10.

This presents a problem in that it limits the ability to “mix-and match” devices.

Moreover, if a chip is designed with connection to a particular other chip in mind, and
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In addition, in sone cases it is sonetines desirable to coat sone of the
devices, specifically the detectors, with an AR coating. An AR coating

prevents WodsloodsHom hitting the top of a detector device gud isebAtsi0
reflected at the detector-air interface due to the differences in the

i ndexes of refraction. This _ is inpaqrtant f.or tectors becayuse reflected

| ght TR R Ot P 1o et CETagPHct B GHPER: SRGChRAEE e not
be convgr theGldnfing 8l 6bidifAion Aok Ar $hd brignalidevics will B8 lirréleedit to the @Bwa system
point of view). Thus an AR coating optim zes the collection efficiency of

t he detdsyicsr because it prevents light frombeing reflected at that

interface. Lasers h vVer, uire a top.mrror..of,very high.in
et L ectivi ¢yl Bt b arsd B2 e AP RGeS R skl e aeh
r ef Isectdevidey wothotitereQRinB dnfy@bordisatidn besikteh theddestznts d fl¥kthed dr thethdelof a

detrinentally affect the lasing action of the laser, if not prevent it from
| asi ng sémd@ggqnf@mmomoréam@épmﬁ%cm% | asers and detectors in an array,
in order to t : g t | 3 |.d mandat e
that spect a Tasr L Hgtst e aphRiRss SRR L 0R so s WM A TP Ccer s

duri ng dpbéifidRlcthaldetagtots pati dnl AR cphtage to ensure that those [|aser devices
were not covered by the AR coating. The protection or di s,pairngie,treat ment

of the vari o8 Ak edatingprevgatsilightirgm hittwe kg op of adstreics dewse pafl Bivg essi ng

st gps, i e, i per i Nfee |t
R e g e L P R s A
it for ciesmpbrtan?Foraletrtors bedausoreflacttd fighiss lightibatpioes ect anderdke dw¢dtor itsalf
addition di sparate treatnent .of devices causes. other prgcessin robl enms
when t i BshBe eaut b AT o b clebiralS RO Eniry’ 1o 1Rhe So0s Fredn BRBht act

pads i gy aRisaheeR cbfting aiBisehe bdl1cRti6NEMRicRAsy 6F BeldetceRt beiRsARt S near
the devices and el ectropl ating, electroless plating, thermal evaporates,

e- beam eemty bghd droor beipg reflacted gt that ntéréases are used to place 30 sol der on

t he .cont act pads,, the hei ght of the resulting.solder. bunps,., renders it
LT ou 20t PSR S ol Pt adop el FVE LM R PRt BRI S BBE AR e ¢ ne
sol der RRIWpStIR 6n Iﬂh@& dRhi&@rthé RaRctivifEo ARt topahirfleV iAGeSresll8 a3 HEB#H 23
PCT/ US02/ 22051 Prior art lacks a way to elimnate the need to pattern a

pr ot ect VitedatrgpentaBy affeqtiile laging estionf the lagen, Hwot gravret ibfionylasipgplingether.e.

| asers and_ dgh,qehl ek tof B RiP BALEGs il B Serad EL 1 B Arlddud (g fteed for
way to permt intégration of nultiple types evi ces on an electronic
chi p soddidvasrsavyvadibnkl wizdbmprade agintdge shae psecid petieramigafthe wekt eetion 5
coating, can be done on the whole wafer at one tjnme_and w t hout speci al

patdler MeiprEed & Profast Bigrlateroiringdhe ARatoatiap denasiioanhars o BMTp&aHIth, in
SONE VoLl ARk Ficef Ot e Soii&l O I cHtinghe

The protection or disparate treatment of the various different devices on the wafer
requires extra processing steps, which costs time, and hence increases the cost of processing.
It also introduces the possibility of damaging the protected devices. Finally, it forces the

25  electrical contact pads to be protected as well.

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

30  solder on the contact pads, the height of the resulting solder bumps, renders it difficult to
pattern areas to protect lasers from AR coating because the solder bumps are much ta}ler than

the optical devices.
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foll ow ng advant ages: allows use of a | ower operating current, thereby
reduci ng power consunption and heat generation; provides better

di ssi pat i g @fooh@at that is generated, 10 all owi ng the | agernsudedsigdn at
| ower tenperatures thereby increasing their usable |ife and/or providing

better wavel th cqntrol; and/.or, having a higher struc rity
resul ting i n% qﬁé‘f‘@@f@ ekiminats drecrsd do B @pF(?t‘F‘é’tveh%yer%erﬁg‘?/ S?rﬁrt her
devi Se%ﬁw\ﬁmlﬁg tH%te’ﬁﬁf@&JEfePGte' £Abrs 3Rd a8basks) IThEARNORRAt O create an
integrated opto-electronic device, irrespective of whether the conponent
devi ces are lilﬁlsn’danwflaatfuwﬂm need for @ovaydd rpatrmﬂ lrrtegtﬁmn of mhliipte t&mﬁﬁtl bl y

mat ching el ectric ave

to credtd"&h 1AL 8%?5?188 ¢ S8 Q%F@BY ngf&nﬂ &R c(%sni‘%%lt?ps 3‘Il(iho%/§lsang 5?ﬂ%ﬁlog ntir e

waf gr k@)‘é’[lﬁ‘% cdh R a6 6 BRWIIES whitr BEorRiIBe M EFith¥hilspediil papesim aftepr 0OCESSi ng
to protect the lasers or affecting their ability to | ase. Wen integrating

opt i calint¢giations intimately with electronic chips, four attributes are 20
desirabl e t reate rel ate e r st be
possi bl e too\é]% cropct ptgleﬁefcgﬁglfs?ﬂ ar op |ca aﬁtléeﬁ%keaélgsc %)Oglg(?egr?gh ]tﬂtb{)é J(;:fatp ure

the |i glotlowirightavtntega3s sildvduse DEadomler dpapiilg @uﬁtantpmefubyamm pgvdrayers
above the active region of the devices that would prevent |ight from

escapi rpnsrmpiqremddigat graepdion; W@V’&PS bﬁ@yid@éli’aﬁqlhi)‘?hfat thaklseeatidisld be a
'hafl%e efiRvah Ih@qas%g' oD S BhePER ﬁl%re%?\{hﬁgac‘slﬁgotthgllr lug’ét%égﬁfe gt fici ent
eat |55|pa I on he s

egrit the devi ces shoul d be
mai nt ai previdiigbetgr wavdeassh nngltsﬂ) atntl&trhstzmgmglem strsd:tmal ngegeitpesultngéd by t he

devi ces do not H’g)act devj ce q formance. As noted above, the approaches
of FI G fewendgefegts an ’élcﬁe&??ds Vic§f9jetﬂlﬁ% first two attributes however, neither
of those appm%b@&rafé% bsviseS \RIE'Ftot1|ﬂ’cerggat@61%tfcﬁlléﬁd1e1§étﬂﬁﬁc a8hd tG%Eeate?‘Ql
approach results in a large thermal nass tached to the devices (i. t he
subst r ainteguited dpgo-giseironis \device rigdspret veo i whathy tmcmmleor@et/tﬂ@ws am t hough

Ilcants nawar e .of such case exi n t

o it v Beure 35 R 36 oy tectids O GRRG oY i o EReBlbuEladhipy ¢ e
fourt h attridsl Guriiér, WebhaO dedikPB 443 t&6rbatd a0 Ihtd 2Rl opt@8léLinchi@ déhesthar

| ayer of substrate on the device. wever, this could likely only be

accorrt)l alloescfor 4n etfiise Biogar drving d&m@ltfe‘#ﬁj’ﬂws &1 be H& ?S?qub withewt Sﬁ@ﬁﬁdcgs wer e
vy L URR LSBT U g 0o o= overated

to satisf y tWheﬁ iftSdra@id optivdl @ev@cm@ 11\M1ﬂzitély|vl/1kledzlyctﬁhﬁ@c1d§§ fouremtiblidey afe | npact
the operation of a |laser device unless the | aser were redesigned to emt

i nt2) f@ﬁsua@ﬁme@ter@l@&mm%@ﬁrcahﬁvmsm rather than being designed to
emt into ai Fiﬁ& 28%%%0%911)1& th gel éﬁtfc'é?ﬁbe?’s‘@?%ﬂt&taﬁ%né’ﬁ%rc’f"osL:%ﬁéugh't& cHited be

necessary t struc 0 prevent optica
the light without crosstalk. Second, there must be no absorbing layers above the active

L.»a-

region of the devices that would prevent light from escaping or entering the particular
devices. Third, there should be a large enough thermal mass attached to the devices to allow
25  for efficient heat dissipation. Fourth, the structural integrity of the devices should be
maintained during processing so that stresses or strains experienced by the devices do not
impact device performance.
As noted above, the approaches of FIG. 7 and FIG. 8 can satisfy the first two
attributes however, neither of those approaches satisfies the third or fourth since neither
30  approach results in a large thermal mass attached to the devices (i.e. the substrate of the
devices) or reduces stresses on the devices.
Although applicants are unaware of any such case existing in the prior art or

otherwise, the approach of FIG. 7 could potentially be made to satisfy the fourth attribute by
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feedback into the laser. In addition, such an approach would |ikely also
forecl ose the use of comercially purchasabl e prefabricated sem conduct or

optical den @as3423uch as nost third 10 party of fered Vert ipgahydeanrisy
Surface Emtting Lasers (VCSELs) Di stributed Feed Back (DFB) Iasers or

Distributed Bra Refl e r (DBR) sers.._In su ede edavvayto
cl osel )}e‘il‘ﬂ?%ﬁfd&%%’ &pfer & “’fu%a%%tﬁ?@éhea 168n FVERYET 6 (goulgﬂ yt‘Bl "éat e an

opt o-el ge gﬁéh%d &inP oggi‘%ﬁné:%veﬁ@ﬁgtﬁ byme é)artfc‘aﬂﬁ dabited \pé‘lre%ry ’M?fsﬁé}\éﬁtr toWe can

so using devices acquifed fromth parties when desired. Stil
f ur t herthe mvdfemgh aterhmwhttbedeyvidds openel:edt méorpoverr fosmaniyrgasesy s voguld m@pe,c ost

i mpl | ot ot SEbe R TR L S s R o Pmag T he

t eaghi rl&ﬁ)a@lfthé Bﬁerwcme@ftd Rber dEbicé LARE 98 dkePW BGRB8 Eeamhtodforof the
prior art whil permtting close optical access, renoving absorbing

r ﬁgl onlsexamplﬁl adﬁmg:oadurr]ntqheategalrra&muﬂlan beingtdegjenadto eantintasi. n@l gsidlitiaay, if
t | |
el L LR GBS R R AT O Gl Py b 25

det ect OfeedtR intd Iheiadkr ( l}ﬁﬁiﬁhﬂl’cﬁl Qhctiat fptach worleBkely atfo brebloge th& ubsbf at e
11-102) is obtained, for exanple, by manufacturing them using

conventqoéifﬁ’a*FfCla’llé;‘@Hmhq%?@le(ﬁfe@}?ﬂﬁ%tﬁ‘é prIieondustar gptied evises. sedh atsmsaﬂﬁ%dr ty.
Al t 1% ngéa &eAerEr%@VQPﬁQBI' (ga gﬁntt#{g L%Eerp %PSEE hb?stﬁ&ﬂs@%eﬁfﬁ%ks

[ nte r conmon I exa sone ternating
patterr(DFB)dhdwong@mqut@BnaggRaﬂetftalo(DBIeﬂamrs obt al ned. Trenches 11-506 are

etched to process a wafer into indiv devices (by etching into .the
substrate) offlSUh Vditee dagaed a Way & %lgifh’wt?%%ts OBP%IS‘QVIS?S Eetropig

| e t
exanpl € l?gay&?iﬁ\é@% bgtgn%%cﬁfri’%‘i‘%éﬂ yp/ t1fP éér%&ﬁgfy%‘?lpﬂohﬁéﬁﬂ%@ese Nibleb®S viedmngan

Devi ce Ar herew th I's incorporated herein
by ref ewoerwg)ddv;ceeacrtmmq from ﬂllltdrmrwwdtemaieelmdq $i11 ﬁmﬂner et adbvritages
etch prior

A Slgr na gl‘eypmg i2HdB tetrﬂ’étogm}‘é‘?{tcf’%ﬁglpg&r’f q’t‘ bStej-.\(it x {r?g]p&g‘t"?rhﬁoé’e@ﬁ‘fligég? chip

ltself per B, 101sh8ws, iR SinsdIBRUIREh Rl elldVervi®, &ne Sthi@ g@mg f-oat:mcc@wh%aﬁ or
etching to created discrete devices), 15 WD '03/003423 /USOZ/ 220 t he

above wbalterchings Rf fhp ey eation.r Ehly appromeo\(ﬂmqml shgdargiashaf @e prias alﬁ) M/ihd:lh ased
i nst ead oft ﬁ)s ht g(g care c()aw eths Iefrel thern lnver %ﬁle ? ned
over arPBPEERE 5952 ORIPLACosTR IR S BRIEEE S BPEG Wer 42208
usi ng, in@erie) an®heving Bee MhidraabdisdipitomtIhbRcleegtdsng S technl ques or sone
ot her appropriate propriet ariltechnl gue that acconplishes bonding of the

optddkal waf eln the appreach efdtldohl . lasar avaferd 1&(&@1@5 [ug oA hrsersdniegisied Widhaer .
A% el 1109 b ERUGHBNBY | S0P OEER S SREaasrRRl o o (e
ei t her gubkdte 1 d-100N@ioberimad, for example, by manufactunng them using a conventional
technique or by purchase from an appropriate third party. Alternatively, a hybrid wafer made
up of both lasers and detectors integrated with a common substrate, for example, in some
25  alternating pattern or other grouping, is manufactured or obtained.
Trenches 11-506 are etched to process a wafer into individual devices (by etching into
the substrate) or, in some cases, into appropriate groups of devices, for example, as shown in
a commonly assigned application entitled Redundant Device Array filed concurrently
herewith (and which is incofporated herein by reference) by etching into the substrate in
30  some places while stopping the etch prior to it reaching the substrate in others.
Alternatively, since the invention is not the creation of the optical chip itself, per se

(i.e, the creation of the wafer, growth of the devices, or etching to created discrete devices),
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optical wafer to the electronic wafer or after bonding, so long as it is
done before cycling the 10 devices over operational tenperature extrenes by
devi ce opwigaisioosu2sf done after. Such processing i s unsui tpgahesobasosi he
prior art techni ques described above in connection with FIGS. 7 and 8
because, if used, .it would dramatjcal .y .increase the cost of. pro i ng

ov codbpgboveatilis bh PHe otaR 6 arite (BTcE derer TS eneResupRERT It 1 he
substr ghgqavere conpletely renoved or dramatically reduce the yield, due to
stress and/or strain problens when the 15 substrate is very thin. Depending
upon t he parTheaentigel deviceryaffr imltenopy éréesl and elignedsoves ed eledirptie mafir 98cdssi ng

vari ant.s _are, now possi.ble.. | i LSt -varian t he substsxate i,s_thinned
down t @2 %‘F‘Efocr%ﬁgfs%&?wc&é%rs@'gqg UG FREPIC, £ %‘fegﬁ?ﬁl@tﬂtl%cﬁnptbﬁp%mg range
of et weethi@hke 6t stifie Biber AfFopRata pRiptictaheted Ml hatitcbiptikite $5ndidl of thei cal |y
required for close optical access. In a second variant, the substrate is

t hi nnedertisalvafst khe skscigpnip stafigdn agbidahle ambrelighle meagcand about a t hi ckness
correspondin L t hi : i i 1 waf er .
' actnird vabl il ERE Bl BFt o B8, A ocRidg Pl 00
and abouit-180can2e dtcemplished] &b deséribadtimedidteln below) @ftBertphidr tdbakihgssm of t he
substrate is about equal to the thickness of_ the optical_ device_portion of
the waf@ticak Walshiorthe pleckomic praderior @ffer onding, p¢ fonaag it ig dene befarecyplng thee | s

t hijpne ' e I [ t opti cal
devll%ged%eg’?ét’gggg&o e%%gﬁég@??ﬁggy%&%lb%deévg%g)gf Iteaﬁ'tO ﬁ r ométaﬁ[er' esclzlri ption
bel ow, pmcasingrisamnagabie tfér theprionaretechwnuestdescritiedi abknemsconhedtioe vatheFI&iS.

substrate |d al sp be kept larger that the thickngss necessary.for close
optcal ! B EBetautt  usedeibhaud fiaalioall duuetia be SLOL NI bE fRaE Ay

descri beguiabeMiviiaal BnldRW JrRhcH MeGElel RPVickf BB sidafeAkerk icB@ble@ly M Cr ol ens
into the access way to a separation spacing 16 WO 03/003423 PCT/ US02/ 22051
from t heengaed oedainaticallyt ieducs the wiebbidue & steass ewdor sragreproblemswelren the | s
expect ed tha}t .such.,a case will be atypical. An access way 11-510, in the

f or ofsu_gs??gfﬁcwr%ﬂnﬁpl e is also etched or drilled in the substrate over
the portion Pepeabin@Ripofidhe paYEWEr WARE®S) drd ichisdeRBet L, iffestat peicesbing Of
exampl e, 5 using conventional etching or drilling techniques, while

pr ef er ayAriAnisEEG N9y Pesleof t he remmining substrate intact. Dependi ng upon
the particular 1 I.CR( i . i S / sed

i ncl udi ng | a]glear ﬁ%??ﬁa?i%é?@élﬁ)gﬁ?t\éé§%§1ﬁ?§8(§8%§%%ﬁﬁe§%D-P‘]l,])%rgsgs,&is@l@%l@?onld,

addi t i ofypicdpenathian dange dftetwadid dbout 50 micohniogbeutthed)0 idicroaddelarssvays may

have strai ght . .
2 typically required for close optical access.

In a second variant, the substrate is thinned to a thickness of between about 100
microns and about a thickness corresponding to the thickness of the optical device portion of
the wafer.

In a third variant, the substrate is thinned to between about 20 microns and about 50

25  microns.

In a fourth variant, where the thickness of the substrate is about equal to the thickness
of the optical device portion of the wafer, thinning is not required.

In a fifth variant, the substrate is thinned down to a thickness about equal to the
thickness of the optical device portion of the wafer.

30 As will be apparent from the description below, in accordance with the invention, the
thickness of the overall substrate could also be kept larger that the thickness necessary for
close optical access, for example, where access ways are constructed (as described below) to

allow for insertion of an optical fiber or microlens into the access way to a separation spacing
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sidewal I s, sloped sidewalls or sonme conbi nation thereof. 10 For exanple, in
order to produce an access way 11-510, having initially straight sidewalls
near the g\sldoahe outer surface and sl oped sidewal | s nearpWhgd)$2303¢
substrate nmeets the device, in a Gallium Arsinate (GAs) su()strate with an
(Alum num Gal Lium Arsinate) Al GaAs stop layer (sup _orti%? ogti cal devices -
such asﬁqm%_@evmﬁhmﬁ%?l@%ﬂé@?%e“(@nﬁeerﬁﬂﬂéﬁ‘@éd Prpecfeshtheduehaner ei n
as dete l.Lfi zed to an ASIC (collectively referred 15 to as the

" Sanpl e&#?@%ée%{cgg\d ng approach can be used: First, the access ways
11-510 are rAsiastespany él+5d0, mrthé fremsaflasttenah er hdleenalsd etchedhqa drilied 1h dreded
into a 13.56 MHz parallel plate reactive iqgn etcher (R evacuated to
a pr o sUPETHEPUH ! BB R{ B0 SPHLH AoHeT Bhereilivht &fﬂ@ﬁ?@ﬁr @tecf%ﬁ?%re&@g& |
gasses ﬁs@n%&ﬂﬁﬁl?cidﬁral akmﬂg %?Hﬁllfn%%&hﬁ ue¥Btifle preREMIY RhFinD3S8e BE gRSUr e 1 5
reached, the first part 20 of the etch i's Initiated at the process

condi t i ®nmirohg Jidistrete intactSiIRPpéndiag spemthe PERicHlxg sulstrafer andsigriee@Pdidiboant  Chuck
Tenp. 30 C.RF Power 129 ts, Bias.-245 Vdc Tinme 5 min.Table Thi s

or oduc oSeLRigHSs S i USHIBRE e RNAG. S PR EGsTaORRia HEOE Bot r at e

i nto t hgdigdh atgaatipighpon dhdhatiansQetitilcdied Be 8RBECRaysdRay T e RIRIGRE S
conditions are then optim zed to produce the portion of the access ways
11-510 $idswvally, sbprderddeyiadlswasome wpmhinaiion thisteof.exanpl e case, GaAs to Al GaAs

selectivity pnear _infinity wth,nnimldevic e. In.particular the
process con i eé(ﬁ@p];?r & %rlﬁ%% Hrﬂdufglgflgccefs Wfﬁ\]l\%qgg%b%%%&%ﬁ}r%@ég/ 22051
Si C14 14desamndhbhé settite ditaSatacs A JdRdrsideGRUS Keareritre O sGhdRfatdHavas 92
watts Bias -190 Vdc. Tine 30 nmin . i ) i
the device, in a Gallium Arsinate (GaAs) substrate with an (Aluminum Gallium Arsinate)
AlGaAs stop layer (supporting optical devices such as VCSELSs and/or photodetectors
(interchangeably referred to herein as detectors)) hybridized to an ASIC (collectively referred
15  to as the “Sample”), the following approach can be used:
First, the access ways 11-510 are resist patterned on the substrate.
Then the sample is loaded into a 13.56 MHz parallel plate reactive ion etcher (RIE)
and evacuated to a pressure below about 3X10” Torr before introduction of the precess

gasses to reduce or eliminate residual water. Once this base pressure is reached, the first part

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

SiCl4 14 sccm
SF6 7 sccm
Pressure 20 mTorr
Chuck Temp. 30 °C
RF Power 129 watts
Bias -245 Vdc
Time 5 min
Table 1

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

25 The process conditions are then optimized to produce the portion of the access ways
11-510 having sloped sidewalls with, in this example case, GaAs to AlGaAs selectivity near
infinity with minimaldevice damage. In particular the process conditions are shown in Table
2.
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Tabl e 2 Then the process conditions are optimzed to getter the residual C
fromthe AlGaAs stoplayer. This is to prevent further formation of HCO
(i.e. per{yQysoosg wet etching) after the Sanple is unloggddyhasnsihe
processi ng chanber. The process conditions for this portion of 5 the
process are set forth in Table 3. SE6 7 sccm Pressure 70 nTorr Chuck
Temp. 30 C RF Power 50 watts|S®il4s -20 Vdédscqhpe|3 nin Table 3 In the

si npl est case, the access waySk# || be ag 7sweil a$ possible, so as to

maxi m ze the anount of subsiPatsird eft orfOtiBomeyi ce. The remai ning
substrate provides a rigid f|epgoTdmp Whizolrcprevents the individual devices
from under goi ng stresses, forRme&e dupigis10| at tachment to the

el ectroni c wafer. Dependi ng 2o the paniw aL levi ces and substrate used
however additional renoval of-stbst+rate ’@y itfther be perforned, for
exanple, at the tine the acb@é%e—wav isiord®led lor by patterning the
substrate at sone point, for exarrpl eTabIl‘?)?-I ow ng attachnent to the

el ectronic V\’?lrle%rthe #foc%%%h%g% ? nmmégéﬂerttﬂﬂ{esidﬁlalr@f’@&ﬁlthé)l&l tional
substrate is not ptroperl ann as re substrate i's renoved, the

t her mal stoplagirpdhisan tcapi‘eaent ﬁgﬁlamgmbmon eflticd di. @rperfemnimg alwatietthingg aftéitheover ,
dependi pon and/ or .from wher addi tion bstrate is

r enovedgg?ﬂl’ié 1%1‘5&‘?%51%506“ theretesties %@?& ihﬂpréjl"?% c}ﬁ’n%ﬂfl’n% oL higporfige 2L ased.
HOW“‘uhe?&oc%?s“ar@@et%&@l‘iﬁPT@Jl@? that, in sonme cases, by selective renoval
of substrate thermal dissipation can be jnproved by increasing the overall
surface area of the substrateSWbt hout 20 7ssmcmi fi¢ing nuch, if any, of the
structural advantages. Thus, | Piesshoul d hgountetrstood that the inportant
aspect of the substrate remyehudiSTédhgt |Sef<0 ci ent substrate is left on the
devices to ensure the desiregpiigipal ang Shfuclural characteristics are
achi eved. 18 WD 03/003423 P |1Bi1.{‘02/4“05 OVL'Q/Td over, dependi ng upon the
particul ar techni que used, pray¥tston—of 1Zﬂ:‘-:—afee»%‘,s ways may advantageously
be, in some cases, performed 'ﬁm‘%n or '13*173111 bondi ng i s performed, for
exanpl e, before, after, or while theT‘Ehl"e%ches separating the individual
devices are gt ofal

ot ect or o, i 1 HogielesRplepliB atdpos 3y Kl 6R3% ol o Ppti G0 R bt

pr ecedi agows pif sultstratelieft en slieedawsed The remaining substrate provxdes arigid framework

w

Q)

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

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

It should be noted however, that if removal of additional substrate is not properly

15 planned, as more substrate is removed, the thermal dissipation advantage may be reduced or
even eliminated. Moreover, depending upon how much, and/or from where, additional
substrate is removed, the ability to withstand stress and strain may also be decreased.
However, it can be appreciated, that, in some cases, by selective removal of substrate thermal
dissipation can be improved by increasing the overall surface area of the substrate without

20  sacrificing much, if any, of the structural advantages. Thus, it should be understood that the
important aspect of the substrate removal is that sufficient substrate is left on the devices to

ensure the desired thermal and structural characteristics are achieved.
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different processing will occur. FIGS. 12 and 13 show several different
accessways variant exanples. For exanple, if the first variant was used,
t he acceswomyssfgy extend entirely through the substrat @ediassoshsysn i n
FIGS. 12a, 12b, 13a, 13c, 13e). Alternatively, they may extend fromthe
outer surface of th strate to a.depth where the substrate renmaining 10
RN KM WAL RN A AR R A B )
det ect g }‘§dvraﬁﬁgé‘(ﬁﬂ }bl% 1n §igthe Eé%@@h)@ff@ﬁﬂedr&@&’é%@l aftbBon@XAB befordfedshgwn in
FIGS. 12¢, 12d, “13b,” 13 13f). I'n general, the substrate remaining

di rect |qxamm bethes, pﬁcn, powhdﬁ therteenghpsi sepdraidiesy the andipignel deivigigs ajestchedi t t ed or
detected w | edu a thi.ckness, of out. 10 rons or less to
enabl e cl ose (I')ptboélta 10 %&83@“&%@@%@% toghe Bﬁte%tf’ﬁe%dg% & t he thi ckness
nay sbe redugsgheh@inghPoh wEChLSY tht @ ismBEdiAteBSpre@dthd VAriSQRBbEASAS ugdd, m crons
or less, although typically the thickness wll be wthin the range of
about bffetenipraecssivgatiflocc®o HGSHGrad 13shpisevenl 4iffersaprasessHgys ot he

particul ar acc r. Yol r

advant agé%lg?q \ ﬁgsee%i( 18 g@m d} apgntgﬁgsg%? Cll \(/:{g%( #@%Se‘?vgﬁf%wéeﬁgﬁ ?nureha/s shown
in Fl G&rougﬂme shB6tratd &y sﬁbwﬁ PGS 1285126 0Ba, a8 BeR, A&smaﬁm théy fbS. 12D,
12d, 13a, 13c. 20 Thus, by | oyi ng one of the above approaches, an

opt i calexignddyom ﬂle\/ﬂﬂt@}‘ﬁuéfﬁ‘élf‘soﬁ € S‘fhsgéﬁeéo adepthphssr theFupSralnEmaiilHEE r at e can
be 19! eatifdluf avﬁghh@gua%ﬁ;a@g{m OpfidiPcvidd nna 108t 15;(3%39?@%{@%(@%% réficodpRdat es

or nore’ I ndi Vi m cr ol ense substrate can
be creatcﬂzdomplmtdhyaanwwdy\fmﬂeﬂarﬁ;b@&s shatn id PHGS. 112a, 12k3¢ 30, ]13d)13fb)rhan opti cal
array that accommdat es .an ay. crol ens can e, crea uch as
Shown B T SOTSS e AGEd ot ERSILaR St PsRteaeTieE 31 B for ned
to roughgned B@da&&é@%1 eé rddi€ed t%‘ébcﬁfckﬁ'ésﬁ o@arsiodt 00 838N Bl BeRssle St ace
area for better thermal dissipation. It should be appreciated that, by
usi ng tdpticelerhess tude dteger ilbetheheases, the thicknedsaray rgredeaedgo ebavs S8t t ached,

t | | t t t ut th [ 1
be 15 ardietns st kaBe Eris iR bloth el it TRAR ettt WA b ch
are bet\RRindM AnkOof AMdupd REédnsosdbetit 56 magss. FI GS. 16-19 are each

exanple illustrations of the process of creating electro-optical chip
variants ac czesdcatm@llyo depradingdipan éhﬁe@r@@%a;rracm vy syeated; thagocers MGYIBP3

il USO%IT as 2 I:’Ladg i tg%eojﬂggl Llfg%g) %Cﬁ IOfda{%%n ?Ialc}{be? fg} %Fpl?as er f os.

emtting art an arra eVI ces,

t he reskIGY. 124)i1b, Ebeormhlc&’ﬂ&vmfor'gﬂemﬁﬁyaﬁﬁmix@rlﬂ;m& B, $od,asediFeromits
nei ghbors by |solat|ng trenches 16-1004 and is supported on.a substrate

16|—2 06 madellyF, Bnemp qugtad thesahoye approaﬁws,éva%%lpél an@iwmwéwh(egidyo 5
Sili gad?% t
(II nkfon%&%ougwr%@bge‘h% F% rgfre%%tﬁé?feg qugtgec or E%%st “at gﬁ\%@?l eI i kely |

be det esarmayrtkeat abyorhmotiates oncaleperedadividually placed mlcrolenses supported by the

substrate can be created (such as shown in FIGS. 12b, 12d, 13a, 13c, 13e), or an optical array
that accommodates an array of microlenses can be created (such as shown in FIG. 15).

25 As noted above, the substrate can also be patterned to roughen the surface of the
substrate and increase the exposed surface area for better thermal dissipation.

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

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

chip variants according to the techniques described above.
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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 sulgtgzabenand the electronic wafer as closely as pegsidebezosk deal |y,
the two should be of the sane material, so that the coefficients 10 of

f .th t tacts .16-1008,. 16- d
E o O R o Slof B A S e 1
16- 1014y, £:q§ ga?r%'gf)ﬁ{ ;Srra}gf ﬁa@e@‘aegiéesl%QGst%@v@fﬁ)&ﬁar@fno?ﬁﬁmn el ectrical contact

acts as an electrode for the l'asér device and the other end of each is a
pad 16- 102(ThelBvicedD- UH2ds isblatdd fom élsaeighbers|byyisdatingireriches Hatl @4 and is

16- 1024, as a,solder,.is 15 deposited.for ndi t he .d - 1002
Lo an cladtihiic: fpare Tendod g R BRarphnrdpith Pl et i S SHLET OBr & T6a
aft 81 td18cdRGBmMERY SRS, G8EIm- ARAIdE ¢da AR briIaginhi-PREghaY oAltBs@ANdi ng
pads 16- 1%26 16- i02)8( fc?f%?an el renctronl c%\@/\}/af ?r]brw 1030. FI G@mi%c shol\;\’g/;l t he

| aser dhbepaticuls: meEriabisedrfor the [substistearilliitcd he detemninedbby fastory wderendo waf er
16- 1030 | d 020,
1o 1052 M indeR i e V8RS wbind HF CREIARRR 1§ RRORSEH M8 1B3CRERDY )10

subst r ah&cHi@ ﬂ%efﬁcﬁerh@ 8Nextpahsioe of the optiedl\ieedte sligtthte2Bdthesleditondrdatbout
50 m crons. EI G 16e shows the device after the access way 16-1034 has been

cr eat edsictpselyeas Possiblss ddeplly, the twosluld he phihs sams majsriplsodhatibe ¢ocdiicans of

driqql i t anple, the access way extends fromthe
sur1 acgggF gonsgt}g)tsoﬁ grtetetﬁ%%n%% to the device cladding | ayer 16- 1038.

FI G 16f shadiisctiibad ddﬁtﬂlctse169TO(]8l, G- mﬁ@u@ﬂtfer lasgr eapitationaind chetroteld gach

duct t I has dt f
ot et o sapsdbpt et 18k P serany Onesparigr 6o Lbi s XL her va
epoxy F@e/dug& g0Rdctt RS Bk FRRIHE Fdr Yhd msémi%olce 'dﬁ&@he d?ﬁér'%ﬁ&gheécﬂ% abaye was

illustrat wth reference to a | aser device, the process woul e t hat
sane f or6-1020e i €d 022 ontpprhide en cbptrmxld:semndmhme mhigridiette £k sw\ﬂswom ial so

t.ed. 00342 S02/ 2 GS. 17a-17f sh th
opt ‘gegg‘?‘lgeﬂ'f@z%t%)%%ﬁ ipéﬂ%#’ Thelge ﬁ%{ﬂ%gﬁ‘%& i | a? to tﬁeogvngngho\%

in FI GS 173FI@37f168§H&9§th‘éh@§er 1&i& 1AS612 SEVIGEE 264 ERS thORs&ag PRSHESOT
material of the device as the stands 17-1102, 17-1104. FIGS. 18a-18f show

anot heringgtes-aadositioned ovrsgpwespoading perde ba-6026.4 621028 o av clsrieniaales 16p t he
pr ecedlﬂg devices. As shown, this device is of the type where the device
sem con ((:)tor material is not used for the stands. Additionally, the |asers

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

coated.
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el ectronic device are grouped so that they can be used in a redundant
fashion. As noted above, the creation of an array having redundant | asers

i s descriWesioazfhe i ncorporated by reference patent applicaatdoen@ntitl! ed
Redundant Optical Device Array. Specifically, FIG 19, 10 shows two

adj acent lasers in the array where, in addition to creating an access way
191030,  ordlad: hip-t TR T QG Elochom sy Ehe g S Pri BRI SRR ng

subst r af, &l Rie LB9Gn 43 FIES. KAOWR LLHPIHAOH SEARI VRS usdsISsiiBbfiubR@at connect s
t he grouping trenches 19-1302, 19-1304 wth sonme of the isolating trenches

19- 1004mnatémaltoliitls: desnmeens the standsrl 7ridi0@, 1248046 can be arranged to share a
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Devisce tQiepreddlidevices! RERhHRH,ALRUHRE & 6F thY typehleate defdae advant age
arising fromgrouping the lasers in this manner is that yield for a single

waf er issmiconducteeratseiehisset usedforsthasjands. Afditorallyathe laferspidhisenta-asers, if

one laser_ is. danmaged, the, other,can be used in it l.ace. Q

ot ent 1ctsdir TS IR wrolR ) B8 nER Pl b RrbSaB R fop AL, e
opt 0- elBelé, MM Eredledd Sfan FraNy Ha¥RERERIndWMIEAsead e deasided af theecopsirated biynal |y
dies, if the lasers are externally, independent|ly selectable, the second

| aser daferanee patenicanpligatignenbitled Beeungant Opieal Pepicsdurays Spgeifisally. &Ae. 196t
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e SPORS Y ARG RTKPIR U it AAE AR ATDy o BRH R RRR v 10 aT R
I ncr easirogpind eeidheb @9-1302, 19F130d e stchedl ia thafammainiag segiha 18- H06tusemg npr oved

ield and/ liabjlity/ d life is Vi |1y f FIG. 19 al
hove OPURGHTSHEIEC PR S o SR, PO P 8P A e 2300 R e
usi ng t\’bl?% &c?ﬁéé&‘f%@?so%fﬁf't@ﬁché&%t%: 1 B Aahf, ity dr3Rre!iSseld dad el at €d from

the top evi ce sgo that the access way 19-1034 and remai ni ng
subst r arengd} beherecvemrear fibérasith onso30or serming asva bicktup, lagks, whban i n FI G

19, . the, |l asers are grouped in fours, a 19: 1308 .being. defined. by the
or it sseinEnan eunagniyss ensbendiaton il Hgpacan OpricH] Hice i iR n
path beiwegidraed BSRMH by RF@ERel N the group 19-1308 via the substrate
19-1006 which is electrically 21 WO 03/003423 PCT/US02/22051 conducti ng.

For pur posesOung advahizge pasing ifonsgrupiog thenkasqrs o1 thisimeoer istbaiageld dori04 are

h | t.h h. | d t ual | i, Sl bl i | nt.
Fros, AEORHR B e bee e 8 cumdle i b B of BB et EARERSRR |
manner d&inidgbdthe et bt KWKed @sitOplatd. Gonothér poumdDiIvEBlagdto Gdinyko cdnltes

device is of the type where the device 5 sem conductor material is used
f or20; heansipergassd digetime or thoontaelectagigidevisia Py oxampde, (vésaoge dgsex of the pair

oot o RS9 A IS Ry M1 DAL 0L ik 19
gr oupi rglectedrmpli®sought on line in place of the bad one.

Yet another achievable advantage is reduced cost to achieve one or both of the
immediately preceding two advantages. Since the incremental cost of increasing the number

25  of lasers on a wafer is negligible, the improved yield and/or reliability/extended life is
virtually free.

FIG. 19 also shows a functional representation of an example array 19-1306 produced
using the technique of FIGS. 18a-18f. The array 19-1306 is illustrated from the top of the
device so that the access way 19-1034 and remaining substrate 19-1006 over each laser is

30 clearly visible. As shown in FIG. 19, the lasers are grouped in fours, a group 19-1308 being
defined by the grouping trenches 19-1302, 19-1304 which ensure that there is no current path

between adjacent lasers in the group 19-1308 via the substrate 19-1006 which is electrically
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As noted above, a manufacturer of opto-electronic devices of the type
descri bed above has two avenues for obtaining the optical devices - they
can manuf aetdsrfoasf2bem 10 t hensel ves, or they can obtain thgofuemssihird
party. By nanufacturing the optical devices (referred to hereafter for

simplicity as an "optical _chi and the electronjc eferred to
her oaf (ORdYGHnES P PIPPESs od dllug a&er»éeereﬁﬂe i8¢ipipg renches ﬁ%hﬁ%@?ﬁ W1 can

take TEARILE R H5ErualiyBe visi R&ﬂ%hﬁ%ﬁt%g@gﬁh? properly placed so as to
align wt ac er when the optical chip positioned over the

el ectronic crrrqe 2Bh>%ﬂehqwag!qdhcra}pthLeEbEmI16 dc\abe heidg oreaied ah a olinper simganot 15
desrgned curre even | hey are d ned bri thin the
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cl ose Cseﬁﬁéanﬂa&tbpﬂlawntamsrhs&d@r tl%rﬁﬁﬂ!sé@tl'@Q ¥6-1404. eQddiflodQlyP@khadeReofopt i cal
and el ectronic chip design, a lack correspondence bet ween cont act pads

on eac rthrsamtcealﬁcﬂrgmo deme are pbsptgr@med i she\mermer ofBlGH. 18190d A9 gKecphinsprirs

desi gne f h g par% Efr re ntoelgr attlreon wi th devices from ot her
20 sour'@BE O WGt & 8\”8 asﬁo%e\? ot B%§& "B ovenent s or changes in

the design OAsnéted Ia&sverraynaﬂaﬁeaﬁértcﬁ*bptoaélbafdnﬁ@déms loeaattypadetribdie cont act
pads, thereby i ntroduci ng a pad msali gnrrent wher e none_ previously

exi st ecd#bosq Bes ot dviepuester %@W@llkgrtbgﬁpti:@ﬂ pricesEviaay gy wanufpgtureriben| ect roni ¢
chip is e ofg but
t he%o pttrhgrgl?&g%f 8'1;stth§ gﬁééﬁmggéw%@ tﬂrso ocﬁfllgdter‘%%ﬁyneﬁ %”lfé)ﬁr?n}rl %rrl%lﬁllg ?Aeg %?flcgss
exanpl gyefefred® pedfl Morgnplicyssda “eptidcal chig”)caid thy e]le@t&ﬁfirs wafa@t(lteﬁem&hbt ti ng
cavity |lasers, DFB or DBR, | asers, togsr de receiVving e ectors or bottom

recei vilgeadier ExsspRlcibrasans pleciiems chipph treABatH aciitep pertfaks FISBFFSOR cpgpre
mul tipl t I t I
Govi cbotf B iEct Sl probbr gt 1 af i bith PRIRARS Lol ook LGB
corrpat i iblpesitibmdd dvee theedl@tronivrohip. cﬂimpeves,()tyﬁ'mallsexlactpbd and@psmiwlnpalamnmtr n

Cnd SposdSiRgH spnsimerlty 56 1 B i APt st s B CRore Jarbraeo |

has Conrrﬁfst eRAGPith 9Ql‘alglewtamﬁﬁrac@[&epemegﬂhefm clRe Ba¥HdRBLHEPANARBE pl aced in
the position specified by its manuf act urer. When the optical device is

f | i ppedorgamrationovitli fagprdcthiboth fap eptical wol elspmeagmpld@mgmedaﬂmﬁm bondi ng

with the electroni,c. wafe of eac be al i gned.

Novor ¢ HerBaasHde e Bl ot i S R e ERU L be FR S haliser b s b o can

be enplrdraMlidddsamed svidtsark to thivdpatths ob @itk 1@{inthldeﬁcésaﬁﬁﬁ%tﬁe@f erred to

in the exanples up until now, as well as w't bottomemtti n% Iasers

hawdthg sourdes issonicrenieist Masepvarisyhsearnens lmptpprememb‘@r tlanger Bethg dagemsof

det ect oL t 0 t he
pecr - offy SYARLARSAVa e Bl Rt Sipd 5PN BB AEEYR], |

appl i camisaligiaicht axt@tdigore previomdly egsted.cdven Wlthm the same organization.

Even worse, if the electronic chip is designed to be used with a variety of different

optical chips, but the optical chips are commodity stock obtained from third parties (for

25  example, chips containing: topside emitting cavity lasers, bottom emitting cavity lasers, DFB
or DBR lasers, topside receiving detectors or bottom receiving detectors) that are mass
manufactured for distribution to multiple unrelated users, it is unlikely that the pads on the
optical devices will all be located in the same place, if they are otherwise compatible with the
electronic chip.

30 For example, as shown above in connection with FIG. 9, a single optical device has
contact pads placed in the position specified by its manufacturer and an electronic wafer also
has contact pads, onto which an optical device can be connected, placed in the position

specified by its manufacturer. When the optical device is flipped over, for flip-chip type

22



vendors nerely because they can not, or will not, neet an electrical
contact placenent requirenent or standard. 10 In general, two different
processesywgy @488, dependi ng upon whether the optical degy 23%R bot t om
emtting/receiving or topside emtting/receiving. For ease of explanation,
the term"bottomactive" wl| be used to refer tqQ both bott emtting
devi cesPqdigayil) therleasonicotte s enirgt B e ach wilt %c&tbaraggr}edos{gme&hﬂﬁsa "t op

act | yet'br?pélt rinl %fe@ﬁﬂgﬁé i&EribdM drlovE 8h&fnvhRi RPLR ﬁe%s}ﬁ Vddt 912k @8 BfRr and top
recei ving deet ctors. 15 Bottom Acti've Device Proces e process as usable
f or bot themtlerhiottbingpitiegelasdrn g fetead toas thd exemphsstupomiihuowyas welbas witls) wi | |
now be explained, with reference to FIG 21. To facilitate explanation, it
Shoul o aembeBaine e seving ST eantagEAd o lispmens Hopat b GRESEEAS nt o an
optiscal yG&itdrs21- 1504 as di scussed above. Alternatively, the optical chip
21- 1504, can have been obtained fromsonme 20 third party. First, an

i nsul ati ng | A¢emt@eoudpashissiladd éef the s¢leationuant aseobthe { ‘best-ofbrasd!’ claihé p

21- 150 uSi known t.echni gues. Then openings or vi.as .21-1508 are created
i the pi B pRg Sy LPER g Re LR aRPRBEE Bl BT EBREI R aas of < he
opt i cal yepldbf- mekBlySheksusd gidytad 90E 0P Will ASE inddf i EledtbicallcoftabtiplB&men?S f Or
exanple in the manner used for creating through holes in wafers described
bel ow iigquiseneser plepndadtitl ed "Ml ti-Piece Fiber Optic Conponent And

Manyf act ur i T [ " t [ ' ' 211508 can
benlgfr e-forne %eﬁg{;gg& ?Eiéftg rgﬁpﬁggqggetfea\r{gh%P i% %?%Bg;ﬁ k)g&gﬁ'r}%gﬂri\lte %,/{h?g)?a@arrpl e, if
t he condeévides pechdtwanémdtisg/ pdceivicpomopdideadiipgrecdini@g, t he openi ngs or vias
21-1508 are nade el ectrically condyctive b¥ appl %i?ng n 0 egectri cally
conducti ve nb¥easae! oplangion.ithe tea “boliamarine orill &S%fg@ntie 4o Bpth\poKem whi ch

my  Opti@E : ¥ © B dling
A R
PCT/ USO2622d54cti va&d walh tefereto bsthytop iemitiing lagpssanddep mceivirpsdeswetornot ful |y

filJed, they_can be used to.aid alignnent. This can be done if the openings
or Vias are nAHYG N ECEIPE t he sol der bunps on the other chip to

"slot" into ThepidetR%s ubdhie RRYoREA\nHitRg/BfkiviAk HbRbesAh b BYMRA actREt Ween t he
two. Moreover, in sonme cases, capillary action will cause the solder to be

part|y d&evilrea)will mvo bt keplemedi wigisrederendede Fe. 21. e facditatgiesplagatéony gishewld
t nd t i di i i t. Opti | 1. d tively,
C il S U i -1 B BBt B PR 21 et

or filldis€hsedd 4baee OPEBINAAFIP! thY bpSca] afip@asi JoaddandaRe Bb&LohSinBEFbeY Svatt
20  third party.

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

the material 21-1510.
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prior to attaching the insulating |layer to the optical chip. 10 Next,

el ectrical traces 21-1512 are patterned on the exposed side of the

i nsul at orwignsz/esLat e a conductive path fromthe (now coat g&tarsobikbdsed)
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chip since, Hh r {gpﬁ%- i c.chips:al : j: an

i nsul ati ng |Q§tér lﬁh%%d a(I:Ian g@iﬁgﬁﬁ?gé&é togg%a%r‘%eﬁg %/euﬁ’g‘% c{éntohi S is
acconpl atsebatent, te corticessiiling of disopasingescviab éd defioadg camalstbe perfgraiedi ng  of
the two chips 2]11515 4 (in this exanple,. Lis' ng flip-chip techniques)
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theysubst r at Re@NEEBICH! trREs b BRI PorePattbMBq ER IRUBSbERAF1Psf thbRishRikdess it
is. Thereafter, creation of access ways 21-1516, patterning of the chip

subst r atreate falcondlungive path fidre tia(noworediedton filled) opmppig awatid wrthefocARs)ain ng can
be accomli shed desjr or n ed., Topsjde, Acti.v vi ce Process The
oF ocaco Ryl e s Rt i R HeTlach BB O ne St ol b g ARHRET oo
active &Qfeel.embﬁ&@)uywﬂsbv@mm@reﬁmi%hr&@ ar¥bbdiivlefRpatiee: fisonfth&parfidulad O

e p

facilitate explanation, it should resuned that the optical chip was
obt ai neeledtramig elopdha onticdl gup Wl be matgsh widls sissingle Fresganfgeate e epreieal chip

| ' Bhon AR SR ARRERER Db o P R R et Pl o0

st ar t i ngrebliBetatsin each othbieslizhilgibut atithachetnagesablerdefinedrei.he t op-si de surface
of the optical chip. This_carrier e of any material and is

b d
merely used Fvariagt af B ahove. Hoberhig 1o NEIhBe eafica AR WillhePECd T eot of

the pro [cTe R I [:nd { I rate. 5
Thi s r edananppb iR ERRtto BKEL Kl Bl b o) Rl Ay P b oo
t 0 accewhichhke opmtimat eldp $s gputieabntramspatene the eletiriodl ttaees aptid bapattdmngal onfthet hi s
point, the process. pr chedsglisn an anal og us%ﬂ%gger to the pr oqess of FIG

21 2hs FIBFTGE SIPGINES 1B/8°RAs MRSECIET AT Clee BFOHF MO P F Y He
opti cal gahé 4R fRBntalt Itei’(ﬁlting.

Once this is accomplished, the process proceeds as described above, with the joining
of the two chips 21-1514 (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

25  substrate at the thickness it is. Thereafter, creation of access ways 21-1516, patterning of the
chip substrate, flowing of a thermal conductor, or application of AR coating can be
accomplished as desired or needed.

Topside Active Device Process

The process as usable for topside emitting/receiving devices (i.e. topside active

30  devices) will now be explained, with reference to FIG. 22. To facﬂitate explanation, it should
be presumed that the optical chip was obtained from some third party, the process of creating

the optical chip itself being independent of the invention.
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10 contacts on the front of the optical chip. The holes or vias are then
coated or filled with, an electrically conductive material (which nay be

under | ayaiogagd/doys2an i nsul ator coating) to bring the cont agicg/gebi2i031t he
back of the optical chip. Alternatively, for exanple, if the contacts are

| ocated such that. access directly from .15 the back.of the chip through the
Subot rat o v HIEARGERT RDERIOD P BT e AR B SEHE R POB B ol os
or Vi aspraéds TRO ALt Oitablidslal @HidrbyahStdptsid firfa66 8f thedpa&d cBi. alhecdigal
conductor can be added to the front side to connect Fhe contact pad with

t he condndeanadesdany mpteial and isivaerelyinsed fagigiditysiddwldipg thernpbigedelist y, if the
openi ng$._Qr .vi as not fully.filled,.th an .he..used to0.aid

o T onenre i 838 s Bissrtte Yinee i i aBes RRRE pSREe Ml st «o

al | ow thigs seilugerthe BoioBst ciindtbieal G etusebé ercheal orsdridted ﬂilratl%h tdwchelies (FI G
22B), thereby providing an initial alighnment between the two. Mreover, in
sone caaiactsagpient o {hedeant ehthgiopficdglige t he solder to be partly drawn into
t he openi ngs . Vi i S| i t her

i di g1 o PEGHRER. BB dodiFpoBeER T itk b BABIREHGOR, BRI T
coi nci de folléws.t he proper location for aligned nmating with the electronic
chip, that can al so be done, and the_vias or holes cap be connected to the

contact padstiel§s Pheias arsithey ehedqrdgilled Hyewgh §r apticad chigisybeiwte idhey t h t he
backsi n@mstédtﬂgﬁc{oﬁ%’ft}ﬁiz%ﬁﬁéjf%i e integration process, if the vias or
th the

hol es 0 not col ncide w ontact pads of the electronic chinp,
el ectrical tThcledenoreipatrt drenedated or §lled hethsarbaltctatalyofontihgivemhdtedd] waf er

FIG 22C.or, the, other .chip, FIG. 22D, in.this case.the electronic chip, to
o ovi o RAE S AT SELR 1 Ter chinad RS Rt S eSS g bk s on
the ot h@e opfdalchipt this point, the chips can be brought together and

connected as described above. 25 WO 03/003423 PCT/ US02/22051 |f the
optional st epltematacy.rfgr exaempdany the confacts peerlpeatetbsiichithal aceass tisectlydrommow be

r enpved f .t carrier iS,.S0 ick _as,.tp _cause tical access .probl ens or
ey e bhcl 1 E B ibnaR R Sph i BT By B O SRR SRR ST et
t ransm msblem, ee Hodeseor Vidsghé efchédordttiliedan agaitdbl€locatidn £1AGkH dleddgecal enoved. | n
alternative variants, the carrier can be left on, even if it 5 would cause

opt i cal coadB@esCcapbeddad tothe dipat sfe jarenpiithoratacoppd with it padestoe i ndex, by
oo o RGP Rt Bty hReuaM, Dol s n e carlier, preferably prior o
addi ti onal optivaedgeshdyEnthe, opsniabs asvias ot abefidledillrd, thepuagbs wied to sidn be put
on 2t0Op %?lfgn}ng%t. CT rig ic:aenr 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. 22B), thereby providing an initial
alignment between the two. Moreover, in some cases, capillary action will cause the solder
to be partly drawn into the openings or vias as it melts causing a better connection and further
aiding in alignment.
25  Or, if the vias or holes can be located so as to coincide with the proper location for aligned
mating with the electronic chip, that can also be done, and the vias or holes can be connected
to the contact pads on the front side using conventional techniques.
As with the backside emitting/receiving device integration process, if the vias or holes
do not coincide with the contact pads of the electronic chip, electrical traces are patterned on
30 the substrate of the optical wafer FIG. 22C or the other chip FIG. 22D, in this case the
electronic chip, to provide a connection between the vias or holes and the contact locations on

the other chip.
At this point, the chips can be brought together and connected as described above.
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10 FIG 23 shows a process simlar to that shown in FIG 22 except a
carrier is not used. Connection or Adapter Chip Alternative In an

al ter nat i we osans@pt usabl e, for exanple, when both the optpcgabisoehrggdr and t he
other ~chip are purchased fromdifferent parties or two or nore different

chips are u r onsi d the have.di fferent contact

pl acement s, nlgﬁ?e qpﬁlgng @ dﬁ%%ﬁ? 3281(3} WS Hegfowegééﬂc?@ekﬁ%\/ﬂ?wgen "adapt er "
or  CoNN@goked Hfﬂmepcaqﬁ& 19§o &ﬁa@laé 1% chaderdptiiiadcdy pﬁimérﬁsybmstahencoh%ﬁmengs
herein in a straightforward manner, thus allow ng design and/or manufacture

to provsydenwitect Veoindes whiRbfvequid m@femﬂrv @féecl:tr@.lsnzaswmp lases Highkthrougbribect i on

chip or_adapte used .t ect dlffe nt_devi Ge the top.side

2a toor Bk bobedtbEriEces: TaaftBRRE vebhhn e dat s R PO Fat  er ne
SO &5 twodldeaiR dpfidsleScedd piloddléms &%a@&ﬁ&lcoﬁﬂmﬂlﬂlbfbo leaeha&ivdenddxopy t he
speci fied contact pad Iocatlons 24-1812, 24-1814, 24-1816, 24-1818 for each
chi p t dPakisTrang essayFomaysairirongh helswin theparsgy prafenably niics te pléashementipdbe and
crated ﬁﬁuﬁj&%ﬁd with a conductive material so as to |join corresponding
pairs, fie contact on the top with its appropriate contact on the 25
bott om when Inheditivn, Hidesibedoogdidr hogeiddiionalFdphicalzderaroysuenad ifolahdeebnat i ve

i npl enment ati on, which is a further variant of the adapter or connection

chip vaVfest eﬁ)scé’ébépflb‘i’nfoﬁﬁlﬂéfeca@é?ﬁ ve devi ces As shown, the adapter or
Conlrbecu on Clhl'(P 23%‘&3’\993 ﬁ%ﬂﬁﬁ&{ to¢ ts (SWﬁ %5_6;(8%4 aQ:'arrfé?llsynOQﬂQeds' de
for direct connaction to the optica -19 6 via connection pads
25-1908 and GmmwetidniomAdapterKélnﬁa\letlmmveonl c chip 25-1910 vi a, for exanpl e,

tandoffs 25-191 bb known at t a
Gevt cos. -1 n g GriaE Shan Ui Sorannie adsr bod thr gy ohid shd Y SHhé:
em {1 s BeehHiAGitin!diftord s drSwb OF AogdldioR diPBnibORreinder and, "opti cal

vias" 25-1914 are also provided in the adapter to allow access to the
opt i cal consighnatiop gndNbe 3apodidfeanPoTitugpad pRosmentTHun therrontast paskplacsiiept can be

d on t f the e renic _chi C be .pl aced
op ST etBB Biabant sHEE. Pheordhfuliin bt SERABLbARuCT bl pERR B
el ect r ohdhi®dyiHefein Aba @cras%m)rwaidemaﬁie& hﬁu@é}lcﬂﬁﬁg: dédi@flad dorcaMEsdhie o W t h
mating optical chips wt el ectronic chips, the sanme basic process (i.
use of rroeesdmsrerthplesshi p or appropriately pattered insulating |ayer or
substrate t r t I iy ht f or war d
manner to acsgeiiiiitisn & peaSs TR, SRR R A AR S e T b

opt i cal conatedifférem dev&leg;(thdf wpistde 21 §02emitd botiomaidud 4 88 0Aaf asgosmbrutvhfee r

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

specified contact pad locations 24-1812, 24-1814, 24-1816, 24-1818 for each chip to some

common point for each.

Through holes are then created and crated or filled with a conductive material so as to

join corresponding pairs, e.g., one contact on the top with its appropriate contact on the
25  bottom when the two are brought together.

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

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

also provided in the adapter to allow access to the optical light.
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10 As al so noted above, in sone cases it is sonetines desirable to coat
sone of the devices, specifically the detectors, with an AR coati ng.
However, Wwaososaps@sel ectronic chips described above are magg/ued2030si Wwo (or
potentially nore) dissimlar types of optical devices. And it is

Advant ageoushipn thopioplstinan BHPRGEET (R dis clor Piiottin st g BReielion, « ne
devi cesht\@h belpﬁa&e%ﬁ tspopsotﬁlehﬁ)@% BrhvilR d@)ﬁhedi'ﬁ%z bteevéeﬁ tﬁ’é @ﬁticamﬁds hed from

those that ordinarily would not be "~ AR coated. The process largely follows
t he pr cdestronic| abigs. descrl bed above in connecti on with FIG 11 where the

| aser waf ers, and .det f.ers..are creat.ed ed ove tached to
t he el ectronAs(: Eﬁ?ﬁo ¢ aﬂ“‘é@dﬁﬁ% © H]n%fmﬁﬁcqoelc‘ﬁ l?aﬁggg o@%caq'ﬁglpg‘ﬂ‘(f)étrat es are
t hi BnediledpghicahipsQtHelk@me BEE ppotsd (i.81 e oFAlcynietibh hip@r @bpx‘&ﬁﬁﬁt@lyt he

substrate could still be considered thick relative to the thickness of the

| aser dawitempd inspiatiagdayer af subsiretato agopunt fof prdimésmadyicer be afaptedBquire a
di ffer e é%&ﬁ?\%rird(fnin?lle t:@%%%éam%]ﬁ%la[rﬁ e%ftb t@f‘e}%ﬁﬁg%r{lﬁﬁn&{‘ l d be at

| east sev i mes as large as ess o ser cavi in the

case ofopcHs clatidichiBRsciasidc, tdﬂelddtrsirﬂe‘uh@mbﬁtwﬁm.the mrrors, in the case of
VCSELs. Since 25 the precise distance will vary fromdevice to device, a
good rul e offwrhghiyapantto yse a factor of 10X the thickness of the |aser

cayipty. Howe A(?{lls ;g;tfeh QﬁoJehirf;%%%s&sgsal@ iR RS ‘&Eélﬁa@heot%%%btss% ofithe Can be

| ess than the act or articular mninmum t hi ckness beil ng
enpi r i awivicgs, spsdficdlbi thaldetectass, Wllth ani AR numnghi}khzvm@s, tvhepte-ddraodiR chgat | ng

does nof affect the laser's . ability to. |l ase. analo roach can
b’ soderaibeapey He me e AT AR e/ Pl RSPt SRt RS ar o
substrai g ft WinfRskle Rﬂlatvla%&Aeroeﬁng@étﬁﬁleﬁhﬂyeffe@t tRERAEARL € substrate
applied after carrier renoval contact rerouting is not necessary

or per for nedAéwntmOuﬁ'ngen aiﬁlﬂpﬁr optignah@aiart of S oPCrragsses, Axodvices that ead of
t t t f.t Th
S e G B ok U0 U BT e

to sucharRbsikaess prior to appl ication. Once this is achieved, the |asers
and detectors can be anti-reflection coated at the same tine, Thus there
is no need fbie mpeess darsgludeliaws the Percess fawsleseribrdsabione in ermaefioneayifie 5

the | AS/S 1?%@9{1{1}% (ﬁsgf \%fa%‘g iﬂ&%e&&?or% %%é &@?tg g‘ﬁ?]gésd OV-Ié? vl atia&h?cr%u' d be

under st'ood ove processes can varl ous er ent

devi ceshe ERtir@xachipeia i agpbb@dmgmhmqges of the i nvent| on, stacking of
nodul ators on top of lasers in an array conpatible format can be done. In

fac®d, it can lb’esué’é‘ﬁ@e%ﬁé hupned, byias e diclager splstisie, el tathepoipavinie thee | aser .
Mor eov %’&a&e Eqlld lQﬁ'll do @gns‘fﬁ'é?%cf‘ﬁckqjel oL tcf {ig tﬁl\@ﬁleég) of @k lzﬁQ# @a)wtge éﬁ'l%ﬁ 1fre

Create S|ng e epltaX|a step ar | y, stacking o tlve
dlfferent types of laser devices will require a dlfferent specific thickness, the thickness of the

substrate should be at least several times as large as the thickness of the laser cavity, in the
case of DFBs and DBRs and the distance between the mirrors, in the case of VCSELs. Since

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

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

after carrier removal, or, if contact rerouting is not necessary or performed on the other chip,
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devices on top of either topside or backside active devices can be
performed as can stacking of backside active devices on top of either

t opsi de owgBaksisle active devices such as shown in Fl GS.pcdtdsoanshsi n
greater detail in for nodul ator nounted on a backside emtting | aser 26B

15 Devi.ces fhat have.a |ajtjce msmatch.can sinlar e.stacked regardl ess
of the IFEAbeh Lot i Gy loBag Gkt e o eetE ey CUBETY ot | o
devi cesyfick applttaliberi6 AtihieRhdsa ¥ Adte BB RISthERRA RE st tBIIkAdsE Priof RIBbH&H AN a
common chip on a wafer scale level. Thus, lasers of different wavel engths

can be i nt éPniodbis is achienedl thedssetscangtdetegiors edndre anbirteflptteon avgicd DY) or

I 'tipl I h..20 di vi si | t.1,pl exir . ' ' h
Chown 9 e ol 5 pbaRior e et kiR PR " °°

wavel engt Mhskiead derblord dirk@tht AR @atiag peeeEdN chip on a wafer scale. By
doi ng so, and maki ng each | aser selectable, a specific wavelength (or

conbi nat i on Bruswishowd e yaderatnop that ieabperiproversesetan bel ppliehio agotthe need
for tu ' i [ or
show  "Rsgn! B3R, ML SRkl k0l 0RO BEYAHE DL o, RRKERE B RS

M cr oS eqDidgDf ddzersds ah aAey cofpatibie foethat ¢am tacibink) dinfact)diveahregibhs whemthHee
switched at the sane rate that data is sent, thereg% maki_ng construction

of a syBpeHiieRwAe RDIRR P bslow Hieileiss Merepver decimed c4lona MeRCERR MOt R B %ngt hs
at {ghe O(?k }norrt?td%vic}? Hscr géocf il é?xg%g @I_Fite%?afl ?f(;ep! S¥h aéﬂw s@a@ﬁfﬂg fol: %fmfge Gegeeonds

(10s gl gabits/sec). Mor eover ent ces, di rent types
(i.e. didviees entopt yp@thenfopkids er backiszls @cigveaduyiced edreb¢ perforneti@s parcstackiveg

A R PR S A T P
cr eat edin FAGSAPEA bR ilikhRr 8ahil & for Bodfat TORRLESES AbYcKARERLEHAL Maser

phot odet ectors 28-2204, 28- 28 WD 03/003423 PCT/ US02/22051 2208. The
strips #B.the first devices (illustratively |asers 28-2202 (2 )) are

at tached usi .th roce s descri.bed herein. Th tri of +the next
Gevieos (111 DRve o iE AIRER: BRI SR ARITN s stadked g PR ol T Sini 1 ar
f ashi onfmdieots tﬁé’lﬁdﬁ/tidﬁaﬂ)ﬂeﬁf:estﬂ@fohhi rd devices (illustratively |asers
28-2206 (k2)) are attached in simlar fashion, Finally, the strips of the
| ast devi cesnz furthpiapplisatiape dgvierst fearp ditéerorg.epitggal wafons)cap be idegraeled in
simlar j i i r .

carri orCRaRt A coERERINBGLPAR RPRLLE Mt 1akels b ORAPHBMAGRIE B
exanpl ebd ihterineyeddbdduud tvavelergth divdsioh bdultipiexing (BWDBM) onmudtigléreravelendth

devj ces,. Or theégcan be renmoved or .thinned after.each set of devices is

at 2 hedivispnanubiplex s VM) srrbgrtiaisotnchrs shvugiiced’of FIG 28 froma
Lop Vi v AserhoWinowd fh alrky b il MEIRNITLILARRT S 4 ifbdiakheda Then.

all the first wavel engt tectors are
common chip on a wafer scale. By doing so, and making each laser selectable, a specific

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

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

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

As shown in FIG. 28, strips of two different wavelength lasers 28-2202, 28-2206 are
created, as are two different strips of complementary wavelength photodetectors 28-2204, 28-
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attached. Then all the second wavel ength | asers are attached, followed by
all the second wavel ength photodetectors so that the end result is a fully
i nt egr at eq,égg%3mvel ength transceiver chip, a portion Och“FlFsQ)B/zéo%lShOV‘“
in enlarged formon the right side of FIG 29. O course, whi

i mredi at el y precedi ng exanple used two | asers and two 15 detectors, the

pr oces s22W8u TdresEins of dhe first dgviqas dillygmativiehy 1@&%@%%12%2 Qfl))tqﬁ@aﬁﬁ%h%w& the
differ en fefsg Cfe({egg eg%?en{;' eIfhe: Qﬁﬁc e ne)?t cfp (chgé) g 1VFl \éﬁtec‘%&é)%) %104% ﬁlel

| asers,P ant a process i's

abi 1'i t y(A, D) BleXattabd TR kRh lar PRI, qmé)@me/st@pb @ftn@ﬁﬂﬂfd @we@(ﬂlhmahbaseméass es,
the integration can readily be perfornmed on an individual device (or

devi ce 18/p206 Bapiasc gtacheathinzemdanieshibwr Fierldyyphestriphokthe lgssd¢asesshown) or by

groups 20 subsirate left on definj the strip 29-2202, 29-2204,
?206(11\{\”1?@3?'2‘58 dS‘ieC*ﬁFso%fgp&Z(@t (2p1)) prgraftaehed lﬁﬁm?lgﬁr @Sﬁ%ﬁni ng groups of

éi??Eﬁé‘F; T s e R s D

si nce sfroglal thededess at nherg f@tezdmpleaifi &mytdhcbnotanﬂeﬁ"y& Witk thE*)\mgmﬁsm efithear e not

25 available.int rior art, by inte Iar nunber s | asers on a
si ngl e ¥ BeVIE)%?cR%ngE@an 5 tpmovd) op hinng, glﬁ‘ )fetl C%tdgl‘jlrcﬁﬁ 1Sﬁ8a§}efiays of ten
or nore |asepg; 29fsh6\\0@t}férmt%gfa%oﬂ'o?ﬁf%r&‘i)fces M‘PM@ ngidﬁ%atdiﬁ\ta@wa A5 ekR, chip
and coupling a set of theminto a single fiber, for exanple, using a fiber

baskd cahthiedizst/wavelengd lsgsirs areattachedh a’lhglgraélﬁh@ first sraselength ahotodetetthes are

Mol 11 - P BB D gD SR BN e oS AT BLt i s bR QLR e

mul ti pl wxvdiéng® p mbddtwt&s\é@w&k RN Sedudt1s BEuIREMtRYREI ikl Wheelepgthput fi ber,
in sone cases WIthOUt t he need for an opto-nechanical or el ectro-optical

el enment transcejpen dhip, wiortedil Higvitiebts shawndp 6%1@689[3 feig v thpgighosids POBHE
PCT/ US02/ 220,
can be const éﬁ%?drge ?‘ﬁl tﬂté f&%ﬁ&ggﬁéﬂg yg@%egﬂ}go éia%l%?r“epllﬁsg%g ?\Pg gaggxss amg & ge array

conruni da¢dtas,sthe prrkss wodlhde esdentialfyf e embie frrd¥pective of dentumbeeof thferent
Successive Integratjon O Miltiple Devices Process and Products 5 Wen
el ectr oﬁlﬁve:ceéo\ﬁ Beritheygarg tep wéa%toamm’ge{ graurad; pld laserscal hdrdectorn et FiBeH 4n

boards , % f%] épod% f%l?ﬁé)étﬁh@%'hﬁ?'aﬁd g%ﬂ,tﬁh—gpaéﬁlhggr&%g%vaf%bﬁg consi st

of short wr ere one“or nore packages, and circuit
boards, are Inthessalabes, ﬂnsentegx‘d&’wm ciooreddilypbeperfarmiet ed annndiviehal devieg@ncy

response due t their Ion Ien th an hence h tance a

ot ettty e ot cartbaoriy s Sxamals: P brnsta® ToSAD SE bk 4R SBE A Bt oni o
Moy eSgibstrB dasbh é&hﬁng th!e%tﬁH @9“«22@23%9%20@@32266 %Q@O@QPQ&uﬁ”e not used,
nodul es are created based upon an

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.
Thus, since single device, integrated transmitter arrays for DWDM systems are not

25 available in the prior art, by integrating large numbers of lasers on a single chip, packaging

size can be reduced. By integrating arrays of ten or more lasers, of two or more different

wavelengths, onto a single chip and coupling a set of them into a single fiber, for example,

using a fiber based combiner/inverse splitter, a holographic lense array, or the techniques of

the incorporated by reference applications entitled Multi-Piece Fiber Optic Component And
30  Manufacturing Technique, the multiplexing of multiple wavelengths can be achieved in the

output fiber, in some cases without the need for an opto-mechanical or electro-optical

element to do the switching (optical crossconnect).
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"inside-to-outside" integration process whereby the innernost conponents
(and those outer conponents that can be done in parallel) are conbined,
fol | oned W dswoegsati on of the conbined conponents to eadrtatdeen2@@f one or
nmore circuit boards, etc. until the entire nodule 15 is conplete. Such a

process is, S ften,. based upon the location of the c ts in the
Todul o and’ 3G UHGE EFHPEAR Y HLRETHANGS: SECEUMTHE U PORTBCIINBIERY ¢ he
over al |soPRAWIBH SpuhpBiLd: Md 4 SsmRlhRehordsNAer | dMheOH A fdoNARResCRNPONENt  can
have on anot her conponént (causing reduced |life) or its connection

(i ncr eanpgredlyaci t ance and/ or resistance). Thus, present techniques can

result in alesseliable or lLo rf.0 nce,product. . pecause i ntegration
of 20 one _corrpongﬁfcelsrﬁye %{%%Oéﬁigﬁﬁté@fﬁgjﬁfcef ﬁlgjrcg%?sa@d & Cdpaci t ance
and/sor resi styaig elebrorfic cERIPOREHS RO ma@E ambhs GRS BiPfsNPackbgEeMt ichthit byarllo

t hermal and/or physical stresses of a connection, for an earlier

i nt egr dhetdnaksmrotnesnto-elpgirgnic enashlemared ofls.avibeinepnsish abghorigrsessgoddenest toused,
th ticul t i d
LT P e e

pr oductlirditéd fiaheit freiicddy eggonsébiubay thetiugt Rg Adheocesish thRkitaldeang f or
creation of a nodule nmade up of a nunber of conponents, that does not
connectindgfi#isgent s using wire bonds. W have further devel oped a process

t haf, does noltlfﬁc%u& rrléa?reib'ah o%z;l&rhi%ﬁ ssﬂe@ﬁgf)togéiémfb?%§dﬁles R Getpleadver se
effect on earliefr Itegrated conponents. a result, our process results

i n a productIn3fhdritasesyésich ibeirabordy @t hatised,tithadul¢dwre cobetetiibasdd ypooacnct
produced according o the processes i the prior art. Specifically, by
oo o niids revbas Mg reeon bRy e Enfiiss! chtming SRSy

techni qugngdnghts Mk QX}%b@@%ﬂbeqs\!Ba&ﬂEg%?écdn%iH@d a1 infeglltRalFaY C chips,

el ectronic chips to be 03/ 003423 PCI/US02/ 22051 attached to

packagi eogntanetl gempoagints go eashinghertor aod evimpre grcuitthodrdsi ete.wintil thsentits madule
W thout. wire

bonds. Thi | | | hi gh f
Corhectis SREPIFSE e T8 REpecds & RESCsiohe Bosel WPk B P B ST oy EESB b BE

capabi | ibi@l§ and8bestde tyfidallfFal@TRIdhcEHight BRROSRE ivthkreblyThe Gebgidll moduleiid al | ows
for a nore reliable end product. 5 In overview, we have recogni zed that by

usi ng diredted enthe sEpetdhatrintesiating one perupengnt ennftiaze enenefhpt Gongpopent{Easied
attach gr%?ﬁcetdqﬁ?)ecir% suc'r%)ﬁﬁecti%ﬁgitng%&ﬁg %%?aﬁga&%r Hﬁﬁ‘l ;‘e%{stagltgé)ggﬁ[ﬂg,rﬁrﬁseeﬁ? quence

rel ate 0 theattachment erlia use as op conmponent s

bei ng tathrAgike@an td38lt i 9 &S EcldbRSor OV eyt cprodice bEcapseineatation dfhe
prior art. Moreover, our process is well suited to creation of non-optical
el & r OMISCCORRIBFR N Y edkep @ connegtioy. inerepserthe sanacience gnd/RETesISERES 8H2 of hi gh

per f or %gctﬁ,gg & akRGid B8 E&cglgif-iﬁtg%a her b1 &ﬁ%fg)%lkﬁ@al%ftress%égf‘l& ESRRESon,

i nduct ance a resi stance ar cant c ern.
for an earlier integrated component.

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

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

We have developed a process that allows for creation of a module made up of a
number of components, that does not connect components using wire bonds. 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

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

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

technique that allows optical devices to be attached to electronic chips, electronic chips to be
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In accordance with the invention, we use a sequential process whereby at
| east: B. one solder material, having a first nelting point and a first
attachmenivo ¢gz@opesature, is used to attach the first group@iywesnspents
together, for 15 exanple, optical device(s) to an electronic chip; C a

second sol dey material, having a second ltin Qi nt _and second att.achnent
*enper atiEeed foacisins L KOS ST B o st it AR EEeg "ot ner
conponegindsf Thise¥aGRIE lall&f)@tt@lﬁﬁl%"s@%é‘du%ﬁéyf flaep&lse Bbrﬁ{e%ﬁoﬁ%c?;ﬂ?ggkagﬁé and D.

a third solder material, having a third rrelting point an at t achnent
20 t enpspead isrlanitédsoniy by compandnd capabidies northeewpingtaneongdhp orraprinenis).ebt ed i n

ii) to 10t her .conponent, for, .exanpl ackage(s) to a printed circuit
boar d. HaR, faligws %&1618fee‘;?ﬁ%‘?48_885r5%?%?181ﬂr or nore levels of attachment by
stra ght f or ey §leri®k 8K é BhvesRbeglizRnhansy wiiehsbRnt &lddrheat@idE @aeinkn t he
same manner as above. The materials used in the three or nore different

at t achndififerept pebmgawings andptashmenblienperapges ené emplpyheaparticylpegjtaghment

condi t 1 SHREREPObed € PRl Bata nelbh abRL a8 buRNRER, s bRBona BREC: °The

opt i cal attazRem) Bieitbedse d6&H bt have e tpréileae pleserres therpridf att0 Mdi€ovah) durt 0
packagi ng attachnent. Specifically, the nelting point of the solder for a
gi ven aRrosessaeell puteddn sreatipy of Bei-apticadcleeiresuc mpdules gndpartipglatly wgll of t he
mel {4 ng ' f ; n ' ps ien t he
pr olcdes SS.IR@E @% eec?éa\%%{r}gg ﬁ ﬂ%@gjﬁ%@% O:lggbr I%ltg ﬁé&?ﬁg%?tﬁ ﬁiaegﬁl alilgﬁeorrrg?\i%&gﬁ eo:cf) has t he
hi ghest capatitanag ipdictnce addeesktdnde aref ofrsignificanecomedcmat t achnment step has a

| ower neltin oint than the solder used in the first attachment step. The
sol der for t CP?ﬁgP’&CGa‘Y‘{t]%@?r%Bﬁ‘?nt@Pe%e HEfs? P8 PRSP WRETERY dideasss wo

03/003423 PGE/ USOh 2@l maidtahl, Rtk Pirst BRIFG! &It Sl 988 st Ataliifer?! €CEdi NG

two attachnment steps. Depending upon the particular inplenentation, a
fourth or nore atteaperature, istusgktoriactbthei finstgdrogof ddmpomynis tegsthienvfor ves a

th |1y sensitive adhesi.v t he han .sql der ., .t he sane procedure
ap;e)llrnggs. That is,eﬁaflg’q?réﬁpflfﬁd@f’@ﬁ{%ﬁoa%?l%&m%dhéﬁ”so be such that heating
the 5 adhesige t 03 kdcondBolbNBaRARN hatih hsé&hdh&:ﬁﬁhﬁdé ]facbiﬁt drfiesct SRR AHER
exceeding the nelting point of the materials use or all the preceding

connections, as nsmpgrasdeais us¢rbtoptieeledicmgedorshevinasreononpits to aieghesane i s

typical ly, although not ce ril | rue. f qr at tachmen
tenperatures rel a&f%oﬁegez‘gc%%%ﬁ]eé%?gﬁ%& e{ %%cug)ﬁca(g}%E@ atéaar?%%%eg%ﬁr e for a
given step wWbl| bgthidi&oed heteridadmvidpad thirdenafid @edinesatd theapaichbiene of the

mat erial used in any successive step. In some variants, it is possible to
use2d he sane nat etePeraiyg, is asedbiontiagh gne ROk Afthe components created in ii) to

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

the first attachment step. The solder for the third attachment step has a lower melting point
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melting and attachnent tenperatures for all the steps provided that the
tenperature neasured at the precedi ng connection points do not exceed the
mel ting tewpsresase. Notably, in sone cases, the attachnenictyempesaiure in
one step may be higher than the 15 nelting point of a preceding step.
However, this is not_ a praohl em because, thraough use of an ..encapsul ant or
due to tbﬁ%ﬂgtﬁgéit ofgfers wredim fhe Ret fngéay;?ﬁéﬁaglﬁ%?tisma be GRS RO _tﬁ%i nt (s)
of  CONfAGLulardi mﬁmt%?wodrm&qg 1CARIRSRE Steid by BOInvoBRAN @ hi gh enough
tenperature to have an adverse e ?ect. Havi ng descri bed our process in a
gener al mannérny stae ippobessshenallysonsitive afbssivé dibdr tha Solder, theysawe t wo
exanples. In the fir exanpl e,. ap opto-el ectronjc transceiver nodul e

pr pducjtproi’esdu{:er @ﬂl&ﬁ.fﬁrﬂé%‘i%ﬂﬁ@eg Peg?p' @é&ﬁisg?lsgheévci’latﬂ?@?@%g BSn opti cal
chip) i|piegiaieits Nhkiie PRt vallaet ot f 6 t@n&?&u&%ﬁ@é@ﬁnMQMg?ﬁﬂﬂ& (a
second optical chip) Irntegrated with another electronic chip. The two

el ect r othe enatdriapesusad o1 ait thg praceding vomnestipes: Rugpeasuedt theplicpedieg ennagetiaont o an
el ectroni.c, circuit board. 25 The second exanple creates a simlar
transcei¥8® except that both the optical chips (i.e. lasers chip and
phot odet ect oTh&&inid)is 81y lEHER MothReéshAl Awa i, Rrua et e agdtiichonal
conponent that is used for alignnment of fibers with the optical devices is
at t achelgmperatuies reftizete earhotar be- thyatigahment tamperafmaliqrn sivan sier &l B ue.

Ex | .. i Xt r f ophi.pnati on of
] oiaiﬁngm%%%glrl%lgﬁhén@ 2 gé sécl)l‘l? }:%é&r?r%ﬁlglotsf)ﬂ?e rprét{gﬁﬁlﬂ%ggg}sn ysgugﬁeg&gggﬂg hnent

t enper at ur esinafoeshoiantsj i islpdskidledo uSthéBam3 hiHdE42 AndETL B2 AeShmePr ocess
Material Material Melting Attachment, Point Te ture Attachi n%?%[r)é({ cal

20% Au_ eBingAat abahement iRmperivics & AldheFiges TGN dgd et < 5mAFAGT B
packagi aolg:h@@%mhgdco‘}f@eé%ﬁp‘kﬁ&s%g% efleb QARG RS ARGt © 63% Sn [ 37% Pb

180C 21 rinted circuit board Table 4 In this exanple, the first part of
process begi Nstabiy, in 4dnee st thenatathménttitrepapturacial oneditopi masbe lnigher thait thgr at ed

ircuit (JO . This is done wit terial that the highest nelti
noi 13" (il sha pRecafingoiP) T Fabas frrck LRt RSPt b HE e The
connect &RRs1 AR bPEFe {oQhd SpdcRigTdh&p AT AUDMponeat8 ikiRlveAN s th@Fct)ihquaﬁT ature

is raised above the nelti ng point “to cause the solder to ne he j oi ned
conponesdacrthe presivuskydbimdd compenanis wiknate¢ach adiigh enough temperature to have

an adverse effect.

Having described our process in a general manner, the process will now be described,

20 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
electronic chip and several photodetectors (a second optical chip) integ‘ratéd with another
electronic chip. The two electronic chips are integrated into a package which is integrated
onto an electronic circuit board.

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

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

solder metals), melting points and attachment temperatures are shown in Table 4.
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the new joint(s).

| C to packaging 95% Sn /., 5% S
to a temperature above 240 °C, but less than 280 °C'so the Solder of the prior joint(s) do

240C 260C
not

remelt. The joined parts are then cooled to below the melting temperature of the solder to set

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
Example 2

of all the prior attachments, the attachment does not interfere or disrupt the prior connections.

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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Attaching alignnent piece Thermal d ue 230C 230C to packagi ng Attaching
packaging to 63% Sn / 37% Pb 180C 210C printed circuit board Table 5 The
process pwecadsnas above. First the optical |Cs are both pganseekadito the
el ectronic 1C. Next, the opto-electronic ICis attached to the packaging by

| t t | d b .240 C bu 280 Then.th t
S boncched 6 HiE PerieRi Shib ot Wy 8 AGeTEH ey ded Rt SR aha D40 G
Fi nal | yele&ﬁ@du%sﬁ@@n@g ahd h@g 3 ﬁa%ﬂr%% t&rﬁ?ér%r@éfm arfel 4 SHide BRREAnNSHNT 2

tenperature bétween 180 C and 23 I's well known that™ nurerous
di f f er 330 °Sol Aty mswlkitlse protessns pltnred spothdt at@chinbulyed thenebmpanerioequsing thevet al s

such as Sil.ver n bi snut ot her tal.s. T e 6
shows | S“é ]fsé’\?ffgfm?%l%efﬁfﬁﬁs %%ngﬁ%gt %d\}ﬁ‘? B’r‘?tgpg‘f% 6%%?%&&”%‘93“2?2@% al ong
vl\gle HS t hedds a&én{a@&ﬁ%ﬁmmaﬁpﬁh@w@&@rmawm'pav1@tss Sol der I\/gt eri aL 261
ing Tenp. C) 81.%Au/19% n 487 96.85%Au/3 15%5i 363 88%Au/ 12% e
100%‘9b9327 05 WPotss% n 314| 95%atesiabn 3 l4Magexalovielthyes g Attadonent
1. 5%Ag/ 97. 5%°b/ 1 %n 309 78%Au/ 22%Bn 305 (2. 5%ARoBR. 5%°b/ TvimpeBidre
2. 5%Ag/ 97A RSN I PIical I/ 1098109802 / DYo3Rg/ 92. 598B(C5% n B00 310°C
2. 5%Ag/ 92,15¥RB{aVBN 296 95%Pb/ 5%Sb 295 34 WO 03/ 003423 PCT/ US02/ 22051 5%A

90%Pb/ SV #chng 16 o Pabiadud 19 795920/ 5% Sb 240°C 260°C

Attaching alignment piece Thermal Glue 230°C 230°C
to packaging
Attaching packaging to 63% Sn/37% Pb 180°C 210°C

printed circuit board

Table 5

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

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

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

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

15  respective approximate melting points.

Solder Material Melting
Temp. (°C)
81.%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
95%Pb/5%Sb 295
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85%Fb/ 15%6n 288 86%°b/ 8%Bi / 4%snl |

% n/ |

%A\g 286 80%Au/ 20%sn 280

80%°b/ 20%Gn 280 81 9%b/ 19%In 280 75%°b/ 25% n 264 70%b/ 30%Sn 257
63. 29°b/ 3WUT/0343%9 N 243 95%Bn/ 5%Sb 240 60%b/ 40%Gn 238 pa70%pAAKDL 238

99%&n/ |
60%°b/ 40% n 225 3.
217 96. 2%6n/ 2. 5Y%A
50%b/ 50%In 209 15

5%8b 226

“sb 235 100%Sn 232 2 5%’\9/ 97. 5%6n 226 3. 5%Ag/ 95%6n/ | .

yén/ 3. 9%Ag/ 0. 6%Cu
b/ 50%5n 212

%6n 199 91

oSN/ 9%Zn 199 40%°

DY%Sn/ 8%Zn/ 3YBi

187 309%°b/ 70%Gn 18

37.5%°b/ 37. 5%5n/ 259

SA—217—05-5
S%be obn 2282 500
g Wbébl%smS%Db/ 55960 200 209ph/ 8
/S50013%88n 2. 89Ag/ 77. 2%Bn/ 20% n 2887 8
B 6 VARL/BIHBA %8S/ 128/ 1 BAYPh/ 636N D83
VAR 202%AG] 3696°b] 629N 179 280
80%Pb/20%Sn 280
81%Pb/19%In 280
75%Pb/25%In 264
70%Pb/30%Sn 257
63.2%Pb/35%Sn/1.8%n 243
95%Sn/5%Sb 240
60%Pb/40%Sn 238
97%Sn/3%Sb 238
99%S1/1%Sb 235
100%Sn 232
2.5%Ag/97.5%Sn 226
3.5%Ag/95%S1/1.5%Sb 226
60%Pb/40%In 225
3.5%Ag/96.5%Sn 221
10%Au/90%Sn 217
95.5%Sn/3.9%Ag/0.6%Cu 217
96.2%S1n/2.5%Ag/0.8%Cu/0.5%Sb 217
10%Pb/90%Sn 213
50%Pb/50%Sn 212
50%Pb/50%In 209
15%Pb/85%Sn 205
45%Pb/55%Sn 200
20%Pb/80%Sn 199
91%S1n/9%Zn 199
40%Pb/60%Sn 188
2.8%Ag/77.2%Sn/20%In 187
89%Sn/8%7Zn/3%Bi 187
30%Pb/70%Sn 186
40%Pb/60%In 185
37%Pb/63%Sn 183
37.5%Pb/37.5%Sn/25%]In 181
2%Ag/36%Pb/62%Sn 179
30%Pb/70%In 174
100%In 157
5%Ag/15%Pb/80%In 149
58%Sn/42%In 145
3%Ag/97%In 143
42%Sn/58%Bi 139
48%Sn/52%In 118
30%Pb/18%S1/52%Bi 96

Table 6
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309%°b/ 70% n 174 100% n 157 5%A 15%°b/ 80% n 149 58%Bn/ 42%In 145 3
%Ag/ 97% n 143 42%Bn/ 58%Bi 139 48%Bn/52% n 118 30%Pb/ 18%Sn/ 5298 96
Tabl e 6 3WoW0R2903423 PCT/ US02/ 22051 Simlarly, thermldor@wbhwayed
adhesives that are non-electrically conductive exist and can be used in

conjunction with th I b di to.th hni
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poi nt s Rossihlsiio gsiseligdemperaire ©raber atheltemperatuspokihe ssiing paintof dheypgerial
connectyd On: PAi . | | | | ced
pettpor CHuRShEbpu G 1 U RARBRCAC bechize Tl ORRBRLyre 2ounE Rt B UARMATEC s
suf fi ciwilinot espedealk mphink poirmriue tethp eevipeulsnic ohdiBionablysor dliemakivels) if the
tenmperature at the _alignnmen i ece connection point could exceed 240 C

pr ovi de%m@elftéﬁ?)@mlleﬁd@rsﬁuf%lﬁ@n& PRI EACP Bhe Pﬁﬁlsslh&ilﬁoma?@%ged 240
C. Evenasrlﬁ %éatf[ﬁta ﬁﬂ&ﬁiﬁ%@n@@%@%ﬁ ﬂh@gﬁpi; SodnRELGPH SR 3s At cXoddgd fhat it W 1 be

recogni ze 20 the various specific potential conbinations are too
nuner ousmiperakirs tan be exieedddht e nevdensecionh pditiatThuban iRxemplie Hiif 4 decanal

' . f i al h Lo | I .i_at | d
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not bei #lignuiest pige ¢aameetionpairtosldssxchst 240 e vidaé thedpmpergighatghe 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
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25 anong the nelting points of the materials used for each successive step
in the process. In other words, as long as the solder naterials are
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The techniques herein can be used for integrating optical devices, including, but not
limited to, vertical qavity surface emitting lasers (VCSELSs), distributed feedback (DFB)
25  lasers and distributed Bragg reflector (DBR) lasers, with electronics, irrespective of whether
they are top-side or bottom/back-side emitting, to form large optical device arrays and for
creating modules incorporating the resulting integrated opto-electronic chips.
At high data rates, for example, about 10Gb/s or more, it becomes difficult to turn
lasers on and off rapidly enough to accomplish data transmission by direct modulation of the
30  lasers. This is because when directly modulating a laser, electrons must be fed into the laser

device in order to create light and then pulled out of the laser device to turn off the light

during switching. However, this process requires a minimum amount of time and power to
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25 lasers and distributed Bragg reflector (DBR) |asers, with electronics,
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the resulting integrated opto-electronic chips. At high data rates, for
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integration of an_individual nodul ator . . .
described therein and to ensure the modulators are made electrical contact compatible with an

=

electronic chip already containing lasers.

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

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

30 previously integrated with an electronic chip 35-212, in this case a VCSEL. In FIG. 35, the
connections for the modulator were made using one of the incorporated by reference topside
processes. In the lower half of FIG. 35 the devices after the contacts have mated and been

bonded.
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preformed in the sane manner on an individual device or wafer scal e basis.
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itTterent

slightly ependi ng upon whet her the |asers (or detectors) and
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i ncorporated by reference applications provide for the Interconnection

bet weendeyicesodthedotemag. kacksiderof tiheeseectizp dedess: whither orpsit éewglaa i ons are
shown ianbSS. 35 through 37, although other inplenentations can be nade
in addi Y1°8F %0 those shown herein t hrough application of those techni ques.

The basi ¢ appeasdpré&eifitivs gernavel itpRanaiktitivgs | dsdEdadcbrding RItHEp@CERYs 0Nt 0
an electronic chip. As described in the . i )
of the incorporated by reference applications provide for the interconnection between a
modulator and a laser. These representative implementations are shown in FIGS. 35 through
37, although other implementations can be made in addition to those shown herein through
application of those techniques.
The basic approach comprises:

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

30 1laseris not towards the substrate).

Ensuring that the lasers have “pass-through contacts” which allow electrical

connection to be made between the top of the laser wafer piece and the bottom of the

modulator piece via contacts on the top of the laser piece and bottom of the modulator piece,
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i ncorporated by reference applications, this is done using either a) bottom
emtting |lasers, where a funnel or other opening is etched into the
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FI G 38&sigbewsidan edge-emitting DBR of the prior art. Thus, the parallel
transcei vers using these edge emtti n? devi ces have been created by
as

i ntAr ati ng While gthercless] propesed usiag Dk las¢ry impasalte]l iemeneiens theydiave i . e.

| i near) ty%{ciaﬁ‘y bee-gn.hguéh% of Qﬁ)dlwseid gtrﬁzltl%as %8ge-!ﬂﬁitﬁxl1§ﬂe\§ges (ﬁe.(\bltﬁpql%ﬁg &a?ﬁfe‘ij to3 9-600
the plane of the wafer). FIG. 38A shows an edge-emitting DFB of the prior art and FIG. 38B
shows an edge-emitting DBR of the prior art. Thus, the parallel transceivers using these edge
emitting devices have been created by integrating the devices, one-at-a-time, in a one-

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

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

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

“top” or “bottom” emitting devices having been created by others in the prior art to facilitate

40



has the individual edge emtting array of |asers 39-602 nounted along its
edge 39-604. An integrated circuit chip 39-606, containing the driver
circuits werosidhsnbasers 39-602, is connected to the | asermTa%0002sPy a
series of wirebonds 39-608 via the circuit board 39-600. Since, as noted
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mat ure and avail abl e technol ogy, 20 VCSELs have certain limitations. The
out put fERtierEyrangesiver eveyseonginingViCSdEL, PHSB o BBripseys B glentigaics can
wavel engt h CSELs for exanple, at wavel engths of 1.3 mcrons and beyond,
is less nhlan at shorter wavel engths, and the chirp paraneter (characterized
by the wav em;ﬁﬂgt\rcsnsel@dzemlre ztd@@nt@@@ﬁﬁlﬁmﬁgra plvesManire iftbaaiifapleteshvidggur i ng
SWi t chi ngé tends to be gh. These characteristics limt the useful ness of

vCSHLs YEPELshges coglamy ]&ﬁﬁéﬁ‘lfét & ho guipubpewerdaehsrngroYife rSalet% Heeds. DFB
lasers RaNGitPPShEG wARRLBHICESELS G5 Wb, 3t Wi¥lengths of 1.3 microns and

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

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

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

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

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

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

wavelength), low cost, intelligent transmitters or transceivers can be made that can send data
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laser wafer in a pattern such that they will match the contacts of the electronic wafer
containing the drive circuits; if desired, an encapsulant is optionally flowed between the laser
and electronic wafers; and the laser and electronic wafers are attached to each other at the
contacts.

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

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

emitting-type laser structures so that they contain etching layers and etch stop layers to help
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enough power (i.e. it was effectively dead) or died, a backup laser could be switched on its
place.

Depending upon the particular implementation and needs, the fixed detector would be

25  used to absorb a small amount of light and let the large majority of light through, in which
case the laser would be directly modulated. ,

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

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

even in the “on” state due to the laws of physics and properties of the devices. As aresult, in
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What is clainmed is: 1. A nmethod of integrating a topside optical device,
havi ng el ectrical contacts on a top side, with an electronic chip having
el ectrical contacts on a connection side, the nmethod 5 conprising:
creating a trench, defined by a wall, fromthe top side of a wafer
containing the topside optical device into a substrate of the wafer;

maki ng a portion of the wall conductive by applying a conductive materi al
to the portion; and
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10 thinning the substrate to expose the conductive material. 2. A nmethod of
creating a self aligning topside optical device that can be joined to

anot her deng @@okygsconprising: creating a trench, defined peragwahiosiin a
topsi de optical device on a wafer, the topside 15 optical device having

el ectrical contacts on a top side, fromthe top side of the wafer into a
substrate of the wafer; making a portion of the wall conductive by applying
a conductive material to the portigﬁ:AIMfd t hi nning an outer surface of the
subst r afg Ul tisimadisopening is formed in the conductive 20 material
connecting the outer surface with the trench. 3. A device conprising: a

t opsi de optikal déwiatkeod aiintegdrabing alepsadst dptidalofevimechafing ¢la¢trmsal toniaciz.on 25 4.

An integrated device, c rising:.a topside active optical device farnmed on
2wt erttop ey it At S e P il Rt Colitn gt a SpiiSfion Ry et

ti mg whemgiggt opsi de active optical device is formed, the topside active
optical device having an electrical contact on a top side; an electronic
chi p havi ng aetasinigra tesichodefingd by aorella fioonihe e Bide ef alwafeggontaingig thelef i ni ng a
trench ext.endi.n romithe t side,of the wafer containing the topside
opt 1 cal oRu e NE e R BE TR v war er . 45 W 03/ 003423
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fromthe electrical contact on the top side to one contact on the

connectR®hoEia8é of the el ectronic chip establishing an electrically

conglucti ve . , I Q: strate of the integrated
de\r)l?)ce hasggﬁgfﬁrékgérsa |r\§%e[§ﬁf( gé%%gc{ngggp{eﬁg%tg{fﬁé first thickness when the

el ectrically conductive path 5 is established. 5. A self aligning topside
optical device for integration wt n ot her device conpyrising:.a wall
defining a t4enchAMPIAOGRIEFANGRH ST aigﬁwgé?wgg&mtw@&w&éﬁ%w Reidlett t ne
t opsi de, 10m &é"q@ébﬂ&%‘?‘f% aving an electrical contact on a top side, the
trench 8>?tengx:ong fromthe %’Jf)kg side of the wafer through a substrate of the

waf er to defdremsingra tognehj defined ban vestl, &1 atipsslaoptica devite bhe vealrsthedopsideand a
conductive terial. |l ocated.on at | east a rtion, of .the I1,. so that when
SO ot et Rymerfi o e pEE HinB08 Mo (R Sh b PR et Bl and 't ho
sol der gmtiefit 8f theSwadpgought 15 into contact with the opening and the sol der

is softened, at |east sone of the solder will flow _ '
making a portion of the wall conductive by applying a conductive material to the

portion; and
thinning an outer surface of the substrate until an opening is formed in the conductive

20  material connecting the outer surface with the trench.

3. A device comprising:

a topside optical device formed by the method of one of claims 1 or 2.

25 4. An integrated device comprising:

a topside active optical device formed on a wafer, the wafer including a substrate
having a first thickness at a time when the topside active optical device is formed, the topside
active optical device having an electrical contact on a top side;

an electronic chip having electrical contacts on a connection side;

30 a wall defining a trench extending from the top side of the wafer containing the

topside optical device into the substrate of the wafer;
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into the opening and align the opening with the contact and form an
electrically conductive path between the electrical contact and the device
contact. wW® 03/003423 PCT/US02/22051

a conductive material on a portion of the wall extending from the electrical contact on
the top side to one contact on the connection side of the electronic chip establishing an
electrically conductive path therebetween, and wherein the substrate of the integrated device
has an integration thickness less than the first thickness when the electrically conductive path

5 is established.

5. A self aligning topside optical device for integration with an other device
comprising:
a wall defining a trench in a wafer having a topside optical device thereon, the topside
10  optical device having an electrical contact on a top side, the trench extending from the top
side of the wafer through a substrate of the wafer to define an opening on an external surface
of the substrate; and
a conductive material located on at least a portion of the wall, so that when a device
contact on the other device has a solder material thereon and the solder material is brought
15  into contact with the opening and the solder is softened, at least some of the solder will flow
into the opening and align the opening with the contact and form an electrically conductive

path between the electrical contact and the device contact.
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