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This invention relates in general to the handling of optical

signals and, nore particularly, to configurations in which several optical
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Tel econmmuni cations is a field which has been rapidly

evol ving over the past

twenty years, fueled in part by the progressively increasing popularity of

t echnol ogi

conputer communi cations that use the Internet. Due to these grow ng new

t echnol ogi

t el econmuni cat i ons
which in turn has created a progressively increasing
communi cations through the use of optical signals. H gh bandw dth fi ber
optic tel econmunication systens are being depl oyed around the world. This

is creating a 15 backbone system whi ch coupl es maj or

Currently,
optical si

es 5 such as cellular tel ephones, facsimle machi nes, and

es, there has been a progressively . increasing denand for

when these existing systens need to effect sw tching of an
gnal, they typically convert 5

METHCD AND APPARATUS FOR INTEGRATING
OPTICAL FIBERS WITH COLLIMATING LENSES

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to the handling of
optical signals and, more particularly, to configurations
in which several optical fibers are associated with

respective collimating lenses.
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focus on effecting

nmet ropol i tan areas.
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of the electrical
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signal, and then 20 convert the resulting el eeDeceraber 20

signal back into an optical signal. This greatly delays the propagation of
ion through the system and is expensive because it increases the

i nf or mat

conpl exwtgoefosidoe system
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In order to avoid this probl emPGEHUSRPIBE70ar e bei ng

to devel op optical switches which would directly swtch optical

Wi t hout tenporarily converting theminto electrical signals. Wile
exi sting approaches to optical swtching have been generally satisfactory
for their intended purposes, they hawe not be satisfactory in 30 all

respects. For one exanple, one existing type of optical switch is known as
periUsz R o a0y mo et e (NS OHe et  cal 1y sealed housing that o
Feferred o ag AR R et R (Bt S B2 HIE OvD has
a plural evplofinmpvabée The rpastparwentyr yregeds | nfaellwa dinensmnalbyarray.
The hernetically seal ed_housing includes t transm ssive ~ w ndows arranged
at an an§P& tRFre3ERSELNE Y EXREFRAFEPI oPOPl\:\}gaﬁéfré’i ngf tWechraiegigsch have
seyeral ashaped —graqyes,thate fLpnbALEed by diamond heloh; hUEN ngand that
10 exteng perpendlcﬁiar to a respgctlve one o% ?ﬁg'mnﬁﬁ%ms. %ach groove has
a col | i mebmpgtleenscommnhddattienres nthhta usocahiconInpacadttf.r omDuwe &esoci at ed
W ndow, %%%sgas S:Qowfﬁéi Carllev];i b%rec rlll%lré%uinetse,d ttr-l reerien’ ﬁ;tsen baeteﬂle | %Cat on
progressively . increasing demand‘ for telecommunications
equipment with greater 'information—carrying capacity,
10 which in turn has created a progressively increasing
focus on effecting communications through the use of
optical signals.
High bandwidth fiber optic telécommunication systems
are being deployed around the world. This is creating a
15 backbone system which couples'major metropolitan areas.
Currently, when these existing systems need to effect
switching of an optical signal, they typically convert
the optical signal into an electrical signal, effect
electrical switching of the electrical signal, and then
20 convert the resulting electrical signal back into an
optical signal. This greatly delays the propagétion of
information through the system, and is expensive because
it increases the complexity of the system.
In order to avoid this problem, attempts are being
25 made to develop optical switches which would directly
switch optical signals, without temporarily converting
them into electrical signals. While existing approaches
to optical switching have been generally satisfactory for
their intended purposes, they have not be satisfactory in
30 all respects.

For one example, one existing type of optical switch

is known as a two-dimensional optical cross connect (0XC)

1
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spaced fromthe collimating |l ens. Radiation traveling 15 through one of the
optical fibers can exit the end of that fiber, pass. through theDeassasraoes
collimating | ens, pass through the associ ated wi ndow, undergo reflection by
a respective mrror part of the DVD, pass through the other w ndow

pass
t hrough WRJRHEH ol i mating | ens, and 20 then enter anot K&m'G¥eitHP fiber.

In this type of device, insertion |losses froman input fiber to an output
fiber are relatively high, and are typically on the order of 3dB to 4dB
This is due in part to the fact that yarious individual components have 25
sufficient differences in their coefficients of thermal expansion so as to
generate significant alignnent errors across the operational tenperature
range of swicccdwi t ch.It Fuhabera elemnedri @allyenseehlpdr ahouesing itshabnpl ex
and time-consuming to attenpt to achieve suitable a{i nmrent 30 of the

mul ti pl e SHHPERlet Edrdiciment BigHINE BREerBP Y168 Ewi t¥HCBs &Sresult

broduct | cass oP ek ISl RS REE 87 1 S SRR R e e, o
rel ati velgydomn AMBNS)ederildaoughrhdeDMbDndes atphrarelicsl lof heweapdeopti cal

power, in practice they are non-ideal and nmay each have a slight wedge
shape t h&LITIPK r B@FESs” 8r5aRBRdopiiicd Pp¥ReAimeRTAAnRt adiAer atTRR i s

o o Ok g BUCD S v AL st ok SR A ORES |
consi der atirodows tfataridey eat an angle to each other. Externally
of the housing, two plates each have several V-shaped
grooves that are formed by diamond point turning and that
10 extend perpendicular to a respective one of the windows.
Each groove has a collimating lens mounted therein at a
location spaced from the associated window, and has an
optical fiber end mounted therein, often at a location
spaced from the collimating lens. Radiation trav'eling
15 through one of the optical fibers can exit the end of
that fiber, pass through the associated collimating lens,
pass through the associated window, undergo reflection by
a respective mirror part of the DMD, pass through the
other window, pass through another collimating lens, and
20 - then enter another optical fiber.

In this type of device, insertion losses from an
input fiber to an output fiber are relatively high, and
are typically on the order of 3dB to 4dB. This is due in
part to the fact that wvarious individual components have

25 sufficient differences in their coefficients of thermal
expansion so as to generate significant alignment errors
across the operational temperature range of the switch.
Further, even for a given temperature, it is complex and
time-consuming to attempt to achieve suitable alignment

30 of the multiple independent components during assembly of
the switch, as a result which these existing switches are

relatively expensive to make, and the production yields



are a nunber of optical surfaces that are susceptible to 10 environnent
factors such as dust, noisture and outgassing of plastic or adléddogmber 2005
materials used to couple the various conponents together. These opti cal
surfaces typically include the end surface of each fiber, two end surfaces
of eachW@P¥14ili ng | ens, and the outer surface 15 of eaBRTAUPUHER &SI ve

wi ndow. 6 Decenber 2005 WD 02/103420 PCT/ US02/ 18270 5 SUMVARY OF THE

| NVENTION From the foregoing, it may be appreciated that a need has arisen
for a nethod and an apparatus that reduce susceptibility to insertion |oss
and/ or environmental 5 factors in a chntext wherein optical fibers are
.associated with respective lens structures. According to one formof the
present Jinve %fHEiéE thf wand aﬂﬁggatu%v. e @ﬁBﬂgﬁedtﬁ&zaQHEﬁf dhis
need, and Tnvolve:” Supporting a pruradlity of optic parts on a base; 10
adj ust i ntheoteniscSELY | havko rid sghtetd€d poweti oliwiphactéspecheyo dhe base,
the I ens section including a support portion made of an optically

t ransni sRP%eldRiter icad wAY ?ﬁ@f‘)ud}aﬁ@? adpl Bt aghty ‘G?dE'@nssgBP?i dridatade of

an optiégé%%d\%@gsgi gaia;@[pggtﬂrd'aall t‘ﬂde%ﬁpr ovi ded at spaced 15 | ocations on a‘

first si e suppor tion, ens portions each being aligned
w3 h a respecii vEuraiid€al doaididardthicorsel ecd edtpesi t i emafrdriveed €405
section; fixedly securing the lens section in the selected position with
respect $PdHelPaSe; SPEH t iaghi nEibIatiPnendnef &hochf &30 umgdycof

optical §ihers.to be; adiasent 1he,sURROMt HRRLLAD OncResecond sige, t hereof
components. Still another consideration is that there
are a number of optical surfaces that are susceptible to

10 environment factors such as dust, moisture and outgassing
of plastic or adhesive materials used to couple the
various components together. These optical surfaces
typically include the end surface of each fiber, two end
sﬁrfaces of each collimating lens, and the outer surface

15 of each transmissive window.



opposite from the first side, and to be in an alignment posSition with

respect to a respective lens portion; and fixedly attaching thé Iasember Z¥eh

fiber to the second 25 side of the support portion. 6 Decenber 2005 WO

02/ 103420 6 PCT/ US02/ 18270 BRI EF DESCRI PTI ON OF THE DRAW NGS A better

under st andiopgnseio t he present invention will be realized PEOWSHE2dEt ai | ed

description which follows, taken in conjunction with the acconpanyi ng

drawings, in 5 which: FIGURE 1 is a diagrammatic sectional top view of a

t wo- di nensi onal optical cross connect switch that enbodies the present

invention; FIGURE 2 is a diagrammtic Sectional side view of 10 the swtch

of FIGURE 1, taken along the line 2-2 in FIGJRE 1, and which al so

di agrar‘rn%tLM;ﬁIﬁXy O"‘Ehol’[’i% iﬁfr%ﬁjf‘iBN lines a fiber positioner and a | aser; and
ationa

FIGQURE 3 1 s an elev Vi éw'of an inner side of a lens section which is
a conponent ofFddie %Wt Choebgolimd] GURE day6 Heceere208% W0 08A£03420

PCT/ U502/ 18270 7 DETAILED DESCRIPTION FIGURE 1 is a diagrammtic_sectional
top vi ewnsfedh hasvreiaensfomala opetiiead st @i ERPIRrERsSeriod esedispects  of
Eﬂg g;mgf%rﬁsf%%v%%ﬁf?%ﬂ %JEREHZISE%&O({I{ a%roasn%mtér(fd%%ectl onal side view of

environmenta
5 factors in a context wherein optical fibers are
.associated with respective lens structures. According to

one form of the present invention, a method and apparatus
are provided to address this need, and involve:
supporting a plurality of optical parts on a base;
10 adjusting a lens section to a selected position with
respect .to the base, the lens section including a support
portion made of an optically transmissive material, and
including a plurality of lens portions made of an
optically transmissive material and provided at spaced
15 locations on a first side of the support portion, the
lens portions each being aligned with a respective
optical part in the selected position of the lens
section; fixedly securing the lens section in the
selected position with respect to the base; positioning
20 an end of each of a plurality of optical fibers to be
adjacent the support portion on a second side thereof
opposite from the first side, and to be in an alignment
position with respect to a respective lens portion; and
fixedly attaching the end of each fiber to the second
25 side of the support portion.



along the line 2-2 in FIGURE 1, and whi'ch al so shows a fiber positioner and
| aser that discussed later. The optical switch 10 incl udes ei ghto Rgsembay 2005
fibers 11-18 that serve as input fibers, and eight optical 10 fibers 21-28
that serve as output fibers. Each of the fibers 11-18 and 21-28 is a
conmponem06f/14@42lype known to those skilled in the art, aRETHR8248%lntr al
core which is concentrically surrounded by a cladding. As a natter of
conveni ence for purposes of explaining the present 15 invention, the fibers
11-18 are referred to herein as inpug fibers, and the fibers 21-28 are
referred herein as output fibers. However, any of the fibers 21-28 could
function as an input fiber, and any of the fibers 11-18 could function as
an out plBRIEHEPESCRAPTAON, OFhEHEMDRAWIGE0 and the fibers 11-18 and 21-28

are bidirectional, and fully capable gf handl i ng si nmul t aneous transm ssi on
of optical radPg&EEER iUR R 8Lt iR PREEEHN RS RhWarnd any of
the fib . :SWI At L feCapall Sqqui C lhng h i nput
fiber 1%—5(%8’:%_%?3%\%10?1%%1? i{:ﬁg out pufl?p(l& bgi%ls P@%éﬁnl ﬁ’ﬁgdn}gn%%gﬁggggri bed in’

nor e detaakeh atier . cbnjuhattipnatwatly aheenapeaioniparyingedrbhdsys t cinlo is
cagabl e of  effecting an optical coupling between every one of the input
fibers 190i€hand a respective one of the 30 output fibers 21-28. Thus, the

0,10 LrREIGS £ 0o oo el eIy WA hopdety o
2005 WO O@6103d2Asional optical cross connect switch that
embodies the present invention;
FIGURE 2 is a diagrammatic sectional side view of
10 the switch of FIGURE 1, taken along the line 2-2 in
FIGURE 1, and which also diagrammatically shows in broken
lines a fiber positioner and a laser; and
FIGURE 3 1is an elevational view of an inner side of

a lens section which is a component of the switch of

15 FIGURE 1.



8 PCT/ US02/ 18270 be recogni zed that the present invention is not restricted
to use in an 8 x 8 switch, but could also be used in a swtch Hahéasgbar 2005
| arger or snaller nunber of input fibers, and a larger or smaller nunber of
output 5 fibers, In fact, there are aspects of the presen i j-an whi ch
al so hav¥Od2iH*Y in devices other than an optical swi tctﬁ.CﬂIlu%\r()g/i}%\ngnow in
nore detail to the swtch 10, it 1includes a housing 41 which has a base
plate 43 and a cap 10 44. The base plate 43 is made froma ceranic gl ass
conposite which is plated with gold or7silver, such as a |ow tenperature
co-fired ceramc (LTCC) available comrercially as part nunber DuPont 951

fromDuPqont El ectronic Materials of Research Triangle Park, North 15
Car ol i na. DI BRIt BEPARIFAL A coef ficient of thernal expansi on (CTE) of

S. Sppml C. The ?@(Jﬁﬁ S de f . I L u S

tungst en/ ni ckeEItt copper1 a{r?o;% %%%ﬁ?ﬁs\%&tchngégﬁ‘ll]:‘agﬁi4%bp€mvgewrh%fcéap 44
has four two-dbiwdhsianaangast iecnebivieca sopar ehlcamemntasdl ex@saspaetisop wal |
ext endi ng between the upper ends of the 25 sidewalls. The_ | ower edges of the

si dewal | Lhr Ehso| BEREGNL: 0lBNENGASSY- surFBEEREf 2 hd hade PlagramBafsichg a

suig abl e é@ééﬁ%ﬁiﬁgwﬁ%‘g% UiThs swtd%ﬁi 0 F U P 0L der ¢ el

reference to wa t he ‘ca ‘has "a Square opening 51
ext endi nalvetd i cald yliheouwe ih. FXGUREr @ W abddwwiid dls alpbatstiowe el enent
e from, g, Porestiicate olaps pLerlal, guch as the glags mterial
P
The optical switch 10 includes eight optical fibers
11-18 that serve as input fibers, and eight optical
10 fibers 21-28 that serve as output fibers. Each of the
fibers 11-18 and 21-28 is a component of a type known to
those skilled in the art, and has a central core which is
concentrically surrounded by a cladding. As a matter of
convenience for purposes of explaining the present
15 invention, the fibers 11-18 are referred to herein as
input fibers, and the fibers 21-28 are referred herein as
output fibers. However, any of the fibers 21-28 could
function as an input fiber, and any of the fibers 11-18
could function as an output fiber. In fact, the switch
20 10 and the fibers 11-18 and 21-28 are bidirectiomnal, and
fully capable of handling simultaneous transmission of
optical radiation in opposite directions through the
switch and any of the fibers.
The switch 10 1is capable of selectively coupling
25 each input fiber 11-18 to any one of the output £fibers
21-28, in a manner described in more detail later. In
fact, at any given point in time, the switch 10 is
capable of effecting an optical coupling between every
one of the input fibers 11-18 and a respective one of the
30 output fibers 21-28. Thus, the switch 10 implements a
device of the type commonly known in the industry as an 8

X 8 optical cross connect (OXC) switch. However, it will



avai l abl e commercially as catal og nunber 7059 from 30 Corning | ncorporated
of Danville, Virginia. The peripheral edges of the wi ndow 52 adesember 5
to the cap 44 using a gold/geranium (AuCGe) solder, and in particular 6
Decenber, 05 02/ 103420 'PCT/ US02/ 18270 9 are sol der nul ar
surface‘%@S?P)ﬁ ich is provided on the top wall and mh?gﬁhgﬁﬁgﬁgg around
the opening 51. One of the sidewalls of the cap 44 has a rectangul ar
openi ng 53 extending..horizontally through it, 5 and a different sidewall
of the cap 44 has another rectangul arg opening 54 extending horizontally
through it. The housing 41 includes two | ens section 56 and 57. The | ens
sections 56-57 are briefly discussed here, and then are discussed in nore
detail | &eer.reaoghezetO dikatosethenbgdiemsmt t heyvaneieach imde datom t he
same borosilicate glass material as the w ndow 52, which has a_ CTE of 4.6
ppm Co. TIRStFafseSectP oHsSes6tan8RsB chuf d SWaI ke nabiFel 5P BEd nadEF Rfin sone

other suifapi e materLal . -pSugh, a5 i“i%‘}ﬁ%xl' gﬁr ”E&Sii%'r ;[Qﬁb%sfn%ﬁe(:t hons ..
56 15 and 57 each have on an |nne? st dé thereof an annular “~surface portion
whi ch extiends: af Dngrihe fquedi phel argedger t BaizAdfer antimidirchofs camdler ed to
an5annul ..surface 'O portion that extends around an respective opening 53
or ° 54 ot e Sexterildt L@dtace WP Re 25D 4ASPERLEhe O fhos&FFRYHI nent

o oo ST Spratd Sheep s ol deienloqa a dhm e
| ens sectdmrptdrdhl hewtaph.w th good reliability.
Turning now in more detail to the switch 10, it
includes a housing 41 which has a base plate 43 and a cap
10 44, The base plate 43 is made from a ceramic glass
composite which is plated with gold or silver, such as a
low temperature co-fired <ceramic (LTCC) available
commercially as part number DuPont 951 from DuPont
Electronic Materials of Research Triangle Park, North
15 Carolina. This material has a coefficient of thermal
expansion (CTE) of 5.8ppm/C°. The cap 44 is made from ‘a
metal wmaterial such as a tungsten/nickel/copper alloy
(WNiCu) , with a CTE of 4.5ppm/C°. The cap 44 has four
sidewalls arranged to define a square frame, and has a
20 top wall extending between the upper ends of the
sidewalls. The lower edges of the sidewalls are soldered
to the wupper surface of the base plate 43 using a
suitable solder of a known type, such as gold/tin (AuSn)
solder. |
25 With reference to FIGURE 2, the top wall of the cap
44 has a square opening 51 extending wvertically through
it. A square window 52 is a platelike element made from
a borosilicate glass material, such as the glass material
available commercially as catalog number 7059 from
30 Corning Incorporated of Danville, Virginia. The
peripheral edges of the window 52 are soldered to the cap

44 using a gold/geranium (AuGe) solder, and in particular



Al t hough the | ens sections 56-57 are secured in 25 place with solder in the
di scl osed enbodi nent, they could alternatively be fused or bondebedembenh2005
cap 44 in sone other manner. As one exanple, the cap 44 could be made from

st eel , pecific type readily comrercially avail I nunber
of vendgggh%én%§¢N¢FIS. The I ens 30 arrays 56-57 could ea?ﬁhﬁg&gﬁggﬁ to fit

snugly within the associated rectangul ar opening 53 or 54, and then the
glass material of each lens array could be directly 6 Decenber 2005 WO

02/ 103421) PCT/ US02/18270 10 bonded to the netal material of the cap using a
known techni que which produces a bond commonly known in the art as a Frit
seal . This provides a good hernetic seal between each |ens section and the
cap, whigt® i $qlddentde t$ cven IBKRLRSHh SWVERSEMEROE I 1ATdt hehickanglse of an

al ternative technique_for _ bondi the Jens.arrays, 56-57 to the,c 44 is to
use. . iersqveJacge%f Ogl sBF‘&ert:‘O%nw yaél_ghe‘gﬁibg of %tF§S§ kwrﬁ t e art.
This repseset§ &1l.0w teRbesat Wi seakbna11@ teehhitmiecawi aly igasuidt abl e

for some applications and provides good resistance to noisture. The housing
41 thus yecfiameslaheobatand fie 4gtendpnasdorigaiont 57, tandoughs idecti ons

o oh 15073 Shio] SEELT5ohT, ST EAS oS e n o r SR N oRg8I NP SRS on.
the variets Paghdael obbe ibeus i eddend engoder iZoamaTahert Bk udgyiing. sim | ar
coefficients of thermal expansion, so that tenperature variations wll not
generat e streEBeshamisgina ehtl £6CBue@ie theo sbpaer section 56 and 57.
The lens sections 56-57 are briefly discussed here, and
then are discussed in - more detail later. In the
LO . disciosed embodiment, they are each made from the same
borosilicate glass material as the window 52, which has a
CTE of 4.6 ppm/C°. The lens sections 56 and 57 could
alternatively be made from some other suitable material,
such as a fused silica material. The lens sections 56
15 and 57 each have on an inner side thereof an annular
surface portion which extends along the peripheral edge
thereof, and which is soldered to an annular'Asurface
portion that extends arQund'an.respective opening 53 or
54 on the exterior surface of the cap 44. In the
0 disclosed embodiment, Ithe lens sections 56 and 57 are
each soldered to the cap 44 using a gold/geranium (AuGe)
solder. This provides a good hermetic seal between the
lens sections and the cap, with good reliability.
Although the 1lens sections 656-57 are secured in
25 place with solder in the disclosed embodiment, they could
' alternatively be fused or bonded to the cap 44 in some
other manner. As one example, the cap 44 could be made
from steel, such the specific type readily commercially
available from a number of vendors as ASTM-F15, The lens
30 arrays 56-57 could each be sized to fit snugly within the
associated rectangular opening 53 or 54, and then the

glass material of each 1lens array could be directly



20 connections and/or effect an increase in insertion |osses. The input
fibers 11-18 each have an end which is fused to an outer side éfDachabpred{¥)5
section 56, and the output fibers 21-28 each have an end which is fused to
an out elyoShAd6349f the lens section 57, as discussed in nmopRr/@H,48ia

later. Wth reference to FIGURE 2; a spacer plate 61 is nounted on the top
surface of the base plate 43, within the interior of the housing 41. In the
di scl osed enbodi nment, the spacer plate 61 is made from al um na, and 30 has
an exterior surface which is plated wk®h copper. The spacer plate 61 has a
CTE in the range of- about 6.9 to 7.3 mC. Adigital mcro mrror device

pp
(DVD) 71ogfa840 Feoggier, 2005 Y,02L103420; PETLUSOZIIAA0, 11, kpgunt ype 1

nount ed on top of the spacer p t he spacer serving to

est abl i sheahnagpeotiae puedhit €8l ap@sirid cFoduadn L ire kibidamivi 1hi heéhearkousi ng
71. A DMD of the type shown at 71 is also sonetines referred to 5 in the
art as a2fi cto-Bl¥Eet readechanTadls spFoaHsiqaVERS) goadyi bermekia heegilscl osed

enbodi e 71,1s_a Jd St c onent facture | og
bevi ces: Pttt RNl ol “ecbacilcanc M oo HRLET 4 eelt oY he
spacer pkake 6h Hisidly didiatd@yerts .sol der, which is well 10 known in the .

art. The. DVMD 71 includes a platelike silicon substrate 73, and has 64
mrror parts AP@AISE s@ppomlal opft han upgéemiatei et twecBobabeat §073, ei ght

of L0 LSBT 5. TBLI0 RIS Y L8 SRl 23 WaSha FI U
instead of a solder, an epoxy adhesive of a type known in
the art. This represents a low temperature sealing.

10 technique, which is suitable for some applications and
provides good resistance to moisture.

The housing 41 thus includes the base plate 43, cap
44, window 52, and lens sections 56-57. The housing 41
is a hermetically sealed container, the interior of which

15 is subject to a vacuum. As evident from the foregoing
discussion, the various parts of the housing 41 are made
from materials having similar coefficients -of thermal
expansion, so that temperature wvariations will not
generate stresses which tend to break the solder

20 connections and/or effect an increase in insertion
losses. The input fibers 11-18 each have an end which is
fused to an outer side of the lens section 56, and the
output fibers 21-28 each have an end which is fused to an
outer side of the lens section 57, as discussed in more

25 detail later.

With reference to FIGURE 2; a spacer plate 61 is
mounted on the top surface of the base plate 43, within
the interior of the housing 41. In the disclosed
embodiment, the spacer plate 61 is made from alumina, and

30 has an exterior surface which is plated with copper. The
spacer plate 61 has a CTE in the range of about 6.9 to
7.3 ppm/C°. A digital micro mirror device (DMD) 71 of a



dinmensional 8 x 8 array, with eight rows and eight colums. Each of the
mrror parts can pivot about an axis adjacent one edge thereof hetwoder 2005
approximately horizontal position generally flush with the top surface 20

of the syRsfi@sLo73, and an upright position extending veidigablhiy2Mpwardly
fromthe substrate 73 approxi mately perpendicul ar thereto. Each mrror part
thus pivots through an angle of approximately 90. As evident from FlGURE
1, the eight mrror parts identified by the 25 reference nunerals 81-88 are
each shown in the upright position, aid all of the other mirror parts are
shown in the horizontal position. In the DVD 71, novenent of each mrror

part i s seldotedoel ol ramRanel i 58l i, HORRKRL opddowould 30 o erpatively

be possi & eachm rror partl SOE exarrp e using

el ectrostsddder f gTese Egth gbkrkegn rder @@téblh@ﬁ oaronexsphEeptheteof 6
Decenmber 2005 WO 02/ 103420 12 PCT/ U502 / 13270 a reflective surface, the

refl ecti VeeXudnkePpeiligosn ok thep BYHe withire wher @Owlﬁgvﬂén th® nirror
t t | |t t ht
part 1= g 4 PRET e pasthen Wep e mLchar el el s uprl o

respect tim OﬁBeOfaﬁ’d’lealsnant mikideeles dde 28- aadhaha@a\m t&yeespect (mvope of
the output fibers 21.-28. For exanple, it will be rioLed that the

refl ecti A&6i39 ace b Mher siipatesed femhedamenngl g PYD wWih isespact to
each of tle 1ihers b ANL24. EQ. 14, ML LANYS, bRnLeeaomb2ed Lhat pagh i rror

part can ponent mamftactured by fAnalogh DEVICces,
of Norwood, Massachusetts. The DMD 71 is soldered to the

spacer plate 61, using Indalloy 164 solder, which is well
10 known in the art.
The . DMD 71 includes .a platelike silicon substrate
73, and has 64 mirror parts movably supported on the
upper side of the substrate 73, eight of the mifror parts
being designated by reference numerals 81-88 in FIGURE 1.
15 The 64 mirror parts of the DMD 71 are arranged in a two-
dimensional 8 x 8. array, with 'eight zrows and eight
columns. Each of the mirror parts can pivot about an
axis adjacent one edge thereof between an approximately
“horizontal position generally flush with the top surface
20 of the substrate 73, and an upright position extending
vertically upwardly from the substrate 73 approximately
perpendicular thereto. Each mirror part thus pivots
through an angle of approximately 90°. As evident £from
FIGURE 1, the eight mirror parts identified by ti‘le
25 reference numerals 81-88 are each shown in the upright
position, and all of the other mirror parts are shown in
the horizontal position.
In the DMD 71, movement of each mirror part is
effected electromagnetically. However, - . it would
30 alternatively be possible to move each mirror part  in
some other manner, for example using electrostatic

forces. Each of the mirror parts has on one side thereof



optically couple one of the input fibers to a respective one qf _the, o t
fibers, for exanple as indicated diagrammatically in FIGURE 166Vmgﬂbmgk%g
L-shaped |ine which represents an optical path extending fromthe input
fiber 15 1(?2 tgp{)he mrror part 81 and then to the out put pdrpgge2d4270 When
each m M% ”B rt isinits retracted or horizontal position, it is
vertically | ower than and does not interact with radiation traveling

bet ween any of the input and output fibers. On the other hand, when each 20
mrror part is inits upright positidh, it reflects radiation traveling

bet ween the associated input and output fibers. The novenment of the mrror
parts of, th J1 1S ontrol led by -digital si | s. r.ecei ved t ugh a
cabl e 93 rfgltehca urseer%%g%%gea Ek‘r‘ﬁ o ]1enc?;elr %Cg’}:&&ﬂa e %%%Ig%eg%%

enbodi Ny, 418 Comt rghe i Rtigidacep88t mhegonEBEMtiDribe pardusisy-ist andard
RS-232 protocol, may be transistor- transistor-logic (TTL) signals, or may
conf or mitte Swpizeonbhel Pesditfiase pr@reBoltherHelgrstalpagitd 3 theidéhtrol 30 -
i nterface 93.i,s cougled to sui_t abl e .cont ral é? rcui a_known .t ype

of :
whi oh § SRIGEHY | BT antP Ao sE oY e SUAT AT afFETS TRt oAb 2005 WO
0%/ 1034 P 82740, 13 <bur. nd ' det ai 0 e S | ons 56
aﬁé 57%9%h%EFg§g%§é%§Hgﬁsi 6 g&i?g F%ggg%gélgg%dkg%bd%?né#?paﬁggﬁgéntical
Ther ef orfeibeard y1t hesl entsd setEbowith iSesgestr idiwdona det athe bmtihits regard,
FIGURE 3 is a 5 di a%rsam‘rat ic elevational viewof the inner side of the lens
secti on HReng BdsBseen ¥ FREBRESCT ahll F¥iihebe noted that the

reflective surface on mirror part 81 forms an angle of 45°

with respect to each of the fibers 11 and 24.

Lo It will thus be recognized that each mirror part can
optically couple one of the input fibers to a respective
one of the output fibers, for example as indicated
diagrammatically in FIGURE 1 by an L-shaped line which
represents an optical path extending from the input £fiber

L5 11 to the mirror part 81 and then to the output £fiber 24.
When each mirror part is in its retracted or horizontal
position, it is vertically lower than and does not

interact with radiation traveling between any of the
input and output fibers. On the' other hand, when'each

20 mirror part 1s in its upright position, it reflects
radiation traveling between the associated iﬁput and
output fibers.

The movement of the mirror parts of the DMD 71 is

controlled by digital signals received through a cable 93

25 that serves as a control interface. In the diéclosed
embodiment, the control interface 93 may conform to the
industry-standard RS-232 protocol, may be transistor-
transistor-logic (TTL) signals, or may conform to some

other interface protocol. The distal end of the control

30 interface 93 is coupled to a suitable control circuit of

a known type, which is not illustrated and described here

in detail.



| ens section 57 includes a support portion 106 which has the shape of
approximately flat, rectangular plate. The |ens section 57 al s& Doecmbate3005
ei ght lens portions 10 111-118, which project outwardly fromthe inner side
of the W&hPoP#+2porti on 106, into the opening 54 through tPRE/USMRIB2Wf cap
44. Each of the lens portions 111-118 has approxi mately the shape of
portion of a sphere, and serves as a collimating lens. 15 In the discl osed
enbodi ment, the lens section 57 is e froma single piece of the
above-nentioned Corning 7059 borosiliCTate glass naterial, the support
portion 106 and the lens portions 111-118 being respective integral
portions of ttusnshaglien pimece ofletgiassdratieei dlendhee2@ iloerss Sectdmn 57 can

be fabricated_ in any suitabl e manner for exampl e tiy nol di ng the gl ass
mat eri al 27or the vkRg £eFEERSWER TN techiitueles %G@ct?WgP?lﬂ@i?&ve
mat eri al r roindgi lL.ece I ' : I aLN

mat er: al agfgf ?lnraeeg’nj‘t% énls ‘!g%%,?leéﬁﬂ% ?%lghg%gsl sg%glgedggétégglgh??mn S t he

| ens portieensibad- 118 adetatnangediat thid f aredayr§paceUcUREat3 onss al:ong a -
hori zontal line, the center-to-center distance between each adjacent pair
of 5 the PARSTRBREtdss 2itveld BwhgVéghalofothie dnsesnceideetQkerrhaw

adj acent yi_nput_ fi.he -18 qr t dj nt, . 3 i 1- An
appr oxi mslu? glgy Srécedc‘{jlaénlgu%gr' ri %5 1%\%5% Jsgégl ﬁ%e?é%ﬁ}%% A%Gteé)%dZoﬁder%%es
provi dedlenst keciippor 76 ibederdes 2085pPOr@2/368426nPADdISHRL EB2 Has14
portion 106, in particular on an annul ar surface portion _thereon which
ext ends &PGufdiaHg of PRPUBHIPRLY ohdat, rectangular plate. The

lens section 57 also includes eight 1lens poxtions
10 111-118, which project outwardly from the inner side of
the support portioh 106, into the opening 54 through the
wall of cap 44. Each of the lens portions 111-118 has
approxXimately the' shape of portion of a sphere, and
serves as a collimating lemns.
15 In the disclosed ‘embodiment,‘ the lens section 57 is
made from a single piece of the above-mentioned Corning
7059 borosilicate gl.a}s_s“ material, the support portion 106
and the lens portions 111-118 being respective integral
portions oﬁ this single piece of glass material. The
20 lens section 57 can be fabricated in any suitable manner,
for example by molding the glass material, or by using a
laser writing techniqgue to selectively remove material
from a larger initial piece of glass, until the remaining
material defines the lens section 57. In the disclosed
25 embodiment, the lens portions 111-118 are arranged at
uniformly spaced locations along a horizontal 1line, the
center-to-center distance between each 'adjacent pair of
the lens portions 111-118 being equal to the distance
between two adjacent input fibers 11-18 or two adjacent
30 output fibers 21-28.
An approximately rectangular ring 126 of

gold/geranium (AuGe) solder is provided on the support



111-118. The solder ring 126 sealingly couples the lens section 57 to the
exterior of the cap 44, and in 5 particular to an annul ar surfat&epenbérg05
t hereon which extends around the opening 54 therein. The manner in which
the optiwalo2anmzeh 10 is assenbled will now be briefly dESEUSHEE2'The
spacer plate 61 and the cap 44 are each soldered to the base LO plate 43.
The substrate 73 of the DMD 71 is soldered to the spacer plate 61. Next,
the |l ens sections 56 and 57 are positioned with respect to the housing 41,
and then secured to the housing 41, &4 the follow ng manner. The | ens
section 57 is placed in approxinately the 15- position shown in FIGUREs 1

and 2. At thl nthgg t.he %?utlf&bers 21- 28 h%ye ng ? t been éfgured to
the len i'on "57. :%%ép%¥ he Mt ror %Ert coﬁﬁﬁl For

exanpl e ’@:H@r@bﬁr ofhidtht BRerds Selrdundealn i b% tlﬁél @én@oﬁbdf@i’bné beam of
radiation is caused to 20 travel along the L-shaped path associated with

mrror paitl88, s@hehasoldert mdvng sl26gheadddigly nceuclRE theo lehe nirror -
part 86

, _an ﬁ thenSHS refI tedegé:the n1rr£ art and g¥£vels ownwar dl y.
Wi | e hof8Fhg Fhel HPFonBFy FRSa W séttet ePosition with
r espect gaartm@umawﬂg 43351 aAnendr oéu@ﬂa%tIﬁ@kt&baerthérabace@hﬁeﬁl nst the
outer side of the lens section 57, and is noved relative to the |ens

section QRtwtheam@mmﬁwﬁhrtdnﬁzﬂm9n54othﬁmeu$ed radi ation fromthe |ens

portion 111 ch enters the 30 tical_.fiber. There are kno echnlques
for movi ng t\rll\'g&1 i BEY nJerésu‘f’gE lht h& o iR T HF= adla:‘f_o‘ﬂq méh Bfiters

it, one QEs@ﬁbQEdlswﬂﬁicrh@ﬁd EélQﬁrléﬁﬁynadégaﬂhbﬁﬂunt 6rhecespere2005
plate 61 and the cap 44 are each soldered to the base
10 plate 43. The substrate 73 of the DMD 71 is soldered to
the spacer plate 61. - Next, the lens sections 56 and 57
are positioned with respect to the housing 41, and then
secured to the housing 41, in the following manner.
The lens section 57 is placed in approxlmately the
15~ position shown in FIGUREs 1 and 2. At this time, the
output fibers 21-28 have not yet been secured to the lens
section 57. One of the mirror parts in the left column,
for example the mirror part 86, is set to be in its
upright position. A Dbeam of radiation is caused to
20 travel along the L-shaped path associated with wirror
part 86, so that it travels rightwardly in FIGﬁRE 1 to
the mirror part 86, and then is reflected by the mirror
part and travels downwardly.
While holding the lens section 57 stationary in a
25 selected position with respect to the housing 41, an end
of an optical fiber is placed against the outer side of
the lens section 57, and is moved relative to the lens
section 57 while measuring the amount of focused
radiation from the lens portion 111 which enters the
30 optical fiber. There are known techniques for moving the
fiber and wmeasuring the amount of radiation which enters

it, one of which is described later. The maximum amount



WO 02/ 103420 PCT/us02p8270 15 of radiation nmeasured for this particul ar
position of the Ilens section 57 is recorded. In essence, this ©bDa&ember 2005
determ nation of the anmpunt of radiation fromthe beam which, at the
surface B8R BHH&Ut er side of the lens 5 section 57, is folGIddFBY32Re | ens
portion ill into a region of predeterm ned size around an optical axis of
the convergent radiation traveling away fromthe lens portion 111. The left
end of lens section 57 (FIGURE 1) is then .0 noved slightly, and held
stationary in this new position whi fLe t he novenent of the optical fiber and
the neasurenent of the radiation is repeated, in order to identify and
record tlie rmEKianimmeasasededndion toiisrpdiraticod eas goos at édnwicth the s new
position of the lens _5 sec¢tion. Thi,s procedure is repeated, for a number of

addi t i on&PSpoSPELERE 0P 7t heS| hECREEEFon 5P TIRGECRFR rERdFdedSvatues are
conpar e il 1 Selectnbhendiost L ehaihe slense3apihinh iseggsoci ated
with the |argest maxi mum neasured anount of radiation e left 20 end of

t he | ensitsedt,i oatb7the tapfaekur oad thet hbhstesel etded pdsitheon. Idext, a
somewhat simlar procedure is carried out _ for the lens portion 118 at the
rPght efEUiqheSlensis sé@qwird7ovn FRBUREDS BOYNTE Uhe 191 t BBERI rRor parts

25 Iocatrg%-i t rd m .isn ]H&yc S I rLOE P 83.
During thi ld&% oggdﬁ%aﬁggg#gﬁﬁﬁofg%%%% t e% o?ngr?saTse%%iEgnaég (FI GURE
1) involties apexwedigertsi aaaliamkementtraosl Bsgoradiang tiromt atheon dnghe | ens

section 57 about_a central axis of the lens portion
portion 111.

The left end of lens section 57 (FIGURE 1) is then

.0 moved slightly, and held stationary in this new position

while the movement of the optical fiber and the

measurement of the radiation is repeated, 1in order to

identify and zrecord the maximum measured amount of

radiation associated with this new position of the lens

.5 section. This procedure is repeated for a number of

additional positions of the lens section 57. Then, the

recorded wvalues are compared in order to select the

position of the lens 57 which is associated with the

largest maximum measured amount of radiation. The left

20 end of the lens section 57 is then returned to this
selected position.

Next, a somewhat similar procedure is carried out
for the lens portion 118'at the right end of the lens
section 57 in FIGURE 1, using one of the mirror parts

25 located in the right column in FIGURE 1, such as the
mirror part 83. During this procedure, movement of the
right end of lens section 57 (FIGURE 1) involves one-
dimensional movement corresponding to rotation of the
lens section 57 about a central axis of the lens portion

30 111. 1In parﬁicular, for each of several such positions
of the right end of the lens section 57, an end of an

optical fiber adjacent the outside of the support portion



30 111.

In particular, for each of several such positions of the ri

ght

end

of the lens section 57, an end of an optical fiber adjacent théDsoembae08$
t he support portion 6 Decenber 2005 WO 02/ 103420 PCT/ US02/ 18270 16 106 is

noved r eWVAt 12183420 t he | ens section 57, while
focused radi ation fromthe | ens
|l ens section 57 is in that position.

measuri ng t RCTAUBRAB2 W
portion 118 that enters the fiber when the
After this evaluation 5 has been

carried out for each of several different positions of the |ens sectioh
57, a determination is made of which®f these positions of the right end of
the lens section 57 yielded the maxi mum neasured anmount of radiati

then the gd ohts endvaly t he1kensseell 0Bnd7 1kQd s datudied 49, thjg posi ti on.

Wth the right and | eft ends of the |ens section 57 now held in thei
enplr|c&Hq&unmmgte@epmm@mmmsoﬂrﬁpceseémMleatheatérdm)ahEe@ﬁnalure

whi ch lts th | d 1 F Th th
solfhagﬁFﬁij§H$deﬁgﬂiﬁr rlngh&P&@%? ant é%%bgﬁgsf seegﬁ CO
fixedly and hgsneyi cal i ynSeaied E&sﬁhﬁorﬁap 4:4 fouging e i Ng

| ens section 56 is positioned a

on,
ir
ol ed,

fo be
Xt ,

sifm | ar hast Merdescarbeddabome f diot heed@ns o&ct sewe&ﬁl 2@ s eahter

of the out ,fibers 21-28 needs to, be_aligned with respect toth
section @g HeP$ he i’@caféhst%e?%oPeﬁg's%c SReERLNILAL A MRARh of the

Iens

and

15

t he

t hen secure to e cap 44 in a manner

each

i nput f'@@rﬁhiéhl%ﬂ“%KEEéOpégléhbﬂ%eQ@MEﬁbr%ﬁﬁﬁg d9q bhe s sgeti on 56,

and then secured to the | ens section

manner f$ecCkben of7 heyielded the max1mum measured amount of

10

15

20

25

30

radiation, and then the right end of the lens section 57
is returned to this position.

With the right and left ends of the lens section 57
now held in their empirically selected positions, the
assembly is heated to a temperature which melts the
solder ring 126 (FIGURE 3). The assembly is then cooled,
so that the solder ringA126 hardens and causes the lens
section 57 to be fixedly and hermetically sealed to the
cap 44 of the housing 41. Next, the lens section 56 is
positioned and then secured to the cap 44 in a wmanner
similar to that described above for the lens section 57.

Thereafter, each of the output fibers 21-28 needs to
be aligned with respect to the lens section 57,.and then
secured to the lens section 57. Similarly, each of the
input fibers 11-18 needs to be aligned with respect to
the 1ens section 56, and then secured to the lens section
56. This is effected in the same manner for each of the
fibers, and the appropriate technique is therefore
described here for only one of the fibers, which is the
output fiber 21. _

In this regard, and with reference to FIGURE 1, one

of the mirror parts in the left column of the 8 x 8 array

is moved to its upright position, for example the mirror

part 86. Radiation is then directed along the L shaped

This is effected in the same

hd



fibers, and the appropriate technique is therefore described here for only

one of the fibers, which is the output fiber 21. In this regar@Deaemdbasi2005

reference to FIGURE 1, one -30 of the mrror parts in the left colum of the
8 x 8 arWaW2/1p&2fpved to its upright position, for exanpl #GIMESHNA1IBITOr part

86. Radiation is then directed along the L-shaped 6 Decenber 2005 WD

02/ 103420 PCT/ US02/ 18270 17 path associated with the mrror part 86, so that
it travels rightwardly in FIGURE 1 to the mrror part 86, is reflected by

the mirror part 86, and then travels THownwardly to the lens portion 111,

whi ch focuses the 5 radiation toward the surface on the outer side of the

suppor t poFt i s J98; Qf chihey,k eRS SEEtIpirpdyr FLAJRE 3cdi agrammbiccaliky shows
a fiber positioner 202 and a | aser 203. There are comercially avail able
devi ces whachl ar gighitwahtdl f otn UBEGHREL e Ho behe 10iposint imamer 262, iene

exanple of _which is_a sem-automated fiber alignnent s sten1avaiI%pIe under
the tradeRbtREEBRI ORY f riohs NeWpBEPT CoBidttat | 8% of 3PV ddieal FEBVELE  There

al so areygQ hal | y_avai | abl EYIGES ighqare i a f u s the
| aser 203? %ﬁ%ggggkpgg o?ﬁéhﬁéﬁmg5ﬁf% a asepjdvaﬁFgg#% ggéﬁgﬁﬁi ?%5?1MIfrom
Syfrad, radiatfionMikowaed, dbshisugifitace The fther poseri anide 2@ | £he

operativelé coupled to the output fiber 21, as indicated diagrammatically
by-a brBR HOFFnQQEﬂ%OWT%P§i%%rg%%s'FP&nQFQREP%a%7nDnitor 20 the anount of

g?gig?; ingrgt Pg;ﬁ&g@#;@gr O'kéeér;iearﬁrheg)@{cgilifo shédsdisst @i rend 5881 badiheat ed
202 and a laser 203. There are commercially available
.devices which are suitable. for use as the fiber
10 positioner 202, one example of which is a semi-automated
fiber élignment system available under the - trademark
"ORION" from Newport Corporation of Irvine, California.
There also are commercially available devices which are
suitable for use as the laser 203, one example of which
15 is a laser available as model J48-1W from Synrad, Inc. of
Mukilteo, Washington.
The fiber positioner 202 is operatively coupled to
the output fiber 21, as indicated diagrammat.icéally by a
broken line 206. The fiber positioner 202 can wmonitor
20 the amount of radiation passing through the fiber 21 to
_its distal end, as indicated diagrammatically by"a broken
line at- 207, while the fiber positioner 202 physically
‘moves the proximal end of the fiber 21 adjacent the flat
outer surface of the support portion 106 of lens section
25 57.. This movement includes linear movement of the fiber
end in two orthongal directions which are each parallel
to the flat outer surface on support portion 106. Also,
this movement may include variation of the angle formed
by the end of the fiber 21 with respect to the outer
30 surface of the support portion 106, in particular

variation of this angle within a small range around a



line at 207, while the fiber positioner 202 physically noves the proxinal
end of the fiber 21 adjacent the flat outer surface of the supdéecemberiG0sn
106 of lens section 25 57. This novenent includes |inear novenent of the
fiber WOZH34200 orthongal directions which are each parRFT/ES02/18¢70 he f1 at
outer surface on support portion 106. Al so, this novenent may include
variation of the angle forned by the end of the fiber 21 wth respect to
the outer 30 surface of the support _portion 106, in particular variation of
this angle within a small range arod®d a 6 Decenber 2005 WO 02/ 1034211

PCT/ US02/ 18270 1s position in which the fiber end is perpendicular to the

flat Q%ﬁ:@ritildfrf ate QhipPeht FOddOnehB6.1i dheekieidrasid+oney 202 has the
capability to position the fiber 21 according to a selected criteria. 5 In
t he di Sdladsadtemodiinbace pthe seydncerti sepdstionnd®é -t he fiber 21 to the

position in ich.it receives.the maxjmm. anou of radi.ation fromthe |ens
portion 111, T8i hPETpi BSFFfrlﬁé&’rﬁ ?‘L@J t}iﬁ%senghgf ERPIRYEHTY1 WBul d be

posi ti qnad wilod henkoced hep wherg-thedhihat it ar seréaced. Cofc dhgasupport
portion 106 is intersected by an opticall axis along which the curved
sur f acelonthdedierd qrmd i emboditens , eftflezt cvelkgriiee us$ ngot moviseabhef

o satiSHPT ML EP: 4R BOTETRo0h “H Bha | | CREF 205 Sl EEEtRE™ asor
203, asamdidicatsd o R AT Gk byhe breaken poei 3R8.1The | \@seen203  then
directs onto the very end of the fiber 21 a | aser beam which is indicated
di agr anigRically meansrsket the end of the fiber 21 would be
positioned at the location where the £flat outer surface
.0 of the support portion 106 is intersected by an optical
axis along which the curved surface on the lens portion
111 is effectively focusing the beam of radiation.
When the fiber positioner 202 has positioned the’
fiber 21 so as to satisfy this -criteria, the fiber
.5 positioner 202 enables the laser 203, as indicated
diagrammatically -by a broken line 208. The laser 203
then directs onto the very end of the fiber 21 a laser
beam, which is indicated diagrammatically by a broken
line 209. The laser beam 209 has. the effect of melting
20  the end of the fiber 21 and also the adjacent material of
the support portion 106, so as to fuse the end of fiber
21 to the flat outer surface of the suppoft portion 106,
and thereby fixedly fasten them together. This forms a
strong wmolecular bond between similar or identical
25 materials. In the disclosed embodiment, the fiber
positioner 202 and the laser 203 automatically carry out
this positioning and fusing of the end of the fiber 21
with respect to the flat outer surface of the support
portion 106.
30 After the end of the fiber 21 has been oriented and
fused in this manner to the lens section 57, a» small

quantity of a known adhesive 216 may optionally be



line 209. The | aser beam 209 has the effect of nelting 20 the end of the
fiber 21 and al so the adjacent material of the support portion6IB&emder 25
to fuse the end of fiber 21 to the flat outer surface of the support
portion MUY thereby fixedly fasten them together. ThPSTAUSIHE2H strong
nol ecul ar bond between simlar or identical 25 materials. In the disclosed
enbodi nent, the fiber positioner 202 and the | aser 203 automatically carry
out 30 this positioning and fusing of the end of the fiber 21 wth respect
to the flat outer surface of the supbgrt portion 106. After the end of the
fiber 21 has been oriented and fused in this manner to the |l ens section 57,

a smal ag%%@&li tyr8find kfpun 2eheshVverdhée Moh | @ratty hesde Deerirper 2005
WO 02/103420 19 PCT/ US02/ 13270 applied around the regi on where these parts

have beénseflused.Aferr this adtibsEivwesesstsit aldsadechamecaknisalength to
t he connection,between the fiber.21 and lens , ,sectipn 57, and.,serves to
resist IISPSSE ﬁ_b?/eﬁﬁﬁt q?%?%%%“tﬁ%ﬁ?’?ﬁﬁt gt 1 REFkeht afforr Ser t he
| aser- faesedogonnect i ogndThecadhasi e 21088 Natela{ £ 4k t R veppldical

operation of the fiber 21 and the |ens section 57. Although the disclosed
efbodi mbsttwesas hemsdrhdeamighs t weplisa ezed/drbetevert hehasdaeaieated | ens

sect gy ) SLULLIGH | DS SUOSRANENY 29RL! Rl 9Nl 2feRdlESig,  There
optical operation of the fiber 21 and the 1lens section
57. |
o Although the disclosed embodiment uses a laser beam.

0 to fuse each fiber to the associated lens section, with
or without the subsequent application of an adhesive,
there are alternative techniqges which also fall within
the scope of the present invention. For example, one
possible alternative is to use an arc fusing technique

5 instead of a laser Dbeam, where . two electrically
conductive probes are placed on opposite sides of the
fiber closely adjacent the 1lens section, and then a
substantial voltage is applied across the probes in order
to generate an electrical arc which fuses the fiber to

!b the lens section. After fusing -the fiber énd lens
together using this arc fusing technique, an adhesive can
optionally be applied in the same manner as discussed
above for the adhesive 216. Any other suitable
alternative approaéh.could also be used.

25 As evident from the foregoing discussion, the
disclosed embodiment is a two-dimensional optical switch
10, which effects switching between a first group of
optical fibers 11-18 and a second group of optical fibers
21-28. However, it will be recognized that the invention

30 is applicable in other contexts, including but not

limited to a three-dimensional optical switch, an optical



the scope of the present invention. For exanple, one possible alternative
is to use an arc fusing technique .5 instead of a | aser beam hPeeembgn2005
el ectrically conductive probes are placed on opposite sides of the fiber
cl osel y Waj0%deHR0 t he | ens section, and then a substanti aPCFoIH3d&Ps
applied across the probes in order to generate an electrical arc which
fuses the fiber to !0 the |l ens section. After fusing .the fiber and | ens
toget her using this arc fusing technégue, an adhesive can optionally be
applied in the same manner as di scusSed above for the adhesive 216. Any
other suitable alternative approach could also be used. 25 As evident from

the fore@ainglestssagnoptiealdidehosed rabed| nert d5 eptweali RIS onal
optical switch_ 10, which effects switching between a first group of
opti cal drcpertltimigened 408BMond group of optical fibers 21-28. However,

it will be regognize at, _the.i.nventiaon, 30 i | cab I.n ot her_.contexts,
el udi g but RO ERTRPE ol o T S hangt Bnaf e PO, baRia o v
opti cal LiegaHas. 200beWa 3 102420: FOT/ §80ant3GE0 i 20t Mkt iehaxerl. ., an
optical denultiplexer, or an optical add- drop nultiplexer (OADM _The
pPesent dohiaitli oAipedd desevenahbaroldfinaehngcdlenseivafwyes. wamEaich

| ences. aTE acui NONFEQE aCRERRVE CUBiie. S s S dorbiRed THEG vt 15
effecti walfiect iSidlf eal HiegBE CABREREN! colisndet M t Tiai s hpghmdew ee of
al i gnnment between the fibers, the collimating | ens and optical conponents
within tiHgh degree of alignment between the fibers, the
collimating lens and optical components within the
Lo housing, so as to achieve a degree of accuracy which can
reduce insertion losses for input fibers to output fibers
by 50% or more over preexisting approaches. For_eicample,
the present invention can provide insertion losses less
than 2 dB over the narmal operational temperature range
15 for devices of this type. Further, this accuracy can be
achieved more easily and reliably than in pre-existing
approaches, thereby producing higher production yields.
Since the fibers, lenses and window are effectively
a single . common component with an effectively uniform
20 coefficient of 4thermal- expansion, alignment errors
between these eléments. are virtually negligible over the
operational temperature range of the device, thereby
avoiding the CTE alignment errors' that tend to contribute
to insertion losses in pre-existing configurations. The
25 provision of these elements as a common component also
. helps to reduce or eliminate susceptibility to alignment
errors caused by environmental factors such '‘as vibration
and/or shock. '
Still another advantage is that each fiber and the
30 associated collimating lens involve only a single exposed
optical surface, which is the curved surface on the lens

portion, and this surface is disposed within the



LO housing, so as to achieve a degree of accuracy which can reduce
insertion | osses for input fibers to output fibers by 50% or rfoPecegihsr 2005
preexi sting approaches. For exanple, the present invention can provide
inserti WP PBY3IEH | ess than 2 dB over the normal operati offal/Ub&Ferhat ur e
range 15 for devices of this type. Further, this accuracy can be achieved
nore easily and reliably than in pre-existing approaches, thereby producing
hi gher production yields. .Since thefibers, |enses and wi ndow are
effectively a single . commobn conponent with an effectively uniform 20
coefficient of thermal expansion, alignnment errors between these el enents.
are vi r theainerimeglliwi bleeleder hoheingperwhevaalit eiperprateatashefspmt he

device, thereb voj di the CTE alignment eryors that .tend to _contribute
to inserﬁquﬁqr%g’gg'saojrn Bf%'eqte‘i?gti nﬁhﬁgnfia(ﬁlr atd%chts. THad25 BPHVFETon of
these el@iBMHs-, agidCOMIBR ComRRNeBLc2lisR belfpetlios& Bguceneigphitaknat e
susceptibility to alignnent errors caused by environnental factors such as

vi br ati drhe andlbimshdely Benbksanother aaduiarieige fiog t hathemmatcicbélyand t he
33?associated collimating, lens involve only.a single e sed oghical
S

face, SHich POUSHETur 18F sBPFhfe THEhe 1i%ents B‘E‘ﬁci(g Y AP tHEEIsur f ace
is dispoged whidiNsibe 6Jecesher 2005 \WRD2/ 85 A20 PCH A0SR 13310e 21

hernetical |y seal ed housing, where it is protected from environnental
fact ors ¥irdrws dosedahidimistore celiiheringi dems hethwiet weet i and

effectively integrates . fhe colli.mating | enses _int .W_ndow for_a
her et | RIS SIS0 67 HOUbI FGE° t HOS LECotht TS eaubgd b OB oraPiig
ideal characteristics of separate transmissive windows,
10 ~ as well as the susceptibility of the extermal surfaces of
the transmissive windows to environmental problems such
as dust and moisture.
Although one embodiment has been illustrated and
described in detail, it will be understood that wvarious
1s substitutions and alterations are also possible without
departing from the spirit and scope of the present

invention, as defined by the following claims.



t he provision of one or nore separate transm ssive wndows in addition to a
collimating |l ens structure, and this also avoids the inaccuracé&scemglsnl2005hg
fromnon- ideal characteristics of separate transm ssive w ndows, 10 as well
as the susceptibility of the external surfaces of the transm ssive w ndows
to environnmental problens such as dus?2 and noi sture. Al though one

enbodi nent has been illustrated and described in detail, it wll be
under st ood that various 15 substitutions and alterations are al so possi bl e
wi t hout YEidTa LS SEAMIMER IS5 spirit and scope of the present invention, as
defined by the follomnng clainms. 6 Decenber 2005 22 WHAT IS CLAIMED I S: 1.

An apparatus, conprising: a base; a plurality of optical parts supported on
sai d base; al.enénsegpagabws,cltampelivdes:a support portion made of an
optically traniﬁlsS|ve material, and a plurality of lens portions nade of
an optlcallyat 27t ssive material and provi ded at spaced | ocations on a
first side ofa $AkGaIURROE oRRIildaaN paStisd shepSreeet ien RaiNGasepported in a
fixed relationship with respect to said base so that said |ens ortions
are each |n & i pensedk LanaWhashecitnaladasg ¢ opppalrt manticghonedel afal ity
of opti ec dto p ion on
a secon %%PE%Ql%Qf%Qaﬁéggfgg rgﬂééggﬂﬁflrgbgsf%epigggﬁigg'dgé ?8égl

fiber h@mnmgonsaldwehﬂ kh@reni i optal cghhgent t whdmBbs ¢ Egpechavervasd oéndald

| ens portions;
provided at spaced locations on a first side of said support

portion, said 1lens section being supported in a fixed
relationship with respect to said base so that said lens
portions are each in alignment with a respective said optical
part; and

a plurality of optical fibers which each have an end
secured to said support portion on a second side thereof
opposite from said first side, each said optical fiber having
said end thereof in alignment with a respective one of said
lens portions;

wherein each said optical fiber has said end thereof
fused to said second side of said support portion of said lens

section.

2. An apparatus according to claim 1, wherein each said

lens portion is shaped to function as a collimating lens.

3. An apparatus according to c¢laim 1, wherein said
support portion and said lens portions are respective integral
portions of a single piece of an optically transmissive

material.

4. An apparatus according to claim 3,
wherein said support portion has an approximately

platelike shape; and



wherein each said optical fiber has said end thereof fused to said second
side of said support portion of said | ens section. 2. An appar@Pgeember 2005
according to claim1l, wherein each said lens portion is shaped to function
as a collimting lens. 3. An apparatus according to claim1l, wherein said
support portion and said | ens portions2hare respective integral portions of
a single piece of an optically transm ssive material. 4. An apparatus
according to claim 3, wherein said support portion has an approxi nmately

pl atel i ke shape; and 6 Decenber 2005 23 wherein each said | ens portion

projects out yardkyf romnsaldd i 1shsSie-1QlorsabiosURPEr lo UL PN, @Rdrhas a

shape which 1s approximately a portion of a sphere. 5. An apparatus

accor di mgido faolraitms3,denvdr edai dasupbprsithgbertpi@te afid opascal Brapeanbarssi ve
material, is _made.from, one of a bhorgsilicate glass and a fused silica

mat eri al*® 6PPAY BBEF&?US,Pag&ﬁfﬁgP%Z? S %Eége; a plurality of optical parts
supported on said base; a |lens section which includes a support portion nmade
of an optically transm ssive material, and a plurality of lens portions
made of an optical?y taREATASE vacesreingl BAd CHr i ded athedpddedspdeati ons
on a fir i.de. o aj t ' - Sad. | [ I orted
in a fifgégﬁﬁeﬁgf%gish?péﬁﬁgﬁk?éggg%%ééghﬁégij é@géggﬁg%aggggﬁ% e%ggﬂ

porti onsnar efeac boirmsdlliiganrentylwisish aadr esfeckidveiddicd apitieadlal .part ;

6. An apparatus, comprising:

a base;

a plurality of optical parts supported on said base;

a lens section which includes a support portion made of
an optically transmissive material, and a plurality of lens
portions made of an optically transmissive material and
provided at spaced locations on a first side of said support
portion, said 1lens section being supported in a fixed
relationship with respect to said base so that said lens
portions are each in alignment with a respective said optical
part;

a plurality of optical fibers which each have an end
secured to said support portion on a second side thereof
opposite from said first side, each said optical fiber having
said end thereof in alignment with a respective one of said
lens portions; and

a housing having a wall portion with an opening
therethrough, said base being a portion of said housing, said
optical parts being within said housing, and said lens section

being a part of said housing which is disposed externally of



a plurality of optical fibers which each have an end secured to said
support portion on a second side thereof opposite from said fi6&ecehbrs 2005
each said optical fiber having said end thereof in alignment with a
respective one of said Ilens portions; and a housing having a wall portion
with an opening therethrough, said ba%® being a portion of said housing,
said optical parts being within said housing, and said | ens section being
a part of sald]gﬁu3|ng which is djsposed externally of 6 Decenber 2005 24
sai d walS235oMa Rﬂqquﬁu%ﬁq%n§ah%rf %%sp%?Bf%E?lﬁﬁoﬂﬁFBlgal&nt8p§ﬁﬁﬁg,
wher ei n gid rgupport portion of said Iens section has on said first side
thereof a first annular surface portion which extends around said | ens
portions; andhetreriei resial dsweperpoporbhonasfomadnt duares S@@@l@heheefoa
second ann%e¥ir rfgc gﬁglgn mhl t%pds]ground nd whi ch
i s seal ingly coupl €4t a°frr &t anﬁhlafnnédV?ad%r%%??lg %On éﬁBaratus
accor di rktlendd airdudd isacldididie dalidefs; ko di sposed betmeen sald first
and second annul ar surface ortlons for effecting said seallng cougling of
PREC

said |ens é«%ﬁr@rm sl dvavel | PpBELPBNNag. Ofn aap et isS Bée o odclaim
7, where %ﬂ%&”gs'%f%%%neg Galily sealied. %gk@n %'d%&ohbﬁg said
her nmet i ca sea 1 ng Sal 'ens section to sai ortion . An

apparatwpanmxydhng Whiehaum(ﬁealmﬂgkyngoaplddgtbamamdwﬁﬂistoande&bme
whi ch is disposed mnthln said housing and which includes a plurality of
movabl e MTRGE BPAMS R -each said optical part being a respective one of said

7. An apparatus according to claim 6, including a solder
ring disposed between said first and second annular surface
portions for effecting said sealing coupling of said lens

section to said wall portion.

8. An apparatus according to claim 7, wherein said
housing is hermetically sealed, said solder ring hermetically

sealing said lens section to said wall portion.

9. An apparatus according to Claim 6, including a
digital micromirror device which 1is disposed within said
housing and which includes a plurality of movable mirror
parts, each said optical part being a respective one of said

mirror parts.

10. An apparatus according to claim 9,

wherein said housing has a further opening through a
further wall portion thereof;

including a further lens section which includes a further
support portion made of an optically transmissive material and
includes a plurality of further lens portions made of an
optically transmissive material and provided at spaced

locations on a first side of said further support portion,



mrror parts. 10. An apparatus according to claim9, wherein said housing
has a further opening through a further wall portion thereof; 6bektember@085
further | ens section which includes a further support portion nade of an
optically transm ssive material and includes a plurality of further |ens
portions nmade of an optically transm gsive material and provided at spaced
| ocations on a first side of said further support portion, 6 Decenber 2005
25 said further |lens section being a portion of said housing which is

di sposedsadd efnakhgroflens d fagttivey walihgpor t ipowrbiiorh ofai sk fdr tiesrs iingns
portions .projecti into.said further -openin id further support. portion
having<ﬁﬁi§§(f§i#g po%ﬁ%ee¥%%¥%%ifé ?ﬁigal%nﬁﬂfg Ssul’ géepﬁg F%n“ﬁﬁ%ch
ext ends sardunthsdidl f urdher pensipnst i ppsjeandngai dnturt kar analtlurtpert i on
havi ng on an outer surface thereof a fourth annular surface portion which
ext ends FVUNE saPdifurfwerhopefUppoatd PARTEAN| S1a56d19 nghy 2diMI &dres sai d

third a\fl‘ﬁ;&‘ﬁ rtﬁ%&%@ﬁe a PRELLRN: oL AGY i %Quafa@e“rﬁl;'k‘c%oﬂf JiY dhere,entiscal
fibers (e eac ave one end secured to said turther support portion on a
second smentdersadid ofipesihkee f lemssapdrtiosst, siaedt heredf ;fuanthavhemwailn sai d

mrror parts of said digital mcromrror_ device are arr nged in a
t wo- di MR ORE BRYAHIn&W ng*aOYSFdr 4115 FBRESEAd % ﬁ? Fali eynggar
col umms, g gachSabdkt £HS wROEAI @R t@hdane Qfurshish i £nsuSeLLioBsRehAY sald gned
with a respective said row and each said lens portion of the othér of said
| ens seocthiions Bei ngealiiggéd webhpaedespectsaid sdildirdolanmular surface
portion;
including a plurality of further optical fibers which
each have one end secured to said further support portion on a
second side thereof opposite from said first side thereof; and
wherein said mirror parts of said digital micromirror
device are arranged in a two-dimensional array having a
plurality of rows and a plurality of columns, each said lens
portion of one of said lens sections being aligned with a
respective said row and each said lens portion of the other of

said lens sections being aligned with a respective said

column.



