; e3emhhi \ KLkf m6Dmrmmy; WO 112/ 103-420 PCT | U S02/ 182711 1 METHOD AND =
APPARATUS FOR | NTEGRATI NG OPTI CAL FI BERS W TH COLLI MATI NG LENSES TECHNI CAL\ A1’
FI ELD OF Wolr/109wENTI ON Thi s invention relates in general toTtusezigamal i ng of
optical signals and, nore particularly, to configurations in which several

optical fibers are associated with 5 respective collimating | enses. WO
02/ 103-4211 2 PCT/L1S02/ 182711 THE | NVENTI ON

Tel econmuni cations is a field wﬁm@HL rapi dly evolving over the past
twenty years, fueled in part by pgreSS|ver i ncreasi ng popularity

of technol ogies 5 such as cellul ar tefephones facsim | e machi nes, and
conput er conmuni cations that use the Internet. Due to these gromﬁng new

.t echnol ogi es, there has been a pr mﬂmmmmmincreasing demand for

t el econmuni cati ons equi pnent mﬁthmmuﬂm ormat i on- caxryi ng capacity, 10
which in turn has created a progressiyghy | ncreasing focus on effecting
»communi cations through the use of optical signals. H gh bandw dth fi ber

optic tel econmuni cati on systens are being depl oyed around the world. This
is creating a 15 backbone system whi ch goupl es major netropolitan areas.

METHOD 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

5 respective collimating lenses.



Currently, when these existing systens need to effect switching of an
optical signal, they typically convert the optical signal into an

el ectri cavost/gniato, effect electrical switching of the el e®Crisabigirgnal ,
and then' 20 convert the resulting electrical signal back into an optical
signal. This greatly delays the propagation of information through the
system and is expensive because it increases the conplexity of the system
In order to avoid this problem attenpts are being 25 nmade to devel op
optical switches which would directly switch optical signals, wthout

t empor ar i g GRINRID {&'svhé@h#bﬁ}g .gi trical signals. Wile existing

approaches to optica veé been general ly satisfactory for their
-intended pur pogesleddiuriiayer iwhs bessat iIffaad aividh Blsabeehe SRSty For
one exanpl e, one existing type of optical switch is known as a

t wo- di nen§VEHALht PRar gtmspegﬁnémerewwearm ofwabsd12in 3part by

«PCT/ US02/ 70 1 . . i led h i that .. t ai
i o tal e BERbEERs b1 Vo Ar BT Bodu BERLEY RS it iR o e
a nbcr o- elsanth o-aech@liladlasy dehep My, defaesimIhe DMadmihes Pl Widity of

novable 5 mrror ]garts arranged in a two-di nensional array. The

her met i cal93PREGCRBTNRAGatACHFd ekhato UsanEhessineeviabions Breardyed at
an angl e tg h Ex al .hQusi es h have
sever al V-sr{%g'gd %?gg%’é% ttﬁge{“pargéFg%ﬁg%%B%%di am%n%£%gi n aa% urlﬁ?%é and t hat

10 ext end proqumativdly . tinaremsimet i demand ofotrhetel adowmunbasit igreove has
a collimating | ens mount.ed therein at, | ocatj on spaced fromthe associ ated

wi ndow, arft SHF opfittl eFBaFeEnd TRRF Y PRT SRR Y BRBen CaPag itdbat i on
spaoced freidie Gl | biBh NHakensreBRdiat RONLLEEYEELAGAY %&%@ of the
optical fibers can exit the end of that fi b}ér,gpass. teh ourglklt esg's ci ated
col I i mati FPIuehs omaes feptdagh chmmrsms et wititmvghindsigo usss | extt i on by
a respect ioéﬁ:hirgarfo%' a*%sof the DVMD, pass through the other w ndow, pass

t hr ough andt ki ihg lens, and 20~ then enter another optical fiber.

er co

In this type ofHidbstvilsendwident Fobelrosirdd rewl edormmitd chthen s stemut put
fiber are rela'gi,vely high, and are typically on the order of 3dB to 4dB.
This is dfFS rPore EePirwefaaraunsg the i wasldndi VEhital 18orpeRsing rave 25

SuE of enibdlblHenegB LER, Lieldn CORLEIEL e BF WIRLBOPIPAS k50 s 1O

generate significant alignment errors across 1onal "t effper at ure
range of tharzgutlsh. Mhethetheeeenekbstingi veystempermtade,tdt dffeeapl ex

Ul 1 plo PR SEorpan PR Al | ROSRELantrye by LR 1 CoRYSFY eoul
whi ch t hestheexicgitiingIswidiefied areidce! al velrcexiendi Ve ihdmke o fafud he
prOdUCtIOQalyéc?érgfcal switching of the electrical signal, and then
20 convert the resulting electrical signal back into an
optical signal. This greatly delays the propagé.tion of
information through the system, and is expensive because
it increases the complexity of the system.
In oxder 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 (0OXC)



WO 02/ 103-420 4 PCT/ US02/ 18270 are relatively Iow. Al so, even though the

w ndows theoretically have no optical power, in practice they are non-ideal
and may ®sa@h/iavm® a slight wedge shape that ' introduces acsmsbi/isapti cal
power. 5 A further consideration is that environmental conditions such as
vi bration and shock can produce dynam c alignment problens between the

mul tiple conmponents. Still another consideration is that there are a nunber
of optical surfaces that are suscepti bPe to 10 environment factors such as
dust, noisture and outgassing of plastic or adhesive materials used to

coupl e t hgw¥8ELOUS CQEPORGRAL S 5t OgebRel:1 J; ogth¢al SHJ(E)» aqes twpical ly

I ncl ude the end surface of each fiber, tw enhd surfaces eaCh coll i1 mating

.l ens, andcohbadoserasudigieall 5 mdfcmenirtoansdesicee (DMow. whiddD is

02/103-t2U,5 PCT/USU2/ 1827U_SUMVARY OF THE | NVENTI Fromthe foregaing, it
may be apPrE8i ATETINGS aTRESHTRs &R i 28n ¥ JMLGTREE 88tﬁﬁdm§ﬁ’h§ﬁ’ﬂ§%§t us

that reduggsseacaqmeMy)l idevids | NSBREI BRI 8% aNdpDhr&NVELOBFERIRIa  act or's
in a context wherein optical fibers are associated with Tespective |ens

st rct ur eBirASEOrRRFES t @raadest ninf a h&worekierans iprenk | errray .net e and

appar at us Q| to .addyess. this nee a I nyol ve; _suppQrti.ng a

pl urali tyhg%ﬁggé %\é&ﬁ par esaeié3 a%gé]s%:ﬁglo ’arg'fﬁ‘éagﬁg WPenErgg%Fﬁlg'ﬁ‘ltvge a

sel ect ed wondbwen atidhdgespaet ar Oahftebase, ebbR ItherSect Eqlermlugl ng a
support portion made of an optically transm ssive material, and including a
pl uralityosf theés hetings Hwee Biakasoperehl IKave assveralyeVnshared and

provided gLo8026¢hat 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 traveling
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 various 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



15 locations on a first side of the support portion, the |ens portions each
being aligned with a respective optical part in the selected position of

t he | ens weoriemo fixedly securing the | ens section in th&C3alSe18a00
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 alignnent
position with respect to a respective4 ens portion; and fixedly attaching
the end of each fiber to the second 2S side of the support portion. WO

02/ 103-1 6 82 BRI EF CRI N ter
under st aﬁédﬁ]eng %q%tﬁp%ir%se% Y nven]tl‘?gcn?’ W %;ég: ?ggﬁ ed romqﬁhrgd%g% ail ed

-descri pt i tiieoddicicd D1y ohavet alkepuicadnjpowd onin plraidte ee adigpanytag
drawings, in 5 which: FIGURE 1 is a diagrammtic sectjonal top view of a

t wo- di menRPRniiedbt FOR BRYsLIAnLEVEsWR t SH AR MRASE eSPERE prladknt

i nventioni ﬂ%@e i S i ti tional side view of 10 the switch
of FI GUREH%: ta enga oﬁgggﬂeggﬁﬁe -?%iwn%%lgl GURE 1, and which al so

di agrammati calAy ghowhemnm beokeideratdiom fiber posati orextviarshmeheser; and

FIGURE 3 is an el evational view of an jnner side of | ens section which is
a conponeft™ :FtJC%SSV\FPEﬁ ofS5 VERygiion an 6%"?%3. /1 7Pr°gu°e

dynamic alignment problems between t;he multiple
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
surfaces of each collimating lens, and the outer sgurface

15 of each transmissive window,



PCT/ USO2/ 1ti1 2711 DETAI LED DESCRI PTION FIGURE 1 is a diagrammatic sectional
top view of a two-dinensional optical switch 10, which enbodi es aspects of
the presav@od/mséwti on. FIGURE 2 is a diagranmatic 5 secti @aajusst/ogr7wi ew of
the switch 10, which is taken along the line 2-2 in FIGJURE |, and which

al so shows a fiber positioner and a | aser that are discussed |later. The
optical switch 10 includes eight optical fibers 11-18 that serve as input
fibers, and eight optical 10 fibers 21528 that serve as output fibers. Each
of the fibers 11-18 and 21-28 is a conponent of a type known to those

skill ed i puMPRRY by afth R3frmreRkral core which is concentrically

surrounded by a cladding. As a natter of conveni ence for purposes of

-expl ai ni ng t he Fpossebhe 15 oregoingn, itenfaypebe ldppBeatiatierf ethad t®
herein as_in and the fibers 21-28 are referred herein as output

ut_ fibers
fibers. HOWE eltl",asarﬁiﬂo%eq OF | BeMEERPD ARG AR FRRRFRERSaLhAT i7RAICE i ber,
-and any okyllkedt; - C io a t 4 ct,
The ol 1 oRUSSRFRIBAIS Cle XY be?jék{%%tigégndra%ZSQQQ'ZBE?dieII%‘&%fO&%%&%%d
ful Py cap&bicgoafs habul i iy siconltesteouvherensti sspbhcall opfibaksr adhedi on in

opposite direct.ions, thrqough the swtchh and any of the fibers. The switch 10
i's capabl'esggcg'gl%ga i’ %E%%?FHQVESH%'? tyredr 1£OePRINGEdne of

the out pubnbl ¥y &I Zhe | Pras@RANSHVERRAdPEd | [ In
fact, at any given point ilgrti me, the sw tdéﬁ %0 fﬁ%@gﬁa%ﬁ?(ﬁpﬂﬁ%ﬁ ng an
optical c@dflingreeidedn dweryagddreasts t hehisputnééder s dnd 18 imwblve :
respectiv f. the 30 _qguiput. fibers 21-28. Thus he switch 10

i mpl ement gugsﬁger&.llg of* t g“ﬁ%&%m& | VPRADART i nPRAES n@Tst 3 R2SEV 8 x 8
oplPcal cedjastdmech (I¥6 swétehonHwEVel, dellabiddd PR O P3G 8
PCT/ US02/ 1827(1 be recogni zed that the present invention is not .

restrict ed®E® b the P3e®r shhechensusetiion arelpydinged isuppewi t ch

Lo 15, RS e L8, Ml P LB s M DY
present i Anedriddmgnhizch plwoahive ubfl i densn geuftcinot hmadehasfan zpt i cal
AL whi ch RECIS%a36 HFaPBmiseane amebprislamidnatieliptiaet 45neathde
froth a celladat in@SSon 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.



conposite which is plated with gold or silver, such as a | ow tenperature
co-fired ceramc (LTCC) available commercially as part nunmber DuPont 951
from DuPO@ 0EIBd2r oni ¢ Materials of Research Triangl e Par RCTNG02/E8216
Carolina. This material has a coefficient of thermal expansion (CTE) of
5.8ppm C. The cap 44 is made froma netal material such as a

tungst en/ ni ckel / copper alloy (WNiCu), with a CTE of 4.5ppmi C. The cap 44
has four sidewalls arranged to define a square frame, and has a 20 top wall
ext endi ng between the upper ends of .the sidewalls. The | ower edges of the
si dewal | BRI&F SIEE%I@REETEONWE THBeDRaWINGS: of the base plate 43 using a

sui tabl e sold kno such as gold/tin (AuSn) solder. 25 Wth
.reference to P\#@eﬂ%gaﬂmn%fm? hg heapresemts venien ogiilng 51
ext endi ngoé'eféhﬂklaﬂ ¥ QO t acPatauas adb 0008 P31 Sofd il 3£ 611 801 eent
made froma borosilicate glass material, suc 'ass materrta
avai | abl et@kﬁmenu atdyjasceioal wtrhunbhe mmpamyﬁﬁgcdmwigaglsﬁ,coiﬁor at ed
of nvi | ll'? rginia. The peripheral edges of the w ndow 52 are sol dered
he ca‘ﬁ %ﬁthSI ng a gol d/ gerani um (AuGe) solder, and in particular WO
02/ 103- 4211 9 P£aGRE0Z/ 1§37;1d§r SR £d LRcRR ul S ce portion
which is provided on the top wa a% and whi ch egfeer?gls%qar%éﬁ] %%2' goplgn%ng 51.
One of tHewatdbnanesiopklt heomiapcah hasrassect @apgueat opswitgh53 ekaendi ng
hori zont u d.a _diff.erent sidewall of the cap 44 has
rantod L0 PRe breRsRE st ByPotifhy |

anot her angualar-op hor| zontally through it. The

housi ng 41 incFOQUREt @ Lgns S@LayeBmhA tard §éctIBﬁah.er§;c§§CV1%Q§ gg-57 are
bueefly di scussed here,_ and then are discussed in .nore detail later. In

LO di'sk® o%%odﬁmﬁimu?ﬁeyl ar et@}S@h rAkieng r dthe hd imene2b2r oshl i cat e
| ass nmat as t rdC The | ens
gectl ons ﬁﬂ;@i 27 %glﬁ,maﬁ%%?{er%ﬁ T ve %gatrnrégécﬁ‘g &?@P HEPELFRL) e

mat eri al ,1sm$| asfibém@ds&thbnern&w izallagke; |l&m8 sections 56 i5 and 57
each have on agﬁl nner side thereof an annul ar surface portion which extends
[

al ong the periPhFEF Sdgi® 3rebfvathanagi vievw 2b| aer éanes @idsnefar
surface pgrtliedyt o] n 54 _an the
exterior surface I(%?tcttﬁ)egdgggﬁhﬁﬁ lJirq{:’dt %e é%ﬁglsg%hose Ffjbodl %e%ﬁ?Eht hce)EI ens
set?i ons BEGURE B7 axe each soldered to the cap 44 using a gol d/ gerani uin
(AuGe) solder. This provides a good hernetic seal between the |ens sections
and the cap, with good reliability. Al though the |ens sections 56-57 are
secured in 25 place with solder in the disclosed enbodi nent, they could
alternatively be fused or bonded to the cap 44 in sone other manner. As one
exanple, the cap 44 could be made from steel, such the specific type
readily commercially avail able froma nunber of vendors as ASTM F15. The

| ens 30 arrays 56-57 could each be sized to fit snugly within the

associ ated rectangul ar opening 53 or 54, and then the glass material of
each lens array could be directly



WO 02/11132U 10 PCT/ US02/ 18270 bonded to the metal material of the cap
using a known techni que whi ch produces a bond commonly known in the art as
a Frit s&w002/Ti3#29 provi des a good hernetic seal between e&CH/Usenss23ect i on
and the cap, which is reliable 5 even in harsh environnents. Another
exanple of an alternative technique for bonding the |l ens arrays 56-57 to
the cap 44 is to use, instead of a solder, an epoxy adhesive of a type
known in the art. This represents a | ow tenperature sealing 10 technique,
which is suitable for sone applications and provides good resistance to
noi st ur e. DERAIRBOS DESCRIPTIMS i ncl udes the base plate 43, cap 44,' w ndow
52, and | ens s%ptions 56-57. The housing 41 is a hernetically seal ed
.contai ner, the tRUEH ob 4f \hi Ehagyamm egectdonajaditim vaswedfieat from

the f i - " N ARGl f
PO S, SO RS BRI g o

‘t enper at ueé vilne atpmement | linventgester at eFSGURESES Whi ch tEnRhtambaeak t he
sol der 20 _connecti.ons_ and/or effect an increase in insertion Josses. The

i npgt fi bEPSTEPPY efiflehaVdeln @hd & cBWitqhusdd® t oWBAChUt &F staléenf the
| ens sect b0ngh tiagd1ihe oplpuliyl IPRESRE 1128 saanBaLs ol god lleh LS

fused to an_outer side of the [ens section ‘57, as discussed i nore
detai | | afdberwposirtdfanencend oa FLEERE 2hat spaceatiptudsedllasepount ed on

the top surface,of. the base plate 43, .within the interior of the housing

41. In the dis?ﬁﬁyﬁp%ﬁ%ﬁgiﬁ&ﬁF?ﬁrﬁﬁsbBEEPqﬁ%n%QQHFiQpﬁéﬁgirﬁﬁﬁ%¥%nina

and 30 haglansextBeitor seurieac@awhiglputs Blidieask Wi téthOFHi‘ght Tzfp £r
ppmi C. A digital mcro

plibe 61 has a CTE in the range of about 6.9 to 7.3
ni rPor de¥iCPEYEDMY-28 $hat sevee1Ey 108tpRtl fibéd/ USERH 8RT0 tinewn

o st abl [oRoaR ansrop A 0sP ol BoSPrPSRerly Ahe: DPRi CRAMA S
housi ng 7thoaeDiRidflddeinypreshpn ahnd/ hds & 6enELaRt coRe WefiRiH efst o

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 bidirectional, and

fully capable of handling simultaneous transmission of

optical radiation in opposite directions through the
switch and any of the fibers.

The switch 10 is 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



5in the art as a mcro-el ectro-nechanical systens (MEMS) device. In. the
di scl osed enbodi nent, the DMD 71 is an existing conponent manufactured by
Anal og Dav® emsg342inc. of Norwood, Massachusetts. The DVD 7PCraseyift@ ed 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
mrror parts novably supported on the upper side of the substrate 73, eight
of .the mirror parts being designated By reference nunerals 81-88 in Fl GURE
1. 15 The 64 mrror parts of the DVMD 71 are arranged in a twodi nensional 8
X 8 arraypel LL&LG -2gve A of ghie cobpansnFachygbake,m rigr Raits can
pi vot about an axi a%jacen one edge t 6reof bet WBoR &N approxi mately

- hori zont akespadctiedn tgemasal liyn fAwsh w téh shetehp ud aceul allsbhoe
substrate 73,. apd an upright posjtion extending vertically upwardly from
the subst MEE& 780 afpr 8% e RAHERDeRdi LAF ARt HAF eBB21RRh RPIFPSE ©frt thus

‘pivots t hrim agy gl e (gf‘n&pgréﬂ%gggﬁ%mﬁlgi{i %%%éOﬁF?%@Eetl t he

eight mirror parts idehtifired b reference numera 2" each

shodn i n tiideans.i ght Imosifhictn, aherd | atle t bepaidtes f r athpargresare shown

in the hor,izontal posjtion. .In the DVD 71, novenent of each mirror part is
n

ef fected T8 1e8I 3ksohever vhid kgl dnsdeyiceRarEvery en

possi bl e t2, Ba RACWE&R!r part in some other manner, for exanple using
el ectrostatic forces. Each of the mirror parts has on one side thereof WO
112/ 1U3-t 211 3ZTRTH/MYS020M8270 anoxé| eitiadkl surd ache t boitehl erdj vetsurface

bei i, { id f th 1 . t wh th 1 t i it
or | 2ont al AR HLHLERe T PROCRBAE 1% kaPs (BLARE 4R 39663 I L he
refllcecti verssur f agiee f ofae aplagel €43 Oofg Suladeanichdld VadScdbhhié ePIEs L0 one

of the input fibers 11-Z8 and also with respect to one of the output fibers
21-28. Forcompagiiie, whichi ie pdataddvittiat gohé af | etlven, septhc@so® nirror

part 81 forgs a@eﬂ%ﬁtﬁrﬁ?hgé-hff eScP.e\thetr%Ft)rgl hcg{{.{%{g@ fi be{{?sililalb]]%nd 24.

It will thus be Tecognize each mrror r cal? couple one
of the i nmamiedei=11y aasespagti venmierof dulonut pebifi fiem Mipsanpl e
as indicated diagrammatical|ly in FIGJRE 1 by an L-shaped |ine which

repr esent s&a’?f:r(ﬁﬂg‘?’c‘él Mafier st endthg R8s %dhe iTpangt8erPark 11 NoFtihe

M rrsr parda: i igd theniko fdieePUiputhdd bar 8éef¥\g‘.@'1e?1?.c h?f" WAt 1S

inits retracted or horizontal position, it is vertically lower than and
does not i¢nRARIom (GTEAdioHt iSoBpPWARY i ngThet wegn 4hyisf mede ifigem and

pr 1 ght pageiha i Er R ool sk Fon tEPGREARH A ST ER PRES adbitTE ed
i nput and Getpoh) fi kdth dheTeOwemren sghmylre . rrpe AP S48f hake fMR-71 is
control| edsfgegzil Iil.éalariia%]gagds Lgcéiilevfeiq'xet héousgqmaarec at%lrgm%% and has a
20 top wall extending between the upper ends of the
sidewalls. The lower edges of the sidewalls are soldered
to the upper 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 vertically 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



25 that serves as a control interface. In the disclosed enbodi nent, the
control interface 93 may conformto the industry-standard RS-232 protocol,
may be t Ve@82/8@3d2k r ansi stor-1ogic (TTL) signals, or nmay c®GTAS2A876éonme
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

Il lustrated and descri bed here in detail. WO 02/10 3211 13 PCT/ US02/ 18270
Turning in nore detail to the |ens seftions 56 and . 57, the lens sections
56-57 in the disclosed enbodi nent are identical. Therefore, only the |ens

section afel ScdSdehidedebn daf ahhnuhRyt histirFegrr dFoEt@d?E 3wh$ch Sis
di agrammatic el evational view of the inner side of the |ens section 57. As
best seeprovifle@RES Ithadtdp tWwellermndewhiich sextarfadesroundhpbhe

portion 106 whi ch_has the shape .,of appyoxi ely flat, ctangyl ar plate.
The | ens P& Th gﬁ;'al so°F n(ﬂafﬁd‘—ehs‘eei%%{e“fael S p8¥t iéo}?\es Fé%llggl%éés i ch
'proj ect @iyl d¥ aspéhengnBer esitdhdiing NeoBLEPREALDYT tHlRFohgR, iknt o the

openi ng 54 through the wall of cap 44. Each of the lens portions 11 1-118
ha$ appr ®udmteel gitfifersndpe didewatl orhf s praRe, 4hd kapyveangshgr

col limating,lens.. 15 In the disc odi i 57 is
made from tsarrf%lf]ealf)i T %’?gt%% %%g\%g*-d %eg:?ft ﬁgﬁgo&%%ﬁr%egggé%r ng:I Ticate
gl ass materi alThé hRoGYRAQT 4 1PAid D96t a0d Lehs |sxst pon t isB1sadd15%18 bei ng

respective integral, portions of this single piece of. glass material. The
20 | ens Ja i bANS7 saatieng abfr 8t &rs nPRAGLLY CF @ 9RFRehel®r 8Rdnpl e by

Mol ding e Pl agse MUFLEALseA! Bh USHL A doog{1 WAkLES ! echniqueche
sel ectivel'y " renbovée materra roma larger tnitiral piece of glass, until the
ramai ni ngindlbrsad eéafbioddmelrite, | eheysextte orath thade hEmbmacltdsedsame

enbodi nent, the |ens portions 111-118 are ,arranged at..unifor spaced
Iocation&%%blhcﬁﬁ?goﬁiﬁﬁﬁl TRtRE 15 @s(:e‘?ﬁeerw%'g&%‘gn%gr aii Zlaa efween

each adj aegfit opaid . O pphgdeens neld | Pags 1Ebcklibipi Be egual 9o tBaldi stance
bet ween two adj acent input fibers 11-18 or two adjacent 30 output fibers

21-28. AreHpproathvedyy beequatdeyuf somr iseiel XEher ggldigbdsni vateriad) sol der
's provi ds?z?cﬁ”atsheas“z‘ﬁg%t si]\./:\%a(.) Z/m%(%?ér]i%(ﬁ 14The 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 'surface
portion that extends around an respective opening 53 or
54 on the exterior surface of the cap 44. In the
20 disclosed embodiment, the 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 56-57 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 lens array could be directly



PCT/ US02/ 18270 portion 106, in particular on an annul ar surface portion
t hereon which extends around all of the lens portions 111-118. The sol der
ring 126 V6@82113d2y coupl es the | ens section 57 to the ext &TarS0yi82fhe cap
44, and in 5 particular to an annular surface portion thereon which extends
around the opening 54 therein.' The manner in which the optical switch 10
is assenbled will now be briefly descpiybed: The spacer plate 61 and the cap
44 are each soldered to the base LO plate 43. The substrate 73 of the DWD
71 is soldered to the spacer plate 61. Next, the |lens sections 56 and 57
are posi thanrted wicoh tlespeetalo nheerdadi nof 4 theandap hers igey uredkhowh he
housing 41, .in,the follow ng._manner. The_lens section 57 is pl.aced in
.appr oxi mateTYR e 1§ﬁ?cﬁogFgﬁ&qe§hM?ﬁd F?@}'F@SEX REWe 1R ¢ s@FFne, the
output fiders 2r28 hauginot yelideenSAEESda tgoble hepfesse! i BBaP7. One
of the mrror parts in the left colum, for exanple the mrror part 86, is
‘set to bebetween epchghlensosie¢ion Aabdamlvf ¢apli avhdchi sisanskilabbe20
travel algng the L-shaped path associated with mrror part 86, so that it.
el s rEURR AR PR FrERR

travel s rfgnhtward PACRSShe nirror part 86, and 'then is |

reflected by tﬁﬁoﬁhé!’ro_reﬂaﬂhgléndoffr awel s dewaitdhe Widienighdi ngokhe | ens
section 57 stationary in a 25 selected position with respect to the housing
41, an enrRfing &hd ckend i perays Factd Agaithe chp dif eissitde vEethe | ens

the anourtoSFerdc bl A FRais o rnteh o BB L8 B | TP SRR EnED o he
30 opticathéi bert. Therkhiay e daiweEdRESNI §Uekow Ol diipdr@cihe (&ehkingnd

measuring the anount of radiation which enters it, one_of which is
dekri bedteGRRIUENe WSS HuASansukEablep fap/ segel 2applicpEhionsn2an8270 of

radi ati onopBasteedobeh kabssRAHOC W AmPaRLdton of the |ens section 57 as
e, tnhi

recorded.” I n essen IS1S a determnation of the anpbunt of radiation
fromthe beam Thechoustinghalsuthase imcldesoutles bade pflatlee 4Enschpsection

57, is focused ,by. the lens portion 11.1,into regi on_of predeferm ned size
ar ound anggpt iwclé%éod‘ki of aPﬁe 1€&ﬁ/e$§8m°?§di53ri5§?r trggsli SRS flom the

| ens portignal hbrmEtg daAflly %ﬁdleaﬁt§§%ék9ntﬁé (HEdReA)of swhhenr - 0

moved slightly, and held stationary in .this new position while the

movenment &F tHERIRAL chP B bercawd. t heRfre gvidemint foemt ther afibregoANgsS
d, 5i ' ' d L TUE f
repeat ed, gi 0 QLG O Vg%]e'\%#is’oﬁé; \APB%‘E@ ¢ h@;?@?ﬁéﬂgg%geﬁéurgg apoyat o

radi ati on associ at ed posSition section. This

procedur efrem epeatedalior hawvinhersdmiaddi t coesfipoentsonsof thbemb@ns
section 57. Then, the recorded val ues are conpared in order (o select the

posi tion GFPAREICHs P whFRAti s CATRRIAWE w YATERELPREgest L hixi RBM
measured gERURHatd rdiddids. WMl tedlaenePf bPeakentimect keRget i S

then .returned to this sel ected position.

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 wmicro mirror device (DMD) 71 of a



Next, a somewhat siml|ar 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
mrror pav0e2/mB4tocated in the right colum in FIGURE 1, ®azrUsay12me mrror
part 83. During this procedure, novenent of the right end of |ens section
57 (FI GURE 1) involves onedi nensional novenent corresponding to rotation of
the I ens section 57 about a central a.ié of the lens portion 30 111. In
particular, for each of several such éb itions of the right end of the |ens
section 57, an end of an optical fiber adjacent the outside of the support

portion kMOWwA2t{He- 42X Indinted/ BROZ/CEB25D the ispatetedlLtat 61e tthd he
| ens section 57, while neasuring the amount of_ focused radiation fromthe
.1 ens portFBACETs PRateCenfdr s SERTiMDertherStRBLI8Rs anseePPFPRFAatE i n

that posi{Lpp4icAft ' val.yat, asg,1R88 i eacly of
several di ffe%gnt gg)c"séllﬁ%%rg g Et ?\eﬁeﬁ%ﬂszﬁlon& g@?éaﬁgeggﬁl gg%ionr}}s made
-of whi ch DMDt béseheodiytpeornshawnt e righits etibofsémetimas seferaed teyi el ded
t he_maxi nym neasured amount of radiation, and then the right end of the

€
| en? sect MBn B LBFFs %t fr MEEY tHRSEHosPerbaAnigrdn syetengnt (MEMP) ef t
ends of !hevieas seghl dhe aigu1bgld |dnbdalheRED! ! hitpse)£58d an

positions, the assemnly I's heated to a tenperature nelts the sol der
ring 126 eFiSGURES3)combenassemsnufisct imeadcdyt eBnaldgs Denites he Isud der

ring 126 hardens a uses .the | ens sectiqn 57 to, be fixedl nd.
her?ret i caP?yﬁg’ﬂloggld't FFRAP oLt B tﬁéeh ng 445 %@ié?rﬁﬁe Perd’%ect i on
56' is posphienrephltd tdien s£ony eins118e iy Abided "HANEH iyl to

that described above for the |ens section 57. 20 Thereafter, each of the
oulPut fibBPYMim&heedddto be aligned with respect to the lens section

57, and then S Ghdf 0 'flheihg'igld%%dgog)fa?t?ﬂfl@l %rilH&co%nggsttr%%é nput

fibers 11-18 needs tTo be aligned wth respec o théTens s Ion and

t hen secufdqd tandhéhdengiseniradr2SpadtsThinovablef fagipertadt hen safe manner
for each of the fibers, and the appropriate technique is therefore

descri bed"RBFE ﬁ&r@%rﬂﬁl e BRPEREAERLRs, St ‘Pg e BATERT MARES 21 In
the I eft oluon o e & B s b PRCtoray et Bible 6 Brte pAr S 1
exabpl e t RBeni6d onipeer BartRadifatihen HMDt Aan agier ectethggdnint e tiweshaped
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
rerpendicular thereto. Each mirror part thus pivots
through an angle of approximately 90°. As evident from
FIGURE 1, the eight mirror parts identified by the
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 wmanner, for example using electrostatic

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



WO 02/ 103-420 17 PCT/ US02/ 18270 path associated with the mrror part 86, so
that it travels rightwardly in FIGURE 1 to the mrror part 86, is reflected
by the mweoer1gaat 86, and then travels ' downwardly to tRETIESAY1§200ti on
111, which focuses the 5 radiation toward the surface on the outer side of
t he support portion Z06 of the lens section 57. FIGURE 2 diagranmatically
shows a fiber positioner 202 and a Iafgr 203. There are comercially
avai |l abl e devi ces which are suitable r use as the fiber 10 positioner

202, one exaggle of which is a sem -autonmated fiber alignnment system

avai | abl & ecthive r adefack " GREOYe: flram Nespetl- fEREP WeBliP P h& Vi ne,
Cal i fornifb. Ther,e alttso ﬁl’e comercially avail abl e devices which are
.suitabl e TOF Ts8%afft nERPalurrzay: Pave whew thef mimuar 16att 4 ater

avai | abl eigs megebodédg8il ; nr Ngs, 0f - Muki | t Washi.ngt pn. The
fi ber positioner 282 igs \cé{)d;s;l%ﬁo\%l ya@%%{pl)l gget 6“%%‘%@%6? %0 Z“fsas

i ndi cat ed'Ri Eganpesitddny, byhe heflertiwe 206fatie fobRs Bosidigrer 202
cang nonitor 20 the amount of radiation passing through the fiber 21 to its
distal erfdt SYPshdnCateldi i 457 amiidih caebpeloy ator okme Idfethe' i@t while

the fibersrpqsidi onegg2 hysical .y, mves thtg roxi mal _end of .the ffiber
21 adj acent the ?Fa?sog%éér) és(%%‘??a&’é%gf lﬁﬁép%% ngt ‘ifb?t?gnt% BtRufens
section 25ikErs Phi-28noverruit eRsmpUes Iimeaﬁ_lrlovggeq{ot(gc} theafi hgteend in
two orthongal directions which are each parallel to the flat outer surface

on suppor¥SiRet bre 1weriareoont nixrovypaett St\forms Usie amgia@tdopnegd the
angl e for&&q&h@ye%eceng of tgeo%i bg(r_} %1 with respect to the outer 30
surface o €S %otﬁt BoPRFBnCF0BRe; fibgrs Al #nda#4 ation of this angle
TN 357 g sl NGRS RCH LI e o
portion RRFically 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
15 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 is 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 dié.closed
'~ 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
interface 93 is coupled to a suitable control circuit of

a known type, which is not illustrated and described here
in detail.

30



The fiber positioner 202 has the capability to ' position the fiber 21
according to a selected criteria. 5 In the disclosed enbodi nent, the
criteriaweoyosmmve the fiber 21 to the position in whichPCi/userei2ves t he
maxi mum anmount of radiation fromthe lens portion 111, which typically
means that the end of the fiber 21 would be positioned at the | ocation
where the flat outer surface .0 of th& support portion 106 is intersected
by an optical axis along which the cu ved surface on the |ens portion 111
is effectively focusing the beam of radiation. Wien the fiber positioner
202 has posi timanetiddeihi hsr&ldeaad tun SBhesflerddi seettibas &6 t Ardf i ber
.5 positioner 202 enables the |aser 203, as indicated diagrammatically by a
.broken | 5% 20Be teas asert20Bst Hehr off r dut Lhet disRdopad, @RACBLIMERE fi ber

21 a |l as bea Al is ipdic di nmELd c3l b Kk | pe 209.
The Iase'ra‘{ ea H%ngﬁég th (aefrfe?t:?exd%‘f %ﬁ?l ng é?Oa'tek)eé e%ﬁégggghgﬂi %gr 21
rand al so déscedhagenin Miedididl . of tthe shpportegard orFIGGRES® asd oaf use
the end of fiber 21 to the flat outer -surface of the support' portjon 106,
anc t her ebiagramm i ¢ aslavarbenadgotifer . ofhitdhe odREer sEL8Rg Mol EBSI ar
bond bet SiAl ore+4 dentj ca ials i d
enbodineﬁ?, hgg?%géP 5%gitié%£rbsgg gﬁa?{hgﬁlggggm%%g gu%ﬁ%g??baFPi carry
out this besstseotibgnamy firschgdet hesuppbixd poetfioherldEl wiidhrbgpect to

the flat outer surface of the, support portion 106. 30 After the e of the
fiber 21 H3& Egéﬁeoﬂ@ﬁﬂERF%%Hmﬁg§gHi ﬁqﬁsrﬂﬁﬁﬁﬁgugarté34§ﬁm sggFion 57,

a smal | quantityeptianknayn adhesi vehG,dey opihapal lnede p¥ELUAR0320 19
PCT/ US112/1 H2711 applied around the region wheré these parts have been

fus@d. Afiki-1hes attiedi veregest ioutwrisikwchzaeimcdihet Aangerh side het

connecti on, between the fiber- 2 nd .| ens section 57 d serves, to.resist
relativ; 9eﬁBﬁP°§%b§Fﬁé§H”?hiﬂgfh&fl eméaﬁgﬁngnga%ré%5§% htﬁge |

| aser f usegatonegcténn. gkhe aghes Wsf 2¢Redaemanoportient tiel opis chks
operation of the fiber 21 and the |lens section 57. Although the disclosed
enbodi nendPpsesimakgd®r bbBem sbape f @fe BRERLPMpePLt 02t hEPREESei afBE | ens

section,._W o] Lt ty 4 ; nt application of an adhesive, there
st be hanil B L S spae

are altern niIrquées ichPalso fall within the scope of the present

i N¥Bnti on. For Iexaip elisckopedsidnbodinmeernatihe lenso sesstion ab? figsi ng
t echni que

probes arE‘éaﬁla%g?t?%gag%&ggl]taezeé?gggmcﬂg\?ﬁ%gf %ﬁ%ﬁ%&fﬂ%l ag:g%fq&%tﬁiav?ens |
section, gadot BeRcRigURSHEANtGPAsNOhRES ik  ARbd QiSeOS Spbleiphohes in
order to generate an el ectrical arc which fuses the fiber to
and the lens portions 111-118 being respective integral
portions of this single piece of glass material. The
20 lens section 57 can be fabricated in any suitable wanner,
| for example by molding the glass material, or by using a
laser writing technique 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 outpﬁt fibers 21-28.
An approximately rectangular ring 126 of

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



:0 the lens section. After fusing .the fiber and |l ens together using this
arc fusing technique, an adhesive can optionally be applied in the sane
manner awv@psosssed above for the adhesive 216. Any ot her PEmiUSanis70
alternative approach. could also be used. ~5 As evident fromthe foregoing
di scussion, the disclosed enbodinent is a two-di nensional optical swtch
10, which effects switching between a first group of optical fibers 11-18
and a second group of optical fibers 121-28. However, it will be recognized
that the invention 30 is applicable in other contexts, including but not

limted to g .three-dinensional. optical swtch n_opt.ical WQ.112/ 10320
20" PCT] USRI ot ot 1 LB Sreeioutn Bnc 3 iR Beeries B Y cal
-adddrop raHdrdtheX@hicB \DMAtendiBe HFESAAL dTIVerid ORhRr OVEHSS portidie of
techni cal advantages. One such technical advantage is that several 5

optical fiberkl8sevEhel ssdidemuring Lags@sadinalyi Adowles thehekenic
‘package eall c ined ipto what .i.s_effectively a single integral
conpon_enfg.eciifﬁ%n p(e)gai tsa %h %E%éc’b”f gl%i gﬁ\rl?bent & vvegﬁ’ t h%n$i bets, the
cold i mat it £l @0 d rept dfial argaipone s fudd pobfta drO Baevedd Woids to

achi eve a degree of accuracy which can reduce insertion |osses for input
fibers t RetEPdE 3Toend phesopepingpSd Fhargiteexi sting approaches. For

exanpl e, theng?ﬁéen&a'H¥§nt&92n%ggéﬁﬁov£g@ ggaggE%gp %§§§§§1|§ﬁ§ tf@n 2 dB

over the nqr oper at1 onal reran i cCés this type.

Further, ddsembledr acdlTamdwe dehi byte finr edeserlipeand retrhabl ypaden in
pre-existingFapproaches, t hereby produci ng hi gher production_yields. Since

the fi berk! Bnéds M WdvRRIr é%ef RELL ISPl BOLARGFE. EBMIHI® cRRFRnent
widh an i gesl vely uhd ABA L0 hhCLenl Rl BiRS! AR 12X RANRKIOYg &L gnMENt

errors between t ements.are virtually negligible over t oper ati onal
t enper at utkker apgeeat pletalesl ce, Newr ebyhavdietisngsetlei oGFE 56| i gmhehT

' that tend .t tribute to i tion | i - exj stj
Cont | gur P T BnEO HEA S8 T | BRoBPneke. EBREmdhas S o dommiit coMPBnent

al so hel psetareadgeetne BbuBhingt @15UsGeRlidifdlYokong! napReRt, errors caused
by environnental factors such "as vibration and/or shock. Still another

advant age is tkae d&a® fseetiaRd Stthel80P38666 ated apPraimataly ekBei nvol ve
oA % BRSNS A 5 B, RN o
outbut 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 beam of radiation is caused to
20 travel along the L-shaped path associated with mirror
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 technigques for moving the
fiber and measu:ing the amount of radiation which enters

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



WO 02/ 103-120 21 PCT/US112/1827U hernetical ly seal ed housing, where it is
protected fromenvironnental, factors such as dust and noisture. Further,
since thavoerim3swcti on, effectively integra ces the col|li RETIUSGR/18Ases into
a wi ndow for a hernetically 5 seal ed housing, the parts count is reduced by
avoi ding the provision of one or nore separate .transm ssive w ndows in
addition to a collimating lens structye, and this also avoids the

i naccur aci es resulting from noni deal aracteristics of separate

transm ssive windows, 10 , as well as the susceptibility of the external

sur f acesopf rhbigath ans Mt PEEWEhEE pAITIGUIRNY abopiobbaneisttle as dust
and noi sture. Al though one enbodi nent has been illustrated and described in
‘detai |, lengi|sedeionddrst did eRaOr@Rd ous 1B UBIERER | dHRI&ndi%l Berati ons

| : e . ; g
e 2 S0aResahikar Yk Ut 807 Lhiel! 00 L BB SRUGHERRR bl |
“WHAT | S GhAENED 46. the AudiHes aldis, thenpousery: s Pdd/ W2/t 7Uemdase; a

plurality of optical parts supported on sajd-base; 5 a |ens section which
i nel udes®&CEdFPor 7 porits ohorgedofPYAN tHSt | L8RPy RILHIGR sdilde HBE@ridal, and

a plural bey sk | S5 U U IIde 8l AN 2POLAAL I [ EBEITATS! ¥R Rl T2l and
provi ded at" spaced Focations on a tirst side of said support portion, said
| ens secthen benwmgrgepportadianianlOttaxellingl adwapshipomi ttthe edpers to

sai d base so.that said | ens portions are each in alignment with a
respect i ¥O¥EACR dptli<cal part; and

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, in oxrder 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 values 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 1lens section 57 (FIGURE 1) involves one-
dimensional wmovement corresponding to rotation of the
lens section 57 about a central axis of the lens portion

30 111. In pari';icular, 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



a plurality of optical fibers which each have an end ' secured to said
support portion on a second side thereof 15 opposite fromsaid first side,
each sai W@M/103430 fi ber having said end thereof in alignnmBaQT/Us2/18220
respective one of said lens portions. 2. An apparatus according to Caiml,
wherein each 20 said |l ens portion is shaped to function as a collimating

| ens. 3. An apparatus according to Caiml, wherein said support portion
and said lens portions are respectivé®25 integral portions of a single

pi ece of an optically transm ssive material. WO 11211U3~2U 23 4. An
appar at ugp@ccd dii, d® JAifBide PEY Upe/ 184 Wagrelirsakg SURReiE
portion. has an approxi mately plateli ke shape; and ' wherein each said | ens

-portion peaperisgouther dhgubtf odm Sacdsédr stadialeiof Saoth stippolengorti on
and has g shape ich is, approximtely porti.on of sphere. 5. An

appar at uS°4h &gPd\iAﬁg“{]o_ %}‘ng ENNGRS ef F\ggai R ew_gleéce i optPBS 1 y
‘transm sge¥eiBRt 6f &l gl § TRERat OplamiRhie. of RFPOFOYHiLabgaglidtsopnd a

fused silica material. 6. An apparatus according to Claim1, wherein each
saisd opthaal bepor kkasrmisid ent t fereofedalsedofo saveral sdidfersinge of

sai d SUPBOLL BOLLT OfF 4n S Sl oNS-EESh' 8%, T MbPRALALYSHAGEoRdi0 o
’of which of these positions of the right end of the lens
section 57 vyielded the maximum measured amount of
radiation, and then the right end of the lens section 57
10 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,

15 so that the soldef ring 126 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 manner
similar to that described above for the lens section 57.

20 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 lens section 56, and then secured to the lens section

25 56. Thisg 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

30 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



i ncl uding a housing having a wall portion with an opening therethrough,
sai d base being~a portion of said housing, said optical parts being within
sai d houdy9 821829 said | ens section being a part of said REHAISAZ182A ch i s
di sposed externally of said wall portion with said | ens portions projecting
I nto sai d opening; wherein said support portion of said |lens section 25 has
on said first side thereof a first annular surface portion which extends
around said | ens portions; and whereih7said wall portion has on an outer
side thereof a second annul ar surface portion which extends around said

openi ng whi ' I ggl.y, C | ed. Ld figrst nu sutrface
portion.%giﬁb 5§FE%§F§%512%gﬁ%h7%§%12ﬂigg9ggségf% aggéraggs %gégrd§%g to
-Claim 7, timcledd ngightwanditler ini FgGUREpAs erb beheeew ryaird Hfantstséndisecond
annul ar su%ggfeeﬁirtions for effecting. said seal%ggico | i ng of %iid | ens
section &G FSH31PHor EREN. “‘E}rQ’PrAng%‘b"ar abls a ditﬁ'garfo EFAVE’ 8,

‘wher ei N sdEhBMNEI R0 d Lcal l f%¥% d, I d. 30l 8Ler £ r ically
sealing said Iens:%eé¥fogﬁ%geggﬁﬁ &%T p&?tﬁgﬁg Oﬁﬁ§d#2nfgggg?%?ugﬁé

accor di ngradiadiadm Tovienod udheg sudigeealomi then ouberdeside wifi chhes

o sposed AL SEL s Bg 297 0l SR cladegeg ghural ity of movable

mrror parts. pio¥RE2L10824drammatically shows a fiber positioner

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 Ixrvine, California.

There also are commercially available devices which are

suitable for use as the laser 203, one example of which

15 is a_las_er available as model J48-1W from Synrad, Inc. of
Mukilteo, Washington.

The fiber positione:; 202 1is operat'ively qoupled to

the output fiber 21, as indicated diagrammat.ically by a

| broken 1line 20s6. The fiber positioner 202 can monitor

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



25 PCT/ 11502118270 11. An apparatus according to C aim 10, wherein said
housi ng has a further opening through a further wall portion thereof;

i ncl udi ngva ot/wstier | ens section which includes a 5 furthecCTaisopos2to porti on
made of an optically transm ssive material and includes a plurality of
further lens portions made of an optically transm ssive material and

provi ded at spaced |ocations on a first side of said further support
portion, said further |ens section bd8ng 10 a portion of said housing which
i s disposed externally of said further wall portion with said further |ens

porti onspp0f £641 99 Lok del Wl QRENINGD. pERLENMUAY SUPPREE portion
having on said first side thereof a thir annuFar surtace portion which
-ext ends Blaundusardstirfaleer o supporOdovinbonabhdéesai d further wall portion

havi ng on an ﬁﬂter surface thereof a fourth annular surfa e&gortion whi ch
n

extends arou €aj 1 GFth@Pﬁﬁ&%QQﬁfen%P%wn istE%aIFﬁBP 1 E§1e&cio, sai d
‘third angééﬁéiéﬂrEﬁﬁ? PQEE&OQH.kﬂ&é&ﬁ&ﬂﬁgafglgéﬂ éﬁééﬁséuEE@EEﬂﬂ¥Jca!

fi bers 20 which each have one e secure further support portion
on5a secdndtheddidwliandd oppbedimehtomides defiterisi da tthermofe ahd wherein

said mrcLo arts of said digital mcronmccrqr device are arranged in a
oo di meheberap o5, B péefridn ThowBlh U Fecefudh *ehn] BRtimup of
col ums, aRaGAtSabe | LA8iROLEAONERIm OheOf 198l IRAR i%8F1 1aRS bahAgral | gned

with a respective said row and each said |lens portion of the other of said
| ens sectYbBhsapdiyngneangnddhai t bhe resubeofi veheaifdhsy ugid. wouAd be

(12/1(13 . US02/.18270 12.. A net hod, .conprising the ste of :
supportiﬁégéggfbﬁ%i y 3 eopjﬁcc%tll%rw °58 & sgh';at‘ Lﬂ'j"%gt Pﬁg%gqeens
seotion bf airel eabperpoPdrtdiorivi 1h65is resfeesetoedaitdy baseopsdicdll ens
section ingluding a support portion nmade of an optically transm ssive

mat eri al @¥afd 34RN9dVRdch Hihe Frryeds suafagsr eRokd of PRFtdem cal | y -
e e Pl A el tboged] gepiang |3 3 06 o
portions are &hemn ath@neﬂihéth postispenerve2 6ai chapt ipeaditpioorted the
fiber 21 so as to satisfy this criteria, the Ffiber
.5 positioner 202 enables the laser 203, as indicated
diagrammatically by a broken 1line 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



fixedly securing said | ens section in said selected position with respect
to said base; positioning an end of each of a plurality of optical Z5
fibers tovbezasyacent said support portion on ~a second sipda/ushz 1206
opposite fromsaid first side, and to be in an alignnment position with
respect to a respective said |lens portion; and fixedly attaching said end
of each said fiber to 20 said. second side of said support portion. 13. A
met hod according to Caim 12, wherei d9said positioning step includes the
step of causing a beamof radiation to travel fromone of said optical

parts 25 thr.ough_said Je portion a | at er &’Plt@ L itionally
adj usti r?é’pgéieépeﬁaogpdsa?g‘ef izf)é'é lgrslsé@l%%%d%%gréevft an\é\ﬂ\%‘m{r:él ggérr%rtrl]i toring
-the anouiiged. radh@teen the® sadHebeed tdetsentiy s dddsf idsrhamiceslt o

identify a position of the fiber .whjch is said aljgnnent posjtjon 30 and
whi ch mestrangid the shsurrorReshipat PERWERPBMIS d- e CHat2éht 8RSt he

fiber. Y008 14320128 S JxECT/ HSLL2LABZTO 11 1 N ehongi ng Lo
Clalmlzs, erein said adjusting step includes the step of causing a beam
ofsradi apétored theavel thaomminghiof weakdnopingAbr paretwet hitdwgghl sa¢d-| ens

portion associated therewth while_positiopally, adjustin iqil S. section
&R ARt off

rel ati vef#8P% aranpESE 1oty whithe ¥y ¢hE tDBF €from

sai d be Lo, 1i15€68Nd he SEdBer! 21 0OgHECE N Q cdin [ §8LOTOAT
pr edet e?ﬁ%fgi ?gtearr%?t}%ﬁan optl-ilecaF aii s of the convergent radiation
traveling7away fromthe |l ens portion, 'said selected position of said | ens

section bein e position thereof iC ximzes the _anpunt aof radiation
within saidr 1?169‘13 ol s3HRC 3??@2?9 Qgg._meﬁ_ PHEL Fo aa%%’%?‘a?ﬁ‘a to
QA gi m 12¢ o Wagkei Ruaxal dedbeld %adl ¥nat basbicia tdepl énsl wias idig, Skeenhof

fusing said end of each said fiber to said second.side with a beam of |aser
light. 16r Aviddihed ddwor gubRgeamenitai aPP2icatdiondi A& t BB 28ABeeHVef causi ng

Crh oL PabED” R VR S B BB s T
section ghet Rajosai @f 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 lens section, and then a
substantial voltage is applied across the probes in order
to generate an electrical arc which fuses the fiber to
!6 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 approabh'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



25 support portion and said |lens portions are respective. integral portions
of a single piece of an optically transm ssive material. 18. A nethod
accordi ngvo 62/@3atom 17, wherein said 30 fabricating step i Rcrusesif2ne step
of selecting one of ..a borosilicate~glass and a fused silica.-material for
use as said single piece of optically transm ssive material . WO

02/ 1113-420 28 PCT/ US02/ 18270 19. A nethod according to Claim 12, including

the step of providing a housing havi@@ a wall portion with an opening
t her et hrough, said base being a portion of said housing and said optical

parts bemnigctpsereed wWd gt sedd HeMSipgplehers bisalw 8gt ushingagtep
I ncl udes thesteE of positioning said |lens section externally of said wall
-portion @reh wuldipdexeiortQAIME) projecting into said opening; and wherein

said fixedly curing~st.ep,includes the step of sealingl oupli.ng.,a first
annul ar' surf @8 B H %?%ﬁﬂﬁlgﬁiBrPgﬁge%oﬁﬂ Wé?%& géi%eFBF§F%§ide . of
‘'sai d supp@ihnBabeison tohé S8EANHeaRAHLAN SHARRROTLE0BNAEOBE}RSaAr ound

sai d opening on an outer surface of said wall portion, said lens serrtion

bePng a gaticel shilersusisaysialer cedbphating ofersed fndedsywiacom ng
:Ea:lpi. nzof;oxA getﬂg%é?\gfgr &ia d‘:&%’e Cla%Jem &]q.l V\@Sﬁnﬁ%ﬂeaa! angastvﬁpa@f.
gly S0l de

coupltng 178 carrie ut ‘using a ~ rring isposediﬁbtmeen
sai d firsiffaedisedonds aghibae Swtap@lpoidmposentd. . AYid . pEEmAYR. AYu& . AY9

- ATNG high degree of alignment between the fibers, the
collimating 1lens 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. Forle}"cample,
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.
8ince the fibers, lenses and window are effectively
a single  common component with an effectively uniform
20 coefficient of thermal  expansion, alignment errors
between these elements. 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 leng involve only a single exposed
optical surface, which is the curved surface on the lens

portion, and this surface is disposed within the
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invention, as defined by the following claims.
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a base;

a plurality of optical parts supported on said base;
5 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 lens section being supported in a
10 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 optlcal flbers Wthh each have an end
secured to said support portion on a second side thereof
15 opposite from said first side, each said optical fiber
having said end thereof in alignment with a respective

one of said lens portions.

2. An apparatus according to Claim 1, wherein each

20 said lens portion is shaped to function as a collimating
lens.

3. An apparatus according to Claim 1, wherein said
support portion and said lens portions are respective

25 integral portions of a single piece of an optically

" transmissive material.
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platelike shape; and
wherein each said lens portion projects outwardly
5 from said first side of said support portion, and has a

shape which is approximately a portion of a sphere.

5. An apparatus according to Claim 3, wherein said
single piece of optically transmigsive material is made

LO from one of a borosilicate glass and a fused silica

material.

6. An apparatus according to Claim 1, wherein each
said optical fiber has said end thereof fused to said

LS second side of said support portion of said lens section.

7. An apparatus according to Claim 1,
including a housing having a wall portion with an
opening therethrough, said base being a portion of said
20 housing, said optical parts being within said housing,
and said lens section being a part of said housing which
is disposed externally of said wall portion with said

lens portions projecting into said opening;
wherein said support portion of said lens section
25 has on said first side thereof a first annular surface

| | portion which extends around said lens portions; and

wherein said wall portion hags on an outer side
thereof a second annular surface portion which extends
around said opening and which is sealingly coupled to

30 said first annular surface portion.
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solder ring disposed between said first and second
anhular- surface portions for effecting said sealing

coupling of said lens section to said wall portion.

5
9. lAn apparatus -according to Claim 8, wherein said
housing is  hermetically sealed, said solder ring
hermetically sealing said lens section to said wall
portion.
0

10. An apparatus according to Claim 7, including a
digital micromirror device which is disposed within‘said
housing and which includes a plurality of movable mirror
parts, each said optical part being a respective one of

5 said mirror parts.
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including a further lens section which includes a

5 further support portion made of an optically transmissive
material and includes a plural:ity of further lens
portions made of an optically transmissive material and
provided at spaced locations on a first side of said
further support portion, said further lens section being

10 a portion of said housing which is disposed externally of
said further wall portion with said further lens portions
projecting into said further opéning, said further
support portion having on said first side thereof a third
annular surface portion which extends around said further

15 lens portions, and said further wall portion having on an
outer surface thereof a fourth annular surface portion
which extends around said further 'opening and which is
sealingly coupled to said third annular surface portion;

including a plurality of further optical fibers

20 which each have one end secured to said further support
portion on a second sidé thereof opposite from said first
side thereof; and |

wherein said mirror  parts of said digital
micromirror device are arranged in é two-dimensional

25 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.
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5 - ‘respect to said base, said 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 locations on a first side of said support portion,
10 wherein in said selected pos.ition said lens portions are
each aligned with a respective said optical part;
fixedly securing said lens séction in said selected
- position with respect to said base;
positioning an end of each of a plurality of optical
15 fibers to be adjacent said support portion on a second
side thereof opposite from said first side, and to be in
an alignment positioﬁ with respect to a respective said
lens portion; and .
fixedly attaching said end of each said fiber to

20 said second side of said support portion.

13. A method according to Claim 12, wherein said
positioning step includes the step of causing a beam of
radiation to travel from one of said optical parts

25 through said 1lens portion associated therewith while
positionally adjusting said end of said fiber associated
therewith and while monitoring the amount of radiation
from said beam that enters the fiber so as to identify a
position of the fiber which is said alignment position

30 and which maximizes the amount of radiation from said

beam that enters the fiber.
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5 positionally adjusting said lens section relative to said
base and while measuring the amount of radiation. .from
said beam which, at said second side, is focused into a"
region of predetermined size around an optical axis of
the convergent radiation traveling away £from the lens
10.. .- portion, said selected position of. said lens section
being the position thereof which maximizes the amount of

radiation within said region around said optical axis.

15. A method according to Claim 12, wherein said
15 fixedly attaching step includes the step of fusing said

end of each said fiber to said second side with a beam of

laser light.

16. A method according to Claim 12, including the
20 step of causing each said lens portion to be“shaped to

function as a collimating lens.

17. A method according to Claim 12, including the

step of fabricating said lens section so .that said

25 support portion and said lens portions are respective
integral portions of a single piece of an optically

transmissive material.

18. A method according to Claim 17, wherein said
30 fabricating step includes the step of selectihg one of a
borosilicate glass and a fused silica -material for use as

said single piece of optically transmissive material.
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wherein said adjusting step includes the step of
positioning said 1lens section externally.'of said wall
portion with said lens portions projecting into said
) opening; and
wherein said fixedly securing step includes the step
of sealingly coupling a first annular surface provided
around said lens po.rtions‘ on said first side .of said
sﬁpport portion to a second annular surface portion
5 provided around said opening on an outer surface of said
wall portion, said lens section being a part of said

housing after completion of said fixedly securing step.

20. A method according to Claim 19, wherein said
step of sealingly' coupling is carried out using a solder
ring disposed between said first and second annular
surface portions.



