- 2p . ,-matchas the center wavelfength of the signal emtted by the
| ens i-n tHe coupler, and the bandwidth of the filter is sel ected so *
thrat the filter will pass at |east substantially al |, ] e _wvavel engt hs
of "'the signal, thereby elimnating 5 nost jof- the noi ?’n‘ l’w'% marily
transmtted at - different wavel engths. The cent /”é'r‘ KPR

dvel egt INP)
band filt phsshyelanaftatironelfoumagsaTed obertibvR VEE#DBS" PLER

to the incident Iight beamand, in the case of abso
the level of quality control maintained while 10 theif.i.
manuf act ur ed. priELD OF M INVENTDONt ant that t Il.ter.he g
hel d securely ™ 1n the sigpa th_at a.pregi A3
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passband sel ect ed signal” wave

The optical clar actpliestiwosoptimedt wapeigaldes dndi aore B8 b d1laglang&o
W th vari ations | . s oo t chp PSS i
changes in t h& coﬂpté%%}) rgér%tr?e%%? roart negaﬁnﬁghgfﬁ%ﬁg ??I ter gcrgs%d;g#vtﬁd;]e?%
opti cal sifgm®l tungphod/oy gesatabdy Bouat| aBHPticRHhdsHER phéch
filter. For Wiéﬁlﬂb@éﬂr&@ééfﬂétibétéﬁahéehﬁﬁéﬁdrotEEeaQ center

wavel engt h of e pPassband typically increases. In the case of very
narrow band optical filters, -if the novenent in the center wavel ength

i's sufficient gacdrrdns oF THEf TiveNTYOR! filter out the entire signal,

thereby only = transmfting noise.. . In optjical Leati y

25 Utlli2ing wide bandpRCPIRERTSatigad SYEkERs %ﬁ%@%@n?@?é?aﬁ e

wavel engt homayguideshe suqior aantopthiotel ef ibensnewwp laghgrore dbtigade wave

systens where one, or e a i s ot a Eloz
ng\%e& h%?é ; hté}i?rr{;ég%%ﬁ dg.%q{ﬁ}%g ety 1in¥ vdabbRiuniPaltsS i)

transmtted b tenperature effects and the
resol ution recevietest ovielechng0 andigher | t eFhug. t K& reRi&iFat eWa¥pggarides

beconmes criti ?1|tst:t Od Moup1&ET iR BPEESsOto! BReSHAbERr T80 REMILE WhkRle one
heating does r<]>(1))t:ical wave guide ends ancther optical wave guide begins.
15 Frequently, at such couplings between optical wave guides,
the signal is also filtered to remove noise from the
transmitted signal. In the case of optical fiber wave
guides, before filtering, the optical signal em_itted by the

~ first optical fiber is typically spread and then collimated
20 by a lens so that the signal can be received by the second
optical fiber more easily without taking extraordinary
measures to precisely align the ends of the fibers; graded
index lenses, or so-called GRIN lenses, are generally used
for- this purpose. Filtering of the transmitted light is

25 frequently accomplished by positioning an optical filter
between the output end of the first fiber and the input end

of -the second optical fiber. The filter screens out

| unwanted wavelengths of light. In the case of narrow band
optical noise filters, substantially all wavelengths except

30 those within a narrow bandwidth of wavelengths, or passband,
centered about a center wavelength are removed, thereby
removing noise from.the transmitted signal. The center
wavelength of the filter is selected so that it closely

o



eliminate the signal intended to be transmtted, a filter can be
fabricated frommaterial or in such a way to reduce the effect of
‘t.enperat ure upon the passband. However, the 35 process of manufacturing
such filters is conplex and - -2 - -3 -
inefficient in that many of the resulting articles nust be di scarded as
def ecti ve. matﬂshasrehel tensechwhviellengtir f theemmlvemﬁhtﬂdlejy stHalt i on

is to use | o] e t ent el.eng are
relatively is)%é%e% Aé Eéuég%ﬁér rréJl\M]v"gﬂr;?a 8&%’ W?/ %Fﬁftleﬁe ¥§ | ter
at a constaﬁﬁleCte@eEF@éﬂmmrtéle ARy Widkdi n@asmhgleasmmmuantamidmature
s of t e | NgPSEhbl Gralfe IHIRAGNOD fathe signal, oiher gﬁ"ey ﬁecféio cal ly

another alternative, use filters at ca hysic
or magnéti CePFy 19F dther e‘bo%%evd'ﬂ'yl"f'fhel#sflﬂmé#a ¥ hdrzansmitteds.at Such

active therd@ff@@@ﬁ)emén@néthéer THY echit@ ¥ataNBh&¥h of ndLHM rﬁaﬂﬂi
t her mal det ors a.nd dd| t onal rre hani sglseU g é%an e the filter'
opti cal t{'%‘F"f th? PE Thgi |wiggh \Mﬁ%ﬂ?et

intr oduce ami ther Eﬂeé&déhe ]lﬁ.gmoﬂﬁiadm |a1ﬁd/, ofn rrahéuaabeomf absorption
opti cal 11 BErt B e Cherbredt ot Sty satindl meitbalig® shide
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t enperature variation
path at a prec:.se angle so that the passband selected

.’

matches the signal wavelength as closely as possible.
The optical characteristics of most optical
15 filters, however, change with wvariations in temperature.
Temperature changes can result £from changes in the
environment or heating of the filter caused by the optical
signal, typically generated by a laser, impacting upon the
filter. For example, when an optical filter is heated, the
20 center wavelength of the passband typically increases. 1In
the case of very narrow band optical filters, if the
movement in the center wavelength is sufficiently large, the
. filter will filter out the entire signal, thereby only
transmitting noise. In optical communications systems
25 wutilizing wide bandpass filters, the movement of the center
- wavelength inay not be important, however, in newer long
distance systems where one or more channels are required
' with narrow limits on transmitted bandwidths, the magnitude
. of tempera:ture effects and the resolution required to match
30 the'filter to the transmitted signal becomes critical to the
performance of tha system. To ensure that heating does not
eliminate the signal intended to be transmitted, a filter
can be fabricéted from material or in such a wé.y to reduce
" the effect of temperature upon the passband. However, the
35 process of manufacturing such filters is complex and



dUMMARY OF THE | NVENTI ON The passi ve tenperature-conpensated

_optical wave gui de coupler of the present invention conprises three 25

“primary sections: an elenent that nodifies or filters transmtted
optical signals, an.elenent holder in which the el enent is nounted, and
a body in-which the el enent hol der - i3 4mount ed. The

coupl er body has a throughbore extending its 30 entire length along a
coupl er axiimeffit¢heneninavhatemdngndf thet rébaleinty amdiefldshaneAupeer

body, an o e _qui . such an optical fiber, Ls.pounted within
theyt hr ougE\ Jbgr(géra\@a %h C?gf'ﬁ%tjé?%'s ofai? h% f %ﬁgt'ar éuﬁ:;hr etl'%ﬁe?ﬁt &%%he
body Cotxpensiveg- | Anether esq)he!i:'eqratnlsy tosise droed dostt e liedhs for

transmtted' rﬁ%ﬁaﬂgi"ﬁ@nwﬁ?ﬁ@ PRaras' dP5TcRNRCA0pYy, FUBCRHIRR Ko ¢ per

at the & rFé?eJ’éFﬂ a‘fﬂ'blél%‘h%io%ﬁi P to@iataiotiche £ilitemedi muam nal | y

at the focade L t@fe | hﬁawév@ﬁl |nia[ﬁ§‘lﬁaﬂﬁ1ir§j‘%. fagns%%ﬂdﬁ%fewpa%] iRpi nt

of the II matin s is sli bel ow the center o e optica

fiber. éﬁﬁﬂm&ﬂﬁﬁé&ﬁ%fetﬂFsu?ﬁgﬁﬂ?¥bﬁ%1 m sal i gnnent, t he optica

si gnal I eavi ng the endriantLy cildo Mld BgdtERE b.&ternaQ:QJde‘l n@s@'ﬁ'l%ﬁ:san
relative to the

tical d 10
coupr ot axbal ERE Cp SVR NI, MG d S it Reonbigaias o
t hr oughifor @leseendli g i v8ry tlhesy réllleaguhgarmhasaunaﬂisdlca t he Sudy so
that signalg..; emeg%‘g%ﬁ% ;&g&ét&gsggt %n%q'lkt%l %]ng;:éngh r@rﬁé Sofip d| rect ed

into the e hrou entrad
requiring thermal detectors and additional mechanisms to

change the filter’s optical characteristics as the
temperature varies, all of which introduce and increase the
15 possibility of malfunctions.

There 1is accordingly a need for a low cost,
relatively simple optical fiber coupler employing
inexpensive filters or other optical elements that can be’
easily and accurately tuned and that passively and reliably

- 20 compénsate for environmental and/or operational temperature

variations.

! SUMMARY OF THE INVENTION
The passive temperature-compensated optical wave
. guide coupler of the present invention comprises three
25 primary sections: an element that modifies or filters
transmitted optical signals, an element holder in which the
element is mounted, and a body in-which the element holder

~ is mounted.

The coypler body has a throughbore extending its
30 entire length along a coupler axis. At the entrance end and
at the exit end of the coupler body, an optical wave guide,
 such as an optical fiber, is mounted within the throughbore
so that the ends of the fibers are directed into the body.
Collimating lenses are preferably positioned in the body’s



15 “the el enent holder, the throughbore is substantially coaxi al wth
the coupl er axis. At the exit end of the el enent hol der, the hol der# s
throughbore extends al ong an el enent axis that is at a predeterm ned
non-zero angle, a, relative to the coupler axis of the coupler body. 20
The optical element, which may be a convgntional . optical el ement used
to nodify an optical signal transmtted through the coupler, such as a

filter or pghedugborel Sco exiPund,edcbDlOmbhbe alyd ed okt i QHeOfsfélfa
t hr oughbore_of the equence, the el enent |s

hol d
di sposed 25-%ARR thede %@r?é’rﬂg xglgeef’pftﬁgag e@ﬂ?%‘ﬁn nedBforendr ofarfghe,
a, relati \éeopmd:dnb Eidoeat et oties s1gnal entranrc]:e Bﬁdauﬁetlﬁé&:&iﬁlfﬁ![b&i ”Fnt
t v e c r axi,s, rotati 0
the " ol b Dast piBHERT, Py, (% S o BRBaE  BRIBN (G5 e
char act & | st1okkingting okﬁm@alblett emt thas tchehefoeaml tpoint oﬁhau:lg@ of
angl e of t%fiﬂHQélDQ?Sféﬁg £§1rélli%ttl@fab%ﬂto'v~f:%he c?n?%@?f“t%hé for;?t[ q_JEAf er is

used as the Opt i cal enent orirentation o I've to
the coupl erfidgs- ASv%rF@’gsﬁg’tlﬁééﬁ af Bhdpe ivtensional mdsdligmninent angl e

of [err] + s rdptiisca3b sidigal fiéd®ing ithe réﬁtéktaﬁ%e éJHi%&’tlr?étféﬂQ the

center wavel ength of t he

passband offYHeiHa§ed, along,an pptical a’ﬁﬂa?/eiiéﬁﬁf’ﬁeéf dthedp &FBHFRFANd
t he tudiong sswyiss tify tyelanive to the:mﬁtr:mlé:ech:b.vs P ey ld&iii])éxs%cﬂﬁ}i ng

the angles [err] and sult, Jfine tunin ecou Ier of
the filtering 5 ef e%télarﬂﬁ% rﬁAfﬁcfl e S %l?b?ﬂ%gec’f)%

readily  entdosonpénghbbdand elrssun@umtm:ﬂ onl yhiehdoady seo ahdtn(stlgrhﬂs
signal, is Uit %erd lieh Ve A fidd®ng lens is directed into

the element holder’s throughbore. At the entrance end of
15 the element holder, the throughbore is substantially coaxial
with the coupler axis. At the exit end of the element
holder, the holder’s throughbore extends along an element
axis that is at a predetermined non-zero angle, 0, relative

to the coupler axis of the coupler body.
20 ' The optical element, which may be a conventional
optical element used to modify an optical signal transmitted
. through the coupler, such as a filter or polarizer, is
mounted into the éngled portion of the throughbore of the
element holder. As a consequence, the element is disposed
25. along the element axis at the predetermined non-zero angle,

0, relative to the coupler axis.

Because the optical element is mounted at an
anglé, o, relative to the coupler axis, rotation of the
" element holder effects changes in the optical transmission
30 characteristics of the optical element due to the resulting
change of angle of the signal passing through the optical
element. If a filter is used as the optical element, the
" orientation of the filter relative to the coupler axis
varies between an angle of o - B and an angle of o + P as
35 the filter 1is rotated, thereby altering the center



Thghéoupler can be nore precisely fine tuned after final assenbly by
mounting the el enent holder into the 10 throughbore of the coupler's body

Using a threaded nounting design that ensures that the el ement hol der.
is firmy nmounted within the coupler's body but also easily permts
rotation of the elenment holder, and thus ¢he optical el enent. One end

of the el enent holder has two threaded 15 sections that are axially
separ at ed omavelangiriot lod bhearpassbaﬂaerdﬂ)seﬁeumﬂ@@ded SPRh Q!”ént}/ip

subst anti al I e d in the i.nt er posed unt hr
section so éléfllhe cu':the ?&tﬁﬁ‘ﬁa LheytyRt %rﬁﬁ‘gﬁ’r%vbﬁzyt?%%rse
to t he (smmimlbed stThppmwteahyadmlfem:@pﬁlset&nglldssaohnaoB t he

I t hol d of ur t he

Chr oughbor e s 3 rF Bey 25 Fitd eI RO S Mt or BT caring o
the threads qfrf%qfe%r{%rl@ddé@ @@ﬁe@ﬁ#y of thetteuplenamy e deadilyTo
mount t he elaeyRixp e | tbh%nsuré eeﬁaE @cnlt)hetl}? s oﬁ%“ yds nbt' ¢ 215| g

reduced by ahout _one 25 uarter of rea itc axi al conpre
the el erre%t Signaly| dét SWPsiantHal by %Bcbﬁéagl‘dtkﬁ fhdtegts.  The base

portion is then insert@b |ca;tup]1drxe d&iﬂ%ﬁﬁo?ﬁ%récf@glﬁrﬂf%e e t b(?g:,e The
t hereby cau the_thr sto en t he re wthin e

press fitti %’Q'o t H8° 8‘"‘@ ¥|0I“5° E{‘ eﬁr?‘%'ifpl Brlgsay imkred
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agai nst theg u b hrlgﬁg% sy t el enen older is
stably nount eg \%ﬁ'thgiﬁg'g:he éeg here preven Tnﬁatt fd?\Bbb"I% ﬂsljré'f“

normal |y re@@P%%évktdikrhetlpeayobPﬂ-ﬁ@éﬁ fidy 3t ambisé eqakilyhpeaddts Th| S
connection gbeatdbhoVert henel €8B8hent holder, and thus the optical

6 - element. One end of the element holder has two threaded
15 sections that are axially separated one from another by an
interposed unthreaded section. Two substantially parallel
cuts are'formed in the interposed unthreaded section so that

the cuts lie substantially perpendicular or transverse to

the coupler axis. The cuts are made from opposite sides of

20 the element holder. One end of the inside surface of the
body’s throughbore is threaded with threads that match the

: size and shape of the threads in the two threaded sections

' of the element holder. To mount the element holder, the
length of the base portion is first reduced by about one

25 quarter of a thread pitch by axially compressing the element
holder to deform the web created by the cuts. The base
portion is then inserted into the coupler body’s end and
rotated, thereby causing the threads to engage the threads
'within the body. The press fitting of the element holder

30 into the coupler hody causes the threads of the two threaded
sections to be urged in opposite directions against the
coupler body’s threads. As a result, the element holder is

- stably mounted within the body, théreby preventing the
wobble that normally results due to the play between male

35 and female threads. This connection also allows the element



holider to be selectively rotated relative to the coupler's body and
ensures that the optical elenent will renmain stable at the desired *
aagle with respect to the signal axis. Additionally, the

el enent holder is conmprised of 5 at |least two portions fornmed of materials
- that have different coefficients of -tpecmal expansion. As previously
noted, at least two cuts are nmade in the el enent hol der substantially

per pendi cul afoigetheoCBEPLRN c®tivdiyt rotated el it ald Y1oP paRih Ber s
directions. The cuts are | ocated o the interf
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optical elenment I's nou he coupl er! s body an
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of the fidtespbssthangedest ket theCmterfaaeebelugtalenofthéwe:vp:assdmaerllalsthe

filter is also 25,chan The h f ot t
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two mat eri al santbhpvessnghathehegimaddyt exhehdeand qmtrané at dpgferentar
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characteristtTts due to tenperature variations are cancel out or
corrpensat ed dndebgoesiea chargrrige HeMDET@ TN e the éﬁlff@ﬁen@ﬁaiﬁc‘f}é?@?lcs
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portions of ¢hementlheldardtes PPEﬁt 3?3 1§o€??§ﬁﬂq§ ?g g]B‘F el‘%‘?grgl fold
expansion, MhifgedPBRBPEIRYIR Yat which the optical element is mounted

within the coupler’s body and, correspondingly, the
orientation of the optical element relative to the coupler

20 axis and the optical axis. If the optical element is a
filter, changing the angular orientation of the filter

. changes the center wavelerigth of the passband of the filter;

! however, when the temperature of the filter is changed, the
center wavelength of the passband of the filter is also

25. changed. The depth, width and location of the cuts 1nto the
element holder, the coefficients of thermal expansion of the

two materials comprising the element holder, and the
particular filter are selected so that the change in the

' filter’'s optical characteristics due to temperature
30 variations are gancelled out or compensated for by the
change in the filter’s optical characteristics due to
thermally-induced changes in the filtexr’s angular

. orientation. The element holder may also be comprised of
more than two. portions of material with different

35 coefficients of thermal expansion, with appropriately



-7 | ocat ed and sized cuts proximate the interfaces between the

portions. The passive tenperature-conpensated wave gui de *
‘toupl er of the present invention therefore sinply and 5 reliably
conpensates for thermal expansion and can be constructed using

I nexpensi ve optical elenents and can be 7 - accurately tuned to the desired
center wavel engt h. O her objects and features of the present
i nventi on wilblcaltesh mmdagiaeshcutisoprokdmagiel ¢lengnterdabed hatweser thei on
considered b8 g nction with the acconpanying dr awi ngs. It is to be
under st ood, owever, that the drawi ngs are intended solely for

pur poses of illustrat !T&‘F pasgayendienreraer ¢ neenpenstted e wiave t gudflet he
i nvention, Eeupler WBEChtlﬁéf @é@&@hqtt{xﬁbrhﬁmdecﬂé}éé&eape%@% cLagms.
IS

15 BR DES THE W NGS
Cross- S(E\'EtlﬁﬁgR agié(w gpmpepsates  fornpbhereat o?x%?ftfa‘s%‘?v@nd Can be

t enper at ur econspenstiedd WNing al n¥Ryens iveJuple caQU Rl 1Mt tdrEt €8n | Be
accordance wi.ith the E{r sent i,nve t|.on t an arrbl ent_ tenperature; 20

Fig. Ib isCgurgss ASHEE HRA & t‘l"faent YREHTRENE - of the
passi ve tenperature- c@rqhmzsatcdnberpns caand featargs defcouier shewsntn

Fig. la at fﬂv?h@i@he 111 bte %?ﬁaerr% nt.. fror{\ l?e fofioatu%g c!‘letalled

cross-sectional view O a secon a passl v
t enper atQr edesapépsiradcopsiideresaia conj gucaeouowpthr therstcompanying

accordance #-5RihB8.Pres@t is to be understood, however, that the
drawings are intended solely for purposes of illuet_ration
and not as a definition of the limits of the invention, for
which reference should be made to the appended claims.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. la is a cross-sectional view of a first

embodiment of a passive temperature-compensated optical wave
guide coupler constructed in accordance with the present
invention at an ambient temperature;
20 Fig. 1b is a cross-sectional view of the
: embodiment of the passive temperature-compensated optical
. wave guide coupler shown in Fig. la at an elevated
temperature; - |
. Fig. 2a is a cross- sect:.onal view of a second
25 embodiment of a passive temperature compensated optical wave
guide coupler constructed in accordance with the present
invention at an ambient temperature;
Fig. 2b is a cross-sectional view of the
embodiment of the passive temperature-compensated optical
30 wave guide coupler shown in Fig. 2a at an elevated
temperature;
_Fig. 3a 1is a cross-sectional view of a third
embodiment of a passive temperature-compensated optical wave
guide coupler constructed in accordance with the present



i nvention at an anbi ent t enper at ur e; Fig. 2b is a
cross-sectional view of the enbodi nent of the passive
‘tenper at ur e- conpensated optical 30 wave guide coupler shown in Fig.

2a at an elevated t enper at ur e; Fig. 3ais a
cross-sectional view of a third enbadignment of a passive

t enper at ur e- conpensat ed optical wave gui de coupler constructed in
accor dance Wniientiemrtseni ambient temperature; - 8
i nvention at an anbienf, te erature

cross-sectional view 6f%h &b &di r‘fé"?ﬂs%‘fsef‘?ﬁl%‘hasgl vglew the

t enper at ur eembmpién@attedaf)ptheapasswwa\nengmmmﬂdompaMEd noﬁtgcaBa at

and 10

an el evat ed tu Fi a_Lross-se t|o al, view
of a form oWa% ggg%nt EE’('\)le grr fg'rhofﬂﬁle éﬁbog%ﬁentégf ?ﬁe %%ss?g 2tea
t enper at Br eLeBRPpERSAXEE optical wave gui de coupl er shown in Fig. 2a;

Fi gpidP 18aai6" @S Inaliod \9:T.ew;vh fel & E

hol der shown_in FIG 4a after it has been inserted into ase of

coupl er of BREMSPEseoldsEntifey the pmbrdd 1agnn;Esc9apr|tm OFPFsELve
PREFERRED ElBfpelMaNh¥e-compensated dpefieal kavienghiiadkl ¥ohip1E-Gshbén if

which a first 15.enbo

wave gui de ﬂ)gpl api oPnfihe present invention is shown as the same

appear slat

15

20

an anbi ent Fignpdiatilsy & cuods fswctedaigll eridsv of the element
holder shown in FIG. 4a after it has been inserted into the
base of the coupler of the present invention. '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring initially to FIG. la, in which-a first
embodiment of the passive temperature-compensated optical

wave guide coupler of the present invention is shown as the

same appears at an ambient temperature, such for example as

approximately 20° C., the coupler 2 is comprised of a body
4 that is preferably tubular and cylindrical in shape. Body
4 is formed of a rigid material, such as 304 stainless steel

. or preferably the iron-nickel-cobalt alloy sold under the
trademark KOVAR. Body 4 has a longitudinal central

25

throughbore 6 extending therethrough along its entire length
centered along a ccu;iler axis 15. A first lens holder 8,
which has a central throughbore 10 passing therethrough, is
securely mounted, as for example by laser welding, onto the
first end 4a of the body 4. A second lens holder 12, which

" also .has a central throughbore 14 passing therethrough, 1is

30

sizhilarly securely mounted to a second and opposite end 4b
of body 4. First and second lens holders 8, 12 are formed
of a rigid material and their central throughbores 10, 14

* are axially aligned with the central throughbore 6 of body 4

and coupler axis.15. A first lens 16 is securely mounted to
the first lens holder 8 within its central throughbore 10,

t he

dijtent of the passive tenperature-conpensated optical



approximately 20[err] C., the coupler 2 is conprised of a body 4 that
Is preferably tubular and cylindrical in shape. Body 20 4 is forned of a -
™gid material, such as 304 stainless steel - or preferably the

i ron-ni ckel -cobalt alloy sold under the trademark KOVAR Body 4

has a longitudinal central t hrouglgbore 6 extending therethrough
along its entire length centered along a coupler axis 15. A first lens
hol der 8, 2§nd‘M&' skclay qe%e;'tlrsallst Q@euglawﬁo&HteaSEbneh%hgéebhpwgps 'S
securely mounted, as for exanple by |aser we nto the ~Tirst end
4a of the bB@Y-98T ActdRRiReddshofertrab, thspughborey kb, haF irsenend
throughboresb@omsglmédwelr@,t e ugbcend 1nto StHe | G r SECEhBbUgABLREEE 0 a
second and ogqu é 64\nd 4 of bg ¥1 First _and second_| ens_hol ders 8,
12 are forn® Yf %a ri Pd Wé?erlfl ended 4R r°€er¥g}eal CPHPLBGhLOr e§WR0, 14
are axi abl yo@ltug:aé.dwmhguﬂldesemﬂralgt hswely iflear exGmpllebogdyiéal fibeés,

coupler axi 5 f|r r t d t o e fir | ens
hol der ?F'I‘I%npio slt(::"e raI roug 3‘?’? e%lé’ez[BDaLT ds "16a, iga of Ehe
-9 - fnasg eadosedand leides seaspesttivaluntsoel a® tdefeemooptliead

hol der 12 r 4 d nses
16, "S5 ex olgBhctupraeTiH (Y WA 6% a0 i Andiiy cofEOTChE
i ntended usEWefwave goipeerl?y, H/\/cfon:)oD&gpaé.agomvglggpg@g through §beh for

exanpl ep@pt k6aplbirber S, The aEerBeSidddnsdcHr@X 1@ d hes extig] nakpands 16a,
18a of the first and second Ifg ﬁ(s}respectlveI%%‘ég s tq form optical

connect i onsCRAATRRE (AR eEOFHS Ier SRR e the eRBiGatde
gui des 17, wavéofubfescahdcanaprebdraly BRIVYAehkes, which are formed

of glass that is appropriately doped so that the lenses have
a graded index of refraction. The first and second lens
15 holders 8, 12 are preferably fabricated of a material for
which the coefficient of thermal expansion closely
approximates that of the lenses 16, 18, such for example as

the iron-nickel-cobalt KOVAR alloy.
_ The end of the optical fiber 17 at the signal
20 entrance end of the coupler body 4 is positioned so that its
end is nominally at the focal point F of the entrance
: collimating lens 16 but so that the focal point F of the
collimating lens 16 is slightly below the center of the
optical fiber 17. Preferably, the focal point F of the
25. entrance collimating lens 16 is about 0.002 inches lower
than the centei‘ of the optical fiber 17. As a consequence
of this intentional. misalignment, the optical signal leaving
the entrance collimating lens 16 is collimated along an
.opt~ica1 axis 15b disposed at a non-zero angle, B, of about
30 one to about two degrees relative to the coupler axis 15 of

the coupler body 4.

Element holder 20 is tubular in shape, has a
" central throughbore 22, is rigid, and is mounted within the
central throughbore 6 of body 4 so that it slip-fits within
35 the first end 4a of the body 4. During at least the initial



10" “coupl er 2. The first and second | enses 16, 18 expand, collimate
and focus the light transmtted by the optical wave gui des and are ’
‘preferably GRIN | enses, which are forned of glass that is appropriately
doped so that the | enses have a graded index of refraction. The first
and second lens 15 holders 8, 12 are Qrféerably fabricated of a materi al
for whi ch the coefficient of thermal “Expansion closely appr oxi mat es

t hat of theles , such for exagple as .t i ron=ni ckel - cobal t
KOVAR al | oy G Oan a3usgmgns, ﬁgt‘j’ﬁi%FlFFgerc% PLETt RE sitdhifal 20
entrance end:nﬁsertte ot etomodys 4discpssedi bnedesail hheretinbelowendties
nom nal l'y atgqt ng o F ; Qf t 6 but
so t hat thet&;c églsﬁﬁ@gl?él]f&gf %0 f]ig I%}E%é:egﬁlﬁamqﬁr?tﬁdeﬁgiél%{Eng% %ﬁ’pyyaoel ow
the center &t ttﬂfeasse“@dﬂﬁ éad f-nbté#al?adnuet@e@tamlyemm@ Hokder @ mayr of

the 25 etstraia:efs;saéawaw&&m woth$nalhgld £iP9¢ 'e%‘é‘eéa' %\fefbody fghan
the center of t tl fiber 17.  As a consequence
i ntentional & rl'agﬁﬁé'nt OY¥R¥eEpt iSkamentyap ey itly rema*rp% é'ﬁttlaé—ﬁé?é-y

col | i mati ngmmekﬁ-relsm}élmtmaﬁl Pngvél aftePPhsSahbdyi sndShndirsRased

at a non- zer er of ou to abou t wo _deqr ees reI agtive
to the coupf-i "f{; 6“!51 cﬁ’f E‘}(l]'ﬁl 5%e§0d§oﬂnec or'deslgn BeZSamt
hol der 20 [ shtsgiuslmd i insicimihawiah spexdnftiral refepanbborto 2R igiss Wiagi d,
and is unted whi hin the central throughbore 6 of body 4 so that it
slip- fItS within 35 the first end 4a of the body 4. During at |east the
initial With further reference to Fdg- 1la, the_e_lement
holder 20 there shown is formed of three portions fixedly
attached to one another -- i.e. a base portion 24, a first

intermediate portion 26, and a mount portion 28. The base

15 portion 24 1is tubular in shape and contacts the inner
surface of the first end 4a of body 4. The central
throughbore 22 within the base portion 24 of element holder

20 is axially aligned with the central throughbore 6 of body

4, the central throughbore 10 of first lens holder 8, and

20 the coupler axis 15. The end 16b of first 1lens 16
preferably extends into the central throughbore 22 of base

, portion 24. The first intermediate portion 26 of element
holder 20 is also tubular in shape and has a first
intermediate cut 30 which is approximately perpendicular or

25- transverse to the coupler axis 15 of the central throughbore
22 of element holder 20. First intermediate cut 30 extends
from the top edge of element holder 20 almost entirely

~ through intermediate portion 26. The central throughbore 22

of * first intermediate portion 26 is aligned with and

30 continues the central throughbore of base portion 24. The
mount portion 28 of the element holder 20 is tubular in
shape and has a mount cut 32 which is approximately

) perpendicular or transverse to the coupler axis 15 of the
central throughbore 22 of element holder 20. Mount cut 32

35 extends almost entirely through the mount portion 24 of



assenbly and adjustnent of the optical coupler of the pr esent

I nvention, as discussed in detail hereinbelow, the el ement hol der 20°*is
~rotatably nounted within the body 4. After assenbly and initial

adj ustment, elenent holder 20 may 5 be fixedly attached within the first
end 4a of body 4. ~ Preferably, howeveg, _el ement hol der 20 remains

rot at ably nmounted relative to body even after assenbly and initial

adj ust ment yusy - the, t M&%%wwqyaﬁgﬁﬁ%ﬁﬁl%ﬂan@f%S%%q:é'{;wt .

detail with specific reference to Figs.
further refldHeRigeedinte gCuty, 3¢ hand| exdinds fremdshexdatioe sfgan dfs

for med of2 4té1r@\]?¢rp@r thorged i xpoll Y Mowdd afﬁ&%z%&l 03 anidery - -cé'tn_teraleiSbase
The base LEMEsIERere ptHET R 19T SHADSeaRHA o EEI N PRES | RISt

sur f ace sof ifrteefmediateadpbartdforbo2l§. 4. HoWwdeereniatal the el coghh@yummt22
within the . Qorijon | e d 20 is axjally.aligned wth
t he centralpq}qﬁlooﬁgh%%f ep%%())(?&gg:&y% %&étﬁébcé)n rsaefcqrhcfojuaﬁ’l%o '18:

first |ensdesitikal 8thaegigkponehe2@oupf erelenent 1holdethe20enis 16@ngdfed fi r st
| ens 16 dghg,; e kntQ tihe, c r hs pu 2 e
portion 24.d The |<$lls)t'%d(_i ﬁ%%r%g Pgte.p&r'ﬁ'oﬁg%Gag?E efgﬁg%?&ﬁﬁs %&?’%gr)%%b S
al so tubul &lementhag&idhd hafhaty i ist at g nmyedetiennined 3Madd ch O.s

appr oxijgat el NRERENES Chal HuAerd rapsye1§e  @aldie SOMPISE 841 kb the
central throughbore 22 of.%g}ent ol der 20. First internediate cut 30
extends MG R nBWoFatFFS enkhe ROMIE PRFHIRst8 eREi digpent

t hrough i nheirkd aze per tpmefSfabIPe foenkdalof hionglteeial?22hat Bhs fd rst

| ten et 2 Bl 026 st paied i apc At coues Lhe Rotal,
hol der 20 itharubutlee ioogffihépatan@fhas:lmmmﬂnt expad@ioni cbfis first
ooP" X051k aen T S e o IETANAR YRR VDS el T 1
al nost ent the giffesegra Aa kbernmagoexbansanois between about two and
about twenty fold, preferably about ten fold. Preferably,
mount portion 28 is formed of a copper-nickel alloy, such as
that sold under the trademark INVAR (which has a coefficient
-20 of thermal expansion of about 1.7 x 10°% inches/°C.), and
base portion 24 and first intermediate portion 26 is
. fabricated of either 304 stainless steel (which has a
coefficient of thermal expansion of about 18.7 x 10°¢
inches/°C.) or a high purity grade of copper (which has a
25. coefficient of thermal expansion of about 17.0 x 10-¢
inches/°C.) .
An optical or filter element 34 is fixedly mounted
within the angled portion of central throughbore 22 of mount
‘portion 28 of element holder 20 so that it intercepts the
30 coupler axis 15, -the optical axis 15a and thus the light
exiting the first lens 16. Filter element 34 may be a an
absorption filter made from silica glass having a number of
" parallel filtering layers that block substantially all
wavelengths of - 1light except wavelengths within a
35 predetermined narrow range of wavelengths, also referred to



hol der 20. Mount cut 32 is approxinmately parallel to first

I nternmedi ate cut 30 and extends fromthe bottom edge of el enent .
‘hol-der  20. Mount portion 28 has a central t hr oughbor e whi ch
continues the central throughbore of first 5 internediate portion 26.
However, at the end of nount porti 28, proximate the end 18b of
second |l ens 18, the central throughbore 22 of elenent holder 20 is

angl ed rdg.to e riaght ra4d.€...S0 iy exte al .

el enent axﬂgggg %hag?inggza%é%ﬁﬂi%ﬁ%ﬁﬁ%ﬁ aﬁ%?%%agg' 10 r%zﬂéﬁgﬁéggthe
coupl er axichasact@asatpest odn 24 tan pkement nddleave smjected isd thatthe
mount port "&E‘b}ﬁ&:ms@i}e%ch thdJH8lcaA0 Ji3mA1ekeadbl ¥ iﬂ%gi?gqlagf té be

mat eri al that "has, a coeffjcient_of thermal expansion t
subst ant i al t5ARSHerted thrgHob: fRURderifcTent - of ERRIGRAtEX MRS IRRDIRfi & st

(Jj.fo}nterEﬁEd::bﬁte%@Oﬂ.ﬁ.igﬁ& 20 0fsnédl e bttﬂmb@@m 291tker eQéSt@ﬁ'teBél bsh'odit?

i fference in ther xpansi i S en ut t an ahout, twenty
Fol o pr of GIRTGEHIBLE Y oo 1% SteF B GoLL that il SHonat « i St
formed of axaciopperandckbe damiwidtlchofisthe lighat tyendminded tdie-dugitenar k
| NVAR (whi . effLciept 20 her.mal _expansi on _of ahaut 1.7 Xx

10[ err] inccér!-éé;/ Jéﬁf%?: %ﬂj_é@%ﬁ@ 32 nggl%lo ttingﬁ Egﬁl&cmpla&s iaﬂ‘tq'er‘?éo‘?}ﬁe
portion 26 signal wapelengtlsofofeittheerl BHEL stai beessansmddited Whmiudtas a
coef fi gipen r qéeﬁﬂs' n ahaw X r

I nches dérhoc. leo% r% E?g%r puri tyié)'r a‘%jrgé ok? coppdet?l-}&3 i%’f?%axg %ﬂeé%ent 34
coef fi ci entisofP¥aEpRAP1EX RRAMBN28f aRgRRroms 00X .r] The parallel

i nches/[errdiGering layers of APh&PEitRkrOlelldrdriy $heH®Rt R3bda-dhpdly
mounted s S 2L TR Y ST RN €nd? S fo

element 34 is mounted at an angle O into element holder 20,

15 the filter element 34 1is also disposed at an angle «
relative to the coupler axis 15.

In the embodiment shown in Fig. la, element holder

20 may be formed by permanently bonding together two slugs

of material and then machining the joined, résulting single

20 piece to the desired size and shape, with a central

throughbore having two angled portions and the two

. appropriately oriented cuts. The bonding of the slugs may,

for example, be accomplished by conventional oven brazing

using a silver braze at about 750° C. or, alternatively, by

25- emploving an adhesive. Preferably, however, the slugs of

metal are joined by inertia welding. In this welding

technique one slug is placed into a holder so that it does

~not rotate, and a second slug is placed into the collet of

a rotatable flywheel and is rotated at a predetermined very

30 high rotational Vélocity'relative to the first slug. When

the two slugs are brought into pressure contact, the heat

caused by friction between the surfaces of the two slugs

forges the slugs together at the contact surfaces, thereby

fusing the slugs once rotation by the flywheel is

35 discontinued and the slugs are permitted to cool. This



portion 28 of element holder 20 so that it intercepts the 30 coupler axis
15, the optical axis 15a and thus the |ight exiting the first lens 16.»
FRilter element 34 may be a an absorption filter made fromsilica glass
having a nunber of - parallel filteri ng | ayers that block substantially
al | wavel engths of light except 1dhavelengths within a 35
predeterm ned narrow range of wavel engths, also referred to

- 12 - heestha weldipg teahahabenalbews geke mantions vrfethspeleraent

characteristhesgek itld (Ris&! €988Ened a&ehéaheehgzd i¥ftdRAinin r§| sﬁel y
mat ch the optlcal signal that |s intended t transm-t

coupl er 2 --S¢: @erthQQxyﬂéﬂeﬁkV%leHBFﬁ @lgptth@qvifﬁekﬁzﬂﬂﬁﬁ%?%d Fg?ough
filter eI erreaémaéralnwled compeemzrmngrmﬂlmmtwﬁ ti}h@tepéméﬂii@ Kolaérvred

signal, excludin noi and.t an dt h of the ht tr smtted
t hr ough 5 e grllsf:élls rne’f‘ﬁl S(Aeg?ibgl dgwtt “Peast &ﬁj‘%ss ‘%ﬁ’ Hi‘gthés
si gnal mavelpagthsu&arﬂhe prgifierrede stinges m usédgt hthagh pbocespl ert@o For

exanpl e, theg psge%eag%%f'dg{ﬁeﬁnm% Itr?étﬂals, 'fn&i@éfgg&t habout 20,

angstroms or €ess terin |"ayer s ter
el ement 34 a$egpa.§#eaa§|1y dlffﬁ%@ndﬁ%ﬁfakc#@fﬁem‘el‘élh%mlahxfmpaﬁsl&cause

the filter can%@@@éu§élysaﬁaueé§§l§t fé@téﬂgbetégé{‘]h@rel eﬁEPt ,gfé 20,
15 the filter elenent 34 1s al so IW{)ose at an ang| e, a atl
the coupt@r akfFRoygh it is costly g r@]tnemvapw-lm @ndmhe

el enment hol demvar aZQoyababecémmdlmapewaﬁebkhy:mgr)dIsﬁlﬂ:ﬁ opeihedr t 18
sl ugs of ma f lllagcgg%p %hsiir}zign%.neretf oi nel resul ting si-ngle

~ Prior to use, the coupler 2 is preferably fine

tuned so that the transmitted light is appropriately

15 filtered. The entire coupler is then assembled -- except
" that the second lens holder 12, with its associated second
lens 18 and second optical fiber 19, are not connected to
the remainder of coupler 2. An optieal signal is’
transmitted through the first optical fiber 17 into first

20 1lens’ 16 by which the light signal is spread out and
‘collimated. The collimated light emitted by first lens 16
~enters filter 34. Filter 34 only transmits light within a

" predetermined limited bandwidth of wavelengths, thereby
.eliminating noise from the transmitted signal. Because

25 filter element 34 is mounted in element holder 20 along the
' element axis 35 at a non-zero angle, 0, relative to the
coupler axis 15 and because the optical axis 15b is tilted

at a-non-zero angle, B, with respect to the coupler axis 15,

. when ~element holder 20, and thereby filter element 34, is
30 rotated about coupler axis 15 of body 4, the center
~wavelength of the passband of light transmitted by filter
element 34 changes. The collimated 1light transmitted
through filter element 34 is captured optically and input to

an optical spectrum analyzer -to determine whether the

35 appropriate wavelengths of light are being transmitted



20:‘piece to the desired size and shape, wth a central t hr oughbor e
havi ng two angl ed portions and the two appropriately oriented cuts. The.

dondi ng of the slugs nay, for exanple, be acconplished by conventi onal
oven brazing usi.ng a silver braze at about 750[err].C. or,
alternatively, by 25 enploying an adhesive. Preferably, however, the slugs
of netal are joined by inertia meldi%@.‘ In this welding t echni que

one slug is placeq into hol der. so that it _does not rotate, and a
second sl ugt?’éf%ggtet{i’? 0 49 aneit g’r‘l- 1L, thet deghreds Eyhkesingnds s
rotated at aops edeueimed elementdholidel 2Ot Bé i el t et heQidti vee et bvgyt 0
the first slug. the two re brou nto pressure confact,

L Wen . . l.ugs > | ht %

t he heat Sé858§ %Pﬁ%f?bnlﬁgﬁﬁggﬁn?he sutFtestBF s dgs@
forges the skwgswdrmigetther~-atirittee gomstlagt 36r fimc esl endrer ehylder f26i Bgd t he
slugs  08Cerok@lalleNenly sddtuldntinarll fi9cdt G aRQN T 34°LAth tRRCS] UOS

are permtte | ] ) j , =13 -
i nertia wel 6PHPLEdCchh$ q@PPAIRIRGHY pbunedns agf wivicke| pednt the hbeder to

fuse toget hgp Wiilhool 8RYel BhEHYCROIdet BYE S inxedlfghﬁe%oﬁ?ragggﬁbgg t hat
m ght adversely affect, the t enper at ure_ conpensafing ability of t
el enent hol gétagied within jpodysde Py | APPYELEY| Soddesnor an padhegive

wel di ng i Sthroup® tdrf WWedéys papeetned SBNCE THE iSHdditl M HCRE Sdeik 2

SubsLank bl b olissl M i ol Sl ek UALTR HOo8Sa"ai0rcar BB LGORLEY

f ast ened t oghtheactBorelgxaipigned Carad t domghely moumbsd) yaanfiodi .ekamplle to
joln COPPErygNdiLber  weldVAR, & LMo DIRONLERTHANLngY oy DIF! By

' Preferably, however, element holder 20 remains rotatably

mounted relative to body 4 even after assembly and initial

15 adjustment using the threaded connector design discussed

below with specific reference to Figs. 4a and 4b. When this

threaded connector design is used, the element ‘holder 20 --

and thérefore filter element 34 -- may be further rotated

for fine tuning as and whenever necessary, even after final

20 assembly of the coupler, by using a pin inserted through the

aperture 38 to rotate the element holder 20 relative to body

+ 4. The ability to fine tune filter element 34 after final

assembly is particularly useful should the coupler need to

be tuned to a different center wavelength or should the

25 filter element 34 require further post-assembly fine tuning.

Fig. 1b depicts the passive temperature-

compensated optical wave guide coupier of Fig. la at an

. elevated temperature after the various metal elements of the

coupler have undergone a measurable thermal expansion. In

30 Fig. 1b, the mouiit portion 28 is angled downward (from its

Fig. la, ambient temperature orientation) toward the lower

inner surface of body 4. The bending or angular

reorientation or displacement of element holder 20 is caused

by the different degrees of thermal expansion undergone by

35 the first intermediate portion 26 relative to mount portion



r eadi | y acconplished using inertia welding. Prior to use, the

coupler 2 is preferably fine tuned so that the transmtted light is -«
‘appropriately 15 filtered. The entire coupler is then assenbled -- except
that the second lens.holder 12, with its associ ated second | ens 18 and
second optical fiber 19, are not connectgd to the remainder of
coupler 2. An optical signal 1is transmtted through the first
optical fibejg 1&.'91&@ ihEéEfQQé sa%wéénbxeh\eht%F '11091@ signal is spread
out and collimated. The coll1mte ht em first lens 16

enters filter 34. Filt&f @ﬂsﬁﬁlwet %’ér@?ﬁ?%llh%te%f%%% hplder #Qdwmnstsii ned

limted bandyieh higtreawalRnotdfpetdeiedy someeldddiafdil nﬁbf:%mfshgméé"e

t tted | 25 filt, | t 34 t &d t
ol der 20° alHERR hoTEF oAl PRaYPs 185FESs  ABnast: JnAGRR LI st her

rel ative 3 o identificatpbnr axi Thifs,andiecarbsght hefopsicalindermelbinties

tilted t to,.th | 15,
when_ el emenC G HEPVEE BafRUbR. 268 bF; Fibl IBRRERed el Bt U Y S
about coupl@rat pant lx&aﬁedad;dy the right ofetherfirst vmtemgiintod dite
passband Ofjdfﬂﬁhér@ffgttiﬁggpﬁeﬁigkgrfu Cfﬁ#eﬁggt' 3%heC§%EQeaoc ted'®

col I'i mat ed I'ght” _transmitte rou ter elenent I's "capt ured
optically akelgwpfiinst inteymedhriefut 23&(3 R diedity rount: cagdtidravier

whet her 1t h%&&lﬁpmwrbﬁtﬁoﬁﬁt‘%SEﬁibﬁ 28f iki ghk @&etb%eatte@rt%ﬂéﬂeed
- 14 - throu hefllter mi 34. |If tag e5|re ltering Is
not occurri gl o ISy ?0“’ d1poFhedmorRt ofuier yls ‘the part

located above mount cut 32. It should be appreciated that

because the element holder 20 is a three-dimensional object,

the cantilever portions 26a, 28a are substantially thin
15 rings.

As the coupler 2 and element holder 20 are heated,
the right first intermediate cantilever portion 26a expands
and,'ih‘particular, lengthens to a greater extent than the
left mount cantilever portion 28a. As a result, the

20 cantilever portions 26a, 28a assume a somewhat curved
configuration that increases with increasing temperature.
Because the cantilever portions 26a, 28a are each attached
to the remainder of element holder 20 at only one point
(i.e. at the fulcrums 26b, 28b, respectively), mount portion

25 28 ‘deforms .or bends downward. The thickness of the rings
forming the cantilever portions 26a, 28a and the depth of
the cuts 30, 32 control the flexibility and, thus, the
extént of bending of element holder 20. Thus, decreasing
the -thickness of the cantilever portions 26a, 28a and/or

| 30 increasing the depth of the cuts 30, 32, increases the
flexibility of element holder 20 and therefore increases the
amount that ‘element holder 20 bends as the temperature
rises. Although first intermediate portion 26 -is shown and
described as being formed of a material different than that
35 of base portion 24, these two portions may alternatively be



4 by inserting an instrument -- such, for exanple, as a screwdriver --
into a slot 36 in elenent holder 20 and 5 rotating the instrunent and -

filter element 34 until the coupler is appropriately tuned, at which
poi nt the base portion 24 of element holder 20 is fixedly and
non-r ot at ably attached wi t hi n body- 4 dy- appl yi ng sol der or an adhesive

through an access aperture 38. The second |ens holder. 12 10 and its
associ ated geepidatess J8 ené gaﬁxécahtéwaa 19 mfee mate:.tmp 6fb¥ekyn

al i gned and securel sounied,, as fo Idlng, ?o t he
second end ® Hﬁﬁ%? 2 Hﬂwﬁ%ﬁé&ﬁ%ﬁﬂgoﬁﬁ%ﬁ?teél I#AQRA¥E9 teo Pénalns
rot at abl y cutm:ﬁngt eaff r ehabhde tchéanstin 4aevehodin ein aFigshl waanghd nabi al 15

adjustnent or design discussed bel ow with
St 00 ke EE;I ggedé‘a}af g&%ﬁo}% .

specific re erence to When this t hreaded connect or
design i8 used, the eRef@mring dee Bdg.-1lb, aandthehdremmrmatute eriskspent
34 -- may bghfaueten%rr Qtta%teqcén%th foF éﬂéwpéégi%y 1 ¢ %ﬂ@e@faﬁémgsgsasar%

even after I nal assenbl COUp er SIlng a pln I nser
t hr ough t heby thgpidges @éqn@r%fot% elngreagasentHInNs Ry, 2the eflewnvardo

body 4. tiThengbbki fﬂ&erféneméﬂeez.é Iddeertoehﬁmhl?»éxaah@&oh' B& the
assenbly is Eartlcu&gbg¥ f& shoul d tQﬁgfgggler need be tuned to
a dif f er ent SLEREBF GecIrRases t n??¥t¥FV§ﬂ§ﬁ€ﬁpiﬁﬁrEB§|re
furt herwosfiaaaerrble)leinem: t WY Ng. Conversely, Bisg. dHe tﬁ&@péﬁét?réhe
passive t erat ure- sated o wave er of Fig
la at an Sgngeﬁ?gd téﬁﬁ%ran%?geﬁftg?sghan ar i’ #%ﬁﬁgi ?@Sﬁf t he
coupl er havhouedergortshea deasease ein heemaleraxpaaslmlsol na&@;elé gfilbert he

nmount porti o 48, {:S g%c?dtqg‘@m'@é]\gazfér QH‘e'rgﬁy 1n<!:fe9as:{1?% gy egé%tar

tenperature ori enta t owar d sur
The bendi ri\gavglenaﬁgul ar By seéér:r—éngatammprmts@l aedednt aéftoeﬂsenﬁnr

4.

hol der 29 ig gd the PYdiiowd f f56£PLcRE0 685 @&eh@%&m'h&wﬁs'ﬁa
under gone b 35 he first Internediate portiqgn 26 relative to _nount
portion approprlate thicknesses of the cantilever portions 26a, 28a,

appropriate depths of the cuts 30, 32, and an, appropriate
filter element 34, all changes in the  optical
characteristics of the filter element 34 due to changes in

20 tempefature may be completely or at least substantially
eliminated.

In Figs. 2a and 2b, . a simplified drawing of
another embodiment of the present invention depicts only the
body 4, element holder 20 and filter element 34, the

25. remaining elements of the coupler 2 being omitted for
clarity. Figs. 2a and 2b show the modified coupler 2, in
which two intermediate portions of the element holder 20 are
presént, at an ambient temperature and at an elevated

'temperature, respectively. Specifically, element holder 20

30 includes a mount.portion 28, a first intermediate portion
26, a second intermediate portion 40, and a base portion 24.
In this second embodiment, the mount portion 28 and second

" intermediate portion 40 have coefficients of thermal
expansion that are preferably the same as one another and

35 are lower than that of the first intermediate portion 26.



- 15 - 28 at the interface between the two portions.

To describe in detail how el enent hol der 20 bends W th increasing ’
tenperature, sone additional portions of el ement hol der 20 shown in
Figs. la and Ib require further 5 .identification. Thus, the right
first internediate cantil ever portipp 26a of first internediate
portion 26 is that part located to the right of the first internedi ate

cut 30; ke, f ived, I&H@rﬂﬁﬂsat enEakﬁéamheébcu% t3fe - :@nﬁacﬁ@%{esﬂ the
bel ow first |nterned C e left nmount .cantil ever ortion 28a

| at e gut
of mount pofPPoAR58 FgetﬁérﬁgrPnFSEEFQ&aF8 pRretion ?éf?néfmﬁBBEtcéﬁt3§2

whi | e the mignina8el £roim €86 bHotthe notd mounﬁ @ba:tneidaralz@ve m‘ﬁU@&dEHioﬁ?- It
shoul d be aggre0|ate aus ge eIe nt _hol '

is a .
t hr ee- di nen SF<8b; eép%ermedﬂﬁe féver 13 FlgﬁngEée bgLtgmeinto
subst ant bal @ethSBCbﬁd Huuyarmedlate portldm t4®. couplmr fhanddelibirent

hol der 20 216cBeREAdate pobBaok bnthtoholdbrIIB Uilhy GAMkLLEYCLPALH O

26a expands |cu engt hens_t'o_a greater an t he
left mount 2banbenéiag 95th§n928§ent helderedll is simdlavlycaausedyvby

portions Zéi‘ffe%%ﬁtasﬁé‘@@sa &Pn'%%‘}halcué*geCSLOnC% ' Qﬁ%atli)ﬁﬂe{:giilc

i ncreases W th |ncreaS|ng erat ure ause the cantilever poftions
26a, 28a ar eREgERagLFach athougpotPﬁesFEﬁﬁﬁnHBFeéﬁeQPéﬁﬁnPOHEFQ@r4QOl§t

only ongopokRbwn as( be@ngatfdriied ldﬂlram&t?éﬁaﬁ&ﬁff@ﬁéﬁ@ttH&thhaEDB@t
rd. The thickness of the,

Form ng ¢ hePoaRt FORFIPTAHF| ofBe28a UBh-PORKLoNE BEW: miieriativrivabe 30
32 control fabritexeli bift yhendamehmateriial, aseitetheoémbediinegtoshevanent
10109020, SRPIGPCIGES, p AP AUMGkGeR, bcbliBetily) SR BRILLO"S,
while . the second 1ntermed1ate portlon 40 and the mount
15 portion 28 may be fabricated of the same material, this is
not required. All that is necessary is that there be a
significant difference in the coefficients of thermal
expansion at the interfaces between the mount portion 28 and
the Ffirst intermediaté' portion 26, and between first
20 inter;nediate portion 26 and second intermediate portion 40.
In Figs. 3a and 3b, a simplified drawing of
- another embodiment of the present invention, in which three
intermediate portions of the element holder 20 are present,
is shown at an ambient temperature and at an elevated
25. temperature, respectively. In this third embodiment, the
element holder 20 includes a mount portion 28, first
intermediate portion 26, second intermediate portion 40,
third intermediate portion 44, and base portion 24. In this
further modification, the mount portion 28 and second
30 intermediate portion 40 have coefficients of thermal
expansion that are preferably the same and are lower than
that of first intermediate portion 26 and third intermediate
* portion 44. Mount portion 28, first intermediate portion 26
and second intermediate portion 40 have the same cuts 32, 30
35 and 42, respectively, as in the first and second embodiments



fléxibility of element holder 20 and therefore increases the anmount

that el enent hol der 20 bends as the tenperature rises. Although first
bnternmedi ate portion 26 is shown and descri bed as being formed of a -
material different than that 35 of base portion 24, these two portions nmay
alternatively be - 18 - - 16 -

fabricated of the sane material. The material conprising base portion

24 is prefe (if__a.wcégéecilgd %pg;am hitahg the Incutalhaq_glg,fn t hraeaq:%lt rein

as shown in di scussed in detail bel ow

Referring tolrFfr%P“q?@la'é% ¢k fenberdefined fgem the {pp é-@ﬁtoertl'\ﬁa\}-'éllé-’ﬁagt h
of the passbiafngeﬁﬁechwbé dﬁéﬁ@ﬁ@i‘xtwd A%altﬁl tike thid teen Ieerimna&fzedlate

i ncreases. However, tin of Filt eIe eto
t her mal expé?%"l"b‘rp%fe ‘Ff%ent V@Cg%n% Fr’th giae i’teé’(fjﬂng
wavel engtsh &£ t hel 0 elfanlery  hellekent 203415 £hmi/Bas]ejfy ca@@edt hey the

terrperature decrease the.c el epgt ecl.
however, edlufefc e & eesnpgf:'a?él};egf g%lr‘]j‘gless ? 5 tt:hg %11%1%5: Sl]?f to
tilt upvvard mhmm/ceslcr ehkthgughstbentblrd 1nm:rmleelngttle porBy.osielfJeﬁctmmg

appropriat e 2%4& WesdiHbd® ad gﬂr%g diifed \G¥ 'a° £l M ren

el emrent  hol appropriate t nesses of e cantilever port I ons

26a, 28a, thé‘a’pprtmq aP& depshs pArtian cdds 3ghese 'é‘ﬁ@l RPEHABD MR

filter 1§ er&?l.@ern%velﬁ'ﬁe et ed bE theh€amenhd€atial, Moreover,
characteristics of the filter el enent 34 dye to changes in 20 t enperat ure

may be conpl*dtiels HpceRd inEerEaBinLe pemtjon 44 apdmppgt portion 2
In Figs. 2amfid 2be arsbppthtead dfawithe ofsame material, and first

intermediate portion 26 and third intermediate portion 44 of

the same material, this is not required. All that is

15 necessary is that there be a suitable and significant

difference in the coefficients of thermal expansion at the

interfaces between the mount portion 28 and the first

intermediate portion 26, between the first intermediate’

porti:on 26 and the second intermediate portion 40, and

20 between the second intermediate portion 40 and the third
intermediate portion 44.

Referring now to Fig. 4a, a design is shown for

rotatably, vet securely, mounting the element holder 20

within the central throughbore 6 of body 4. 1In this fourth

25. embodiment, the element holder 20 includes two intermediate

portions 26, 40 and three cuts 32, 30 and 42. The second

intermediate portion 40 is depicted as being formed of the

same material as that comprising - base portion 24. -Base

'portion 24 has a first threaded section 48 and a second

30 threaded section. 50 spaced apart from one another by an

intervening unthreaded section 58. Between the two threaded

sections 48, 50, two oppositely-directed cuts 52, 54 are

" made into -the unthreaded section 58 of base pori:ion 24 -- a

first cut 52 from the top, and a second cut 54 from the

35 bottom. The two cuts 52, 54 are approximately parallel to



‘anot her enbodi ment of the present invention depicts only the body 4,
el emrent holder 20 and filter elenent 34, the 25. remaining elenents of* the

coupler 2 being omtted for clarity. Figs. 2a and 2b show the nodified
coupler 2, in which two internediate portions of the el ement hol der 20
are present, at an anbient tenperalfre and at an el evated

tenperature, respectively. Specifically, elenment holder 20 30 includes a
mount por t oS ZBOEher r st Thexer et A0 ePRSELFBAAT sizmificanamdtonthenedi at e

portion 4Q, i3kt RASCoPOLhEORUESL 52, 8 YRS, S%ﬁ@tdxeewba@éyeektehhe nmount

portion 28 andﬁifcond I nt er npdi at ortion 40 have coefficients of

t her mal SrFth oWt Q% SN R RAkkoBsuBMardhet RBE QRAY3S are
Iovver tha&edma.treﬁferithﬁ.é ittt ithied dietide ipGEkidOANndObe about 180° in

t the f t di, at t 3 th
Cop i nBo PREIARL TG RRSTLEYTS0T | G o AGenBAL £ 532 he ETESHnde
fromthe baottda iaft daburd omacnisl so Gt tionhas oneheoaednndus
i nt di f tt
i erredt Bhgealidf oS GRGG (ATHLEC BOL! O M edtid By $88°Us0s
el enment hauer&aczso0§h§m fhrpEgend 4a anfdbody dpapprpdingteflyt hatchesent
hol der 203}S s3id lAd Ye S ek i¥e on hid FAEDtpEAL LS 0§4tQﬁa"§£¢ez&a§nS' on

at the blnetalllc i nterfaces, Although the second. inter | ate portion
40 is190 iR&enthe @@ﬁnéaf5Pﬁé&toﬁe§sﬁaﬁérﬁ§F asf Feeefistanset hatween

base portige Hrdtheseréd@e@0sbboN6nTaE Anderdttidne! yhbsaded Eabtisated of
t he sane terial, as in- the enbodi nent shown in Figs. 4a-and 4b and

descri bed”Her ei nbel ow. Mbreover,
Fig. 4b shows the element holder 20 mounted into

body 4. To mount the element holder 20, the length of the

15 base portion 24 is reduced by approximately one quarter of
a thread pitch by axially compressing the element holder 20

to deform the web created by the cuts 52, 54. The base
portion 24 is then inserted into the first end 4a of body 4
and rotated, thereby causing the threads of the first

20 threéded section 48 and the second threaded section 50 of
base portion 24 .to engage the threads within the first end

~ 4a of body 4. The press fitting of element holder 20 into

, body 4 causes the threads of the two threaded sections 48,
50 to be urged in opposite directions against the threads in

25 body 4, as shown in Fig. 4b. As a result, element holder 20
' is stably mounted within body 4 so that it cannot slide to
the left or right or shake upward, downward or sideways but

can ‘still nevertheless be selectively rotated relative to

' body.4 for fine tuning the angular orientation and, thus,
30 the center wavelength of filter element 34. Rotation of
element holder 20 may be accomplished by inserting an
instrument, as for example a pin, through an aperture 38 in

- body 4 into a recess 56 defined in base portion 24 and
effecting rotation of element holder 20. The depths of cuts

35 52, 54 and the distance between them may be altered to



whi | e-t he second internediate portion 40 and the nount 15 portion 28 may
be fabricated of the same material, this is not required. Al that 4s
! necessary is that there be a significant difference in the coefficients
of thermal expansion at the interfaces between the nount portion 28 and
the first internediate portion 26, and Jgetween first 20 internediate
portion 26 and second internedi ate portion 40. In Figs. 3a
and 3b, a shapbéfthé desiilignafy or faa&ﬁbenleyboﬂiﬂnétbﬁéetﬁﬁr@i6ﬁe®4

|nvent|on,o£n T@h%ﬁ 'Héﬁ?er 2hNL8h nghgkgfggrtlggFu e elene ;?E%;?ga

20 are presSént, an a
25. terrpermgaéabll@sp@mmag/ of |el anterg: tnnlrdbzeraﬂ)dvmn bdsd.y 4. ehsnent

hol der 20 {pgl udggsa Wunts@oréfé)nd%%ﬁefngﬁs'[and/o nt?lﬁgff“ %éjx%léigﬁ' 26,

second internediate portion , I nternme and base
porti o 249eFRepfrs. the weyrtingdrivhtness, Oﬁhélﬁﬂen$ @mﬂdan1znaamd

second 30 bbayeqnagbgggse@prtlon 40 have coeff|C|ents of thernal

expansion that are p rab t he _sane and are | ower than .that of first
i nt er nedi at e pOFtIOﬂh§6i§1 gﬁ??dhﬁ%ﬁw?ﬁﬁﬁa?@°wn a4t t Aefcxibegh ard

portion 28pointetl butefmedisaden tadr iovel2Eeaturasid e aiyl imiaH tEsh a4
portion 405€§ 8&21?;%3 %i Sp13e2fe1:310e§ enboréquen’tsr %?1%%%%' veI ’wgflllgeg_ge_

first and
depi ctdl wmdeFsgeod 1th@tnd vazious | omiggdilons omnd asubhtidutionsntandedi at e

e o 15 SELIGBH JhomE Eoudpd StV g MR LAY, 1
Figs. 3a A 3 %@ggrn@peratlon, may be made by those skilled in the
art without departing from the invention. It
is the intention, thefefore, to be limited only as indicated
15 by the scope of the claims appended hereto.

For example, although the present invention has
been described with specific reference to optical fibers,
optical devices, and the transmission of lighﬁ signals, the
invention may also be used in conjunction with other types

20 of wave guides, devices and electromagnetic wave signals.

Moreover, while the element holder 20 has been

. depicted as having up to.three.intermediate portions and
. four cuts, additional intermediate portions and/or cuts may
_ also be used to provide element holder 20 with additional or
25 increased flexibility to provide the required amount of

thermal compensation. The various portions of element
holder 20 may also be formed of more than two alloys with
different coefficients of thermal expansion -- i.e.  each

" portion of the element holder 20 may be made from a

30 different alloy.,
Additionally, the alloys comprising the various
portions of the element holder 20 may be switched, so long
 as the angle of inclination of filter element 34 is modified
in a direction to compensate for temperature induced center
35 wavelength drift. Other such relatively minor modifications



5 of the element holder 20 is simlarly caused by the different rates

of thermal expansion at the binetallic I nterfaces. Although the third-
bnternediate portion 44 is shown and descri bed as being forned of a
material different  than that of base portion 24, these two portions may
10 alternatively be fabricated of the samg material. Moreover, whi | e
second internedi ate portion 40 and nount portion 28 may be fabricated
of the same p@yerpal , fdd S =Y or d

i nternedi ate ortﬂl)%n m4a}f{% ed %tlmel 1?% mat g? I@anE 355 n@%] rtteﬂc;éuwae]d

Al that is q@ﬂﬂ%@%&ﬁﬁﬂycpgptlﬁat i @cEeaFElancey wikh) @h@ndnsaegmmmant

difference in the coeffugthekmotk thﬁrﬁl‘ﬁiug&i(p@fé'é’ﬂeﬁénﬂ hRolder! Qtoefx-g €s
bet ween t he .nount portion.?2 j ntermedi ate portion

bet ween t he 35t SHOWR #RJ; ?%crlﬂegojr?l%‘ﬁ“%c%ﬁf‘t"h‘éﬂbéféﬁd-”qtrﬁfe?%d?%te
portion 40, anili20ebetelemerithetsefdnd iturer nitl atentper t paBsHAnand ddyest hird
i nt er nedi at g, ring wto Fig., 4a, a design is
shown for M é abl yevjyc SsecureY’y, Iﬁ?rrrtg)&l;érfﬁ“l)ﬂg tcf%}éar}sqeeﬁmnt”hol FRtigRl

Wi thin the @fmm@t@m%ﬁgﬂ%omt& ofobedyon amdidi stbmpetratdre embpdibent,
the el ement Jglrisred 41tk ules fo0 halpnBe0habs)ars PRELT LIS, 26: A0 204

three cuts 32 and 42. The secon I cted

as being foriRIREAT t he Simidawlyvmt éhieald%lTQi'meaiﬁ)rﬂp@¢%¢mlaa§@npxadﬁm 24.
Base ;mor de¥iAf Hascaokidstat h&%‘i@ﬁbﬁ%ﬁtéﬂ@ 48 rang asﬁg'ﬁglpglﬁgt thpaded

secti on’ 5. TRERICHE LTS BHERIE0 Vi et POy Agrasibe mgsd for any
opposi t el y- eiprteictasd acpp]a@t;ldizﬂ i which readRvib riel@ ivelsh readad e Hhiton 58
o oo PO, o e bl Shagkbed®s b BIR BSpt e 2 sepon ot 54
. Additionally, the optical wave guide coupler of
15 the present invention may be incorporated into or built onto
a single substrate. In this embodiment, the optical wave
guides are mounted at opposed ends of the substrate thereby
forming a coupler axis. The substrate is appropriately. '
coan‘:gured to form the collimating lenses located at the
20 appropriate positions along the coupler axis relative to the
fibers. The element holder 20, having its transverse cuts
» and in which the filter or optical wave guide element is
disposed at an angle relative to the coupler axis and/or is
rotationally 'disposed, is mounted into a recess located in
25. the- substrate between the integrated collimating lenses
along the coupler axis. If the optical wave guides are
sufficiently short in length, they tco can be incorporated
_ intoﬁl the substrate by appropriately doping the substrate.



-"19 - one another. There is no particular significance to the
orientation of the cuts 52, 54 (i.e. whether they extend fromthe top
« downward or fromthe bottomupward); the only ' —ts—that they
extend inward and be about 180[err] in 5 orientation to each other. The

i nsi de surface of the first end 4a 22 body 4|H“mmmm uu JH t it has
‘one continuous threading, as shown in Fig. 4b.lil ! ik t he

i nsi de Cladmace of the first end 4a of body 4 approxi mately matches,

in size and shape, that oRt r‘b_,_\a}_sﬁp 'LO a t end 0. .1.ntqQ the end
4a for at |east as f?ir' asﬁt%gs_nplstanc‘géﬁét \%&%éa %ﬁle%ji’?%% Fﬁpg;&&?

secti on 4FwWmEREteAd vaveaguddsecfpsnpassipg. optical signalsFitrotigtshows

the el enendz 119! d@urd@ A TOERLR Jridd d¥yh-4 epent. hol der
20, the Ienath of tp%e 15, base po(r)?(i)%%lgg %glérlé:}t}cre%éﬁ% g%gr{éxiggt téﬁh{/é one

quart eP ofotherq EAFRR&SARGEh by axially conpressing the el enent hol der 20
to deformthe web creat edabyddie tetttind Inedtts ad NSpP8s€d endROblE Faig s
y
d

then inserted into the fjrst end 4a, of bod‘g%4 .. and rotated, there

causi ng t ROAIESUPHRT 1S OB Cah aR guidas e 8 ish&odve adessh
threaded sectowpl &P akis; base portion 24 to engage the threads within the
first end 4a of body 4. The press fitting of elenent, holder, 20 into
body 4 causes the threads®0f eﬁ'ﬁgpeﬁ’j&)%%égl%?‘gn‘glﬁh}n saigyboghe

ur gedlion eppbshbeidia eat ithnsowgliborse shbsthneddd Iy dhighedy withs tsHeown in

Fig. 4b. u el nt hol der 20 I's stably nmounted within body 4
so that i?%c“ﬁ%jr:]%f é{c?‘ﬁé ?gﬁ the left or right or shake upward, downward
or sideways but can sahl loptévaal hedres sghédeeledmmeardt ysuppatreddr &vat i ve

f:gnter m\%i;é\%e%%&i#%%l%@?%!ﬂ%ﬂa‘f%ﬁtéo%@l@%é temenc} sﬁ’gﬁﬁte?ezo
may be acéonpinteceny sasdr conpler axisginstrunent, as for exanple a pin,
through an aperture 38 ingzig RA&heht HA L eéiﬁéﬁr?@iﬁ&ti ned in base
portion 24 and a first portion for supporting
said optical wave guide element within said
element holder throughbore and having a first cut
defined partially through said element holder
20 first -portion and disposed transverse to said
element holder throughbore, said first portion
being formed of a first material having a first
coefficient of thermal expansion; and
a second portion hawving a second
25 * cut defined partially through said element holder
second portion and disposed transverse to said
_element holder throughbore, said second portion
-being formed of a second material having a second
* - ‘coefficient of thermal expansion different from
30 said first cdoefficient;
said first and second materials
being selected, and said first and second cuts
being positioned and defined, so that expansion
and contraction of the first and second materials
35 of said first and second element holder portions



effecting rotation of elenent holder 20. The depths of cuts 35 52, 54

20 1% S ehange the resi|iency or T1exibility of cnd HHBAITH R R
¢ LIONatsablxe -

of elenment hol der 20 and, therefore, theai ghtness of

mounting of el enment hol der 20 wi t hi n body 4 As - the cuts 52, 54 are
deepened and/or tyeih %ﬁ@ﬁgﬁgCHh Berlgerge6e8, ddmsénpw@deeefmghbaess of
el enent holder 20 in body .4 decreases, Wil e there have

been shown and deS¥irB&atimgal chandesd Hut HifdSHPRCHE nGFel SREGt ures of

the invention as tléamlwedetQuseéeéaémeﬁefByrealanEdeaﬁatnolaereof it
will be 10 understg&d that variqus on1%§:ons and sub Eb %ns :
t saé d in

changes in the foFfirdhdVEet 5PI sERF (IRl 828F aff
their opeyation, erjehearddaally chiamgresslddrpsthsate hor temperaﬁ:ulrreut
departing fromthe I nve

is
therefore, to be Fpﬁﬁgeed-]or?‘ﬁhf}cgg I ndi czftqg%Ies_LS byl{lhe S(E:lg%eéée%f?%e cI
appended hereto. transmission Bfr epthpkd, afighalgh thEOpghseﬁﬁldnventlon

has been descr] gg?ﬁg Hgg%g%gsfdec Jiehfifnce to optical fibers,

optical devices, sion o0 I'ght signals, the I nvention
may al so be used |n conj unction mnth other types 20 of wave gui des,

devi ces and electronagget|0@%§ ve guide coupl¥¥ egFeriawhi lig the
el ement hol der 20 has be ep |cte avi_n to three i nter.nedi ate-

port|on§ihnthereiDu$aedt§lr§§dF??§ﬁaFl?ﬁFePﬁeghGF@aﬂoPFP@ﬁ§Jéﬁbﬂﬁ%‘%%ﬁ%

may al so. ﬂ&gu SQuEOtQBOEiﬂgselSBEEE tRhdesa2l BvebbBnaddbeifFidicdit HF
i ncreased fl ex to provide the required anmount of
thermal expans1on

15
3. .The optical wave guide coupler of claim 1,
wherein said element holder is rotatably mounted to said
body .
20 4. . The optical wave guide coupler of claim 1,

wherein said optical wave guide element comprises an optical
filter. '

-

5. The optical wave guide coupler of claim 1,
whe:ein said element axis of said optical wave guide element
25 is disposed at a predetermined first non-zero angle relative

to coupler axis.

6. The optical wave guide coupler of claim 5,
further comprising means for transmitting collimated optical
signals from at least one of said optical wave guides to



t her mal conpensati on. The various portions of el enent hol der 20 may
al so be forned of nore than two alloys with different coefficients of
“thermal expansion -- i.e. each portion of the el enent holder 20 nay be

I

made froma 30 different alloy., ' Addi ti

conprising the various portions of the el enent hol am mmtﬂmnmr
swi tched, so |ong as the angle of inciRhation of filierc elLenents I S
nodi fi ed in a direction to conpensate for tenperature induced center 35
wavel ength drif{. Ot her such relativel 1 nor, mpdi fi ¢cations )
o el v Biidersforiiot 357 semanines seseud Aow Zpuaasla relative to
conpensat ed csiipt@ipléruxéccordance with the invention.

Furt hernore, although the el enent hol der 20 has been shown and

described in connection with the rotation of 5 a filter elenent to fine
tune its center passtarithe apticel wave guigdt capler of elaimds whetelrasaid firstdad go
changes in ' S L.S¢t | ] | .0 ature
my b ertSPORAGRs in said ERRAERANSestia'tebohd ShbA sl Y BRRG T
rotator. §i noppositydirections.dual -t hread rot at abl e connector 10 design

di scl osed as rotatably and firmy supporting the nount i ng el enent

hol der 20 wthin body 4 may be used for an optical application in
whi ch a devi ce requi SesTespsicalways guide co‘WiﬁétO_fﬁla!iB lpwheseinsajd elemeped in
position.  holder further cofifitisks 2 fiatd portibh Posiiéreddb thi\sRidEérHant b er of 15

SUbs T at o, | PeCRRLDEHBB A FEPOSSH MEb5R el g Bolder hist i tied portiGns, 9 ©
: said element holder third portion being comprised of a third material having a third
10 coefficient of thermal expansion substantially different from said second coefficient
of thermal expansion, said element holder third portion having a third cut defined
partially through said element holder third portion and disposed transverse to the
coupler axis, said third material being selected, and said third cut being positioned
and defined, so that expansion and contraction of the first, second and third materials
15 of said first, second and third element holder portions with changes in temperature
cause predetermined orientational changes in the support of said optical wave guide
element by said element holder relative to the coupler axis such that said
orientational changes compensate for temperature change-induced changes in
directional transmission of optical signals through said optical wave guide element.

20 9. The optical wave guide coupler of claim 8, wherein said first and
second cuts in said element holder first and second portions extend in substantially
opposite directions, and said third cut in said element holder third portion extends in
substantially the same direction as said first cut in said element holder first portion.

10. The optical wave guide coupler of claim 8, wherein said element

25 holder further comprises a fourth portion positioned so that said element holder third
portion is interposed between said element holder second and fourth portions, said
element holder fourth portion being comprised of a fourth material having a fourth
coefficient of thermal expansion substantially different from said third coefficient of
thermal expansion, said element holder fourth portion having a fourth cut defined

30 partially through said element holder fourth portion and disposed transverse to the
coupler axis, said fourth material being selected, and said fourth cut being positioned
and defined, so that expansion and contraction of the first, second, third and fourth



gui'des are nmounted at opposed ends of the substrate thereby formng a
coupl er axis. The substrate is appropriately conT‘*gUredﬂ—e—Fele_t_he_

collimating lenses |ocated at the 20 appropriate positi | 0 t he
coupler axis relative to the fibers. The el enent ho , ﬁwﬂﬁm’ts

transverse cuts and in which the filter or optical
S di sposed at an angle relative to th@scoupler axis and/or
rotationally disposed, is nounted into a recess located in 2|5 the substr?]'ge
bet ween the integrated & | mat i oupl er axis

the optical wa ﬁtl 4érst sec%‘@f fh“@s %’ﬁtfpwg%ﬂ’t"% hpqﬁgrmrﬁonw changegan
be incor por at edh temperature cabse predetemained bjiertativnapehanged m tHO B ppdrt dfRaid
substrat e.

1. An opti cal “REcAL Wt © guide clem tlJe fjt by spid ¢ e&%?r}til}\glder rel§ tg B ‘EP&%M@ Yeh des
for passing opthat aald gngmnenal mhm@a compensatecfor mmeeatuxferdhmlgmmducudm}ﬁd es

ody
havi ng meang ab SciBud e ldiropeAigsal roueh ssid opricy wte B9 cal vive
gui des to sai del6BEYt-al ong a coupl er axis; an el enent

hol der di sposed within said body 10 and havi ng a throughbore substantially

aligned with the coupler axis: an optical wave
gui ge el enent supporte’gl Ebhe °Pt‘°§la‘flﬂvee$l§¢ﬁa?ﬂ“ﬂlﬂ§|°§élauallgng'hmlfesaed'rﬁm ardi s

and di sposed ssecead cuts ir smd Blenienehblderfidt Al ek&d Fortidns éxtend in substantially

sal d el ement hgll)pd Site 811‘6 ons sagd third cut in said element holder third portion extends in

10 substantially the same direction as said first cut in said element holder first portion,
and said fourth cut in said element holder fourth portion extends in‘substantially the
same direction as said second cut in said element holder second portion.

12. An optical wave guide coupler for coupling two optical wave guides
for passing optical signals through said coupler from one coupled optical wave guide
15 to the other, comprising:
a body having means at opposed ends of said body for coupling the
optlcal wave guides to said body along a coupler axis;
an element holder rotatably disposed within said body and having a
; throughbore substantially aligned with the coupler axis; and
20 an optical wave guide element supported'by said element holder along
an element axis and disposed so as to intercept said coupler axis, the element axis of
said optical wave guide element being disposed at a predetermined first non-zero
angle relative to the coupler axis so that rotation of said element holder causes
changes in transmission of optical signals through said optical wave guide element. _

25 . - 13. The optical wave guide coupler of claim 12, wherein said element
holder further comprises:

- afirst portion for supporting said optical wave guide element within said
element holder throughbore and having a first cut defined partially through said
element holder first portion and disposed transverse to said element holder

30 throughbore, said first portion being formed of a first material having a first
coefficient of thermal expansion; and



a first portion for supporting said optical wave guide el enent
wthin said el enent hol der throughbore and _haxu_ng\ first cut -
defined partially through said el enent hol der 20 first portion and

di sposed transverse to said el enent hol der th "mn i rst
portion being formed of a first material having a f "m",’”’m ’I”
coefficient of thermal expansion; and -26- Lta secon
portion having a second 25 cut defined partially through sai d el ement

hol der second_portion _an osed n ment

hol der t hroughbore, saf 33388&‘061 an{;ﬁa secon& eut %ﬁ?@ﬁ&%@%‘*@ga@cond

mat eri al havi ntpxmm; &olderisecond portionaafl fdispossud trafs verketonsaid elzmanthodderdi f f er ent
from 30 . ' | and
second mat eri é@%h&ﬁ&r& %tdldgs%%rid éérﬁgﬂ Pelgg formy chs%f a secon Lpatenal ha%ﬂﬁ d&éc%ﬁ&

bei ng positi oseeffigieat elthermal expmsmmdlffewpaﬁ'gmald first coefficient; cont r acti on of

the first and second ngi@fis®hid steond materfils ﬁé?ﬁéjsélé&éf aﬁ%gm&ﬁ?ﬂgﬂd%&'ﬁﬁm h

hol der portions

changes in t efpibsingrositinned apd defined; s hatexpansion andeonirection ofithe fistandes in
the support Ofse&ﬁﬂ%atenals of s#3@ fikst ahd Y& 6Ad Blenitat Eélﬂéﬁmm@d& \ﬁﬁlh ehatlg8eRNt
hol der relative togwge coupl,er, axi, Sl;lfj ﬁ sai d
ori ent at i onal 'CRRRTHULE cayshBArdseEmmsd origpiatonal G glges fn the sum&h%fes%m}%h
changes i nwave guideelémemiby said elemertholieirelativerto tlie cyviplet akissugh tas said
through s aidj orientational %axf’gaeg cgrl%\ﬁeensg%' fgr tempernaﬁure change-induced changes in

directional transmission of optical signals through said optical wave guide element.

14. The optical wave guide coupler of claim 13, wherein said first
coefficient of thermal expansion is more than about two times larger than said
second coefficient of thermal expansion.

15 ' 15. The optical wave guide coupler of claim 12, further comprising
means for transmitting collimated optical signals from at least one of said optical
wave guides to said optical wave guide element at a predetermined second non-zero
angle relative to said coupler axis.

16. An optical wave guide coupler for coupling two optical wave guides
20 for passing optical signals through said coupler from one coupled optical wave guide
to-the other, comprising: :

a body having opposed ends and a throughbore extending between said
ends along a coupler axis, and means at each said end for coupling an optical signal-
carrying optical wave guide to said body, said body having threads defined within

25 thebody throughbore;
| an element holder disposed within said body throughbore and having a
throughbore substantially aligned with the coupler axis; and

an optical wave guide element supported by said element holder at a
first end of said element holder along an element axis and disposed so as to intercept

30 said coupler axis;

said element holder comprising an attachment portion at an end of said

element holder opposite said element holder first end, said attachment portion

comprising:



2. The optical wave guide coupler of claim1, 10 mherWst

_coefficient of thermal expansion is nore t han about two tines targer—
that said second coefficient of t her mal expansi on. ”

3. The optical wave guide coupler of claim]l, wher e "[MH["!}HM"I
hol der is rotatably nounted to said body. 20 oo 4n s cal
wave gui de coupler of claim1, wherei &t d optical wave gui de el enent
conprises an-opti cal filter. : 5. The optical wave guide

coupler of claima1, a‘ﬁ}ﬁrtﬁ}egd%g{egﬁgﬁﬁ@ﬂét 5. of said optical wave guide

el ement 25 is di sposed apre ermn I'TST hon-zero angle relative
to coupler axis. a second threadsl seTtien bpiing thireadayandgui de coupl er of claim

>, further conprisihgy B iyRerpbob 'M%ﬁﬁihﬁd@%SEdﬁ%ddE&'
signals fromat |east one of sal o_%)t I'cal wave guides to
sections, said third section having two cuts defined substantially transverse to the
5 coupler axis and extending partially through said element holder in substantially
opposite directions;
wherein the threads of said first and second threaded sections of said
element holder are configured for threaded engagement with said threads defined in

the body throughbore.

10 17. The optical wave guide coupler of claim 16, wherein said element
holder further comprises:

a first portion for supporting said optical wave guide element within said
element holder throughbore and having a first cut defined partially through said
element holder first portion and disposed transverse to said element holder

15 throughbore, said first portion being formed of a first material having a first
coefficient of thermal expansion; and
’ a second portion having a second cut defined partially through said
element holder second portion and disposed transverse to said element holder
throughbore, said second portion being formed of a second material having a second
- 20 coefficient of thermal expansion different from said first coefficient;

said first and second materials being selected, and said first and second
cuts being positioned and defined, so that expansion and contraction of the first and
second materials of said first and second element holder portions with changes in
temperature cause predetermined orientational changes in the support of said optical

25 wave guide element by said element holder relative to the coupler axis such that said
orientational changes compensate for temperature change-induced changes in
«directional transmission of optical signals through said optical wave guide element.

~18. The optical wave guide coupler of claim 17, wherein said first
coefficient of thermal expansion is more than about two times larger than said
* 30 second coefficient of thermal expansion.



-24 - sai d optical wave gui.de el'enent at a predeternined second

non-zero angle relative to .- 'sai:d coupler axis. 7.
:The optical wave guide coupler . of-*claim1,- wherein said fi SHIG SHEET HAS BEEN

second cuts in said-el enent -hol der first,and second portiofs_extRERIApED

substantial ly 5 opposite directions®® ~ : 8. et

wave gui de coupler of claim1, wherein said el enent hol der further
conpri ses aPASBIVE) EMRERATIRE +CONRENSATEDR (ORRICALe | WANE) t GUILDE cCOUPLER
second port jg@Brkidrt er posed between said el ement holder first and third
portions, ~—  said elenment holder third portion being conprised of a
third material havi ng 2@ teREHCal 19aveositidg cfRuRteX hwifh askpintegnal
substanti al sygdifif Qﬁ@aifﬁiﬁg] Al ShesRe ORHatoPdd S ity compeneaddier FBL
expansi on, saird el enent hol.der, thi éd gortl on.haﬁng a_third cut fefl ned
partial |y t hRFBEERAENEE YEEHATEANS §r APRPPRCPERLEENE2hEIBEsFBEcBLEReREver se
to the andcalpdesbaxicharsging t hcsd omdrtialg behagaselkedised.csandigni d

hird bej it def i ned h i d
cont ract 1 orcBRBRE £ SRTRSEASHE Sand TER PUCRERE: 181 SLco TEOERFABlY e YR s:
second and fihrmilyel esmppohnbederbypotheonsouplér clhadgessi nrettajmeedt ate a

cause pred ] ient.at | : | UDPOF t I tLcal
wave gui deeﬁgé&egg-fng%gn ag-fflgg;?zlde lﬁ%ﬁ% %gﬁ}%}eﬁa)ﬁeﬁo at'l vteﬁ)% o&?%glggugﬁer
axi s sukh thaats&he operatpngegsharasherichisge vk obhensdemendr m@rrpEEature
change-i nduceflecp30eey vardidetl 2BhtibANSRI EAL0S1 SheRR h68he! §RALAe

t hrough said optical wave guide el enent. 20 9. ‘The opti cal
wave gui de %%?-é?-of claim8, wherein said first and second cuts in said
el enent hol der first and second portions extend in substantially

opposite directions, and said third cut in said elenment holder third
portion extends in substantially the sane direction as said first cut
in said element holder first portion.
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10* The optical wave guide coupler-dfﬂcfarn18, wherein said elenment 25

hol der further conprises a fourth :portion positioned so that said el emente

portion is interposed between said el enent hol der second
el ement hol der fourth portion being
having a fouyth

~hol der third
and fourth portions, said
conprised of a fourth materi al

expansi on substantially different from sai
said el enent holder fourth portion having a fourth cut

t her mal expansi on,

coefficient of thernal
& hird coefficient of

defined 30 partially through said el enent holder fourth portion and

di sposed transverse to the

sel ected, and said fourth cut be
expansi on and contraction of the
- 25 - material s of sai
hol der portions w th changes
orientational changeg in the 4aip
el ement by said el emeqat @01 def r
that said orientati,gna 3
changes 5 10n dPr
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"12¢ An optical wave guide coupler for coupling two optical wave guides
for passing optical signals through said coupler fromone coupled optical-

<wave guide 15 to the other, conprising: ~a body
havi ng neans at opposed ends of said body for coupling the opti cal
wave guides to said body along a coupler LS; an

el enrent hol der rotatably di sposed within §Z4d body and having a

t hroughbore substantially aligned with the coupler axis; and 20

an optical wave guide el enent supported by said el ement hol der al ong an
el ement axi s and di sposed so as to inter said coupler axis, the el enent
axis of said optical wave gui de el enent I%i'loég cﬂAoosed at a predeterm ned
first non-zero angle relative to the coupler axis so that rotation
of said el enent hol der causes changes in transm ssion of optical signals

t hrough said optical wave gui de el enent. 25 13.- The optica
wave gui de coupl er of claim 24, wheref)n 3§ el enent 28 hpl der further
conpri ses: A first \porqiop for supporting said optical
wave gui de el enment within s Yaut¥ de arayghbore and havi ng

a fit_rst cufjI gefi neddpfteoi zﬁm‘@@m‘gm ‘ﬁﬂm rst
portion and di sposed traw ﬁ\&\—v\\‘\\i\y//fﬁ T -
said first portion being 1Y *T?QQ:\Q, N
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- 26 - { i3 lﬂ§§§§§§§l e deff i ned
partially through said el emrent | hjp] digr| B«
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transverse to said el enent RRR
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5% said first and second materials being selected, and said

first and second cuts being positioned and defined, so that expansion
cand contraction of the first and second nmaterials of said first and
second el enent hol der portions with changes in t enper ature cause

predeterm ned orientational changes in the support of said optical
wave gui de el enent by said el enent hol dergggl ative to the coupler axis such
that said 10 orientational changes conpe te for tenperature

change-i nduced changes in directional transm ssion of optical signals
t hrough said optical wave gui de el enent. 14. The opti cal
wave gui de coupler of claim 13, wherei afz%f |$§ coefficient of

t hermal expansion is nore than about t I Tres ger than said second
coefficient of thermal expansion. 15 15. The optical wave

gui de coupler of claim 12, further conprising means for transmtting
collimted optical signals fromat |east one of said optical wave
guides to said optical wave p4i de 44 enggnt 4t 30 pr edet er ggned segond

non-zer o angle relativefto sajd cpuplfer #xis. 16. An
optical wave guide couplq T e - a- L S TY-XV. “Wa AT for
passi ng optical sigmagls %gf%{(ﬂéﬂﬂ!fﬂﬁfu’éﬁ%ﬁf Al wave
gui de to the o , AT AN --\5’77 VA 7 L NLNEN opposed
ends and a throughbore & Hﬁ:\?%\\\::{% f&\\\// /M& a coupler -
axi s, and neans at each %k\\\\j&a,d A NA N &.\\QQ‘\\\\\%\ gna] .-

carrying optical wave guildg b | \»\-\\\q\\\gx H ds defined
within 25 the body throdgghbore; \\\\\\\\\ hol der

di sposed within said body |hroughbdr k|2 x\\\\ quanbor 4
substantially aligned wi t{h{the coupl ¢ {a %\ Q\

optical wave gui de el enent wc.\-sr‘\-—;/u 2N v \\\\Q\\ at a first
end of said el ement hol dgr \\Q%\\}./. § 5 §§\‘c e to
intercept 30 said coupl gr §}§t§§\\&/////‘§ \\\\\\\\%;\\\\\\Q nt hol der

72

N AN

conpri sing an attachnent
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conpri si ng:
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- 27 - a first threaded section having threads;
a “second threaded section having threads; and athird «
;section interposed between said first and second t hr eaded sections,

said third section having two cuts defined substantially transverse to the

5 coupler axis and extending partially thgugh said el enent holder in

substantially opposi te directions; wherein the

threads of said first and second threaded sections of said el ement

hol der are configured for threaded engagenent with said threads defined in

t he body t hroughbore. 10 Fz?ﬁ Thaé)ptlcal wave gui de coupl er

of claim 16, wherein said el enent er t her conpri ses:

a first portion for supporting said optical wave guide elenent within said

el ement hol der throughbore and having a first cut defined partially through

sai d el enent hol der first portion and di sposed transverse to said

el ement holder 15 throughigore, eggaigh f i afrtlon bei ng forned of a first

material having a first of her #&l .
I

a second portion having a s! I th ough sai
el enent hol der second port|, ". 4;§aﬂnt
§Z N ¥} #econd
&‘ [fferent from

hol der t hr oughbore,

mat eri al having a second 2@

said first coefficient : : I materials
bei ng sel ected, and said firstef : q ti oned and
defined, so that expansion ' : ! second
materials of said first and jsecop |e 'ons M th changes in
t enper ature cause predeter i i ¢sliln the pport of
said optical 25 wave guifle el p | der rejative to the

c@npenFate for
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di recti onal transn135|on of optlcal S|gnals through sai d optlcal wave gui de

el enent. _ 18. The optical .wave guide coupler of ct4f 47,
wherein said first coefficient of thermal expansion i s nore than
about two tinmes larger than:said 30 second coefficient of thernal

expansi on. - 28 - 19.

The optical wave guide coupler of claim1l, wherein said first coefficient
of thermal expansion is between about two and about twenty times |arger
than said second coefficient of thernal pansi on. 20. The opti cal
wave gui de coupler of claim 1, wherein sald body has a throughbore
extendi ng between said body ends and wherein said el enent hol der further

conpri ses an PARSIAEH TP ERATURE -GOMERNEATED! ORREGAL WAVE GRIDH: COUPIFR t e

said first pQggwacsai d attachnment portlon conpri si ng: a first
t hr eaded secfTon ﬁav n t hr eaqs; cond threaded section having
t hreads; and r&P§éEFﬂoﬂ@¥ﬂ %dCS |1W%§¥l¢$répﬁﬁﬁxal

second threa@e.@n%gctmeai,fy&aigd éme:hdnée(ﬂhasm passigely0 EotigSertifd d or
substant|§II¥§$%%£%¥erse to fhe, coupler axis and e te%iqiiémutla

t hr ough s CYIER AT THELRME (3h AURaRA ,%element

and thereby changing its operating characteristics with

changes in temperature. The element is also rotatably, yet

firmly, supported by the coupler and is retained at a

predetermined angle relative to the axis of the coupler so

10 that the operating characteristics of the element may be

' selectively varied by rotation of the element holder of the

couplLez.
FIGURE 1A.
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wherein a first.end of said body has t hreads defl n%Tﬁﬂfﬂ’Tn
the body t hroughbore, and thh threads of said first and second threaded
sections of said elenment hol der are configured for threaded engagenment with
said threads defined in the body throughbore. 21. T | de
coupler of claim8, wherein said el enent hol der thi r iﬂ‘lm ""3@" EI sed
of the material conprising said el enment2thel der first o))
optical wave guide coupler of claim38, wherein said eI ement holder is

rotatably untrﬁgl réth SRV Erst bbtRciEm U BEmbl
claims8, RELT & 1§ de¥ thin safth sedbnd’ Ehefficiént of

LR “thermal expansion.

20. The optical wave guide coupler of ciaim 1, wherein said body has a_ throughbore
extending between said body ends and wherein said element holder further comprises an
_attachment portion at an end of said element holder opposite said first portion, said attachment

portion comprising:

_a first threaded section having threads;
ond threaded section having threads; and

a third section interposed between said first and second threaded sections, said third
section having two cuts defined substantxally transverse to the coupler axis and extending
_partially through said element holder in substantially opposite directions; -

REPLACEMENT SHEETS  SG
3 Description : paged ..... to paged .....
M Claim(s) :paged.%.to paged .3..
1 Drawing(s) : paged ..... to paged .....
M Abstract : paged %. to paged ...
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24. The optical wave guide coupler of ctaim8, wherein sal d el ement aX| S
of said optical wave guide elenent is disposed at a pr&ﬁ EMm]:isﬁ
non-zero angle relative to the coupler, axis. 25. The opti cal vvave gU| de
coupler of claim24, further conprising means for transmtting collinmated
optical signals fromat |east one of said optical wave guides to said
optical wave guide element at a predeterm ned second non-zero angle
relative to said coupler axis. 26. The opti cal vvave :
claim8, wherein said body has a thrt 3ag‘hbore ext endi ng m gl! ley
ends and wherein said elenent holder further conprises an a Lac e
portion at an end of said el enent hol der opposite said first portion, said
attachnment portion conprising: a first threaded section having

t hr eads; whereinzefirstiend off ssixtibailysms threads ldefinetdowithin ebaibodyathrbughbore, and
third segheithweadsndfaaikiafrerandakvond nhreaded séotions ofsaitl dementchoider aecoedfigred fopns,
sai d thi ghlesded ehgageentiwith saitbDthesalisdefintd bthe Dol thamighborey transverse to the
coupler.axis and extending partially through said elenment holder in -
subst ant pgl | YTEWW\ﬁavdlghﬁfetdo ; of claim 8, wieRfiesaid aleinhﬁts.iomaaﬁnﬁfpos@dﬁsbody
has t hreggiaosiaiio .r ATETEL G mst%gh@he threads of said
first ait T otder are configured

f2 or thr egﬁed - Wf@ﬁaﬁ (}ge %@ﬁ%rt&r%% dﬁﬁér&ﬁ%aid‘el&xh@nt%‘ihér tig) wm?fr e.

hol der fcrurt‘w*purﬁtm* 13 conpri sed of the materi aI conprising said el enent

hol d _ on i e
ol t he ﬁﬁg e Wik bpROAI AR guaeCQMRLd: S©
REPLACE

uc ot pUT U T UTT.
- 30 -

_24.  The optical wave guide coupler of claim 8, wherein said element axis of said optical.
__wave guide element is disposed at a predetermined first non-zero angle relative to the coupler

25 The ogucal wave gmde coupler of claim 24, further comprising means for transmitting
si at least one of said optical wave guides to said optical wave guide
element at a predetermined second non-zero angle relative to said coupler axis.

26.  The optical wave guide coupler of claim 8, wherein said body has a throughbore
extending between said body ends and wherein said element holder further comprises an
attachment portion at.an end of said element holder opposite said first portion, said attachment
portion comprising: _
a first threaded section having threads;
a second threaded section having threads; and -
: a third section interposed between said first and second threaded sections, said thn'd
AN section having two cuts defined substantially transverse to the coupler axis and extendmgm
partially through said element holder in substantially opposite directions;
wherein a first end of said body has threads defined within the body throughbore, and
the threads of said first and second threaded sections of said element holder are configured for
- threaded engagement with said threads defined in the body throughbore.

27. _ The optical wave guide coupler of claim 10, wherein said element holder fourth portion
is comprised of the material comprising said element holder second portion, and said element
holder third portion is comprised of the material comprising said element holder first portion.
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28.. The optical wave guide coupler of elaim 10 wherein said el enent

hol der is rotatably nounted to sai d body. 29. The OREPWEMWGS Tde
coupler of claim10, wherein said optical wave guide el enent conpriSes an
optical filter. 30. The optical wave guide coupler of_claim10Q, wherein
said elenent axis of said optical wave guide elenent is disposed at a
predeterm ned first non-zero angle relative to the coumﬁulmﬂmﬂl"mmﬂhe
optical wave gui de coupler of claim30, . further conpri

transmtting collimted optical signals°tromat |east ofle bf 'said d&pttcal
wave guides to said optical wave gui de el enent at a predeternined second
non-zero angle relative to said coupler axis The optical wave guide
coupl er @8- c| Fheroptisal WA gtide senpleriod plaim L), &’W%ﬁ%ﬁﬁmg‘i@fdﬁﬁﬂfaﬁ@ﬂmen
sai d bodﬂnﬁé_ﬁamm,el n said el ement holder further conprises an
attachment portion at an end of said elenent holder opposite said first

portion, 28ai dThe ane guide conpler ofiolaim i18g wherein said optical wave giideclcment
sect i on _bemprises ain optiodk filter. a second threaded section having threads;
and ' a third section inter posed between said first and second

t hr eaded38ect Tha6pticalawavet fuidedcoupizt iof Blalm 10 \whérein said demieriti axischf saidsdpaicdli al | y

transver savé gumhelementﬁk dispesed at & pedeteimined fgst mon-zerol dnyleirblatvigio técshpidrenent
hol der i mxigubstantially opposite directions; wherein a first end of
said body has threads defined within the body t boughbore, and the threads

of said Bir St%l@g&ﬂm guifeccdtifler SEQAMDIS ffther Fotpfikia %@E& ﬁﬁﬁsnﬁftﬁg_

confi gur ggly; pritaDdsdalt fré%hﬂeé@bﬁb Em%ﬂM%V@Qﬂdés@o
t hr oughbeleRient ; cdeterininel second np ! o
S d firs /it ‘ vvenabout t wo

and abo“%ztmfﬁé’oﬁﬁcﬂﬁabé % dolipiBr B lcthin 60 e&%f&u%&t fa e
eXPans! Ulyendiily berwd . SRR " figher colirisRd dp> |
\a/gvlecg : _ é;uo a ) te | portion, sai : it ;?d
el ene T i threadec? famt: ons extend in substantiall y opp05| te

di recti ons.

a_second threaded sectlon havgg threads; and
i ion i i d second threaded sections, said third

section having two cuts defined substantially transverse to the coupler axis and extending
partially through said element holder in substantially opposite directions; .

wherein a first end of said body has threads defined within the body throughbore, and
the threads of said first and second threaded sections of said element holder are configured for
engagement with said threads defined in the body throughbore.

33. _The optical wave guide couplei of claim 13, wherein said first coefficient of thermal
expansion is between about two and about twenty times-larger than said second coefficient of
W, thermal expansion.

34. _ The optical wave guide coupler of claim 13, wherein said optical wave guide element
comprises an optical filter.

35.___ The optical wave guide coupler of claim 13, wherein said first and second cuts in said
element holder first and second portions extend in substantially opposite directions,
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REPLAGEMENT SHEET . - 31 - 36.
The optical wave gui de coupl er of  cl ai m 12, wherein said bodyg

t hroughbore. extendi ng between said body ends and wherein sai (fl mgngg
guide element is located at a first end of said eleﬁeﬁt—heJ—deL_and_saJd

el enent hol der further conprises an attachnent portion at an end of said

el enent hol der opposite said el ement holder first. e l'mmmlm mmﬂ
portion conprising: a- f3ilr st t hr eaded r eads;
a second threaded section having threads; and ' d third section

I nt er posed between said first and second threaded sections, said thlrd

section Q@Vl nﬁxg &ﬂxcﬁu@ved% Eg:gé{bgf _ 'allzl )@&e,&p% r ytlﬁstah cQ I

O oo CeRAdlE Yol SR ey s oyt FUlE el i ;;t&"
OppOS|t 1€ - WTEE1 —CHe-0 S5t ) Tt

t hr eads ‘v'v Yt e R 00 S8 s rORRpLS ) Bﬂﬁgiﬂst
and secoftd 5 53t eng. 0
threaded—%&%ent with said threads efl ned in the body throughbore 37.
The optical wave @,ﬁr 39 Septon F”zﬁi °8dS; wherein said optical wave gui de
el ement is an optiassgond;threaded seetipn haying theeads; "'-w- gw de coupl er of claim
17, V\/nereln sai | LG SecHla SIpesed be *’=,= ol ST 3a)6lS s g eghions, said it

t Wo and-tRrg.uas HoR U fald BEC 1> ;i"'.:::_‘.f Wﬂﬁ%mﬁmlﬂmdmgﬁm

expanS|_Pﬁmalwhr0ugh'H%dGm€§%1h01 ie sehstagtiallyoepposite direconst m 17, wherein said
optical wave gui devhereimafirst enshofisaiddody hasith eﬁ%deﬁmdwﬁhlnthm@dymmg!ﬁl cal
vave gui atel the thotads obsaid: figst andi secondhtbreaded sebtions |of said elementhalder aes ehnfigured o
ve gui foe tueasded engagemeit syithssaitl threads defingd tim thei body tisoughboreon- zer o angl e
relativetothe coupl er _
37. __ The optical wave guide coupler of claim 31, wherein said optical wave guide element is
__an optical filter.

38.  The optical wave guide coupler of claim 17, wherein said first coefficient of thermal
__expansion is between about two and about twenty times larger than said second coefficient of
thermal expansion.

39. The optical wave gunide coupler of claim 17, wherein said optical wave gnide element
comprises an optical filter.

40.  The optical wave guide coupler of claim 17, wherein the element axis of said optical
wave guide element is disposed at a predetermined first non-zero angle relative to the coupler
axis.

41. _ The optical wave guide coupler of claim 40, farther comprising means for transmitting
collimated optical signals from at least one of said optical wave guides to said optical wave guide
element at a predetermined second non-zero angle relative to said coupler axis.

42. _ The optical wave gnide coupler of claim 17, wherein said first and second cuts in said
- element holder first and second portions extend in substantially opposite directions.

43.  The optical wave guide coupler of claim 16, wherein said optical wave guide element is
an optical filter.
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axis. . 41. The optical wave guide coupl er of claim40, further conprising

means for transmitting collimatedsoptical signals from at lﬁﬁpb%ﬁﬂ@'ﬁf i.d
: JesME 'ﬁ@é&T

optical wave guides to said optical wave guide el enent at a preée

second non-zero angle relative to said coupler axis. 42. The opti cal
wave gui de coupler of claim17, wherein said first and second cuts in said
el ement hol der first and second portionssgxtend in substantially opposite
directions. 43. The optical wave gurde coupler of claim 16, wherein said

optical wgy8gyed e ituiE-cHlaiidi@p [d84féarL wave GuiDE courLER
ABSTRACT

An optical wave guide coupler with an integral

signal modifying element that passively compensates for

temperature variations by automatically tilting the element

and thereby changing its operating characteristics'with

changes in temperature. The element is also rotatably, yet

firmly, supported by the coupler and is retaineci at a

predetermined angle relative to the axis of the coupler so

that the operating characteristics of the element may be

W selectively varied by rotation of the element holder_of the
coupler.

FIGURE 1A.
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