Arrended \(ARI ABLE FIBER CPTI C ATTENUATO? | . BACKGROUND OF THE | NVEI\W]MS&} ¢
Field, of "the Inmmueamasmuesne hueint i on pertains to fiber optic attenug 21;3)

‘More partlcul ar |l on pertains to an attenuator which may

cont i nuousl y vara attenuat i on T of values. 2.
Descrlptlon of t _ n the pri or aitTH\‘-i) IH ttenuptors are
provided to attenuate a I |ght si gnal pgssi n(_tuurggll@ﬁ% Lcal_Jibers. :
Exanpl es of optical attenuators are shown ir . Patent Nos. 4,557,556 and
4,557,557 as well as U. S. Patent No. 4,893,889. Variable attenuators are

al so known. An exanpl e OARIAELE| EIBER\QPTIA ATTENIRIDBNt No. 4, 904, 044.
That patent teaches a continuousty variable fiber optic attenuator whi ch

utilizes a flexible filter_ of _yat le 2 V. Specifically, the
present invention relates % c#evi ng the features set
forth in the preanbl eMJMMEH&E_MWh were patterned after

FR-A-2 598 820 (which oh&<| GfentabnapbeiidisOkofl Sihdy %§tﬂtn9 a variable

- attenuation) 893, 889 h d| scl e_s n _attenuator for
Al fods BRIl Gy g Ay

providing a fixe Riat i SRy, Prespatt 831 E%ft%‘fnst he
present i nventi@tt B preRARE ahighi aw@%mﬁaawwslﬂowaaxeﬁbm optic

transm ssi on syskesn attdnistisnf hibeghaly aCkaffe tdrevRLaeeNt invention to
provide sugh an attenuglol phiseh Le ffa AW, Ogbe manuf act ur e. A still
further ob ect of the IT!"E'?E#FTW‘ETI‘W‘OTI—W‘%U—DTOVI de a variabl e attenuator
which is variabl e overl® tliei@riargares eRHicAlatEAMAsPEEsATe| .  SUMMVARY OF

THE | NVENTI ovxlpe;madungntamaapeeaemgnm\saghaprpatdsq&zg tﬁ:@ﬁﬁ(hl d]§d aﬂ
features set FRFLRELpda.y  ExdiD ?’%é.%f’ BB el Sl e 1L The
attenuat or | néﬂh&‘lf&sl%t q1$-stP56‘§PFcHPSf| Thavh mpd 4583+ 58%r@s whi ch
t er m nat eslst wellli astUiSs MatanteNnd. 4,893,889,
Variable attenuators are also known. An .

example of such is shown in U.S. Patent No. 4,904,044.

That patent teaches a continuously variable fiber optic

attenunator which utilizes a flexible filter of varying

20 optical density.

- It is an object of the present invention to
provide a variable attenuator for a fiber o'pt.ic'
transmission system. It is a further object of the

~ present invention to provide such an attenuator which is

25 of low cost manufacture. A still further cbject of the
present invention is to provide a variable attenuator
which is variable over a wide range of attepuation
values.

30 IT. S Y OF THE INVERTION
' According to a preferred embodiment of the
preseht invention, an actenuator is disclosed for a
fiber optic transmission system. The atrenuator
fncludes a first optical fiber having a first core which

35 terminates at a first terminal end. The first rerminal
end has a non-orthogonal surface relative to a first
axis of the first core. A second optical fiber having a
second core is provided terminating at a second terminal
end. An alignment mechanism is provided for aligning



~ The first termi.nal end has a non-orthogonal surface relative to a first
axis of the first core. A second optical fiber having a second core is
provided term nating at a second termnal end. An alignment nechanismis

provi ded for aligning 2 the first termnal and in optically coupled
relation to the second termnal end for permtting rotation of the first
fiber about the first axis. 5 . 11'l." BRIEF DESCRI PTION OF THE

DRAWNGS Fig. 1 is a cross sectional vigw of an attenuator according to the
present invention; Fig. 2 is the viewof Fig. 1 with one fiber of Fig. 1
shown rot at ed=Be[ Hindr tefminal and irFiopti8ally tdeepledwwafatiiogstol and 2

showi ng a fibehel iR +bSREBAT |land fbr HebhiBYr@NkatLeLh:Y i@WeRh @ portion
of the VIGM/O%,E%?.j%? Fégg 5is enla%g;d view of a portion of the 15
view of Fig. 2% £IReT EEGHE T HRFVABRFbf a portion of the view of Fig.
3; Fig. 7 is a perspective view of a ferrule and fiber assenbly for use in

t he presents i nventi onzrand gRrer peEscrIPTHONDP 9ueOprAWYRdsr at e various forns
of attenuation between, .0ppostng optical fibers. V. DESCR PTION OF THE
PREFERRED EMBCDI MENT Sk ?n#’f i EregEs st Eoyal rg8.°1 Hhd. 7, a 25

descri pti on oftEFRUANOLS AFECFAIRNLDOANRI PFesRt Ba&VERBWIMed. In the figures,

simlar elenments are mughepedsilantiiesl by Fiy.oughoth .onheipegsgat i nvention
is an attenua{,g‘g 10 s‘f@iv&h gg%&?%-a,-fi rst ceramc ferrule 12 and a second
ul'e i ERER-O

ceramic 30 fer ferrules 12,12' is generally
10 Fig. 3 is the view of Figs. 1 and 2 showing a

fiber rotated 180 : .
Fig. 4 is an enlarged view of a portion of the
view of Fig. 1; -
Fig. 5 is an enlarged view of a portion of the
15 view of Fig. 2; '
| -fig. 6 is an enlarged view of a portion of the
view of Fig. 3; _
Pig. 7 is a perspective view of a ferrule and
fiber assembly for use in the present imvention; and
120 Figs. 8~10 illustrate various forms of
attenuation betwean opposing optical fibers.

IV. DESCRIPTION OF THE PREFERRED EMBODIMENT
 With initial reference to Figs, 1 and.7, a
25 description of the present invention will now be
provided. 1In the fiqures, similar elements are numbered
identically thxoughout. :
The present invention is an attenuator 10 which

includes a first ceramic ferrule 12 and a second ceramic
%@ . ferrule 12. Each of ferrules 12,12''is generally

cylindrical and is preferably formed of ceramic or drawn
glass.' The ferrules 12,12’ terminate at flat axial
faces 14,14'. Extending axiaily through each of
ferrules 12,12’ is a central bore 16,16'. Disposed

35 within each bore 16,16 is an .optical fiber 18,18°.
Each optical fiber includes a Iiber core 20,20
surrounded by a cladding 22,22°.



'cylli ndrical and is preferably formed of ceranmic or. drawn glass. The
ferrules 12,12' termnate at flat axial faces 14, 14'. Extendi ng axially

t'hrough each of ferrules 12,12' is a central bore 16,[1g~—DBrspesed-35
within each bore 16,16' is an optical fiber 18,18'. E WEEE HAS BEEN
includes a fiber core 20,20' surrounded by a claddin 22 2 PLACEDArrend bd 3

Optical fibers such as fibers 18,18, are well known. Typ| carry, —suct
fi bers have an outside di aneter of about3. 125 mllineters and a core

di aneter of about .010 nillineters for le node fibers (.050 nm for
mul ti - mode fibers), ThBFcofdk >Hese ?%T%%étfé‘b%’t'- s {8l arTe¥81D0A, 202"

Simlarly, t héenstwaddi Fypical Y suchnEhbers dipveecamiowsideddidfecd?a’ . An’

al i gnment  MECRiNiapBukn . (58S fONTneteds Sid ta &bﬁ@V&a%ézke BEOXBSIGd for
retaining the fghrul Si 12 12' a0 axhg* aI| aces 14,14" abutting

and Wi th the cores Vil daein 8a| Fy"ars gite Q’é)?l BMyEGX and with the
core terninal Ws—mgdez%bﬂwpposfrhg ﬁ)m?r@néﬂh%ﬂ mrmhnahe derrules .12, 12'

di sposed Wi t hitkraphial éh@@%a%éna}']be S iy 1drag, 1&1&-%0:&%62?%% a?' e rlel ative
to one anot her, ahQut .ax X T % rotation of any ferrule
12,12', the ter%gngl'*en%é %ﬁ"“?ﬁ“ &%'I? =] %%r es 20,20 remmin optically
coupled. It will be apﬁeﬂlﬁ@&th@?c%mwst%@r&soépﬁl&P]sifeeves 24 for
retaining ferrslleesel2412s provddedcobdr atdwgiineng o Fecpelaariz2 piz 4 his

pat ent  No. T, 4 250H nPLEARATTREN FadliH] 10 SRERERY BRSSO J°
assenbly and rt@f‘*‘aFPﬁﬁsf%erm e?PtA'éa%%\ﬂ?-ﬁgﬁeﬁ along agaeRisfXthandrrul es
12,12 with the core terminal ends 202,202’ opposing one
anothex,  With the ferrules 12,12’ disposed within split
sleave 24, the ferrules 12,12’ are rotatable relative to
15 omne another about axis X~-X. Throughout the rotation of
any ferrule 12,12, ‘the terminal ends 20a,20a’ of the
cores 20,20’ remain optically coupled. It will be
apprecisted that apparatus such as split sleeves 24 for
retaining ferrules 12,12’ in optical aliqmment. forms no
20 part of this invention per se. Such arrangement is
shovn in commonly assigned U.S. Patent No. 5,031,994
which also shows a housing for housing such an assembly
.and rotating ferrules.
As shown in Fig. 1, each of the ferrnles 13,12’
25 1ig provided with a polish on the end faces 14,14'. Por
axample, & first polish 30 is provided in end face 14.
Polish 30 is a spherical polish of radius R taken from a
spherical axis Y-Y. A similar polish 30’ is formed in
end face 14' and having radius R’ projected from a
30 spherical axis Y'=Y'. :

Forming a spherical concave polish on an end
face of a ferrule forms no part of this invention per
ge. Such a pelish end a technique for such a polish is
shownt in commonly assigned and copending U.S. Patent Ko.

35 5,037,176.

As illustrated in Fig. 1, the spherical .

polishes 30,30’ are off-center from the axis X~X of the

e
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I's provided with a polish on the. end faces 14,14'. For exanple, a first
polish, 30 is provided in and face 14. Polish 30-is a spherical polish of
"radius R taken froma spherical axis Y-Y. Asimlar polish 30" is forned in
end face 14' and having radius R projected froma spherrical axis Y -Y'.
-Form ng a spherical concave polish on an end face of ‘a ferrule fornms no
part of this invention per se. Such a polish and a technique for such a
polish is shown in comonly assigned andg copending U.S. Patent No.
5,037,176. As illustrated in Fig. 1, the spherical polishes 30,30 are

of f-center frdiratzhdesxiid, X2 % ofsgegdfically,crrad axf nelﬁpherSpebl fically,

eachI ?f :Ee s%ﬁ}{g galy afé&slé'\ﬁ-s?/' A Fefat @&emoﬂfsgtx-lfxr oghaxas2>2<- >2<2 As a
resu e en a re in 'are .
non- or t hogonal Essdl dc@é r%‘l"cgaﬁfees g‘ag '?q 2X| kS >%% ?gt h&™Cores 20, 20' and
cl addi ngs 22, Xaddings 22;22 arﬂr@wmrlgenthngenabfsgfmpﬁu galative o 1 show ng
only the cosesciad.axd's, xck asiings cdzed2s0 and ah@ldlmdnfgaczs 29ea, 20a’ ,

2oa.2ga . M aresul PlglNe MOUSUET Ak Gial W GNBOERESE SR A t angent

22a,22a' are 10 snall et dns erica pres

pl anes 40, 40' ]aﬁhtol‘r'énﬂr%w«athﬂncpééész 20 hecb%f%ﬁlff’é@e§ 2@& 2R The
spherical pol itdeds aﬁd3ﬁécw ega,aberabisa, 2gbect ek aushshhatof hehd angent

planes 40, 40" Jorainag S90A¢ Ayl ol Sboud b 3617, 7og B9herdde (P efer ably

15[err]) 15 resp ec to an or onal extendl ng through
the axis X% a"t’“atlﬂ'e"ﬁﬁFH“%f"ﬁ r&éPE@E{"?% SE}EF%\‘:'e’er?“E‘hB’:FiﬁﬁEnt pl anes 40, 40'
and the axis >tafgent plsihés o0 MO/ eactlenrdfiatd surtacessesf e Mdid are

provided on urd,aaesodtadd . 2he BPREPILAIC piLithesS0S 30" are
preferably selected such that the tangent planes 40,407
form an angle A,A’ of about 10° to 20° (pre::erahly 15°)

15 with respect to an orthogonal plane 42,42’ extending
through the axis X-X at the point of intersection '
between the tangent planes 40,40’ and the axis X-X.

In addltmn to recesses 30,30’, recesses 50,50
are providad on gurfaces 14,14’ and concentric with axis

20 X-X. Recesses 50,50° form no part of the attenuation '
invention. Instead, these recesses are provided to
facilitate the addition of anti-reflectiva coatings to
the surfaces 20a,20a’. The recesses 50,50’ cooperate
with a mask (not shown) when depositing an anti-

25 reflective coating. The use of such a mask in -
combination with recesses 50,50° is the subject of
copending and commonly assigned U.S. Patent Appl:.cat..mn
Serial No. 07/730,734 £iled July 16, 1991.

With the structure thus described, the end

30 facing 14,14' are urged into abutting relation. As a
zjesuli , & distance, gap D, between core end faces
20a,20a’ is maintainad constant. As the ferrules 12,12°
are rotated relative to one anbther, the opposing
geometry between end faces 20a,20e° varies. For

35 example, the ferrules 12,12’ can be rotated from 0 to
180° relative to one another.




20 X-X. Recesses 50,50' formno part of the attenuation invention.

| nstead, these recesses are provided to facilitate the addition of
anti-reflective coatings to the surfaces 20a,20a'. The recesses 50,50
cooperate with a mask (not shown) when depositing an anti- 25 reflective
coating. The use of such a mask in conmbination with recesses 50,50" is the
" subj ect of copending and conmonly assigned U S. Patent Application Serial
No. 07/730,734 filed July 16, 1991. Wt the structure thus described, the
end 30 facing 14, 14 are u;ﬂed intg abutting rel ation., As aresult, a

di stance, gap [err], bBifiech TEME ERT-ILA d2 BORERRML 90 s fFamnthened’
constant. As towsiftdonukbewd2id Figar &.r dtiat.cd skdwed i ferrindeone anot her, the

0pposi Ng geoneifaaat WEEN LAsh 3T E@aﬂ%@a anﬂges R P sexgnpl e, the
a

ferrules 12, 12' can be rotated from ve 't 0 one

rel
‘anot her . afhﬁﬁrsf' &1 rhu1BLy2shat &;‘50L aneatp8&i ¥P8n shown in
Fig. 1. Fi g8 331811(1‘615 fren W Flig.r @t atBih.180fer simfaomtbhestgsewa shown in

Fig, 1. Fig. %ﬂdsss*sﬁbirﬁﬁ t&f'ﬂo'%@ﬂiﬂéﬁb@%é‘%i b;qgenbargenent of the 5
simlar area of Fig Fg

and 5 showi ng the
180[ err] rotated coresrﬁ?’“ Iﬁ’&”"?ﬂtﬁ?ﬁrﬁéfé'ﬁ?na?g%ntﬁ‘ﬁ EPgeeT¥6l t he reader
wi || appreci atapprgstiate opat fam onkefafrylet AR esoratiast iredatdveheo ot her :
ferrule 12', apposichgrt fegaile Alzanesphdsidg ﬁﬂ)\ﬁﬂai;&@”hbeliﬁ'g gener al | v

P e ol S8 Prbichebl Forfiel 7 pelh iea?%é G, PEEBE BbAol at o
that the part |ﬂt5!GIhaﬂSusbme# 20 15{De|49] tﬁmg&nugwtarmqles cfielPolash is a
preferred enbadi‘yepbspast (FaaMary vl bat appidiidead Lhateggence of the
present inventi0n; ffatGed e 4 75" urbiont' SLAIE £ FhbVSol Pl fe
a preferred embodiment and may vary while reta.mi.ng the .
15 essence of the present inventiomn.
As the ferrules 12,12’ rotate relative to one
another and the angular separation between the core
faces 20a,20a’ varies, attenuation of signal
transmigsion through fipers 18,18’ will vary. The
20 attenuation can range from about 1 dB to about 30 dB by
* simply turning one ferrule 12,12’ relative to the other.
Since the 15 tangent angle A,A‘ is a concave polish,
back reflection intp a fiber 18,18’ is significantly
reduced to be about legs than abont -65 dB. Since the
25 gap D is fixed and the end of the ferrnles 14,14’ is
provided with the concave polish 30,30’, the modal
interference and multiple<beam interference are
minimized. The present attenuator 10 is particularly
useful in bi-directional operation because of the
30 compact hardware design. The main attenuation mechanism
iz the tangent angle A,A’ resulting from the concave
polishing which creates conjugate angular offset loss.
Other advantages of the attemvator 10 include its low
‘coharent affect. Tha conjugate nngulp: offset loss
35 mechanism provides a stable and adjustable attemuator
10. There is a high return loss with a low insertion
loss. Further, it is adjustable between 0" and 180" .



“anot her and the angul ar separation between the core faces 20a, 20a' vari es,
attenuation of signal transm ssion through fibers 18,18 wll vary. The 20
attenuation can range fromabout 1. dB to about 30 dB by S|nply turni ng one
ferrule 12,12' relative to the other. Since the 15[err 2
SHEET

I s a concave polish, back reflection into a fiber gﬂg g ichntl.y
reduced to be about |ess than about -65 dB. Since tih SREng ' xed
he—eorcave polish

and the end of the ferrules 14,14' is grovided w t{
30,30" , the nodal interference and nultiple-beaminterference are

mi ni m zed. Themer presénaliiumabesr 1) it pAsénsit el Yougsiolendth
bi -directi onal Sgﬂﬁo&&%cauﬁg f?& tlta,g, ﬁ?d %%%t har dwar e design. The
nec he %

main  attenuafion ani sm resulting fromthe
concave polishing whi cfﬁh%r’éﬁ@é&a‘é%J’L?g&t‘%eﬁ‘#&'tﬁsarpréﬁ‘%éh'l6%%0“9 her
advant ages of anjalatt eoteiutida. | NEdtidenvbsidme edhelrastadtbni, The
conj ugat e (o] "1P okf | \, bl nd
adj ust abl e%gt t%eﬁl%at(é) fqoinpr%%%:gé?siﬁ% kﬁ%p‘#r)ré %§E%§éﬁ %’ﬁw i nsertion
| oss. Further 82Fh PE W@%érb&%ﬁaﬂeﬂ?m% fge[ BppPered g The
present attenudeatidflls dmeeghbit wdeprwiye! g taddantionobartkzeat i on and has

| ow nodal noi m'erhgra‘t_ﬁ@ryﬁ%g% %?Tnggstﬁng £S gar Bhyly igrf)ﬂ?h E'angul ar

attenuati on. convenlt ence O ustrate three

types of atter‘T‘E&PFSﬁrs‘F rFfé"fd‘Haﬁf"”P PR LT %@P{’:agé EretlS are
_nunber ed ildenwhdah| yncludagocas &t amd f:éadé-mg dddi.t i Bheof the prinme or the

doubl e pri e R abbOarsd mnmmﬁrbc%u&s éé%VQESSfEééM' on is_shown
for optical fibers 100% vvg cores 104 and C'ghg" ng 102. The
transverse at FERUATFRPHING g?’? gn'fa ?‘6 & FEBERERY L
direction of arrow M. In Pig. 9, angular attenuation is
illustrared where the attennation is varied by varying
15 the angle represented by the angle M’. In Pig. 10,
longitudinal attenuation is demonstrated where the
attemiation is varied by varying the gap M’’. In the
present invention, the qap D (preferably less than .(020
mm) in Figs. ¢~6 remains constant. As a result, the
20 attenuation is primarily angular due to relative
rotation of the opposing fibers. Importantly,
transverse attenuation is minimized. This fig desirable
since transverse attaenuation is particularly unstable.
Tha foregoing description has illustrated a
" 25 preferred embodiment where the attenuator 10 is’
variable. The attenuator 10 can alsoc be used as a fixed
attenuation comnector. In this embodiment, the
artenuator is a low insertion loss, high return loss
connector. As such, opposing ferrules 12, 12’ are
"3 removable from one another by sliding at least one in
the direction of azis X~X (such sliding connections are
well known in the fiber optic connector art). The
ferrules 12, 12’ are fixed frdm relative rotation. The
. fixed position is salected by first rotating the
35 ferrules 12, 12’ relative to anothar until a desired
attenuation is attained and the ferrmles are fixed

- This Sheet Has Been Replaced
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“ the axes of the fibers 100 through novenent in the direction of arrow M In
Fig. -9, angular "attenuation is illustrated where the attenuation is varied
by varying 15 the angle represented. by the angle M. In Fig. 10,
| 'ongi tudi nal attenuation is denonstrated where t c:|-. gé I ‘rvhég“ vari ed by
varying the gap M. In the present invention, the Bﬁ; ﬁt‘é& [§‘I y |.ess
than .020 mm) in Figs. 4-6 remains constant. As a rest e 20

attenuation is primarily angular due to rel ative rotation of the opposi ng
fibers. Inportantly, transverse attenuation is nmninized This is

desirabl e si ncePIRLIRE FNEEIAT (RATARAPBAERZOUGE, RIX JknaWny EiketdBne. The

foregoi ng descrmedneon has illustrated a 25 preferred enbodi nent where the
-attenuator 10 is vari abkgysJhgisR n%.ggg@t,g{e %Qe@é‘:?ré’& ShHA ssqd a fixed
attenuati on conf ector In ths enbodl ment he attenuator 1s a [ow

i nsertion |oss & Lﬂ'"l?sle&f;u?"h“f’ﬁsi?ncohﬁe‘ﬁ’tl&r © ABPRIRH- 2SS 58Rhg ferrul es 12,
12" are 30 % ermndifiieations ol aquivelenns oifi dhﬂgi&tclltm coneeprs t he

direction of a di 0pS 0 the
XhiionX2k thede Nisildn b:@ﬂdfﬁf”b%hk s dile e%lga L%

fiber optic connector art yles 1 fromrelatlve

rotation. The fi5&d 3F6sif %E?Fcheégeg @W&V%W&hﬁt FGPERBE 3Re ferrul es
12, 12' rel ati wrasprdndniention.i| a desired attenuation is attained and the
ferrules are fixed 7 against further rotation through any known fixation
nmeans. VARI ABLE FI BER OPTI C ATTENUATOR WHAT IS CLAIMED | S: :

-

Sheet Has Been Replaced

T



1. An opti cal—attenuater—for—providing a variable attenuation for use in a
fiber optic transm ssion Sﬁt m said optical attenuatar conprising: [err] -

- first opticall ‘S having.a fitst core (J0¥HIS ' ' a
first end-face mil aid first end-face being Jnon- QSRE EW%A§PE
relatlvetoth axis of said first cor

fiber (1B) having a second core (20') term nating at a second end-face

(20a'); and coupling neans (12, 12', g4) for maintaining said first and

sai d second end-faces (zﬂﬁm\Bﬂ@aﬁBEm e hTnEmosTeg and optical ly coupl ed

rel ation, ViREABOES CA8IVEDI L8 power transmitted fromone of said fibers to

the other is, attenuatheéttgméto@o@akwocm&na bed Nt ides ofdapt ed for
permtting Lot st fiber 18) about sai d | ongi tudi nal axis

O, Qf i

of said fir re S48 3?:?’8; FE 0 &S L Agul ar position of said non-
orthogonal fi rst end- ffiret girtigiad fipan mgrelﬁx% qaresai d second

eﬂd fa;:e Oftﬁmﬂtﬁq@@ndthrfﬁrﬁ?dehhﬁiﬁf g gﬁtﬁl @é’.:lcﬁrﬂi&ts'tont to be(\zlggi ed;
characteriz | rs ace said first _core i's
ar cuat e, V\n‘t?% i taaﬁ‘a hoqgggg g%ﬁgaéct S VEnE°f ace at the
point of i n@efls@ﬂ 364509 se g fflii’-'ét- @weif ace with the I ong| tudi nal axis of
said first core bei a0saebndrdgracanatibey davifgt® Sadhd Qra,g:let udi nal axi s;

and said c 1:% n§ (}Zse 4 téﬁuﬁﬁe QQQDQ&Q for maintaining the

Iongltudlna xes sald fi econd cores (20, 20') colinearly:
ali gned. 2. An a3 Lgeing ME%CS?H#\H-%“SI aaid 1f-WFe‘-r &ermdBEY second
end-face (26md)amf cpridaiby wutiplederdlMdtfhnotoseait swmd fiber (18') is a

non- or t NOgoRAm 1A bhiC b Pdini tREHY LRIt Ssé%f S 94R0g core.

about sa.Ld firat axis.

2. An attenunator according to claim 1 wherein said
second fiber as a non-orthogonal surface relative to a
second axis of said second core.

3. An attenuator according to claim 2 wherein said
first axis and said second axis are colinearly aligned.

4. An attenuatox according to claim 1 wherein said
first surface is nan-plane::.

5. An attenuator acco:ding to claim 2 wherein said
second surface is non-planer.

6- ~  An attenuator according to claim 4 wherein said
firet surface is a portion of a spherical surface.

7. An attenuator according to claim 5 wherein said
second surface is & portion of a spherical surface.

8. An attenuator according to claim 1 wherefn said
first fiber is disposed within a ferrule; a polish
formed on said ferrule and forming, in part, said first
surface. '

N O R



3. An attenuator  according as claim 2 therein said second end-face
(20a") is arcuate. 4. Ar. attenuator according to claim1l wherein

-sai d arcuace first end—face(20a) is,a portion of a spherical surface . 5.
.ﬁ&m 3 wherein said arpesate second end-face

h

i cal surface. 5: THg
i s

~*An attenuator accordi 9 4.9

(20a') is a porthisghes MY

according to clal : ﬁa idfirst fiber (18

first ferrule (1 ate polish (30) is Torsed -tMCERid 1ifrst
ferrule, which fornms, in part, sai.d firdt arcuate end- ' .
An attenuator according to claim6 wherein said arcuate polish (30) is

spheri cal . and .concave, with its center 8f curvature Rei ng offser fromthe

| ongi tudi nal dxis of < §FPRUILQLBECPERING o claim
to claim2 wherdiahsis dphecongl farddecofdd8ve. i s di sposed within a second
ferrule (32') having an arcuate polish (30") forned thereon, with said

polish formng, in part, said arcuate second end-fac 20a' ). 9. An
at t enuat or acggrdi ng t&F éltﬁﬁﬁ‘f%t%é‘F'éf’ﬁg’s’éq (foat"g'ﬁéf‘espﬁé'?’%%'% f@g? i's

spheri cal - andpodhshvis priowidid seiddnieerading havdingr anbekihy affsest fromt he

| ongi tudi nal axbg giisadidssegpiyl core (20'). 10. An. at t enuat or
according to claim1l wherein said first and second optical fibers (18, 18')
are-mai ntained in spaced opposing relation with the spaci ng between said

cores (20, 201L.bei ng &ulsttantitdn woeprding to tlaim 2 wherein iseid
attenuat or fomepbaNi gived Asf dx@sbaaid eUALA QD FfebnUs eifute MHadv¥hgoptic
transm ssion a polish formed on said ferrule with said polish

forming, in part, said second surface,.

12, An attaenuator according te c¢laim 11 wherein
sald polish is spherical. :

13. An attemuator according to claim 12 wherein
sajd polish has a radius which ie offset from said
socond axis. | C '

14. An attenuator according to claim 1 wherein gaid
first and second optical fibers are maintained in spaced
oppasing relation with a spacing between said cores
being substantially fixed. )

15. . An attenuator for a fibex optic transmission
system, sald attenuator comprising:

a first optical fiber having a first core
terminacing at a first temminal end with said first
terminal end having a first non-orthogonal surface
relative to a first axis of said first core;

a secand optical fiber having a second core

‘terminating et a second terminal end with said second
terminal end having a non-orthogonal surface relative to
a seéor;d axis of said second core;

said first and second optical fibers maintained

in generally coaxial alignment with said first and
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:sys‘tem said optical attenuator conprising: a first optical fiber (18)
. having a first core (20) termnating at a first end-face (20a) with said

. .first end-face bei ng non-orthogonel relative to t he Iongl tudl nal_axi s of

said first core; a second optical fiber (18') ha e (20")

terminating at a second end-face (20a'); and cun-I\Sr‘uj\ & 12', 24)
for maintaining said first and said second end- acesP(EE, ) i n spaced
e optlcal power

opposition and optically coupled-rel atl% wher et
transmtted fromone of said fibers toxthe other is attenuated, said

coupt i ng rreansséa%hagcmsde&aémee%&ee ¥R 04 i aaewerlamwﬂ' nal axes

of said first and seco colin arI ned whil st
prevent i ng- sai®d SPEFET9 Q?ﬁ“?gﬁoﬁél#)lqﬁgﬁﬁ tig® i%rg g%t ating, thereby
resul ting in &upskastiaklanganseantcharacterized in that said first
end-face (20a) of said first core (20) i's arcuate, with the plane (40)

tangent to sal(a ar cua Anf'é:rs %gggnagggrgin%hte pcci l’tﬂ rgfétwnéreeré‘seg;t |ngn of said

first endface Wi th t HE I axrs sard
non- or t hogonalsadd| §irste Stué‘fsaﬁoll-’r enPerhirnaet spsphezhaal rsurfEcred angul ar
position relative to the end-face of the second core, sai d fixed angul ar

posi tion bei ng- sel ect (:‘g‘ thﬁuggmgl gfn«%etsé r& 1%‘ iid nuatl on. 12.

A said first and seco bes are ion o Pative rotation
with said posﬁﬁ#énse@%tseaf@@e ofefn EPEtﬁc’%lé%ﬁ raecfpéﬁi-’é%htﬁ'{ﬁﬁc% An
attenuator according to claim18 wherein said first and second fibers are

axially m)vabllg._. ' An attenmuator according to claim 1 wherein said
first and second fibers are rotated to a position
asgociated ‘with a desired attepuation and fixed at gaid
position against farther rotation,

19. An attenunator according to claim 18 wherein
said first and second fibers are axially movable.
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