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position 1 and reaches point 2 in position 6 in Fig. 1 A the beam 40
originating fromthe point 2 towards point 1 will end up in two rays at
positions 40a, 40b away frompoint 1. In this manner, device 10 permts the
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and reach a second fiber at p0|nt 2 (position 6) mhere |'i ght originating
from.the second fiber at point 2 will diverge into rays such as 40a, 40b
and will not reach the first ﬁtmal fiber at point 1. Device 10 can
therefore be used as an optic 0R&A1 which is polarization i ndependent.
Fig. .2A are’ cross-sectional views of el errents 12 14, 16, 18, 20 taken
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opti m zed at di fferent wavel engths. Thus, two comonly used wavel engths for
optical comunication are 1.3 and 1.55 microns. It is therefore possible to
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optlmzed fror rotatlng light at 40 1.55 mcrons for 45[err]. The coupling
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30 by 45[err] but.w ll introduce an error angl e df caused by tenperature
and wavel ength variations. Wiile for sinplicity the error angle introduced
by the four crystals are shown to be the sane quantity df, it will be
under st ood that the four rotatdif03830048Bt oduce different error angles and
such- |rrpl efrent atrons are within the scope of the invention. Fig. 5B
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1A, light fromfiber 201 will be transmitted to fiber 202 with only a small
coupbking | oss proportional to cos(4)df, where df is the error angle

I ntroduced by rotator 205, 207. As al so described above in reference to
Fig. 1 Band Fig. 2C, a beamin the reverse direction will be split into
seven rays where only a ray of very small intensity will be transmtted
back into fiber 201. The remaining six rays will not be transmtted to
fibéf 201 so that device 200 achi eves excellent isolation. As will 10 be .
observed fromFig. 2C, of the remaining six rays which are not transmtted
to fiber 201 in the reverse direction, rays 62, 64 have the strongest
intensities. Therefore if two extra fibers 215 and 216 are placed adj acent
to fiber 201 to receive rays 62, 64, the intensity of the light transmtted
in t/he reverse direction originating fromfiber 202 is indicated by the
intensity of the light transmitted to fibers 215, 216. Device 200 therefore
i ncludes two extra fibers 215, 216 placed adjacent to fiber 201:in such ~
spatial relatignship that 15 they are in position to receive rays 62, 64.
Device 200 is therefore suitable for_neasuring the amount of reflections
fromfiber 202 when light is transnifted in the forward direction from
fiber 201 to fiber 202 through device 200. Wen light is so transmtted,

nost of the Irght erI be transmtted through frber 202; however a small
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* hast unknown pol ari zation. Figs. 7A, 7B are perspective views of a device
300 for neasuring'the reflections froman output fiber 25 when polarized
light froma laser is transmtted froma single node fiber. As shown in
Figs. 7A, light of known pol aFPAA%R2Blom a | aser is transmitted froma
single rr'Dde fiber 302 through lens 303 towards a liner array of elenents
form ng device 10 of Fig. 1A in the "reverse" direction as defined in Figs.
1A, 2A. As shown in Fig. 7A _the passage of light. fromfiber 302 In Fig. 7A

i & shown in solid lines. Fifer 302 Is not aligned With *utput fiber 316 but

is located such that the Iidht dasging thr«g)u%h deéece 300 fromposition 6

30gand energi ng at position 1 |l 1 nb& fecUse ns 314 onto fiber 316.

Thus inreference to Fig. 74, hi ghts ﬂoﬁ T ber 602 has I pol ari zati on

substantial |y perpendi cul ar tﬂ tlhe wal k of f direction off crystal menber
312. For this reason, nenber] 33 does nol cause tne arrgction of |ight
originating fromfiber 302 tlogdijvefigg bﬁt vwee) p@sgrions|6 and 5. Menber
308, however, does cause thg Bodi téHom ok tde beanst o moVe al ong its wal k
of f direction as shown. Aftdrabdi ng ot at ed by Fothror 306, the

pol arization of the light i &gdin normal to 35 the vval of f direction of
menber 304 so that it diredtion renai ns anchanged vvnerr passi ng. from
position 2 to positiorf 1 andg |§ hﬁe usedvbyolgns 314 onto fiber 316.
Th® reflections from the out]pot |fi 6ahowevew is fransmtted by
device 300 to a single fiber .3'3( Which is conné®ted to connector for
det ecting magnit ude ofg such r@f llection. When such refledtions are
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Clalms

1. An optical nonreciprocal device (10; 100; 150; 200; 300) for passing light in a forward direction from a
50 first point (1) to a second point (2) and for reducing light passing in a reverse direction from the second
point to the first point, comprising:
at least three anisotropic crystal members (12, 16, 20) arranged in a linear array, each member
having a walk off direction for separating light into ordinary and extraordinary rays; and
_ at least two non-reversible rotation elements (14, 18), each of which is interposed between two
85 consecutive ones of said anisotropic crystal members, and wherein rotations of the elements and the
orientations and thicknesses of the members are such that light in the forward direction is separated
into ordinary and extraordinary rays which are synthesized when they arrive at the second point, and -
that light in the reverse direction is separated into ordinary and extraordinary rays which substantially
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Claims

1.
50
point to the first point, comprising:

An optical nonreciprocal device (10; 100; 150; 200; 300) for passing light in a forward direction from a
first point (1) to a second point (2) and for reducing light passing in a reverse direction from the second

at least three anisotropic crystal members (12, 16, 20) arranged in a linear array, each member
having a walk off direction for separating light into ordinary and extraordinary rays; and
at least two non-reversible rotation elements (14, 18), each of which is interposed between two

55

‘consecutive ones of said anisotropic crystal members, and wherein rotations of the elements and the

orientations and thicknesses of the members are such that light in the forward direction is separated

into ordinary and extraordinary rays which are synthesized when they arrive at the second point, and

that light in the reverse direction is separated into ordinary and extraordinary rays which substantially
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112) . between the second and fourth members, wherein the first and third members have substantially the

same thickness 1.41a, and wherein the second, third and fourth members are oriented so that their walk

off directions are respectively 135, 180 and 225 degrees relative to that of the first member.

50 10. The device of claim 1, said device (150) comprising five anisotropic crystal members (152, 156, 160,
164, 168) and four non-reversible rotation elements (154, 158, 162, 166).

1. The device of claim 10, wherein a first rotation element rotates rays of light at a first wavelength by

about 45 degrees, a second element rotates rays of light at a second wavelength by about 45 degrees,

§5 a third and a fourth element rotates rays of light each by 45 degrees at a third and a fourth wavelength,

wherein the third and fourth wavelengths are between the first and second wavelengths so that the

device is effective for reducing light transmission in the reverse direction at both the first and second
wavelengths between the first and second wavelengths.
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