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FIG. 6

(57) Abstract: An optical dispersion system through which optical signals pass in a medium includes a prism and a diffraction grating.
The prism is formed of an optically transparent material and configured to refract a plurality of optical signals along a plurality of angles
of refraction, with each optical signal being refracted along one of the angles of refraction. The ditfraction grating is configured to
receive the refracted plurality of optical signals at an angle of incidence and diffracts each optical signal into a plurality of sub-beams
based upon a diffraction angle. The prism and diffraction grating are configured so that a change in each angle of refraction due to
environmental changes in the medium compensates for a change in the angle of incidence due to the environmental changes in the

medium to maintain the ditfraction angle relatively constant.
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WAVELENGTH SIHIFTINVARIABLE PRISM AND GRATING SYSTEM

Related Applications

{0001} This application claims priority to U.S. Provisional Application No. 62/469,887,

filed March 10, 2017, which is incorporated herein by reference in its entirety.

Technical Field

{6002] This patent disclosure relates generally to wavelength selective switch assemblies
and, roore particularly, to a wavelength shift invanable prism and grating system for use with

a wavelength selective switch assembly.

Backeround

{0003} Optical switches are used in optical communication networks to provide high-
speed, high data rate communication capabilities. The optical communication networks often
use optical wavelength division multiplexing to maximize the use of the optical spectrum.
Wavelength selective switch assemblies permit optical signals to be selectively switched
between optical receivers to carry out the desired communications functionality. Ina
wavelength selective switch asserbly, the distance between the optical receivers is extremely
small so that necessary changes in the path of the optical signals used carry out the switching
function are similarly small.

{6004] Wavelength selective switch assemblies may be configured to compensate for
temperature changes 1n the components of the assembly 1n order to minimize the impact of
changes on the performance of the switch assembly. However, changes in environmental
conditions such as air pressure, air temperature, and off-gassing of components within the
housing of a switch assembly may also impact the operation of a wavelength selective switch
assembly. More specifically, changes in the environmental conditions within the housing of
the switch assembly may cause a change in the refractive index of the air through which the
optical signals are being transmitted and such changes in the refractive index may negatively
impact the alignment of the optical signals. Accordingly, a wavelength selective swiich
assembly that compensates for changes in the refractive index of air is desirable.

{0005} The foregoing background discussion s intended solely to aid the reader. It is not
intended to limit the innovations described herein, nor to limit or expand the prior art
discussed. Thus, the foregoing discussion should not be taken to indicate that any particular

element of a prior system is unsuitable for use with the innovations described herein, noris it
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intended to indicate that any element is essential in implementing the innovations described
herein. The implementations and application of the innovations described herein are defined

by the appended claims.

{06006] In one aspect, an optical dispersion system through which optical signals passina
medium includes a prism and a diffraction grating. The prism is formed of an optically
transparent material and configured to refract a plurality of optical signals along a plurality of
angles of refraction, with each optical signal being refracted along one of the angles of
refraction. The diffraction grating ts configured to receive the refracted plurality of optical
signals at an angle of incidence and diffracts each optical signal into a plurality of sub-beams
based upon a diffraction angle. The prism and diffraction grating are configured so that a
change in each angle of refraction due to environmental changes in the medium compensates
for a change tn the angle of incidence due to the environmental changes in the medium to
maintain the diffraction angle relatively constant.
{0007} In another aspect, an optical dispersion system through which optical signals pass
in a medium includes a prism and a diffraction grating. The prism is formed of an optically
transparent material and 1s configured to refract a plurality of optical signals along an angle
of refraction. The diffraction grating has a plurality of grating elements for receiving the
refracted plurality of optical signals at an angle of incidence and diffracting each optical
signal into a plurality of sub-beams as a function of a diffraction angle. The prism and
diffraction grating are contfigured so that a change in the angle of refraction due to
environmental changes in the medium is approximately equal to a change in the angle of
incidence due to the environmental changes in the medium.
{0008} In still another aspect, an optical dispersion system through which optical signals
pass in a medium includes a prism and a diffraction grating. The prism s formed of an
optically transparent material and 1s configured to refract a plurality of optical signals along
an angle of refraction. The diffraction grating has a plurality of grating elements for
receiving the refracted plurality of optical signals at an angle of incidence and diffracting
each optical signal into a plurality of sub-beams as a function of a diffraction angle. A
change in the angle of refraction Ay is approximated by:

sinydn

ncosy
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where y 15 the angle of refraction, dn 1s the change of the refractive index of the medium,
and n is the refractive index of the medium, a change in the angle of wncidence Ao is

approximated by:

MALT e
dn?cosa

where m is the diffraction order, 4 1s the wavelength of the optical signal, dn 15 the change
of the refractive index of the medium, d is the grating constant, n is the refractive index of
the medium, and o is the angle of incidence, and the change in the angle of refraction due to
environmental changes in the medium ts approximately equal to the change in the angle of

incidence due to the environmental changes in the medium.

Brief Description of the Drawings

{6009} Fig. 115 a schematic view of a wavelength selective switch assembly 1n which the
principles of the present disclosure may be incorporated;

{06019] Fig. 2 is a graph showing the refractive tndex of air as a function of air pressure;
{6011} Fig. 3 is a graph showing the wavelength shift of light passing through airas a
function of the air pressure;

10012] Fig. 4 1s a schematic view of a grating for use in accordance with the present
disclosure;

10013} Fig. S 1s a schematic view of a prism for use in accordance with the present

disclosure;
{0014} Fig. 6 1s a schematic view of a prism and grating system;
10015] Fig. 7 is a schematic view of a prism and grating system configured in accordance

with the principles of the present disclosure;

{0016} Fig. 8 is a schematic view of a second embodiment of prism and grating system
configured in accordance with the principles of the present disclosure;

{0017] Fig. 9 is a graph showing the shift in the refractive angle of light exiting a prism is
a function of air pressure; and

{0018} Fig. 10 1s a graph of simulations of the frequency shift vs. air pressure for optical

signals through a wavelength selective switch.

Detailed Description

{0019} A block diagram of an exemplary dual 1 x N wavelength selective swiich 10 with

folding optics is depicted in Fig. 1. The dual wavelength selective switch 10 permits the
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operation of two independent wavelength selective switches using a common set of optical
components.

{00201 The dual wavelength selective switch 10 includes, in sequence, common port and
branch port collimators 12, polarization conditioning optics 13, a polarization beam splitter
array 14, beam expansion optics 15, dispersion components 16, a first folding mirror 17, a
second folding mirror 20, lenses 21, a third folding mirror 22, a fourth folding mirror 23, and
a polarization modulator array 24. Each of the common port and branch port collimators 12
corresponds to a common port for a respective wavelength selective switch of the dual
wavelength selective switch 10, When operating as a 1 x N demultiplexer, the respective
common port collimators may each receive an optical input beam having multiple
wavelengths that are routed to respective branch output port collimators. When operating as
an N x 1 multiplexer, the respective common ports may receive a combined light beam for
output, e.g., to an optical fiber. Input light beams may be received at the dual wavelength
selective switch 10 from one or more branch collimators of a respective set of branch
collimators associated with the corresponding common port collimator.

{06021} Polarization conditioning optics 13 includes a birefringent element and a halt
wave plate so that, in the multiplexing direction, light beams input at a common port undergo
polarization conditioning. The output light beams having the same polarization direction pass
through the polarization beam splitter array 14 and are expanded by beam expansion optics
1S and a dispersion system 16. The dispersion system 16 may include a pair of gratings and
one of more prisms,

0022} The expanded light beams are retlected by the first and second folding mirrors 17
and 20 and directed to the first and second lenses 21. The lenses 21 focus the expanded light
beams on the third folding murror 22, which reflects the light bearns to the fourth folding
mirror 23, The fourth folding nurror 23 directs the expanded light beams onto the
polarization modulator array 24.

{0023] The polarization switched wavelengths from the polarization modulator array 24
follow a reverse path through the wavelength selective switch 10 wherein the reverse
direction cancels the dispersion and expansion provided by the respective components. The
polarization beam splitter array 14 routes particular polarization switched wavelengths
toward particular branch port collimators associated with the corresponding common port of
the particular wavelength selective swiich of the dual wavelength selective swiich 10.

{0024} In many instances, the wavelength selective switch 10 will be operatingina

sealed enclosure (vot show). However, in some instances, the seal may fail causing the
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wavelength selective switch 10 to be subject to environmental conditions that affect the air or
medium through which the optical signals (e.¢ ., light) of the wavelength selective switch are
operating. These environmental conditions may include changes in air pressure, air
temperature, as well as off-gassing of components within the enclosure. Such changes in the
environmental conditions of the air within the enclosure containing the optics of the systern
may cause changes in the refractive index of the air ng;, through which the optical signals are
being transmitted.

{6025} The changes in the refractive index of the air ng;, may cause changes that disrupt
the performance of the system or switch 10. In particular, the changes in the refractive index
of the air n,;,- may result in changes in the wavelength of the light being transmitted and
changes in the performance the prisms of beam expansion optics 15. More specifically, the
refractive index of the air ng;, through which an optical signal such as light or an
electromagnetic wave is traveling 1s a function of the temperature and pressure of the air and
may be expressed as:

. (resy — 1)+ P (0
1+ (T — 15) « 3.4785 « 102 |

Ny = 1

where 1, 18 the refractive index of the air, P is the air pressure, T is the air temperature and
Mgy 18 the effective refractive index.

{0026] The effective refractive index n, ¢, is a function of the wavelength of the light
being transmitted and may be expressed as:

294981042 2554042
14677 =1 414 —1

Nepr = 1+ 16432.8 + x 1.0 %1078 (2}

10027} Fig. 2 depicts a graph of the refractive index as a function of air pressure (e .g.,
Equation (1)) at a constant temperature (20° C) and for a wavelength 4 of 1550nm. From
Fig. 2 it may be understood that the changes in the refractive index of air n,;, due to the
changes in pressure P of the air are very small, with the refractive index in a vacuum 1,4,
being 1.0 and the refractive index of ng;, at 1 atm being 1.000269. The relationship between
the wavelength of light traveling through air as compared to that traveling through a vacuum
may be expressed as:

A ‘vac

Apir = (3)

Nyir

where 4,;, 15 the wavelength of the light in air and A4, is the wavelength of the light tn a

vacuum. Accordingly, a small change in refractive index of air ng;,., as compared to the
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refractive tndex in a vacuum (i.e, n = 1}, will result in a small decrease 1o the wavelength of
the optical signal being transmitted.

{6028} While such a small change in wavelength may not be significant in some
applications, when used in a system such as a wavelength selective switch 10 in which the
differentiation between signals may only be 0.0004 um, a small change in wavelength may
significantly atfect the performance of the system. As may be seen in Fig. 3, the shift in
wavelength between a vacuum and a system operating at | atm may be approximately 0.0004
um. Thus, if a system 1s sealed at specified environmental conditions and the seal is broken
or compromised, the wavelength of the optical signals may change enough to affect the
positions of the optical signals. While the change in the wavelength may be relatively smali,
the small differentiation between wavelengths in the wavelength selective switch 10 may
significantly affect the operation of the system.

{0029} More specifically, referring to Fig. 4, an optical input signal 100 is received at
diffraction grating 30 at an angle of incidence o and is dispersed into a plurality of sub-
beams, with only a single sub-beam 101 depicted for clarity. Grating 30 includes a plurality
of evenly spaced apart diffraction grating elements 31 that operate to diffract or disperse the
optical signal 100 into a plurality of sub-beams at different wavelengths. Each sub-beam is
diffracted by grating 30 at a diffraction angle £ according to the following equation:

mA/ng, =d{sina +sinff) {4

where m is the diffraction order, d is the grating constant, and « is the angle of incidence.
{6030} If the wavelength of the optical input signal changes based upon a change in
environmental conditions, for a specified or constant angle of incidence «, the diffraction
angle 5 will also change, which may result in misalignment of the diffracted sub-beams
relative to their desited paths. As depicted in Fig. 4, a second optical signal 102 having a
dispersed as a plurality of sub-beams with only a single sub-beam 103 depicted at a second,
modified diffraction angle §,,,4.

{0031} To prevent such misalignment, it is desirable for the diffraction angle § to remain
constant even with a change in wavelength A. In order to do so, the change in wavelength 4
must be compensated for by a like change in the angle of incidence «. Eguation (4) may be

re-written 1n terms of the angle of incidence « as follows:

1 ,,
maA— — sinff = sing (5)
dn
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10032} Since the diffraction angle ff is constant, differentiation of Equation (5) results in

the following equation:

1
cosada = m/ldng;; (6)

where da 1s the change of the angle of incidence o and dn is the change of the refractive
index of air 1,

{6033} Equation (6) may then be solved for the change in the angle of incidence do
which results in the following equation:

1
do = midn ——s—— {7
dn<cosa

{0034} To improve the performance of the wavelength selective switch 10, the prisms of
wavelength selective switch 10 may be configured to compensate for the change the angle of
incidence da. As depicted in Fig. 5, prisro 35 includes a first face 36 and a second face 37
disposed at an angle 38 to the first face. Prism 35 may be formed of any desired optically
transparent material. Each optical input signal such as signal 105 entering prism 35
perpendicular to first face 36 and at an angle of incidence & relative to second face 37 exits
the prism at an angle of refraction y relative to a ling perpendicular to the second face based
upon the following equation:

Ngrass SINA = nsiny (&)

where 7y, 18 the refractive index of the material from which the prism is formed and n is
the refractive index of the material or medium {e.g., air) from which the optical signal 106
exits the prism 35 at the second face 37

{0035} Neither the angle of incidence 8 nor the refractive index of the glass 1, from
which the prism 35 is formed changes with the change in air pressure but, as stated above, the
refractive index of air ng;, will change with the change in pressure. Accordingly,
differentiation of Equation (8) results in the following equation:

sinydn +ncosydy =0 (9)

where dy is the change of the angle of refraction .
{6036] Solving Equation (9 for the change in the angle of refraction dy results in the
following equation:

__sinydn

1 10
Y ncosy (10)
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16037} Referring to Fig. 6, grating 30 and prism 35 are depicted with an optical input
signal 110 entering the prism 35 through first face 36. At a first pressure, such as at one atm,
an optical signal, depicted at 111, exits the second face 37 of prism 35 at a first angle of
refraction y. At a second pressure, such within a vacuum, an optical signal, depicted at 112,
exits the second face 37 of prism 35 at a second angle of refraction y that is different from the
first angle of refraction. The difference between the angles of refraction dy of the two optical
signals 111, 112 1s caused by the change in pressure at the prism 35.

16038} The change in the angle of refraction dy of the optical signal 111, 112 exiting the
prism 35 will result in a change in the angle of incidence « of the optical signal at the grating
30. For purposes of illustration, the optical signals 111, 112 are depicted as being received
at the grating 30 at the same location but are reversed in orientation as compared to the
orientation upon exiting the prism to reflect the angular orientation of the signals. The
different angles of incidence o of the optical signal at the grating 30 will result in a change in
the diffraction angle f as the light exits the grating. For example, the optical signal 111 at |
atmo entering the grating 30 1s depicted as exiting as optical signal 113 and the optical signal
112 within a vacuum entering the grating exits as optical signal 114

{06039} By appropriately selecting components with the desired properties and/or
dimensions, the changes in the angle of refraction dy may be used to compensate or offset the
changes in the angle of incidence do caused by the change 1o refractive tndex of air dn due
to the change tn pressure. By selecting the prism 35 with the desired properties, the angle of
refraction y of the optical signals exiting the prism 1s adjusted to adjust the angle of incidence
o of the optical signals at the grating 30. The adjustment to the angle of incidence o is set to
eliminate changes in the diffraction angle §.

[0040] In doing s0, approximations may be made since the change 1o the angle of
incidence Aa 18 very small. As a result, the denivative of the angle of incidence do may be
approximated as the change in the angle of incidence Ax as follows:

1
N Y 17— (11)
dn<cosa

{0041} Further, since the change in the angle of refraction Ay is very small, the derivative
of the angle of refraction dy may be approximated as the change in the angle of refraction Ay
as follows:

sinydn

Ay = e (12)

ncosy
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10042} In the example depicted in Fig. 7, the characteristics and dimensions of the
components of the grating 40 and prism 45 may be selected to offset or compensate for
changes in the refractive index of air ny,, caused by changes in the pressure P and other
environmental factors with respect to the air of the system. In one example, a grating 40 may
have angle of incidence o of 46.5°, a grating constant d of 1.0636 um, and a diffraction order
of -1. The wavelength 4 may be 1.55 pm and the refractive index of the air n,;, through
which the optical signal is transmitted may be 1.00025. Based upon the refractive index of
the air ng;,. of 1.00025, the change in the refractive index as compared to a vacuum may be
observed to be 0.00025. Through the use of Equation (6}, the change in angle of incidence
Ax may be calculated to be 6.0303°

{0043} The change of the angle of incidence Aa of 0.0303° represents the amount of
change for which the prism 45 must compensate in order to create a wavelength shift
invartable prism and grating system (i.e, a system that is not affected by changes in pressure
and other environmental factors that affect the air of the system). If the refractive index of
the glass 1y, of the prism 45 is 1.8, Equation (10) may be used to determine that the angle
of refraction ¥ i3 64.7°. Through the use of Equation (8), it may be determined that a
wavelength shift invariable prism and grating system may be created using the characteristics
and dimensions described above and an angle of incidence ¥ calculated to be 30.15°

18044} As depicted in Fig. 7, the prism 40 and grating 45 operate as a wavelength shift
invariable prism and grating system 50. An optical signal 115 such as light enters the prism
40 through the first face 41 at an angle of incidence 8 to a line normal to the second face 42.
At 1 atm, the optical signal is refracted at the second face 42 at an angle of refraction y as
defined by Equation (8) and is depicted at 116. In a vacuum, the optical signal is refracted at
the second face 42 at an angle of refraction ¥ as defined by Equation (8) and is depicted at
117

{0045} The optical signal 116 1s received at the grating 45 at an angle of incidence « and
is dispersed into a plurality of sub-beams, with only a single sub-beam 118 depicted for
clarity. Hach sub-beam is diftracted by grating 45 at a diffraction angle £ according to
Equation (4). The optical signal 117 is received at the grating 45 at an angle of incidence o
and 1s dispersed into a plurality of sub-beams that are aligned with the sub-beams from
optical signal 116, Only a single sub-beam from optical signal 117 is depicted at 119, which
is aligned with sub-beam 118. By configuring the wavelength shift invariable prism and

grating system SO s0 that the change of the angle of incidence A according to Equation (11)
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matches the change in the angle of refraction Ay according to Equation (12), the systern 50
will operate as desired regardliess of the changes in pressure, temperature, and other
environmental factors that affect the refractive index of the air n of the wavelength selective
switch 10.

{0046} If the wavelength shift invariable prism and grating system 50 were not used,
changes in the refractive index of the air n caused by events such as a broken seal of the
wavelength selective switch 10 may result in a switch or system whose performance varies
with changes in the environmental conditions. As depicted in Fig. 6, it the grating 30 and
prism 35 are not configured to compensate for the changes in the environmental conditions,
the path of the optical signal changes as it feaves the prism and thus the optical signal does
not impinge on the grating at the desired angle. The optical signal will then be dispersed by
the grating 35 at an undesired angle which may negatively impact the performance of the
entire wavelength selective switch 10.

{6047} Fig. 8 depicts an alternate embodiment of a wavelength shift invariable prism and
grating system 55, Wavelength shift invariable prism and grating system 55 utilizes a double
prism 60 and a pair of gratings 65, 70 to increase the finesse or separation between
wavelengths passing through the system. The double prism 60 refracts the optical signal 120
a first ime as it enters the prism at first face 61 and a second time as it exits the prism at
second face 62. For example, at a first pressure such as latr, an optical signal, depicted at
121, exits the second face 62 at a first angle of refraction. At a second pressure, such within a
vacuum, an optical signal, depicted at 122, exits the second face 62 of double prism 60 at a
second angle of refraction y that is different from the first angle of refraction. The difference
between the angles of refraction dy of the two optical signals 121, 122 is caused by the
change in pressure at the double prism 60.

{0048} As an example, Fig. 9 depicts a graph of the refractive angle shift for an optical
signal exiting the double prism 60 as a function of air pressure at a constant temperature {(20°
C) and for a wavelength 4 of 1545nm with the double prism configured to have an apex
angle 63 of 62° and an angle of incidence of 61°.

{06049] Referring back to Fig. 8§, the optical signal 121 exiting the double prism 60 is
recetved at a first grating 65 and diffracted a first time and received at a second grating 70
and diffracted a second time in order to increase the finesse of the wavelength selective
switch in which the system 55 is operating. For purposes of illustration, the optical signals

121, 122 are depicted as being received at the first grating 65 at the same location but are

10
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reversed in ortentation as compared to the orientation upon exiting the prism to reflect the
angular orientation of the signals.

{0050} The double prism 60 and the first and second gratings 65, 70 are configured as
described above to eliminate the impact of changes in the refractive index of air such as those
caused by changes in pressure, temperature, and other environmental conditions impacting
the air. In other words, the double prism 60 and the first and second gratings 65, 70 are
appropriately configured with the desired properties and/or dimensions so that the changes in
the angle of refraction dy may be used to compensate or offset the changes in the angle of
incidence da caused by the change 1n refractive index of air dn due to the change in
pressure. Accordingly, the optical signals 121,122 exit the first grating 65 as a plurality of
sub-beams with only a single sub-beam of optical signal 121 depicted at 124 and only a
single sub-beam of optical signal 122 depicted at 125 . The sub-beams of the optical signals
121, 122 exit the second grating 70 as a plurality of aligned sub-beams, with each sub-beam
depicted at 127, 128, respectively, and are parallel to each other. Without the wavelength
shift invariable prism and grating system 55, the alignment of the sub-beams would not be
appropriately modified, as indicated, for example at 123, 126,

{6051} Referring to Fig. 10, the results of a simulation of the operation of the wavelength
selective switch 10 with and without the wavelength shift invariable prism and grating system
55 are depicted. In each instance, the simulation was conducted at a constant temperature of
20°C. A wavelength of 1.52838 pm is depicted by line 130 and wavelength of 1.56631 um
is depicted by line 131 when the wavelength selective switch 10 is used with the wavelength
shift invariable prism and grating system 55. A wavelength of 1.52838 um is depicted by
line 132 and wavelength of 1.56631 um is depicted by line 133 when the wavelength
selective switch 10 is used without the wavelength shift invariable prism and grating system
55,

{0052} It will be appreciated that the foregoing description provides examples of the
disclosed system and technique. However, it is contemplated that other implementations of
the disclosure may differ in detail from the foregoing examples. For example, although the
embodiments are depicted with a plurality of optical fibers and other optical components, the
concepts described herein are applicable to embodiments including only a single optical fiber
or optical component at each face of the optical coupling member. All references to the
disclosure or examples thereof are intended to reference the particular example being

discussed at that point and are not intended to imply any limitation as to the scope of the

11
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disclosure more generally. All language of distinction and disparagement with respect to
certain features is intended to indicate a lack of preference for those features, but not to
exclude such from the scope of the disclosure entirely unless otherwise indicated.

18053} Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
10054 Accordingly, this disclosure includes all modifications and equivalents of the
subject matter recited in the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements in all possible variations thereof
is encompassed by the disclosure unless otherwise indicated herein or otherwise clearly
contradicted by context. Still further, the advantages described herein may not be applicable

to all embodiments encompassed by the claims.
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CLAIMS:

1. An optical dispersion system through which optical signals pass in a medium,
comprising:

a prism formed of an optically transparent material configured to refract a plurality of
optical signals along a plurality of angles of refraction, each optical signal being refracted
along one of the angles of refraction; and

a diffraction grating for receiving the refracted plurality of optical signals at an angle
of incidence and diffracting each optical signal into a plurality of sub-beams based upon a
diffraction angle;

wherein a change in each angle of refraction due to environmental changes in the
medium compensates for a change in the angle of incidence due to the environmental changes

in the medium to maintain the diffraction angle relatively constant.

2. The system of claim 1, wherein the prisn is a right angle prism with the

plurality of optical signals entering the prism generally perpendicular to a wall of the prism.
3. The system of claim 1, wherein the prism is a double prism.

4. The system of claim 3, wherein the plurality of optical signals enter the prism

at an acute angle relative to a wall of the prism.

5. The system of claim 4, wherein the diffraction grating is a first diffraction

grating and further including a second diffraction grating adjacent the first diffraction grating.

6. The system of claim 5, wherein the change in the angle of refraction Ay is
approximated by:
sinydn
ncosy
where v s the angle of refraction, dn is the change in the refractive index of the medium,

and n is the refractive index of the medium.

13



WO 2018/165031 PCT/US2018/020933

7. The system of claim 6, wherein the change in the angle of incidence do 18

approximated by:

1
MAAT e
dn<“cosa

where m is the diffraction order, 4 is the wavelength of the optical signal, dn is the change
in the refractive index of the medium, d is the grating constant, n is the refractive index of the

medium, and « 1s the angle of incidence.

8. The system of claim 1, wherein the diffraction grating is a first diffraction

grating and further including a second diffraction grating adjacent the first diffraction grating.

9. The system of claim 1, wherein the diffraction grating includes a plurality of

grating elements

10.  The system of claim 9, wherein the grating elements are evenly spaced apart

along the grating.

it The system of claim 1, wherein the change in the angle of refraction dy is
approximated by:
sinydn
nCcosy
where ¥ is the angle of refraction, dn is the change in the refractive index of the medium, and

1t is the refractive index of the medium.

12. The system of claim 11, wherein the change in the angle of incidence Aa 13

approximated by:

AR o
dn4cosa

where m 1s the diffraction order, 4 is the wavelength of the optical signal, dn is the change
in the refractive index of the medium, d is the grating constant, n is the refractive index of the

medium, and « is the angle of incidence.

14
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13. An optical dispersion system through which optical signals pass in a medium,
comprising:

a prism formed of an optically transparent material configured to refract a plurality of
optical signals along an angle of refraction; and

a diffraction grating having a plurality of grating elements for receiving the refracted
plurality of optical signals at an angle of incidence and diffracting each optical signal into a
plurality of sub-beams as a function of a diffraction angle;

wherein a change in the angle of refraction due to environmental changes in the
medium 15 approximately equal to a change in the angle of incidence due to the

environmental changes in the medium.

14. The system of claim 13, wherein the prism is a double prism and the plurality

of optical signals enter the prism at an acute angle relative to a wall of the prism.

15. The system of claim 14, wherein the diffraction grating is a first diffraction

grating and further including a second diffraction grating adjacent the first diffraction grating.

16. The system of claim 13, wherein the change in the angle of refraction Ay 1s
approximated by:
sinydn
ncosy
where v 1s the angle of refraction, dn 1s the change in the refractive index of the medium,
and 7 is the refractive index of the medium and the change in the angle of incidence Aa 15

approximated by:

mAdn ~——es
dn?cosx

where m is the diffraction order, 4 is the wavelength of the optical signal, dn is the change
in the refractive index of the medium, d is the grating constant, n is the refractive index of the

medium, and o is the angle of incidence.

17.  The system of claim 13, wherein the prism is a right angle prism with the

plurality of optical signals entering the prism generally perpendicular to a wall of the prism.

15
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18  The system of claim 13, wherein the diffraction grating is a first diffraction

grating and further including a second diffraction grating adjacent the first diffraction grating.

19. An optical dispersion system through which optical signals pass in a medium,
comprising:
a prism formed of an optically transparent material configured to refract a plurality of
optical signals along an angle of refraction; and
a diffraction grating having a plurality of grating elements for receiving the refracted
plurality of optical signals at an angle of incidence and diffracting each optical signal into a
plurality of sub-beams as a function of a diffraction angle;
wherein a change in the angle of refraction Ay is approximated by:
sinydn
nCosy
where 7 1s the angle of refraction, dn 1s the change in the refractive index of the medium,
and n 1s the refractive index of the medium,

wherein a change in the angle of incidence Aa 13 approximated by:

A AN ooooooggoooooooooooon
dn?cosx

in the refractive index of the medium, d is the grating constant, n is the refractive index of the
medium, and «a is the angle of incidence; and

wherein the change in the angle of refraction due to environmental changes in the
medium 1s approximately equal to the change in the angle of wncidence due to the

environmental changes in the medium.

16
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