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propagating out of a first end and a second end of the first output
waveguide.
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POLARIZATION DIVERSE DISTRIBUTED PERTURBATION RECEIVERS

BACKGROUND

10001] An optical Bragg grating coupler is an optical device that has g
periodic refractive index varialion of ithe refractive index. For a band of
wavelengths around a central wavelength Ar where Ar satisfies a phase-
matching condition, Ar = A{w + nz), and where A is the pitch of the grating, and
n, n2 are the effective refractive indices of the modes in the grating, the band of
wavelengths incident upon the Bragg grating coupler are reflected. Wavelengths

cutside the band of wavelengths continue 1o propagate in the original direction.
BRIEF DESCRIPTION OF THE DRAWINGS

{0002} The accompanying drawings illustrate various examples of the
principles described below. The examples and drawings are illustrative rather

than Hmiting.

[6003] FIG. 1 depicts a diagram of an example receiver system that includes
a two-dimensional grating coupler, a loop waveguide, an output waveguide, a

distributed perturbation, and a photodetector.

12004] FIG. 2 depicts a diagram of an example receiver system that includes
a two-dimensional grating coupler and a loop waveguide, with two asymmetrically

positioned distributed perturbations and output waveguides.

18005] FIG. 3 depicts a diagram of an example receiver system that includes
a two-dimensional grating coupler, a loop wavequide, an asymmetrically
positioned distributed perturbation and output waveguide, and a singie

photodetector.

12006] FIG. 4 depicts a diagram of an example receiver system that includes
a two-dimensional grating coupler, a loop waveguide, an asymmelrically
positioned  distributed  perturbation  and  output  waveguide, and 1two

photodetectors.
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[0007] FiG. 5 depicts a flow diagram illustrating an example process of

detecting light having orthogonal polarization components.

16008} FIG. 6 depicits a flow diagram illustrating another example process of

detecting light having orthogonal polarization components.
DETAILED DESCRIPTION

0009 Light propagating in an optical fiber may have a random state of
polarization that may be decomposed info two orthogonal linearly polarized
componenis. As described below, light from the optical fiber may be received by
a phoionics integraied circuil, and through the use of a distribuied perturbation, a
single photodetecior may be used to detect light having both orthogonal

polarizations.

(0010} FIG. 1 depicts a diagram of an exampile polarization diversity receiver
system 100 that includes a two-dimensional grating coupler 110, a loop
waveguide 120, a first output waveguide 140, a first distributed perturbation 130,

and a first photodetector 150,

[Go11] Light 105 having a random state of polarization may impinge upon
the two-dimensional grating coupler 110. In some implementations, the light may
come from a single-mode optical fiber (not shown) that can support two
orthogonal linearly polarized modes such that the light 105 is in an elliptical state
of polarization. The optical fiber may be physically in contact or in close proximity
with the two-dimensional grating coupler 110, The optical fiber may be criented

perpendicular or gt an angle to the two-dimensional grating coupler 110

[0012] The two-dimensional grating coupler 110 may be an optical grating
structure, such as a diffraction grating, that has pericdic and/or non-periodic
structural components, such as posis or holes of any shape; lings; or grooves.
The two-dimensional grating coupler 110 may be a two-dimensional grating that
has periodic and/or non-pericdic siructural components extending in two

dimensions.

[0013] The two-dimensional grating coupler 110 may be formed on a loop

wavegquide 120, for example, the loop waveguide 120 may be integrated with a
2
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photonic integrated circuit, A top-down view of the loop waveguide 120 may
have any shape, such as a circle, racetrack, ellipse, or any other closed

configuration.

[o014] When light 105 impinges upon the two-dimensional grating coupler
110, light having a first polarization may couple into the loop waveguide 120 ina
first direction, for example, in a clockwise direction 121, and light having a second
polarization orthogonal {o the first polarization may couple into the loop
waveguide 120 in a second direction, for example, in a counier-clockwise
direction 122. Once the orthogonal polarizations from the fiber are coupled into
the loop waveguide 120, the clockwise 121 and counter-clockwise 122
propagating light have substantially the same polarization. For example, the
clockwise 121 and counter-clockwise 122 propagating light may have transverse

electric (TE) polarization.

[0015] The first output waveguide 140 may be positioned near the loop
waveguide 120 in a first coupling region 130. The first output waveguide 140 is a
waveguide, for example, integrated with the phetonic integrated circuit of the loop
waveguide 120, A first distributed perturbation 135, such as a Bragg graling,
having a first resonant wavelength A1 may be formed in the first coupling region
130 to cause coupling of light at the first resonant wavelength 1 between the
joop waveguide 120 and the first output waveguide 140. The first distributed
perturbation 135 may be a pericdic variation in the effective refractive index,
where the first resonant wavelength A1 satisfies a phase-maiching condition of the
Bragg grating. The first distributed perturbation 135 may be formed on the loop
waveguide 120 and the first output waveguide 140 or between the ioop

waveguide 120 and the first culpuf waveguide 140.

100186] When light propagating in the clockwise direction 121 in the loop
waveguide 120 encounters the first distributed perturbation 135, light at the first
resonant wavelength A1 is reflected and coupled into the first output waveguide
140 o propagate in clockwise direction 141. The rest of the light propagating in
clockwise direction 121 in the loop waveguide 120 that is not at the first resonant

wavelength A+ continues propagating in the loop waveguide 120, Similarly, when

w2
-3~
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light propagating in the counter-clockwise direction 122 in the loop waveguide
120 encounters the first distributed perturbation 135, light at the first resonant
waveiength A1 is reflected and coupled into the first oulput waveguide 140 to
propagate in counter-clockwise direction 142, The rest of the light propagating in
courtter-clockwise direction 122 in the loop waveguide 120 that is not at the first

resonant wavelength At continues propagating in the loop waveguide 120.

10017] A first photodetector 150 detects light propagating in clockwise
direction 141 and exiting the oulput waveguide 140 at a first end 149 and light
propagating in counter-clockwise direciion 142 and exiting the output waveguide
140 at a second end 148 Thus, a single photodetector 150 may be used o
detect both orthogonal polarizations of light 105, Alternatively, the first end 149
and second end 148 of the first oulpul waveguide 140 may be located on the

same side of the photodetecior 150

10018] The first distributed perturbation 135 may perform the function of g
bandpass filer where a band of wavelengths around the first resonant wavelength
A4 satisfy the phase-matching condition and cause coupling of light between the
joop waveguide 120 and the outpul waveguide 140. Thus, the photodetecior 150
may be a broadband detecior, however, because the first distributed perturbation
135 operates as a bandpass filter, coupling just the light at the resonant
wavelength A1, where the photodetector 150 ouiput corresponds to the optical
power impinging on the two-dimensional grating coupler 110 at the band of

wavelengths around the first resonant wavelength A4,

[0019] In some implementations, the first distributed perturbation 135 may
be a uniformly periodic modulation of the refractive index across the entire
perturbation. In other implementations, the first distributed perturbation 135 may
be an apodized modulation, such as an apodized Bragg grating where the
strength of the modulation of the refractive indices of the grating increases from
zero at ocne end of the perturbation to a maximum and then decreases back down

to zero at the other end of the perturbation.

[6024] in the example of FIG. 1, there is a single first coupling region 130

that may be positioned symmetrically with respect to the two-dimensional grating
.
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coupler 110 such that there is no optical delay difference belween light
propagating clockwise 121 and light propagating counter clockwise 122 in the
joop waveguide 120 when the first coupling region 120 is reached. Further, the
photodicde 150 may also be positioned symmelrically with respect {o the first
coupling region 130 such that there is no optical delay difference bebtween light
propagating clockwise 141 and light propagating counter clockwise 142 in the first
outpui waveguide 140. Thus, there is no oplical delay difference between light
detected by photodicde 150 exiting the first end 149 and the second end 148 of
the first output waveguide 140.

[oo21] The resonant wavelength of the first distributed perturbation 135 may
be tuned over a range of wavelengths by inducing a change in the refractive
index across the first distributed perturbation 135, for example, by injecting
carriers or changing the temperature of a portion or all of the first distribuled
periurbation 135. By adjusting the resonant wavelength of the first distributed
perturbation 135, the photodetector 150 detects the optical power of the light at

the selected resonant wavelength impinging on the grating coupler 110.

[6022] FIG. 2 depicts a diagram of an example receiver system 200 that
includes a two-dimensional grating coupler 110, a loop waveguide 120, and two
asymmetrically positicned coupling regions 230, 232, each with a corresponding
output wavegquide and photodetecior. Two oulput waveguides 240, 242, and two

photodetectors 250, 252 are used in this configuration.

[0023] A first output waveguide 240 is positioned near the loop waveguide
120 in a first coupling region 230, A first distributed perturbation, such as a
Bragg grating, having a first resonant waveiength A+ may be in the first coupling
region 230 to cause coupling of light at the first resonant wavelength A1 between

the loop waveguide 120 and the first output waveguide 240.

[G024] Similarly, a second output waveguide 242 is positioned near the loop
waveguide 120 in a second coupling region 232. A second distributed
perturbation, such as a Bragg grating, having a second resonant wavelength 2
may be in the second coupling region 232 to cause coupling of light at the second

resonant wavelength A2 between the loop waveguide 120 and the second output

o
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waveguide 242. The second resonant wavelength Az is different from the first

resonant wavelength A,

[0025] When light propagating in clockwise direction 221 in the loop
waveguide 120 encounters the second distributed perturbation in the second
coupling region 232, light at the second resonant wavelength Az is reflected and
coupled into the second output wavequide 242 {o propagate in a clockwise
direction. The rest of the light propagating in clockwise direction 221 in the loop
waveguide 120 that is not at the second resonant wavelength A2 continues
propagating in the loop waveguide 120, When light propagating in clockwise
direction 221 in the loop waveguide 120 encouniers the first distributed
periurbation in the first coupling region 230, light at the first resonant wavelength
A1 is reflected and coupled into the first output waveguide 240 to propagale in a
clockwise direction. The rest of the light propagating in clockwise direction 221 in
the loop waveguide 120 that is not at the first resonant wavelength A or the
second resonant wavelengih Az continues propagating in the loop waveguide
120.

[0026] Similarly, when light propagating in counter-clockwise direction 222 in
the loop waveguide 120 encounters the first distributed perturbation in the first
coupling region 230, light at the first resonant wavelength X is reflected and
coupled into the first output waveguide 240 to propagate in a counter-clockwise
direction. The rest of the light propagating in counter-clockwise direction 222 in
the loop waveguide 120 that is not at the first resonant wavelength A+ continues
propagating in the loop waveguide 120, When light propagating in counier-
clockwise direction 222 in the loop waveguide 120 encounters the second
distributed perturbation in the second coupling region 232, light at the second
resonant wavelengih 22 is reflected and coupled into the second ouiput
waveguide 242 to propagate in a counter-clockwise direction. The rest of the
light propagating in counter-clockwise direction 222 in the ioop waveguide that is
not at the first resonant wavelength A+ or the second resonant wavelength 2o

cortinues propagating in the loop waveguide 120
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(00271 A first photodetector 250 detects light propagating in the clockwise
direction and exiting the first output waveguide 240 at a first end 249 and light
propagating in the counter-clockwise direction and exiling the first output
waveguide 240 at a second end 2438, Thus, a single photodetector 250 may be
used to detect both orthogonal polarizations of light 105 at the first resonant
waveiength A1 Alternatively, the first end 249 and second end 248 of the first
cutpul waveguide 240 may be located on the same side of the photodetector
250,

[G028] A second photodetector 252 detecis light propagating in the
clockwise direction and exiting the second culput waveguide 242 at a first end
25% and light propagating in the counter-clockwise direction and exiting the
second output wavequide 242 at a second end 258. Thus, a single photodetector
282 may be used io detect both orthogonal polarizations of light 105 at the

second resonant wavelength Az different from the first resonant wavelength A1

(00291 Depending on the position of the first coupling region 230 relative to
the tiwo-dimensional grating coupler 110 and the position of the first
photodetector 250, there may be a difference in optical delay between the path
traveled by light 221 coupled clockwise and light 222 coupled counter-clockwise
into the loop waveguide 120 and is subsequently coupled into the first output
waveguide 240 before reaching the first photodetector 250. Similarly, there may
be a difference in optical delay between the paih traveled by light 221 coupled
clockwise and light 222 coupled counter-clockwise into the loop waveguide 120
and is subsequently coupled into the second output waveguide 242 before
reaching the second photodetecior 252. The optical delay may be compensated

for as described bealow.

186030} FIG. 3 depicts a diagram of an example receiver system 300 that
includes a two-dimensional grating coupler 110, a loop waveguide 120, a
coupling region 330 asymmetrically positioned relalive to the two-dimensional

grating coupler 110, an output waveguide 340, and a single photodetector 350.

10031] The cutput waveguide 340 is positioned near the loop waveguide 120

in the asymmeitrically positioned coupling region 330. A distributed perturbation,

~r

i
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such as a Bragg grating, having a resonant wavelength A+ may be in the coupling
region 330 {o cause coupling of light at the resonant wavelength A between the
loop waveguide 120 and the output waveguide 340. The position of the coupling
region 330 is asymmetrically positioned with respect to the two-dimensional
grating coupler 110 such that light impinging on the fwo-dimensional grating
coupler 110 experiences a first optical delay L1 321 from the two-dimensional
grating coupler 110 in a first direction along the loop waveguide 120 and a
second optical delay L2 322 from the two-dimensional grating coupler 110 in an
opposite direction from the first direclion along the loop waveguide 120, where

the first optical delay L1 321 is different from the second optical delay Lz 322.

10032} When light propagating in clockwise direction 321 in the locop
wavegquide 120 encounters the distributed perturbation, light at the resonant
wavelength A is reflected and coupled into the oulpul waveguide 340 and
propagates in clockwise direction 341, The rest of the light propagating in
clockwise direction 321 in the loop waveguide 120 that is not at the resonant
wavelength A1 continues propagating in the loop waveguide 120, Similarly, when
light propagating in counter-clockwise direction 322 in the loop waveguide 120
encounters the distributed perturbation, light at the resonant wavelength i is
reflected and coupled inio the ouiput waveguide 340 and propagates in counier-
clockwise direction 342. The rest of the light propagating in counter-clockwise
direction 322 in the loop wavequide 120 that is not at the resonant wavelength A

continues propagating in the loop waveguide 120

[0033] The photodiode 350 is positioned such that light coupled inio the
output wavequide 340 and propagating out of a first end 348 of the ouiput
waveguide 340 to the photodetector 350 experiences the second optical delay 2
341 in the output waveguide 340 and experiences the first optical delay L 321 in
the loop waveguide 120, and light coupled into the oulput waveguide 340 and
propagating out of a second end 348 of the oulpul waveguide 340 to the
photodetector 350 experiences the first optical delay Ls 342 in the oulput
waveguide 340 and experiences the second optical delay L2 322 in the loop

waveguide 340. Thus, light detecied by the photodeiector 350 arives afler

-8
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experiencing the same iotal optical delay independent of the path taken by the

light to reach the photodetector 350,

{0034} FIG. 4 depicts a diagram of an example receiver system 400 that
includes a iwo-dimensional grating coupler 110, a loop waveguide 120, a

coupling region 430, an oulput waveguide 440, and two photodetectors 450, 452.

[0035] The output waveguide 440 is positioned near the loop waveguide 120
in the coupling region 430. A distributed perturbation, such as a Bragg grating,
having a resonant wavelength A+ may be in the coupling region 430 o cause
coupling of light at the resonant wavelength A1 between the icop waveguide 120
and the output waveguide 440. As shown in the example of FIG. 4, the position
of the coupling region 430 may be asymmetrically positioned with respect 1o the
two-dimensional grating coupler 110 such that light impinging on the itwo-
dimensional grating coupler 110 experiences a first oplical delay L+ 421 from the
two-dimensional grating coupler 110 in a first direction along the loop waveguide
120 and a second optical delay L. 422 from the two-dimensional grating coupler
110 in an opposiie direction from the firsi direction along the loop waveguide 120,
where the first oplical delay L1 421 is different from the second optical delay Lo
422.

[0036] Rather than compensating for the difference in optical delay by
adjusting the optical delay that the light experiences in the cutput wavegquide 440,
as with the exampile of FIG. 3 described above, two photodetectors 450, 452 may
be used. Then the difference in arrival times of the light detected by the first
photodetecior 450 propagating from a first end 459 of the oulput waveguide 440
and the light detected by the second photodetector 452 propagating from a
second end 458 of the optical waveguide 440 may be compensated for
electronically. For example, the difference in arrival imes may be compensated

using elecirical delay lines or digital signal processing.

{0037} n some implementations, the coupling region 430 and its distributed
perturbation may be positioned symmetrically with respect {o the two-dimensional

grating coupler 110 such that the light coupled out of the loop waveguide 120
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experiences equal optical delays o the two-dimensional grating coupler along

both directions of the loop waveguide 120

{0038} The distributed perturbation as used in the coupling region 130, 220,

330, 430 in any of the above examples may be uniform or apodized.

12039] FIG. 5 depicts a flow diagram illustrating an example process 500 of

detecting light having orthogonal polarization componenis.

(00407 The process begins at block 505, where light propagating out of a first

end of a first cutput waveguide may be detected with a first photodetector.

10041} At block 510, light propagating out of a second end ¢f the first output
waveguide may be detected with a second photodetector.  The first output
waveguide is positioned near a loop waveguide at a first coupling region, and a
first distributed perturbation having a first resonant wavelength in the first
coupling region causes coupling of light at the first rescnant wavelength from the
loop wavequide to the first output waveguide. Further, a two-dimensional grating
coupler is formed on the Ioop waveguide o couple light impinging on the fwo-
dimensional grating coupler having a first polarization into the loop waveguide in
a first direclion and to couple light having a second polarization orthogonal o the

first polarization into the loop waveguide in a second direction.

[0042] in some implementations, the first photodetector is the same as the
second photodetector, and the first coupling region is located at a first position
aiong the loop waveguide with equal oplical delays (o the two-dimensional grating

coupler along both directions of the loop waveguide.

10043] In some implementations, the first pholodetector is the same as the
second photodetecior. The first coupling region couples light out of the loop
wavegquide at a first position along the loop waveguide, wherein the first position
is a first oplical delay from the two-dimensional grating coupler in a first direction
along the loop waveguide and a second optical delay from the two-dimensional
grating coupler in an opposite direction from the first direction along the loop
waveguide. Further, light propagating out of the first end of the first output

waveguide to the first photodetector experiences the second optical delay in the

~ 10~
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first output waveguide and experiences the first optical delay in the loop
waveguide, and light propagating out of the second end of the first oulput
waveguide to the first photodetector experiences the first optical delay in the first
output waveguide and experiences the second optical delay in the loop

waveguide.

[0044] In some implementations, the first photodetector is different from the
second pholodetector.  Additionally, example process 500 for detecting light
having orthogonal polarization components may also include electronically
compensating for different arrival times in light detected by the first photodetector

and light detected by the second photodetector.

[6045] FIG. 6 depicts a flow diagram illustrating another example process

800 of detecting light having orthogonal polarization components.

[0048] The process begins at block 805 which may be similar to block 505
described with respect to process 500 of FIG. 5. Block 810 may also be similar
to block 510 of FIG. 5.

10047} At block 815, light propagating cut of a first end of a second output

waveguide may be detected with a third photodetector.

[G048] At block 820, light propagating oul of a second end of a second
output waveguide may be detecled with a fourth photodetector. The second
output waveguide is positioned near the loop waveguide at a second coupling
region. And a second distributed perturbation having a second resonant
wavelength in the second coupling region causes coupling of light at the second
resonant wavelength from the loop waveguide to the second oulput waveguide,
and the second resonant wavelength is different from the first resonant

wavelength.

(00491 At block 625, the resonant wavelength of the first distributed
perturbation may be tuned, for example, by injecting carriers or changing the

temperature of a portion or all of the distributed perturbation.

~F i
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[0050] Not all of the steps or features presented above are used in each
implementation of the presented techniques. Steps may be performed in a

different order than presented.

[0051] As used in the specification and claims herein, the singular forms “a,”

13 n

“an,” and "“the” include plural referents unless the contexi clearly dictales

otherwise.
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CLAIMS

What is claimed is:

1. A polarization diversity receiver system comprising:

a loop waveguide;

a two-dimensional grating coupler formed on the loop waveguide fo
couple light impinging on the grating coupler having a first
polarization into the loop waveguide in a first direction, and o
couple light having a second polarization orthogonal to the first
polarization into the loop waveguide in a second direction;

a first output waveguide positioned near the loop wavequide in a first
coupling region;

a first distributed perturbation having a first resonant wavelength in
the first coupling region to cause coupling of light at the first
resonant wavelength between the loop waveguide and the first
output waveguide, and

a first photodetector to detect light propagating out of a first end and

a second end of the first output waveguide.

2. The system of claim 1, further comprising a mechanism 10 tne g

resonant wavelength of the first distributed perturbation.

3. The system of claim 1, wherein the first distributed perturbation is an

apodized Bragg grating.

4. The system of dlaim 1, further comprising:
a second output waveguide positioned near the loop waveguide in a
second coupling region;
a second distributed perturbation having a second resonant
wavelength, different from the first resonant wavelength, to
cause coupling of light at the second resonant wavelength

~12-
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between the loop waveguide and the second output
waveaguide, and
a second photodeiector to detect light propagating out of a first end

and a second end of the second output waveguide.

5, The system of claim 1,

wherein the first coupling region is located at a first position along the
loop waveguide, wherein the first position is a first optical delay
from the two-dimensional grating coupler in a first direction
along the loop waveguide and a second optical delay from the
two-dimensional grating coupler in an opposite direction from
the first direction along the loop waveguide,

wherein light propagating out of the first end of the first ouiput
waveguide 1o the first photodelector experiences the second
optical delay in the first outpul waveguide and experiences the
first optical delay in the loop waveguide, and light propagating
out of the second end of the first output waveguide to the first
photodetector experiences the first oplical delay in the first
output waveguide and experiences the second optical delay in

the loop waveguide.

6. A polarization diversity receiver system comprising:

a loop waveguide;

a two-dimensional grating coupler formed on the loop waveguide to
couple light impinging on the grating coupler having a first
polarization into the loop waveguide in a first direction, and to
couple light having a second polarization orthogonal to the first
polarization into the loop waveguide in a second direction;

an ouiput waveguide posilioned near the loop waveguide in a
coupling region;

a distributed periurbation having z resonant wavelength in the

coupling region fo cause coupling of light at the resonant

~1d-
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wavelength between the loop waveguide and the output
wavequide;

a first photodetector io detect iight propagating from a first end of the
output waveguide, and

a second photodetecior to detect light propagating from a second end
of the output waveguide, wherein the first photodetector is

different from the second photodetector.

7. The system of claim 8, wherein the distributed perturbation couples
light out of the loop waveguide at a position along the loop waveguide with equal
optical delays 10 the two-dimensional grating coupler along both directions of the

loop waveguide.

8. The system of claim 6,

wherein the coupling region is located at a position along the loop
waveguide, whearain the position is a first optical delay from the
two-dimensional grating coupler in a first direction along the
loop waveguide and a second optical delay from the two-
dimensional grating coupler in an opposite direction from the
first direction along the loop waveguide,

wherein light propagating out of the first end of the ouiput waveguide
to the first photodetector experiences the second optical delay
in the output waveguide and experiences the first optical delay
in the loop waveguide, and light propagating out of the second
end of the oulput waveguide to the second photodetector
experiences the first optical delay in the cutput waveguide and

experiences the second optical delay in the loop waveguide.

.
~15-
5
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g. The system of claim 6, wherein different arrival times in light detecled
by the first pholodetector and light delected by the second photodetector is

compensated for elecironically.

10. A method comprising:

detecting with a first pholodetector light propagating out of a first end
of a first output waveguide; and

detecting with a second photodetector light propagating out of a
second end of the first oulpui wavequide,

wherein the first output waveguide is positioned near a loop
waveguide at a first coupling region,

wherein a first distributed perturbation having a first resonant
wavelength in the first coupling region causes coupling of light
at the first resonant wavelength between the loop waveguide
and the first output waveguide,

wherein a two-dimensional grating coupler is formed on the loop
waveguide to couple light impinging on the two-dimensional
grating coupler having a frst polarization into the loop
waveguide in a first direction and 1o couple light having a
sacond polarization orthogonal 1o the first polarization into the

foop waveguide in a second direction.

11. The method of claim 10,
wherein the first pholodetector is the same as the second
photodetector, and
wherein the first coupling region is located at a first position along the
loop waveguide with sgqual optical delays 1o the iwo-
dimensional grating coupler along both directions of the loop

waveguide.

12. The method of claim 10,

~18-
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wherein the first photodetector is the same as the second
photodetector,

wherein the first coupling region coupies light out of the loop
waveguide at a first position along the loop waveguide,
wherein the first position is a first optical delay from the two-
dimensional grating coupler in a first direction along the loop
waveguide and a second oplical delay from the two-
dimensional grating coupler in an opposite direction from the
first direction along the loop waveguide,

wherein light propagating out of the first end of the first oulput
waveguide to the first photodetector experiences the second
optical delay in the first output waveguide and experiences the
first optical delay in the loop waveguide, and light propagating
out of the second end of the first output waveguide to the first
photodetector experiences the first oplical delay in the first
output waveguide and experiences the second optical delay in

the loop waveguide.

13. The method of claim 10,
wherein the first photodetector is different from the second
photodetector,
the method further comprising:
glectronically compensating for different arrival times in light
detected by the first photodetector and light detected by the

sacond photodetacior.

14, The method of claim 10, further comprising:
detecting with a third photodetector light propagating out of a first end
of a second ouiput waveguide, and
detecting with a fourth photodetector light propagating out of a

sacond end of the second output waveguide,
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wherein the second oulput waveguide is positioned near the loop
waveguide at a second coupling region,

wherein a second distributed perturbation having a second resonant
wavelength in the second coupling region causes coupling of
fight at the second resonant wavelength between the loop
waveguide and the second output waveguide, and the second
resonant wavelength is different from the first resonant
wavalength.

15. The method of claim 10, further comprising:

tuning the resonant wavelength of the first distributed perturbation.
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Detect with a first photodetector light propagatingout of a first end of a
first output waveguide
508

Detect with a second photodetector light propagating out of a second
end of the first output waveguide
210
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Detect with a first photodetector light propagating outof afirst end of &
first output waveguide
805

Detect with a second photodetector light propagating out of a second
end of the first output waveguide
810

Detect with a third photodetector light propagating cut of afirstend of a
second output waveguide
e1s

Detect with a fourth photodetector light propagating out of a second end
of a second output waveguide
620

Tune the resonant wavelength of the first ring resonator
625
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