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OPTICAL ALIGNMENT STRUCTURE AND METHOD OF DETERMINING
ALIGNMENT INFORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of -priority of Singapore application No.
201300325-6 filed January 15, 2013, the contents of it being hereby incorporated by

reference in its entirety for all purposes.

TECHNICAL FIELD
[002] Various aspeéts of this disclosure relate to optical alignment structures and
method of determining information about alignment of fibers to optical alignment

structures.

BACKGROUND

[003] Inb recent years, silicon photonics has sée‘n substantial technological
achievements beyond early expectations. Low loss high-index contrast silicon
sub-micron nanowire waveguides that can be fabricated by sfandard complementary
metal oxide semiconductor ‘(CMCS)-compatibl¢ processes are showing promise as
reali‘stic dense photonic integrated circuits (PICs) in various applications including
‘ optjpél communications, optiqal inﬁercomects, signal proéessing and sensing.
B Compared with ﬂybrid integfation and freespace optical subassembly, the silicon PICs
can significantly reduce the device footprint and packaging cost of optical
communications modules. |

[004] In order to realize practlcal apphcatlons of silicon photomcs device, the
PIC must be packaged to couple to the optical fibers (e.g. single mode fibers) with
high efﬁ01ency. This is a key challenge in the development of highly 1ntegrated.

silicon photonic circuits because of the large mode size mismatch between the optical
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fiber and high-index contrast silicon sub-micron waveguidés; Even with mode size
converters integrated with the silicon waveguides (invert taper is often used to enlarge
- the mode size of the silicqn waveguide), the optical connection requires extremeiy
racc'u‘rate alignment, precise piacement and robust attachment.hThe tight tolerance of
the fiber alignment with silicon waveguide becomes a challenging issue in silicon
photonicé device packaging. ‘

SUMMARY
[005] In various embodiments, an optical alignment structure may be provided.
The optical alignment structure may include a light carrying structure configured to
receive an input optical light from an external light source. The opticalv alignment
structure may further include a light redirection mechanisin coupled to the light
carrying structure. The light redirection mechanism may be configured to receive the
input optical light from the ‘light carrying stru.cture. The light redirection mechanism
may be further configured to redirect the input optical light back to the light carrying
structure, the rédirected input optical light configured to be detected by a detector for
alignment of the optical alignment structure with the external optical sou;ce.
[006] In various embodiments, a method of determining information about
alignment of an alignment fiber to an optical alignment struéture may be provided.
- The method méy 'ir_lclude coupliﬁg an input optical light to the optical alignment
 structure. The method may also include detecting the input 6ptical light redirected by
the .optica‘l alignment structure. vThe method may fhrther include determining
information about alignment bf the alignment fiber to the opt-iéal élignrnen’t ‘structure

_based on the input optical lighf redirected by the optical alignment structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[007] The invention will be better understood with reference to the detailed
description when considered in conjunction with the non-limiting examples and the

accompanying drawings, in which:
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FIG. 1 shows a schematlc ofa typlcal double end silicon chip photomcs packaglng

FIG. 2 shows a schematic of an optical ahgnment structure according to various
embodiments.

FIG. 3 shows a schematic of an optical alignment structure according to various
embodiments. | |

| FIG. 4A shows a schematic of an optical alignment structure aecording to various
embodiments. |

FIG. 4B shows a schematic illustrating the operation of the eptical ali gnment structure
shown in FIG. 4A according to various embodiments.

FIG. 5A shows a schematic of a setup to align an alignment fiber to an optical
alignment structure in a silicon chip according to various embodiments.:

FIG. 5B shows a scanning electron microscope image of an optical alignment
structure acchding to various embodiments.

FIG. 5C shows a plot of measured power (dBm) against wavelength (nm) based on
light detected at a detector when an alignment fiber is aligned to the optieal alignment
structure. |

FIG. 5D shows a plot of measured power (dBm) against wavelength (nm) based on
11ght detected at a detector when an alignment fiber is not ahgned to the optical
ahgnment structure.

FIG. 5E shows a plot of measured power (dBm) against wavelength (nm) based on

light detected at a detector when an alignment fiber is aligned to the ppti_eé.l alignment

" - structure.

FIG. 6A is a schematic of an optical alignment assembly according to various
embodiments. | |

FIG 6B is a schematic of an optlcal ahgnment assembly accordlng to various
embodiments. | |
FIG. 7A is a schematic of an optical alignment assembly according to various

embodiments.
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FIG. 7B is a schematic showing a cross-sectional side view of the optical alignment:
assembly in FIG. 7A. | :

FIG. 7C is a scanning electron microscope image of the optical alignment assembly in

" FIG. 7A. -

FIG. 8A is a’ schematic‘ of an optical alignment assembly according to various

embodiments.

FIG. 8B is a scanning electron microscope image of the optical alignment assembly in
FIG. 8A.

FIG. 9 is a schematic showing a method of determining information about alignment

of an alignment fiber to an optical alignment structure ac_cordirlg to various

embodiments.

DETAILED DESCRIPTION
[008] The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention. Other embodiments may be
utilized, and structural and logical changes may\be made without departing from the A
scope of the inv'_ention.. Thei various embodiments are not necessarily mutually
exclusive, as somé embodiments can be combined with one or moré other
embodiments to form new embodiments.
. [009] " In order that the invention 'méy beﬂreadi‘ly undersfood and put into practical
~ effect, particulér embodiments will now be described by Way of examples and not
limitations, and with reference to the figures.
[010] FIG. 1 shows a schematic 100 of a typipal double end silicon chip
photonics packaging. The silicon chip 102 is attached on the optical bench 104.

- Optical fibers 106a, 106b are aligned with the sub-micron waveguides in the silicon
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chip 102. The electrical cennection to .the ’pins on the_casing.may be done by wire

. bonding. o

[011] Silicon photonics packaging with fiber assembly follows two approaches:

(1) lateral coupling (in plane) and (2) vertical coupling (out of plane) using grating

coupler. |

[012] Grating couplers may offer advantages such as compatibility with planar

processing, the possibility for wafer-level testing, and relatively large alignment

tolerances. However, the issues with mechanical stability and reliability while

preserving at least partially the compactness of the underlying devices may become a

drawback for such out of plane packaging approach.

- [013] Since vertical orientation is not easy to be adapted to standard layouts for
optoelectronic devices where, quite often, there are horizontal (in-plane) orientation
approaches, lateral coupling with integrated V—groove has been proposed to align the
fiber passively_. A V-groove may be formed on a substrate . An oxide layer may be
on the substrate surrounding the V-groove. The oxide layer may be the buried oxide
(BOX) of a silicon-on-insulator (SOI) wafer. A coupling structure may be formed on
the oxide layer. The coupling structure may include an inverted taper coupled to a
waveguide. An optical fiber may be coupled to the inverted taper. This method may
require more fabrication effort and cost to achieve high precision. It may also
introduce more constraints for tlie fabrication process integration, especially for the
active silicon photonic 1ntegrated circuits.

[014] " This method may require the fiber assembly process to be done on the
sub-assembly -outside the packaging casing. Thus custom-made casing may be
| required in order to place the sub-assembly with fibers afterwards. Because of the
bulky IR camera and lenses to be used during the packaging, the fiber alignment
process may be difficult to be performed in the standard commerc1a11y available
'packaging facilities. Furthermore, the IR camera analog signal may less accurate

compared with other digital detection instruments, such as photodetectors. The
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photodetector may also not help in such a h1gh resolut10n demanded packagmg

process because the photodetector always collect the integrated l1ght intensity w1th
dimension of a few tens of mlcrometers All the above factors may result 1n much
more difficulties and challenges in silicon photonics packagmg than expected.

[015]  FIG. 2 shows a schematic 200 of an optical alignment structure according
to various embodiments. The optical alignment structure may include a light carrying
structure 202 configured to receive an input opﬁcal light from an external light source.
The optical alignment structure may further include a light redirection mechanism 204
coupled to the light carrying structure 202. The light redirection mechanism 204 may
be configured to receive the input optical light from the light carlying structure 202.
The light redirection mechanism 204 may be further configured to redirect the input
optical light back to the light carrying structure 202, the redirected input optical light
configured to be detected by a detector for alignment of the optical alignment
structure with the external optical source.

[016] In other words, an optical alignment structure may be provided acoording
to various embodiments. The optical alignment structure may include a light carrying
structure 202. The optical alignment structure may further include a light redirection
mechanism 204 coupled to the light carrying structure 202. Optical light from an
external optical source may travel along the light carrying structure 202 towards the
light rediroction mechanism 204. The light redirécﬁon mechanism 204 may be
configured to redlrect the optical light back to the light carrying structure 202. The
redirected optical light may travel along the light carrying structure 202 to be detected
by a detector. | ’

[017]  Various embodiments may holp to reduée or mitigate issues faced by prior
art. Various embod1ments may provide an easy way to align an optical fiber to an
opt1cal dev1ce structure such as an optical circuit or an optlcal component or a portion
‘of an optical circuit or a portion of an optical component. Various embodiments may

enable standardization of the silicon photonics p'ackaging proceés‘ with high
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repeatability. Various embodiments may provide or allow for a simple monitoring

séheme, improve accuracy and/or provide higher yield due to standardization of the
silicon photonics packaging process.
- [018] In various embodifnentsl, the optical alignment structure may also be
referred to as an auxiliary alignmeﬁt structure (AAS).

[019] FIG. 3 shows a schematic 300 of an optical alignment structuré according
to various embodiments. The optical alignment structure may include a light carrying
structure 302 configured to receive an input optical light from an external light source.
The optical alignment structure may further include a light redirection mechani;m 304
coupied to the light carrying structure 302. The light redirection mechanism 304 may
be configured -to receive the input opﬁcal light from the light carrying structure 302.
The light redirection mechanism 304 may be further configured to redirect the input
optical light back to the light carrying structure 302, the redirected input optical light
cohﬁgured to be detected by a detector for alignment of the optical alignment
structure with the external optical source. '

[020] In various embodiments, the light carrying structure 302 may be configured
to carry the input optical light from the external optical source in a first direction. The
light redirection mechanism 304 may be configured to redirect the input optical light
back to the light carrying structure 302 in a second dire_:ction substantially opposite the
first direction. In other words, the light redirection mechanism 304 may be coﬁﬁ gured
to reflect the optical light travelling él_oﬁg 'th'_g light cafrying’ structure 302 back along
-the light carrying strﬁcture 302. The redirected input 'bpticéll li ght:‘may travel alohg the
light carrying structure 302 in the second direction.

t021] In various embodiments, the light redirection mechanism 302 may be or
may include a loop m‘irror; The loop mirror may include a waveguide including a
body with a first end and the second end, the body including a loop such that the ﬁrét ,
end and the second end are on the same side of the body. In other words, the

waveguide may form a loop such that the first end and the second end are near or
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,. adjacentv to eaeh other. In various embodiments, the first end and the second end may
be directly cdupléd to the light carrying structure 302.
[022] The loop mirror may be configured sucﬁ ‘that input optical light received
from the light carrying structufe 302 may be split into a first component travelling in .a |
first direction along the loop mirror and a second component travelling in a second
direction along the loop mirror, the second direction along the loop mirror
substantially opposite the first direction along the loop mirror. For instance, if the first
component travels in a clockwise‘ direction along the loop mirror, the second
component may travel in an anticlockwise direction along the loop mirror. On the
other hand, if the first component travels in an anticlockwise direction along the loop
mirror, the second component may travel in a clockwise direction along the loop
mirror.
[023] In -various embodiments, the light'carrying structure 302 may include an
optical coupler such as a waveguide. The optical coupler may be a 3-dB coupler.
[024] In various embodiments, the redirected input optical light may be
substantially the same és the input optical light. For instance, the intensity of the
redirected input optical light may remain substantially the same as the input optical
light. The infensity of the redirected input optical light may remain the same, after
taking into account normal losses of the optical light travel.ling in the light carrying
structure 302 and/or the light redirection mechanism 304, as the input optical light. |
[025] FIG. 4A shows a schematic 400a of an optical élignment structure
according to various embodiments. Thé optical alignment strﬁcture’may include a--
light carrying structure 402 configured to receive an inputiopticaln light from an
external light source. The optical alignment structure may further include a light
'redlrectlon mechanism 404 coupled to the light carrymg structure 402 The light
redirection mechamsm 404 may be configured to receive the input optlcal light from
the light carrying structure 402. The light redirection mechanism 404 may be further

configured to redirect the input optical light back to the light carrying structure 402,
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the redirected input optical light configured to be detected by a detector for alignment

of the optical alignment structure with the external optical source.

[026] In various embodiments, the optical alignment structure may include a
microring resonator 406 qoﬁpled to fhe light .redirection mechanism 404. The
microring resonator 406 may be vconﬁgured to .décrease an intensity of the input
optical light received from the'light carrying structure 402 such that the intensity of
the redirected input optical .light has a iower intensity than the input optical light
received from the light carrying structure 402. The microring resonator 406 may be
configured to decrease an intensity of predetermined wavelengths or range of
wavelengths of the input optical light.

[027] FIG. 4B shows a schematic 400b illustra;[ing the operation of the optical
alignment structure shown in FIG. 4A according to various embodiments. An input
light Iy may be coupled from an external light source through an alignment fiber to the
light carrying structure 402. The input light I, may travel along the light carrying
structure 402. A loop mirror 404 inay be coupled to the light carryihg structure 402.
The loop mirror 404 may have a first end and a second end. Both the first end and the
second end of the loop mirror 404 may be coupled to the light carrying structure 402
such as an optical coupler. _

[028] Upon reaching the loop mirror, the input light Iy may be split into two
separate lights I; and I,. 422 shows the intensity profile (intensity against wavelength)
of .Il whﬂe 424 shows the intensity prqﬁle (intensity against wavelength) of I,. As -
shown }in FIG. 4B, I; may ‘go into the first end of the loop mirror 404 and travel in a
clockwise direction while I, may go into the second end of the loop mirror 404 and
travel in a anti-clockwise direction. In other words, the loop mirror may be conﬁghred
such thaf input optical ‘light, i.e. Io, receiyed from the light carrying structure is split
nto 'é first component, i.e. I, travelling in a ﬁrst direction along the loop mirror 404

and a second component, i.e. IQ, travelling in a second direction along the loop mirror
. .
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404, the second direction along the loop mirror 404 vsubstantially opposite the first

direction alongﬁithe loop mirror 404.
[029]. The optical alignment structure may further include’ a microring iesonator
406 ceupled toithe loop mirroi 404. At least a portion of [; may be coupled into the
rnicroring resonator 406. Sirn'ilarly, at least a portion of I, may be coupled into the
‘microring resonator 406. When light having resonant wavelengths are coupled into |
the microring resonator 406, the light having the resonant wavelengths may build up
intensity over multiple round trips within the microring resonator 406. 426 shows the
throughput intensity profile (intensity against wavelength) of the optical light when
coupling to the microring resonator 406. Consequently, the optical light exiting the
microring resonator 406 may have decreased intensities at the resonant wavelengths.
The decreased intensities may - show as a resonant trough. In various alternate
embodiments, the microring resonator 406 may be configured to increase intensity of
the input optical light received from the light carrying structure such.that the intensity
of the redirected input optical light has a higher intensity than the input optical light
received from the light carrying structure 402. The increased intensity may show as a
resonant peak. The intensities of the redirected input optical light at the resonant
wavelengths may be increased when other eonﬁgurations are employed such as when
| the microring resonator 406 is waveguide cross-coupled to the light redirection
mechanism 404, e.g. when a “U” shape waveguide is coupled to two different
pertions of the microring resonator 406 instead of single coupling portion as shown in
FIG.4B. |
[030] I3 coupling out of the microring resonator 406 into loop mirror 404 may
have the intensity profile 428. T; may be the throughput signal of I;. L4 coupling out of
the microring resonator 406 into loop mirror 404 may have the intensity profile 430.
I, may be the throughput signal of L. I; may travel in a clockwise direction while L4
may travel in an anti-clockwise direction. [,and I, are spilt from [p and may have the

same intensity profile over the same wavelengths. I3 and 14 are coupled from the same
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output resonator 406 and may have the same intensity profile over the same

wavelengths. I; Aand I, may interfere with each other and combine at the juncﬁon of
the first end and the second end of the loop mirror 404 with light carrying structure
402 to form redirected input- optical light. As the redirected input optical light is
combined from I and Iy, the redirected input optical light may have a similar intensity
profile 432 as I; and I4. The reflection, R, may be provided by the equation (1): ~
R=4K(1-K) . | NOR

where K is the coupling ratio of the light carrying structure 402

[031] In various embodiments, K may be designed to be about 50%, thus the
reflection of the optical alignment structure may be 100%.

- [032] The redirected input optical light may be redirected back to the alignment
fiber and detected using a detector. By detecting for a decreased intensity at the
resonant wavelengths, it is possible to know whether the alignment fiber has been
aligned to the optical alignment structure. |

[033] In various alternate embodiments, the light redirection mechanism may
include a Bragg grating. The Bragg grating may be configured to reflect
predetermined wavelengths or a predetermined range of wavelengths of the input
optical light and allow ‘the‘remaining wavelengths of the inpﬁt optical light to pass.
through. The redirected input ,bptical light may thus consist of the reﬂected
predetermined wavelengths or predetemﬁned range of wavelengths.

[034] ‘The light redirection mechanism may generally include any structure or
mechanism that serve to redirect or reflect optical light including any ‘suit‘able
: r_eﬂecfors or mirroring structures.

[035]7 F IG. 5A{I shdws.a schematic 500a of a setup to align an alignment fiber 510
‘to an optical alignment structure in a silicon chip 534 according to various

embodiments. The alignment fiber 510 may be a lenseQi fiber. The sili'cc')n chip 534

may further include an optical device structure. The optical alignment structure may

be at a predetermined distance to the optical device structure. A main optical fiber
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may be coupled to the alignment fiber 510. The main optical fiber may be aligned

and/or coupled to the optical device structure by aligning the alignment fiber 510 to
the optical alignment structure. The main optical fiber may be aligned and/or coupled
laterally to the optical device Structure. An alignment fiber 510 meiy also be referred
" to as an alignment optical ﬁbér 510. ‘

[036] The aligninent fiber 510 may be coupled to an external light source 536
through a light directing structure 540 such as a coupler or a circulator. The alignment
fiber 510 may be coupled to a detector 538 through the light directing device 540. The
light directing structure 540 may be configured to direct light from the external light
source 536 to the alignment fiber 510. The light direction device 540 may be '
configured to direct light from the alignment fiber to the detector 538. In other words,
the light direction device 540 may be configured to direct light travelling in a first
direction from the external light source 536 to the alignment fiber 510 and may be
further configured to direct light travelling in a second direction (opposite the first
direction) from the alignment fiber 510 to the detector 538

[037] FIG. 5B shows a scanning electron microscope image S00b of an optical
alignment structure according to various embodiments. FIG. 5B shows a coupler 504
coupled to a loop »mirror 506. The loop mirror is further ‘cao'uple'd to a mircoring
resonator 508. | ‘

[038] FIG. SCI shows a plot 500c of measured power (dBm) against wavelength
(nm) based on light detected at a detector when an alignment fiber is aligned to the
optical alignment structure. dBM is an abbreviation for the power ratio in decibels
| (dB) of the measured power referenced to one milliwatt (mW). As shown in FIG. 5C,
there is a resonant ’trough 540 at the resonant wavelength. The resonant trough 540 is
caused by,tihé microring resonafbr in the optical alignment stﬁicture and indicates that
the detected optical light has been coﬁpled into thé microring resonator and has been
redirected .—to fhe detector. As such, fhe resonant trough 540 may indicate that the

alignment fiber has been aligned to the optical alignment structure or more
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speciﬁcal-lir the light carrying structure of the optical alignment structure. Fine tuning

or adjusting the alignment fiber to the optical alignment structure may be carried out
by monitoring the intensity of the redirected input optical light. Various embodiments
do not require othef instrurhef;ts such as cameras or photodetectors near the dptical
chip or optiéal device structure to assist in the alignment process. Various
embodiments may provide for large freedom for the packaginé process
standardization with casing and fiber assembly. Various embodiments may be suitable
for alignment of the alignment fiber to the optical device structure inside or outside a
casing.

[039] FIG. 5D shows a plot 500d of measured power (dBm) against wavelength
(nm) based on light detected at a detector when an alignment fiber is not aligned to
the optical alignment structure. FIG. 5D does not shown any resonant trough which
may indicate that the alignment fiber is not aligned to the optical alignment structure.
[040] FIG. 5E shows a plot SOOe\of measured power (dBm) against wavelength
(nm) based on light detected at a detector when an alignment fiber is aligned to the
optical alignment structure. Theré is a resonant trough 542 at the resbnant wavelength.
The resonant trough 542 is caused by the microring resonator in the optical alignment
structure. FIG. SE is saved using Agilent Optical Spectrum Anélyzer (OSA).

[0{11] (FIG.6Aisa schemat'ic' 600a of an optical alignment assembly according to
various embodimel.lts‘. In various embodiments, the optical alignment assembly may
include an optical alignment structure 650. The optilcal alignment structure 650‘may |
be or méy include any one of '.thé_, optical alignmenf structures illustrated in FIG. 2,
FIG. 3 and FIG. 4A. The boptical _alignmeﬁt assembly may further include an optical
device structure 652. | '

- [042] For avoidance of doubt, the optical device strucfure 652 may be or may
include any optiéal circuit arrangement (e.g. optical -waveguides) or optical
‘structures/components (e.g. laser diodes) or any structure including an optical circuit

arrangement or optical strlicture/component.'
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[043]  The opﬁcal device structure 652 may include a device waveguide. A device

waveguide may be any optical wave. guide - to Ab»e' aiigned. The optical alignment
structure may be configured 6r may be used to align a main optical fiber to the device
| waveguide. A main optical ﬁ‘ber may be any optical fiber to be aligned to the device
waveguide. The main optical ﬁbe'r.may or may not be substantially similar to an
alignment fiber.

- [044] In various alternate embodiments, the optical device structure 652 may
additionally or alternatively include a device optical component. A device optical
component may be any optical component such as a photodiode or a laser diode to be
aligned. The optical alignment structure may be configured or may be used to align a
main optical fiber to the device optical component.

[045] In various embodiments, the optical alignment structure 650 may be lateral
to the optical device structure. In other words, the optical alignment structure 650 may
be formed substantially horizontal to the‘optical device structure 652. When using a
smgle optical alignment structure 650, the distance between the optical alignment
structure 650 and the optical device structure 652 may not be set t00 large in order to
achieve better accuracy along vertical direction.

[046] In various embodiments, the optical alignment assembly may further
include the external optical souree. In various embodiments, the optical alignment
assembly may fufther include a detector. Iﬁ various embodiments, the optical
~ alignment assembly may include an alignment fiber. The alignment fiber may be the
aligﬁment fiber 510 illustrated in FIG. 5A. The external optical source may be the
- optical source 536 illustrated in FIG. 5A. The detector. may be the detector 538
illustrated in FIG. 5A The alignment fiber may be coupled to the external opt1ca1 :
source and the detector. The detector may bea photodetector

[047] The optlcal alignment structure 650 may be at a predetermmed distance to
the optical device structure 652. The optical allgnment structure 650 may be ﬁxed at

the predetermined distance to the optical device structure 652, or more specifically to
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the device waveguide or device optlcal component of the optical device structure 652.
" In other words, the distance between the optical alignment structure 650 and the
optical device structure 652 (or more specifically to the device waveguide or device
optical component of the _optical device structure 652) may be fixed, e.g. when
forming the optical alignment structure 650 and the optical device structure 652 on or
over a substrate.
[048] In various embodiments, the alignment fiber may be used for aligning to -
the optical alignment structure 650, e.g. by monitoring the"redirected input optical
light using the detector. After the alignment fiber is aligned to the optical alignment
structure 650, a position of the alignment fiber may be noted or determined. The
position of the optical device structure (or more specifically to the device Waveguide
or device optical component of the optical device structure 652) may be determined
based on the position of the'alignment fiber and the predetermined distance. The main
optical fiber may then be aligned to the optical device structure (or more specifically
to the device waveguide or device optical component of the optical device structure
652). The main optical fiber may then be aligned to the optical device structure (or
more specifically to the device waveguide or device optical component of the optical
device structure 652) based on the determined position of the opticalidevice structure
(or more specifically to the devioe waveguide or device optical component of the
opticgl device structure 652).
[049] In various altemate embodiments, the alignment fiber may be at the (same)
predetermined distance to the main optical ﬁber The alignment fiber may be fixed at
the (same) predetermined distance to the main optical fiber. In other words, the
distance between the alignment ﬁber and the main optical fiber may be fixed to be
sdbstantially the same as the distance between the optical alignment structure and the
optical device structure. For instance, the alignment ﬁber and the main optical fiber
may be held together using a holdmg structure such that the ‘alignment fiber and the

main optical fiber is at the predetermined distance. The alignment fiber and the main
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optical fiber may be a fiber array or a portion of a fiber array. In various

embodiments, the distance between the alignment fiber and the main optical fiber may
~ be substantially the same as the distance between the light carrying structure of the
optical alignment structure .650 end the device waveguide (or device optical
component) of 'theoptical device structure.

[050] Consequently, the optical alignment structure 650 may be configured to
align the main optical fiber to the device waveguide (or device optical component) by
aligning the light carrying structure of the optical alignment structure 650 to the
optical alignment ﬁber. In other words, as the distance betweeﬁ the alignment fiber
and the main opticalr fiber is substantially the same as the distance between the light
carrying structure of the optical alignment structure 650 and the device waveguide (or
device' optical component) of .the optical device structure, aligning the optical
alignment structure 650 to the optical alignment fiber may also align the main optical
fiber to the device waveguide (or device optical component). |

[051] In various embodiments, the optical elignment structure 650 may be
~-configured to be aligned to the optical alignment ﬁber by being configured to redirect
optical light coupled from the extemal eptical source through the optical alignment
fiber back to the optical alignment fiber to be detected by the detector. \_

[052] FIG. 6B isa scﬁematic ‘600b of an optical alignment assembly according to
various efnbodiments. In various embodiments, the optical alignment assembly may
include a further optical alignment structire 654. Tlie optical alignment assembly may
further include a further alignment fiber coupled to the eXtefnal optical soerce and the
detector. _

[053] The further optical alignment structure 654 may be :at a further
predetermined distance to the optical device structure 652. The further 'optical
aligﬁment structure 654 may be fixed at the further predetermined distance to the
or;tical device structure 652. In ether words, the distance between the further ‘eptical

élignment structure 654 and the optical device structure 652 may be fixed, e.g. when
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formmg the further optical ahgnment structure 654 and the optical dev1ce structure
652 on or over a substrate. In various embodiments, the predetermmed distance and
the further predetermined distance may be the same. |
[054] In various embodiménts, the alignmént fiber and tﬁe further alignment fiber
may be used for aligning to the optical a]igﬁment structure 650 and further optical
alignment structure 654 respectively, e.g. by monitoring the redirected input optical‘
lights. The same detector or separate detectors may be used to monitor the redirected
input optical lights from the optical alignment structure 650 and further optical
alignmentbstructure 654.
[055] After the alignment fiber and further alignment fiber are aligned to the
optical alignment structure 650 and further optical aligmhent structure 654
respectively, positions of the alignment fiber and further alignment fiber rﬁay be noted
or determined. The position of the optical device structure (or more specifically to the
device waveguide or device optical component of the opticai device structure 652)
inay be determined based on the positions of the optical the alignment fiber and
further alignment fiber as well as the predetermined distance and further
predetermined distance. For instance, if the predétermined distance and the further
predetermined distance are the same, the position of the.optiéal device structure (or
more specifically to the device wéveguide or device optical component of the optical
device structure 652) may be determined by simply averaging the coordinates of the
positions of the alignment fiber and further alignment fiber. The main optical fiber
‘may then be ali;gned t)o the opticai device structure (or more specifically to the device
waveguide or device optical'component of the opticél device structure 652).
[056] ‘Using two optical alignment structufes may allow alignment of a main
'optical ﬁber to an optical device structure which is not lateral or not in the same
“horizontal plane asv the optical alignment Structureé. For instance, the optical
alignment structure may be fofmed on a first layer, the optical device structure may be

formed on a second layer over the first layer and the further optfcal alignment
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structure may be formed ona th1rd layer over the first and second layers. Using two

optlcal alignment structures allows the vertical posmon of the optical device structure
to be determined. |
[057] In various altemate'embodiments, the further alignment fiber may be at the
(same) further predetermined distance to the main optical fiber. The further alignment
fiber may be fixed at the (same) further predetermined dis)tance to the main optical
fiber. In other words, the distance between the further alignment fiber and the main
optical fiber may be substantially th'e same as the distance between the further optical
alignment structure and the optical device structure. In various embodiments, the
distance between the. further alignrnent fiber and the main optical fiber may be
substantially the sante as the distance between the light carrying structure of the
further optical alignment structure and the device waveguide (or device optical
component) of the optical device structure. In various embodiments, the main optical
fiber, the alignment fiber and the further alignment fiber may be held together by a
holding structure. The alignment fiber, the further alignment fiber, and the main
optical fiber may be a fiber array or a portion of a fiber array.
[058] ~ Consequently, the optical alignment structures 650, 654 may be conﬁgured
to ahgn the-main optical fiber to the device waveguide (or deuice optical component)
. by aligning the light carrying structures of the optical alignment structures 650, 654 to
the optical alignment fiber ancl further optical alignment fiber. In other words, as the
distance. between the allgnment ﬁber and the main optlcal fiber is substantially the‘_"
same’ as the distance between the light . carrymg structure of the optical alignment
structure 650 and the device waveguide (or device optxcal component) of the optical
device structurel652 and the distance between the further alignment fiber and the
main optical' fiber is substantielly the same as the distance between the light carrying
structure of the further optical alignment structure 654 and 'the device waveguide (or
devtce optical component) of' the optical device structure 652, aligning the optical

alignment structure 650 to the alignment fiber and aligning the further optical
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‘ ahgnment structure 654 to the further ahgnment fiber may also align the main optical

fiber to the dev1ce waveguide (or dev1ce optical component).

[059] In various embodiments, the further optical alignment structure 654 may be
configured to Be alignéd to thé further optical alignment ﬁbér by being conﬁghred to
redirect optical light coupled frofn the external optical source through thé further
optical alignment fiber back to the further optical alignment fiber to be detected by the
detector or a separate detector.

[060] FIG. 7A 1s a schematic 700a of an optical alignment assembly according to
various embodiments. FIG. 7B is a schematic 700b showing’ a cross-sectional side
view of the optical alignment assembly in FIG. 7A. FIG. 7B corresponds to the view
when viewed from the direction shown by arrow 762 in FIG. 7A. FIG. 7C is a
scanning electron microscope image 700c of the optical alignment assémbly in FIG.
7A.

[061] The optical alignment assembly may include an optical alignment structure
750 and a further optical alignment structure 754. The optical alignment structure 750
may be or may include the optical alignment structure illustrated in FIG. 4A.
Similarly, the further optical alignment structure 754 may be or- may include the
optical alignment structure illustrated in FIG. 4A. The optiéal alignme‘ntv assembly
may further include an optical deﬁce structure 752. The optical device structure 752
may include a device:waveguide 758. :

[062] The optical alignment structure 750 may include a light carrying‘structure
702a confi gured to reéeive aﬁ input opfical light from an éxternal optical source. The
optical alignment structure 750 may further include a light redirection' mechanism
704a coupled to the light canyiﬁg structure 702a. The light redirection mechanism
704avmay be configured to receive the input optical light from the light carrying
structure 702a. The light redirection mechanism 704a may be further configured to
redirect the input optical light back to the light carrying structure 702a, the redirected

input optical light configured to be detected by a detector for aﬁgnment of the optical
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ahgnment structure 750 with the external optical source. The opt1ca1 alignment

) structure 750 may also include a microring resonator 706a coupled to the light
redirection mechanism 704a.

[063] The further optical ahgnment structure 754 may include a hght carrying
structure 702b conﬁgured- to receive an input optical light from an external optical
source. The further optical ‘alignment structure 754 may further include a light
redirection mechanism 704b coupled to the light carrying _structure 702b The light
.redirection mechanism 704b may be configured to receive the input optical light from
the light carrying structure 702b. The light redirection mechanism 704b may be
further configured to redirect the input optical light back to the light carrying structure
702b, the redirected input optical light configured to be detected by a detector for
alignment of the optical alignment structure 750 with the external optical source. The
further optical alignment structure 754 .may also include .a microring resonator 706b
coupled to the light redirection mechanism 704b.

[‘064]  In various embodiments, the external optical sources for emitting input
optical light to the optical alignment structure 750 and the further alignment structure
754 may be the same optical source cr may be separate optical sources.

. [065] In various-embodiments, the detectors for detecting .redirected input optical
light from the optical aligliment structure 750 and the further alignment structure 754
may be the same detector (or different parts of the same detector) or may be different
detectors." _ |

[066] * The predetermined distance 'betw‘een the device waveguide 758 and the
~ light carrying structure 702a of the optical alignment structure 750 may be fixed. The
predetermined distance between the device waveguide 758 and the light carrying
structure 702b of the further opticaI alignment structure 754 may be fixed. The optical
device structure 752, the optical alignment structure 750 and the further optical
alignment structure 754 m'ay be formed on a substrate 760 such as a

silicon-on-insulator (SOI) substrate. In various embodiments, the optical alignment
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structure 750 and the further optical ahgnment structure 754 may be on opp051te sides

of the optical device structure 752. The optical alignment structure 750 may be lateral -
to the optical device structure 752. The further optical ahgnment structure 754 may be
lateral to the optical device structure 752. The predetermined distance may be equal to
the further predetermined dlstance.

[067] A method of forming an optical alignment assembly may be provided
according to Varicus embodiments. The method may include forming the optical
device structure 752 cn a substrate 760. The method may further include formihg the
optical alignment structure 750 on the substrate 760. The method may fuither include
forming the optical .alignment structure 750 on the substrate 760. In various
embodiments, the cptical alignment structure 750 and the further optical alignment
structure 754 may be formed using the same mask layer as the optical device structure
or parts of the optical device structure (e.g. the waveguides). In various embodiments,

- forming the optical alignment structures 750, 754 may not affect the fabrication
process. In other words, forming the optical alignment structures 750, 754 may not
require additional processing steps. In various embodiments, the footprint of the
optical alignment structures 750, 754 may be small. In various embodiments, the
~ optical alignment structures 750, 754may not affect fabricationi costs.

[068] . In various embodiments, the alignment fiber 7IOei and the further alignment
fiber 710b may be used for aligning to the optical Aalignment structure 750 and further
optical ahgnment structure 754 respectively, e. g by monitoring the redirected input
optical lights. The same detector or separate detectors may be used to monitor the
redirected input optical lights from the optical alignment structure 750 and further
cptical alignment structure 754. After the alignment ﬁber 710a and further alignment
fiber 710b are aligned to opticai alignment structure 7501 and further optical alignment
structure 754 respectively, positions of the alignment fiber 710a and further alignment
fiber 710b may be noted or determined. The position of the opticali device structure -

(or more specifically to the device waveguide or device optical component of the
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optical device structure 752) vméy. be determined based on the positions of the

alignmentﬁ fiber 710a and further alignment ﬁbér 710b as well as ;he predéteﬂhined
distance and further predetermined distance.

[069]‘ For instance, if the: predetermined .distance and the further predetermined
distance are the same, the position of the optical device structure (or mbre specifically
the device waveguide or device optical component of the optical device structure 752)
may be determined by simply averaging the coordinates of the positions of the
alignment fiber 710a and further alignment fiber 710b. The position of the alignment
fiber 710a may be (x;, y;) and the position of the alignment fiber 710b may be (X,
y2).- The position of the optical device structure (or more specifically to the device
waveguide or device optical component of the optical device structure 752) at (X3; y3)
may be determined by using equations (2) and 3):

X3 = (X11TX2)/2 2)

y=Orty)2 ©)

[070] The main optical fiber may then be aligned to the optical device structure
(or more specifically to the device waveguide or device optical component ofﬁ the
optical device structure 752). No signal monitoring may be required.

[071] Various embodiments may provide an easier and rﬁore repeatable Was} to
align an optical fiber, i..e the maiﬁ bptiCal fiber to a optical device structure. Various
embodiments allow for automatic alignment using redirected input optical light as
feedback. | |

.[072] | FIG. 8A is a schematic 800a of an optical alignment assembly accordingﬂ to -
various embodiments. FIG. 8B is a scanning électron microscope image 800b of the
optical alignment assembly in FIG. 8A. | . |
[073].  The optical alignment assembly may includé an optical alignment structure.
850 and a further optical aligﬂmént structure 854. T’he optical alignment structure 850
R may be or may include the optical alignment structure iliustrated in FIG. 3. Similarly,

the fufther optical alignment structure 854 may be or may include the optical
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alignment structure illustrated in FIG. 3. The optical alig_nmeht assembly may further

inciude an optical device strucfure 852. The optical device structure 852 may includé |
a device wavegui‘de 858. _

[074] The optical ali.gmnbént structure 850 may include a light carrying structure
802a configured to receive an input optical light from an external optical source. The
bptical alignment structure 850 may further include a light redirection mechanism
804a coupled to the light carrying structure 802a. The light redirection mechanism
804a may be configured to receive the input optical light from the light carrying
struéture 802a. The light redirection mechanism 804a may be further configured to
redirect the input optical light back to the light carrying structure 802a, the redirected
input optical light conﬁgﬁred to be detected by a detector for alignment of the optical
alignment structure 850 with the external optical source.

[075] The further optical alignment structure 854 may include a light carrying
structure 802b configured to receive an input optical light from an external optical
source. The further opt_ical alignment structure 854 may further include a light
redirection mechanism 804b coupled to the light carrying structure 802b The light
redirection mechanism 804b may be configured to receive the input optical light from
the light carrying s-tructﬁre 802b. The light redirection meéhanism 804b- may be
further configured to redirect the ihput optical light back to the light carrying structure
802b, the redirectéd input optical ligilt conﬁgure(i to be detected by a detector for
alignment of the optical alignment structuré 850 with the external optical source.

| [076] The optical aiignment structﬁreS 850, 854 illustrated in FIG. 8A may be
used to align the main optical fiber 852 in a similar manner as the optical éli.gr.lment
structures 750, 754 illustfated in FIG. 7A.

_[077] The opticalralignment structures 850, 854 illustrated in FIG. 8A may be
simpler. By including microring resoﬁators, the oi)tical alignment strﬁcture 750, 754
may be configured to output the redirected input optical light that have decreased or

increased intensities (i.e. a change in intensities) at the reésonant wavelengths
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compared to the input optical light. As such, it may‘beeasier to distinguish the

redirected input optical light from the opticél light that is not coupled into the optical
alignment structures 750,' 754 but may be for instance, be reflected from the substrate
760. Ceusequently, it rnay be easier to align the alignment fibers 710a, 710b to the
optical aligriment structures 750, 754, thus making alignment of the main optical fiber
760 to the device optical structure 752 easier. _ .

[078] The optical alignment structures 850, 854 illustrated in FIG. 8A may be
used if it is possible to distinguish the redirected input optieal light detected when the
alignment fibers 810a, 810b are aligned to the optical alignment structures 850, 854
and the reflected optical light when the alignment fibers 810a, 810b are not aligned to
the optical alignment structures 850, 854. The redirected optical light may be
distinguished from the reflected optical light by intensities, polanzatlon etc.

[079] In various embodiments, the optical alignment structure may generally be
used to align any first structure (besides an optical device'structure) to any second
structure (besides a r;lain optical fiber). In other words, the optical alignment
assembly may generally include the optical alignment structure and a first structure.
The optical alignment structure may be used or may be configured to align the second
structure (or a part of the vsecor'ld structure) with the first structure (or a part of the first
. structure). - .

[080] FIG. 9 is a schematic 900 showing a rrrethod of determining information
about allgnment of an alignment ﬁber to an optlcal alignment structure accordmg to
various embodlments The method may include, in 902, couplmg an input optical
light to the optical ahgnment structure. The method may also include, in 904,
detecting the input optical ~1ight redirected by the optical alignment structure. The
method may further mclude in 906, determmmg information about a11gnment of the
ahgnment fiber to the optlcal alignment structure baseéd on the input optlcal llght

- redirected by the optical ali gnment structure.
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- [081] In other words, a method to determine information of whether an alignment

fiber is aligned to an optical alignment structure may be provided. The mefhod may
include coupling an input optical .light into the optical alignment structure. The
method may further include détecting the redirected input optical light (i.e. the input’
optical light redirect’ed by the optical alignment structure). Information about the
alignment of the alignment fiber to the optical alignment structure may be determined
based on the redirected input optical light.

[082] The optical alignment structure may includé a light carrying structure
configured to receive an input optical light from an external light source. The optical
alignment structure may further include a light redirection mechanism coupled to the
light carrying structure. The light redirection mechanism may be configured to receive
the input optical light from the light carrying structure. The light redirection
mechanism may be further configured to redirect the input optical light back to the
light carrying structure, the redirected input optical light configured to be detected by
a detector for alignment of the optical alignment structure with the external optical
source. The optical alignment structure mayvfurther include a microring resonator
coupled to the light redirection mechanism. The optical alignment structure may be an
optical alignment structure illustrated in FIGS. 2,3 and 4A. |

[083] However, in various enrbodiments, the optical alignment structure may not
be reciuired or may not be configured to redirect the input optical light back to the
light carryingv structure. Instead, the redirection mechanism may be conﬁgured to
redirect the‘in'put optical a_lighflight into a further light carrying structure'; The optical
alignmenfstruct'ure‘may include the further light carryirrg structure to receive the
redirected input optical light and carry the rédirected input optical light to a detector
for alignment of the optical alignment structure with fhe external opticalisource. The
further light carrying structure may be substantially parallel to the light carrying
structure or may be at any .angle to the light carrying structure. In various

embodiments, the light may be redirected to other direction, e.g. vertical direction, by
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_ using a grating eoupler or redirected to an on-chip detector. In various embodiments,
‘vthe optical alignment structure and the further optical alignment structure méy be
coupled to form an input/output (I/O) loop. Optical light may be coupled to the optical
source to the cafrying structdre of the optical alignment structure. The opt_ieaI light
may be redirected by the light redirection mechanism o% the optical alignment -
structure (and/or the light redirection mechanism of the further optical alignment
structure) to the light carrying structure of the further optical alignment structure to be
detected by a detector. In other words, the optical alignment structure and further '
optical alignment structure may be used in conjunction. Light may be coupled into the -
optical alignment structure and out of the further optical alignment structure. The light
may be redireeted by one or two light redirection mechanisms of the optical alignment
structure and/or further optical alignment structure. In various embodiments, a
redirected input optical light may be in a different direction from the input optical
light, whether or not the redirected input optical light and the input optical light are in
opposite directions. 5

[084] In various embodiments, the input optical light and the redirected input
optical light (i.e. the input optical light redirected by the optical alignment structure)
may be substantially the same or may be substantially different. For instance, the
redirected input optical light may have decreased or increased intensities (le. a
change in intensities) at selected resonant wavelengths or range of resonant
wavelengths. The redirected input optical light may also have a different polarization
from the input oﬁticali light. The detector may be cenﬁgured to detect a change in a |
property of the _redirected input optical light and the input optical light. The property.
may, for instance, be intensity or polarization.

[085] | In various embodiments, vthe method may further include prdviding a
device optical structure at a predetermined dilstance from the optical alignment
structure. In various embodiment_s, a .part of the device optical structure (e.g. a device

waveguide or a device optical component) may be at a predetermined distance from a
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part of the optical alignment structure (e.g. the light carrying structure). Various

embodiments may include aligning the device optical structure (or a part of the device
optical structure) to-a main optical fiber using the o‘ptiéal alignment structure and the
alignment fiber. | | |
[086] The method may further include moving the alignment fiber until the
detected input optical light redirected by the optical alignment structure is abbve a
. predetermined intensity. The method may additionally include determining a position
of the alignment fiber when the deﬁected input optical light redirected by the optical
aligmhent structure is above the predetermined intensity. The method may also
include aligning a main optical fiber to the device optical structure (or a part of the
device optical structure) based on the position of the alignment fiber and the
predetermined distance. ‘
\ [087] - The optical structure (or a part of the device optical structure) may be
lateral to the optical alignmént structure (or a pért of the optical alignment structure).
The alignment fiber may thus be moved laterally until the detected input optical light
redirected by the optical alignment structure is above the predetermined intensity.
[088] In various erhbodiments, after the alignment fiber is aligned to the optical
alignment structure, the position of the optical device structu.re.(or a part of the device
optical structure) may be determiﬁed- based on the positions of the alignment fiber as
well as the predeteﬁnined distance. |
[089] The method may further include providing a further optical alignmeﬁt
structure at a further prédetermi»ned distance to the device optical structure. The
method may also include coupling the input optical light to a furthe,rv optical alignment
structure. The method may additionally include detecting a further input optical light
redirected by the further optical alignment structure. The method may‘ﬁlfthér inéludé
determining information about alignment of a further alignment fiber to the further
». optical alignment structure based on the further input optfcal light redirected by the

optical aligmheht_ structure.
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[090] The method may 'include moving the further alignment fiber until the

detected further input optical light redirected by the fuﬁher optical alignment str'ucture'
is above a further predetermined inteﬂsity. The method may further .include
determining a further position-of the further alignment fiber when the detected further
input optical light redirected by the further optical alignment structure is above the

- further. predétermined intensity. The method may also include aligning the main
optical fiber to the d¢vic¢ optical structure (or a part of the device optical strﬁcture)
further baséd on the further position of | the further alignment fiber and the further
predetermined distance. In various embodiments, after the alignment fiber is aligned
to the optical alignment structure and the further aligninent fiber is aligned to the
further alignment stru_cture,.the position of the optical device structure (or a part of the
device optical structure) may be determined based on the positions of the optical
alignment structure and further optical alignment structure as well as the
predetermined distance and further'predetermined distance. The'alignment optical
structure, the further alignment optical structure and the optical device structure (or a
part of the device optical structure) may not be required to be lateral to one another.
[091] In various embodiments, the alignment fiber may be fixed at the
predetermined distance to the main opticali ﬁber, e.g. held 'together by a holding
structure. The method may furthér include moving the alignment fiber and the main
optical fiber until fhe detected input optical light redirected by the optical alignment

_ structure is beyond a predetermined intensity.‘ The -aligmneht fiber and the main
optical fiber may be mo;/ed laterally until the détectéd‘ input opfiCal light redirected by :
the optical alignment structure is beyond the predeteﬁnined intensity.

[092] In _varidus embodiments, the method may include providing a further
optical alignment structure at a fqrther prede‘terrninefi distance to the device optical
structure. The method may als& include éouplin'g the input optical light to a further .
O}‘)ti'cal alignment structure. The method méy additionally include detecting a further

input optical light redirected by the further optical alignment structure. The method
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may further include determining information about alignment of a further alignment

fiber to the further optical alignment structure based on the further input opticai light |
redirecfed by the‘further optical alignment structure. ‘ i

[093] The further alignrﬁent fiber may be fixed at the further predetermined
distance to the main optical fiber. The method may further include moving the
alignment fiber, the furthér alignment fiber and the main optical fiber .until the
detected input optical light redirected by the optical élignment structuré is beyond the
‘predetermined intensity and the detected further input optical light redirected by the
further optical alignment structure is beyond a further predeterrhined intensity.

[094] Methods described herein may further contain analogous features of any
device described herein. Correspondingly, devices described herein may further
contain analogous features of any methods described herein.

[095] While the invention has been particﬁlarly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
that various changeé in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. The scope of
the invention is thﬁs indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims afe therefore intended to

be embraced.
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~ CLAIMS

1. An optical alignment structure comprising:
a light éarrying structure configured to receive an input optical light from an
external optical source; and
a light redirection mechanism coupled to the light carrying structure;
wherein the light redirection mechanism is configured to receive the input
optical light from the light carrying structure; and
wherein the light redirection mechanism is further configured to redirect the
input optical light back to the light carrying structure, the redirected input
optical light configured to be detected by a detector for alignment of the

optical alignment structure with the external optical source.

2. The optical alignment structure according to claim 1,
wh.erein the light carrying structure is configured to carry the input optical
light from the external optical source in a first direction;
- wherein the light redirection mechanism is configured to redirect‘the input
optical light back to the light carrying structure in a second' direction

‘ substantially opposite the first direction. -

3. The optical alignment structure according to claim 1,

_ wherein the light redirection mechanism comprises a loop mirror.

4. The optical alignment structure according to claim 3,
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wherein the loop mirror comprises a waveguide comprising a body with a
first end and the second end, the body comprising a loop such that the first

end and the second end are on the same side of the body.

5. The optical alignment structure according to claim 4,
wherein the first end and the second end are directly coupled to the light

carrying structure.

6. The optical alignment structure according to claim 3,
wherein the loop mirror is configured such that input optical light received
from the light carrying structure is split into a first component travelling in a
- first direction along the loop mirror and a second component travelling in a
second direction along the loop mirror, the second direction along the loop

mirror substantially opposite the first direction along the loop mirror.

7. The optical alignmént structure according to claim 1,

wherein the light carrying structure comprises an optical coupler.

8. The optivcal alignment structure according to claim 1, further comprising:

a microring resonator coupled to the light redirection mechanism.

9. Tﬁe optical aligmﬁént structure according to claim 8;
wherein the microring resonator is configured to decrease intensity of the
input optical light received from the light carrying structure such that the
~ intensity of the redirected input optic_alllv light has a lower intensity than the

input optical light received from the light carrying structure. .

10. The optical alignment structure according to claim 9,
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wherein the microring resonator is configured to be resonant to a

predetermined range of wavelengths of the input optical light.

11. The optical alignment s‘_micture according to claim 1,

wherein the light redirection mechanism comprises a Bragg grating.

12. An optical alignment assembly comprising:
the optical alignment structure according to claim 1; and
an optical device structure comprising a device waveguide;
wherein the optical alignment structure is configured to align a main optical

fiber to the device waveguide.

13. The optical alignment assembly according to claim 12,
wherein the optical alignment structure is lateral to the optical device

structure.

14. The optical alignment assembly according to claim 12, further comprising:
- the external optical source;
a detector; and

an alignment fiber coupled to the external optical source and the detector.

1,5. The optical alignment assembly according to claiﬁi 14,

wherein the detector is a photodetector.

16. Thé_optical alignmént assembly according to claim 14,
‘wherein the optical alignment structure is at a predetermined distance to the

. optical device structure.
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17. The optical alhignment assembly according to claim 14, further comprising:
a further optical alignment structure; |
a further alignment ﬁber coupled to the external optical source and the

dqtector.

18. The optical alignment assembly according to claim 17, |
wherein the further optical alignment structure is at a further predetermined
distance to the optical device structure; and
wherein the further alignment fiber is at the further predetermined distance to

the main optical fiber.

19. A method of determining information about alignment of an alignment fiber to an
optical alignment structure, the rﬁethod comprising:
coupling an input optical light to the optical alignment structure;
detecting the input optical light redirected by the optical alignment structure;
and
determining information about ali gnment of the ali gnrﬁent fiber to the optical
ali gnment structure based on the ihput optical light redifeéted by the optical_

alignment structure.

20. The method according'to claim 19, further comprising:
providing a device optical structure at a predetermined distance from the

‘optical alignment structure. -
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