wo 20187161203 A1 |00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 September 2018 (13.09.2018)

(10) International Publication Number

WO 2018/161203 A1l

WIPO I PCT

(51) International Patent Classification:
GO2F 1/295 (2006.01) GO01S 17/93 (2006.01)

(21) International Application Number:
PCT/CN2017/075710

(22) International Filing Date:
06 March 2017 (06.03.2017)
English
English
(71) Applicant: SHENZHEN GENORIVISION TECHNOL-
OGY CO. LTD. [CN/CN]; Room 201, Block A, No. 1,

Qianwan Road 1, Shenzhen-Hong Kong Cooperative Dis-
trict, Shenzhen, Guangdong 518054 (CN).

(25) Filing Language:
(26) Publication Language:

(72) Imventors: CAQO, Peiyan; Room 201, Block A, No. 1,
Qianwan Road 1, Shenzhen-Hong Kong Cooperative Dis-
trict, Shenzhen, Guangdong 518054 (CN). LIU, Yurun;
Room 201, Block A, No. 1, Qianwan Road 1, Shen-

74

62y

zhen-Hong Kong Cooperative District, Shenzhen, Guang-
dong 518054 (CN).

Agent: SHENZHEN ARK INTELLECTUAL PROP-
ERTY AGENT LLP; B2011, Jintong Building, No. 1058,
Aiguo Road, Luohu, Shenzhen, Guangdong 518003 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: A LIDAR LIGHT SOURCE

100

112

111

120

I
I
I
I
I
g
! ‘
/
.

Fig. 1

7 4
4

.

(57) Abstract: An apparatus (100) suitable for generating a scanning light beam comprises an electronic control system (120) and a
plurality of optical waveguides (111) each comprising an optical core (113). The electronic control system (120) may be configured to
adjust dimensions of the optical cores (113) of the plurality of optical waveguides (111) by regulating temperatures of the optical cores
(113) of the plurality of optical waveguides (111), wherein by adjusting the dimensions of the optical cores (113) of the plurality of
optical waveguides (111) the electronic control system (120) is configured to control phases of output light waves from the plurality of
optical waveguides (111) for the output light waves to form a scanning light beam and control a direction of the scanning light beam.

[Continued on next page]



WO 2018/161:203 A1 {0000 00 0O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2018/161203 PCT/CN2017/075710

A LIDAR LIGHT SOURCE

Technical Field
[001] The disclosure herein relates to lidar light sources, particularly relates to a lidar light
source with two-dimensional steering control.

Background

[002] Lidar is a laser-based method of detection, range finding and mapping, which uses a
technology similar to radar. There are several major components to a lidar system: laser,
scanner and optics, photo detectors and receiver electronics. For example, controlled steering
of scanning laser beams is carried out, and by processing the captured return signals reflected
from distant objects, buildings and landscapes, distances and shapes of these objects, buildings
and landscapes may be obtained.
[003] Lidar is widely used. For example, autonomous vehicles (e.g., driverless cars) use lidar
(also known as on-vehicle lidar) for obstacle detection and collision avoidance to navigate safely
through environments. An on-vehicle lidar is mounted on the roof of a driverless car and it
rotates constantly to monitor the current environment around the car. The lidar sensor provides
the necessary data for software to determine where potential obstacles exist in the
environment, help identify the spatial structure of the obstacle, distinguish objects based on
size and estimate the impact of driving over it. One advantage of the lidar systems compared to
radar systems is that the lidar systems can provide better range and a large field of view, which
helps detecting obstacles on the curves.Despite tremendous progress has been made in lidar
development in recent years, a lot of efforts are still being made these days to better design the

lidar light sources to perform controlled scanning.
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Summary
[004] Disclosed herein is an apparatus, comprising: a plurality of optical waveguides each
comprising an optical core; an electronic control system configured to adjust dimensions of the
optical cores of the plurality of optical waveguides by regulating temperatures of the optical
cores of the plurality of optical waveguides, wherein by adjusting the dimensions of the optical
cores of the plurality of optical waveguides the electronic control system is configured to control
phases of output light waves from the plurality of optical waveguides for the output light waves
to form a scanning light beam and control a direction of the scanning light beam.
[005] According to an embodiment, the plurality of optical waveguides forms a two-
dimensional phased array and is configured to perform two-dimensional light scanning.
[006] According to an embodiment, the plurality of optical waveguides is formed on a
common substrate.
[007] According to an embodiment, each of the plurality of optical waveguides is an optical
fiber.
[008] According to an embodiment, light waves of an input light beam to the plurality of
optical waveguides are coherent.
[009] According to an embodiment, the scanning light beam is a laser beam.
[0010] According to an embodiment, the apparatus further comprises a beam expander
configured to expand an input light beam before the input light beam entersthe plurality of

optical waveguides.
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[0011] According to an embodiment, the apparatus further comprises a diffraction grating
configured to couple the light waves of the input light beam into the plurality of optical
waveguides.

[0012] According to an embodiment, the diffraction grating is a microlens array.

[0013] According to an embodiment, at least one optical core comprises an optical medium
that is conductive and transparent.

[0014] According to an embodiment, the at least one optical core is electronically connected to
the electronic control system, wherein the electronic control system is configured to control the
temperature of at least one optical core by applying an electric current flowing through the at
least one optical core.

[0015] According to an embodiment, at least one of the plurality of optical waveguides further
comprises a conductive cladding around sidewalls of a respective optical core.

[0016] According to an embodiment, the conductive cladding is electronically connected to the
electronic control system, wherein the electronic control system is configured to control the
temperature of the respective optical core by applying an electric current flowing through the
conductive cladding.

[0017] According to an embodiment, the apparatus further comprises a Peltier device
electrically connected to the electric control system, where in the electric control system is
configured to control the temperature of at least one optical core by applying an electric current
flowing through the Peltier device.

[0018] According to an embodiment, the apparatus further comprises a diffraction grating

configured to modulate the scanning light beam.
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[0019] According to an embodiment, the diffraction grating is a microlens array.
[0020] According to an embodiment, the diffraction grating is a Fresnel lens array.
[0021] According to an embodiment, at least one of the plurality of optical waveguides is
embedded in one substrate and at least another of the plurality of optical waveguides is
embedded in another substrate.
[0022] Disclosed herein is a system suitable for laser scanning, the system comprising: the
apparatus of any one of the apparatuses above, a laser source, wherein the apparatus is
configured to receive an input laser beam from the laser source and generate a scanning laser
beam.
[0023] According to an embodiment, the system further comprises a detector configured to
collect return laser signals after the scanning laser beam bounces off of an object.
[0024] According to an embodiment, the system further comprises a signal processing system
configured to process and analyze the return laser signals detected by the detector.

Brief Description of Figures
[0025] Fig. 1 schematically shows an apparatus suitable for generating a two-dimensional
scanned beam, according to an embodiment.
[0026] Fig. 2 schematically shows a cross-sectional view of an apparatus, according to an
embodiment.
[0027] Fig. 3A schematically shows a top view of an apparatus, according to one embodiment.
[0028] Fig. 3B schematically shows a cross-sectional view of the apparatus in Fig. 3A, according

to one embodiment.
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[0029] Fig. 4A schematically shows a top view of an apparatus, according to another
embodiment.
[0030] Fig. 4B schematically shows a cross-sectional view of the apparatus in Fig. 4A, according
to another embodiment.
[0031] Figs. 5A and 5B schematically show a top view and a cross-sectional view of an
apparatus comprising a Peltier device, according to an embodiment.
[0032] Fig. 6 schematically shows a system suitable for laser scanning, according to an
embodiment.

Detailed Description
[0033] Fig. 1 schematically shows a perspective view of an apparatus 100 suitable for
generating a two-dimensional scanned beam, according to an embodiment. The apparatus 100
may comprise a plurality of optical waveguides 111 and an electronic control system 120. In one
embodiment, the plurality of optical waveguides 111 may be embedded in a substrate 112. The
optical waveguides 111 may be optical fibers in one embodiment. In an embodiment, the
plurality of optical waveguides 111 may form a one-dimensional array or a two-dimensional
array such as a rectangular array, a honeycomb array, a hexagonal array or any other suitable
array. In example of Fig. 1, the plurality of optical waveguides 111 may form a two-dimensional
rectangular array and may be referred to as a two-dimensional phased array.
[0034] Each of the optical waveguides 111 may comprise an optical core 113 comprising an
optical medium. In one embodiment, the optical medium may be transparent. Dimensions of
each of the optical cores 113 may be individually adjusted by the electronic control system 120

to control phases of output light waves from respective optical cores 113. The electronic control
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system 120 may be configured to adjust the dimensions of each of the optical cores 113 by
regulating the temperature of each of the optical cores 113.

[0035] When an input light beam incident on the optical cores 113, the light waves of the input
light beam may pass through the optical cores 113 {(e.g., by total internal reflection) and exit as
output light waves from the plurality of optical waveguides 111. Diffraction may let the output
light waves from each of the optical cores 113 spread over a wide angle so that when the input
light waves are coherent {e.g., from a coherent light source such as a laser), the output light
waves from the plurality of optical waveguides 111 may interfere with each other and exhibit an
interference pattern.The electronic control system 120 may be configured to control phases of
output light waves from the plurality of optical waveguides 111 for the interference pattern to
generate a scanning light beam and steer the scanning light beam in one dimension or two
dimensions. For example, the two-dimensional array of Fig. 1 may be controlled by the
electronic control system 120 to generate a scanning light beam and perform two-dimensional
light scanning (e.g., the scanning light beam may scan in the plane parallel to the upper surface
of the substrate 112).

[0036] In one embodiment, the light waves of the input light beam to the plurality of optical
waveguides 111 may be at a same phase. The interference pattern of the output light waves
from the plurality of optical waveguides 111 may comprise one or more propagating bright
spots where output light waves constructively interfere (e.g., re-enforce) and one or more
propagating weak spots where output light waves destructively interfere {e.g., cancel out each
other). In one embodiment, the one or more propagating bright spots may form one or more

scanning light beams generated by the apparatus 100. If the phases of the output light waves
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of the optical cores 113 shift and the phase differences between the ocutput light waves change,
the constructive interferences may happen at different directions so that the interference
pattern of the output light waves (e.g., the directions of the one or more generated scanning
light beams) may also change. In other words, light beam steering may be realized by adjusting
the phases of the output light beams from the plurality of optical waveguides 111.

[0037] One way of adjusting the phases of the output light waves is changing the effective
optical paths of the input light waves propagated through the optical cores 113. An effective
optical path of a light wave propagated through an optical medium may depend on the physical
distance the light travels in the optical medium (e.g., depending on incident angle of the light
wave, dimensions of the optical medium).As a result, the electronic system 120 may adjust the
dimensions of the optical cores 113 to change the effective optical paths of incident light beam
propagates through the optical cores 113 so that the phases of the output light waves
shiftunder the control of the electronic control system 120. For example, the length of each of
the optical cores 113 may change because at least a part of the respective optical cores 113 has
a temperature change. Moreover, the diameter of at least a section of an optical core 113 may
change if at least part of the section of the optical core 113 has a temperature change.
Therefore, in one embodiment, regulating the temperature of each of the optical cores 113 may
be used to control the dimensions of the optical cores 113 due to the thermal expansion or
contractions of the optical cores 113.

[0038] In one or more embodiments, the optical waveguides 111 need not to be straight. For
example, some or all of them may be curved {e.g., “U” shaped, “S” shaped, etc.). The cross-

sectional shape of the optical waveguides 111 may be a rectangle, circle, or any other suitable
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shape.ln an embodiment, the substrate 112 may include conductive, non-conductive or
semiconductor materials. In an embodiment, the substrate 112 may include a material such as
silicon dioxide. In one or more embodiments, one or more optical waveguides 111 may be
embedded in one substrate by filling one or more holes formed on the substrate with the
optical medium. The one or more holes on the substrate may be formed by laser drilling,
chemical etching, etc. A polishing process may be employed to remove a portion of the
substrate covering the bottom of each of the one or more holes and polish two ends of each of
the one or more optical waveguides 111 after the embedding process. Moreover, in one or
more embodiments, the optical waveguides 111 need not to be embedded in one substrate. For
example, some optical waveguides 111 may be embedded in one substrate; some other optical
waveguides 111 may be embedded in a separate substrate.

[0039] Fig. 2 schematically shows a cross-sectional view of the apparatus 100, according to an
embodiment. The apparatus 100 may further comprise abeam expander 202 (e.g., a group
oflenses). The beam expander 202 may expand the input light beam before the input light beam
enters the plurality of optical waveguides 111. The plurality of optical waveguides 111 is shown
in dashed line because they are not directly visible in this view. The expanded input light beam
may be collimated.In an embodiment, the apparatus 100may further comprise a diffraction
grating (e.g., a microlens array 204) configured to converge and couple the light waves of the
input light beam into the plurality of optical waveguides 111. The apparatus 100 may further
comprise one or more diffraction gratings 206 (such as microlens array or Fresnel lens array)

configured to modulate the output light waves from the plurality of optical waveguides 111.
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[0040] Fig. 3A andFig. 3B schematically show a top view and a cross-sectional view of the
apparatus 100, according to one embodiment. As shown in Fig. 3A and Fig. 3B, each of the
optical cores 113 may comprise an optical medium that is conductive and transparent. The
optical cores 113 may be electrically connected to the electronic control system 120. In an
embodiment, the electronic control system 120 may be configured to individually adjust the
dimensions of each of the optical cores 113 by individually regulating the temperature of each
of the optical cores 113. The electronic control system 120 may apply an electric current to each
of the optical cores 113 respectively. The temperature of each of the optical cores 113 may be
individually regulated by controlling the magnitude of the electric current flowing through each
of the optical cores 113. As shown in Fig. 3B, an electric current (dashed arrow) is flowing
through an optical core 113. In example of Fig. 3A, the substrate 112 may comprise routing
elements (such as routing vias and electronic contacts 115A and 115B) connecting to some of
the optical cores 113. The electronic control system 120 may comprise electric contacts 119.
The plurality of optical waveguides 111 may be electronically connected to the electric contacts
119. The electric connection between the plurality of optical waveguides 111 and the electronic
control system 120 may be realized by wire bonding or using an interposer.

[0041] Fig. 4A and Fig. 4B schematically show a top view and a cross-sectional view of the
apparatus 100, according to another embodiment. As shown in Fig. 4A and Fig. 4B, each of the
optical waveguides 111 may comprise a conductive cladding 116 around sidewalls of a
respective optical core 113. In an embodiment, each of the conductive claddings 116 may be
electronically connected to the electronic control system 120 through routing elements (such as

routing vias and electronic contacts 115A and 115B) and electric contacts 119. The electronic
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control system 120 may be configured to individually adjust the dimensions of each of the
optical cores 113 by regulating the temperature of each of the optical cores 113. The electronic
control system 120 may apply an electric current to each of the conductive cladding 116. The
temperature of each of the optical cores 113 may be regulated individually by controlling the
magnitude of each of the electric current flowing through each of the respective conductive
cladding 116 due to heat transfer between the optical core 113 and the respective conductive
cladding 116. As shown in Fig. 4B, an electric current (dashed arrow) is flowing through a
conductive cladding 116.

[0042] Figs. 5A and 5B schematically show a top view and a cross-sectional view of the
apparatus 100, according to an embodiment. In this embodiment, the apparatus 100 may
comprise one or more Peltier devices 130. A Peltier device 130 is a semiconductor based
electronic component capable of converting a voltage or current input into a temperature
difference that may be used for either heating or cooling. For example, when a current is
applied to the Peltier device 130, one side of the Peltier device 130 is cooled down, and the
other side of the Peltier device 130 is heated up. In an embodiment, one or more Peltier devices
are electronically connected to the electronic control system 120. One side (either cold side or
hot side) of each of the Peltier devices is in contact with a sidewall of the substrate 112. The
electronic control system 120 may apply an electric current to each of the Peltier devices 130.
The temperature of each of the optical cores 113 may be regulated by controlling the
magnitude and direction of each of the electric current flowing through each of the Peltier
devices 130 due to heat transfer between the plurality of optical waveguides 111 and the Peltier

devices 130. In one embodiment, the Peltier devices may share a common substrate with the
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plurality of optical waveguides 111. In example of Fig. 5A and Fig. 5B, the apparatus 100
comprises one Peltier device 130 in contact with one sidewall of the substrate 112, and a
temperature gradient may be achieved across the substrate 112. In another embodiment, more
than one sidewalls of the substrate 112 may be in contact with Peltier devices.

[0043] Fig. 6 schematically shows a system 600 suitable for laser scanning, according to an
embodiment. The system 600 comprises a laser source 610 and an embodiment of an apparatus
100 described herein. The apparatus 100 is configured to receive an input laser beam from the
laser source 610 and may generate a scanning laser beam due to light diffraction and
interference. In an embodiment, the system 600 may perform two-dimensional laser scanning
without moving part. The system 600 may be used together with a detector 620 and a signal
processing system in a Lidar system (e.g., an on-vehicle Lidar). The detector 620 is configured to
collect return laser signals after the scanning laser beam bounces off of an object, building or
landscape. The signal processing system is configured to process and analyze the return laser
signals detected by the detector. In one embodiment, the distance and shape of the object,
building or landscape may be obtained.

[0044] While various aspects and embodiments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art. The various aspects and embodiments
disclosed herein are for purposes of illustration and are not intended to be limiting, with the

true scope and spirit being indicated by the following claims.
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What is claimed is:
1. An apparatus, comprising:

a plurality of optical waveguides each comprising an optical core; and

an electronic control system configured to adjust dimensions of the optical cores of the
plurality of optical waveguides by regulating temperatures of the optical cores of the plurality of
optical waveguides, wherein by adjusting the dimensions of the optical cores of the plurality of
optical waveguides the electronic control system is configured to control phases of output light
waves from the plurality of optical waveguides for the output light waves to form a scanning
light beam and control a direction of the scanning light beam.
2. The apparatus of claim 1, wherein the plurality of optical waveguides forms a two-
dimensional phased array and is configured to perform two-dimensional light scanning.
3. The apparatus of claim 1, wherein the plurality of optical waveguides is formed on a

common substrate.

4, The apparatus of claim 1, wherein each of the plurality of optical waveguides is an
optical fiber.
5. The apparatus of claim 1, wherein light waves of an input light beam to the plurality of

optical waveguides are coherent.

6. The apparatus of claim 1, wherein the scanning light beam is a laser beam.

7. The apparatus of claim 1, further comprising a beam expander configured to expand an
input light beam before the input light beam entersthe plurality of optical waveguides.

8. The apparatus of claim 1, further comprising a diffraction grating configured to couple

the light waves of an input light beam into the plurality of optical waveguides.
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9. The apparatus of claim 8, wherein the diffraction grating is a microlens array.

10. The apparatus of claim 1, wherein at least one optical core comprises an optical medium
that is conductive and transparent.

11. The apparatus of claim 10, wherein the at least one optical core is electronically
connected to the electronic control system, wherein the electronic control system is configured
to control a temperature of at least one optical core by applying an electric current flowing
through the at least one optical core.

12. The apparatus of claim 1, wherein at least one of the plurality of optical waveguides
further comprises a conductive cladding around sidewalls of a respective optical core.

13. The apparatus of claim 12, wherein the conductive cladding is electronically connected
to the electronic control system, wherein the electronic control system is configured to control a
temperature of the respective optical core by applying an electric current flowing through the
conductive cladding.

14. The apparatus of claim 1, further comprising a Peltier device electrically connected to
the electric control system, where in the electric control system is configured to control a
temperature of at least one optical core by applying an electric current flowing through the
Peltier device.

15. The apparatus of claim 1, further comprising a diffraction grating configured to modulate
the scanning light beam.

16. The apparatus of claim 15, wherein the diffraction grating is a microlens array.

17. The apparatus of claim 15, wherein the diffraction grating is a Fresnel lens array.

13



WO 2018/161203 PCT/CN2017/075710

18. The apparatus of claim 1, wherein at least one of the plurality of optical waveguides is
embedded in one substrate and at least another of the plurality of optical waveguides is
embedded in another substrate.
19. A system suitable for laser scanning, the system comprising:

the apparatus of any one of claim 1-18,

a laser source,

wherein the apparatus is configured to receive an input laser beam from the laser
source and generate a scanning laser beam.
20. The system is claim 19, further comprising a detector configured to collect return laser
signals after the scanning laser beam bounces off of an object.
21. The system of claim 20, further comprising a signal processing system configured to

process and analyze the return laser signals detected by the detector.
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