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Abstract

monolithic transceiver chip is fabricated based on silicon-based integration technology, which integrates a 1 X 4

Based on a monolithic transceiver chip, a lens-assisted beam scanning lidar system is built. The

optical switch and 2 X 2 transceiver array. The transceiver consists of a grating transmitter in the middle and a
surrounding U-shaped photodetector. The experimental results show that the response time of optical switch is
about 5.4 ps, and the photocurrent response of the transceiver is 0.3 A/W. Combined with our self-developed
scanning electronic control device with the response time of 300 ns, a frequency modulated continuous wave lidar
system is realized, and the ranging experiment is carried out in the range of 1 m.
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Fig. 1 Schematic diagram of LABS. (a) Structural diagram of 2X2 integrated scanning chip; (b) schematic diagram of

beam emission and deflection; (c¢) diagram of echo beam reception
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Fig. 2 Schematic diagram of FMCW ranging
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Fig. 3 Integrated MZI optical switch on chip. (a) Schematic diagram of network structure of on-chip optical switch;

(b) response curve of MZI optical switch
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Fig. 4 Integrated transceiver. (a) Three-dimensional illustration of Ge-Si integrated transceiver; (b) photocurrent of PD

varying with input optical power, illustration shows dark currents under different bias voltages; (c¢) photocurrent of

PD varying with wavelength of input light; (d) photocurrents of 4 PDs varying with input optical power
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Fig. 6 Response curves of scanning electronic control device. (a) Response curves at three different locations without load;
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SR B BB 1 em, 15 5] A9 1 A
FE K 2.860°, BHIM N 0.086°, XF 2X2 Yl & 5 b4
SIY ) 4 AR K BT i AT IR 43
BIAE 4 ASASTR)FE B A0 FE AT T 00 FE 5256, I A5 14 471 45
S BRI 9 BEoR . 2 A SR R 43 0 N
348. 9, 278. 0, 217. 0, 146. 0 kHz, ¥ 4 # & K
52.4 GHz/ms, W i (7) 2 0] 75815 2] B b 5 5 55
W% 1.01,0.80,0.63,0. 42 m, 5 i b I 1Y
FEESXF G, BRIIRZETE 0. 01 m N, 33 Fl 15 2% e A

FH S5
6 45 1w

BT 7 — Pl B B iR — R AR R FMCW
POLTE A il WOk — MR B O R R B S
T B RO SR BRSO 7 A 1]
AR R SR A St BT G A St SR L U OB Y
PD,IFfE R B TOLTT G, SRSl i, ik 4%
6 R B R 0.3 AW O IF G A N, B B 24 S

0623001-7



AHEXE - FRIEX

E 425 F6HI/2022 F3 B/RFFIR

Amplitude /dABm  Amplitude /dBm

Amplitude /dBm

Amplitude /dBm

-60 fFchannel 1
-90
-120

-150 1 1 1
100 200 300 400 500

Frequency /kHz

—60T channel 2
-90

-120

-150

100 200 300 400 500
Frequency /kHz

-60F channel 3
-90

-120

-150

100 200 300 400 500
Frequency /kHz

—60 | channel 4
-90

-120

-150

100 200 300 400 500
Frequency /kHz

B9 4 A58 EE A R BE & B4R 005 5 1 S

Fig. 9 Spectra of beat frequencies from 4 channels at

different distances

5.4 ps. N T EH A A shEEElL & T —F
S B 300 ns 847 B9 R B, T
ERWES R A A s e i T — B3
1) FMCW OB 8k, I 1 m SEE N SE4T T 008

JIT B 1 B IR 8 e LABS O R s 1

KA AT 20 (B R O 4 [0 S O 7R 18k
li) 552 s B2 FH T 4 2 il

(1]

(2]

[3]

[4]

s % X #
Niclass C, Ito K, Soga M, et al. Design and
characterization of a 256 X 64-pixel single-photon
imager in CMOS for a MEMS-based laser scanning
time-of-flight sensor [J]. Optics Express, 2012, 20
(11): 11863-11881.
Zhang X Y, Koppal SJ, Zhang R, et al. Wide-angle
structured light with a scanning MEMS mirror in
liquid[J]. Optics Express, 2016, 24(4): 3479-3487.
Wu L, Dooley S, Watson E A, et al. A tip-tilt-
piston micromirror array for optical phased array
applications [J]. Journal of Microelectromechanical
Systems, 2010, 19(6): 1450-1461.
Smith B, Hellman B, Gin A, et al. Single chip lidar
with discrete beam steering by digital micromirror
device[[J]. Optics Express, 2017, 25(13): 14732-

14745.

(6]

[7]

(8]

L9}

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

0623001-8

Guan B B, Scott R P, Qin C,

coherent optical communication with orbital angular,

et al. Free-space

momentum multiplexing/demultiplexing using a
hybrid 3D photonic integrated circuit [J].
Express, 2013, 22(1): 145-156.

Tyler N A, Fowler D, Malhouitre S, et al. SiN

integrated optical phased arrays for two-dimensional

Optics

beam steering at a single near-infrared wavelength
[J]. Optics Express, 2019, 27(4): 5851-5858.

Kim S H, You ] B, Ha Y G, et al. Thermo-optic
control of the longitudinal radiation angle in a silicon-
based optical phased array[J]. Optics Letters, 2019,
44(2): 411-414.

Dostart N, Zhang B H, Khilo A, et al. Serpentine
optical phased arrays for scalable integrated photonic
lidar beam steering [J]. Optica, 2020, 7(6): 726-
733.

van Acoleyen K, Bogaerts W, Jagerska J, et al. Off-
chip beam steering with a one-dimensional optical
phased array on silicon-on-insulator [ J]. Optics
Letters, 2009, 34(9): 1477-1479.

Zadka M, Chang Y C, Mohanty A, et al. On-chip

platform for a phased array with minimal beam

divergence and wide field-of-view [ J]. Optics
Express, 2018, 26(3): 2528-2534.
Kwong D, Hosseini A, Zhang Y, et al. 1 X 12

unequally spaced waveguide array for actively tuned
optical phased array on a silicon nanomembrane[]].
Applied Physics Letters, 2011, 99(5): 051104.
Yousefzadeh C, van Rynbach A, Bos P J. Design of a
large aperture, tunable, Pancharatnam phase beam
steering device [J]. Optics Express, 2020, 28(2):
991-1001.

Wang Y M, Zhou G Y, Zhang X S,

broadband beamsteering with

et al. 2D
large-scale MEMS
optical phased array[]J]. Optica, 2019, 6(5): 557-
562.

Ye X W, Zhang F Z, Pan S L. Compact optical true
time delay beamformer for a 2D phased array antenna
using tunable dispersive elements[J]. Optics Letters,
2016, 41(17): 3956-3959.

Luo G Z, Wang P F, Ma ] B, et al. Demonstration
of 128-channel
scanning range [J]. IEEE Photonics Journal, 2021,
13(3): 6800710.

Willekens O, Jia X N, Vervaeke M, et al. Reflective

optical phased array with large

liquid crystal hybrid beam-steerer [ J ]. Optics
Express, 2016, 24(19): 21541-21550.
Kim J, Oh C, Serati S, et al. Wide-angle,

nonmechanical beam steering with high throughput

utilizing polarization gratings [J]. Applied Optics,



AHEXE - FRIEX

E 2% F6H/2022 F£3 B/RFFR

(18]

[19]

[20]

[21]

[22]

[23]

2011, 50(17): 2636-2639.
McManamon P F, Bos P J, Escuti M J, et al. A
review of phased array steering for narrow-band
electrooptical systems[J]. Proceedings of the IEEE,
2009, 97(6): 1078-1096.
Ichikawa T, Kawasaki A, et al.

Demonstration of a new optical scanner using silicon

Inoue D,
photonics integrated circuit [J]. Optics Express,
2019, 27(3): 2499-2508.

Zhang X S, Kwon K, Henriksson J, et al. Large-
scale silicon photonics focal plane switch array for
[ C ]//Optical  Fiber
Communication Conference (OFC) 2021, June 6-11,
2021, D. C. Washington, D. C.:
OSA, 2021: F4A.2.

Chang Y C, Shin M C, Phare C T, et al. Metalens-
enabled low-power solid-state 2D beam steering[C]//

optical beam  steering

Washington,

Conference on Lasers and Electro-Optics, May 5-10,
2019, D. C.:
OSA, 2019: SF3N.5.

Kim S, Sloan J, Lopez J J, et al. Luneburg lens for

San Jose, California. Washington,

wide-angle chip-scale optical beam steering [C]//
Conference on Lasers and Electro-Optics, May 5-10,
2019, D. C.:
OSA, 2019: SF3N.7.

Ito H, Kusunoki Y, Maeda ],

steering by slow-light waveguide gratings and a prism

San Jose, California. Washington,

et al. Wide beam

[24]

[25]

[26]

[27]

(28]

[29]

0623001-9

lens[J]. Optica, 2020, 7(1): 47-52.

Rogers C, Piggott A Y, Thomson D J, et al. A
universal 3D imaging sensor on a silicon photonics
platform[J]. Nature, 2021, 590(7845): 256-261.
Martin A, Dodane D, Leviandier L, et al. Photonic
integrated circuit-based FMCW coherent LiDAR[]].
Journal of Lightwave Technology, 2018, 36 (19):
4640-4645.

DuZ M, Hu C Y, Cao G Y,

wavelength

et al. Integrated

silicon for two-

IEEE Photonics

beam emitter on
dimensional optical scanning [J].
Journal, 2019, 11(6): 6603710.
LiC, Cao XY, Wu K, et al. Lens-based integrated
2D beam-steering device with defocusing approach
and broadband pulse operation for Lidar application
[J]. Optics Express, 2019, 27(23): 32970-32983.
Axel D, Reinhard N.

technology: fundamentals and applications [ M .

Laser measurement
Zhang S L, Transl. Wuhan: Huazhong University of
Science and Technology Press, 2017: 135-144.

Cao X Y, Wu K, Li C,

iteration algorithm for a

et al. Highly efficient

linear frequency-sweep
distributed feedback laser in frequency-modulated
continuous wave lidar applications[J]. Journal of the
Optical Society of America B, 2021, 38 (10): D8§-

D14.



