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Abstract: Multi-line LIDAR has a wide range of application demands, but the current detection and processing circuit
of LiDAR is mostly composed of discrete components, and the detector is separated from the processing circuit,
which brings high cost, poor reliability, and other problems. To solve the above problems, an integrated 16-element
LiDAR analog front-end micromodule based on system-in-package technology is proposed, which has important
practical significance for the research of multi-component LiDAR micromodule. This module integrates a 16-element
avalanche photon diode array detector, a self-developed multi-channel LiDAR analog front-end readout circuit chip,
a temperature sensor, and a thermoelectric cooler, etc., which can realize the integration of detection, processing
and temperature control. The test results show that the thermostatic stability of the micromodule is 0.07 C, the
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bandwidth of the micromodule is up to 190 MHz, the noise level of the integrated micromodule is reduced by more

than 32% compared with that of the non-integrated micromodule, and high speed detection of 5 ns laser narrow

pulse is realized.
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Fig. 1 The detection structure of the 32-line LiDAR

M SR N ZEBOC TR IB AR, T 2002 45 R H]
4x4 WIFES) 35 ARG 45 (avalanche photon diode,
APD)RIG , T a4 TARR, 455 532 nm A9
edr, WH TR SRR OISR R S
YRR RATBOG T A R, £ER Velodyne 24
T 2007 ARG 64 LM B0 ETEL, B
TN HN R ZFBRLITE AR, R FR
Girh 64 Jr ALADL S isE PR AR AR A, 1R DN
TEXFR — R LR . B IS Fl R T P kAR,
324k, 16 4k 128 AHUMEHOLH L, HUMEOLH A
RGLAEMUNE 1 B, 2017 4, AARZSEEHLA =
AENBBOCTIREARBATHE R, Bt TR TP
LI . 45 InAlAs APD FIZ S HL
BRIEOLTR IR RGN, SN 2 iR 2018 4F, i
ERAE L Rl TR RS NBITE IEEE Sensors
Journal &3 T —Fhid I T Jo N2 B A kb BOG R
RN BT o LRI B A
%211 16 JLZF PIN SGHL AR AR AT 16 3838 1) 132
g, BMAE— R PCB AR b, ZE8 7l
SnE 3 s,

FE O TR IR BORIT AR RSB U, s 1
—EMR . 2010 4F, FREBRERE LIEEORY BB B
FIF S r A G A APD FRIZEXT RS RS 15 T

Transmitting optics Laser head

Received Transmitting
light laser light optics

Receiving Array
receiver

B2 BAZZREHNE 6 E AN
Fig. 2 The prototype LiDAR of Mitsubishi Electric
Corporation of Japan

210080-2



StE THR, 2021, 48(8): 210080

https://doi.org/10.12086/0ee.2021.210080

B3 16 @Ol E AR % 21
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Table 2 Comparison of the RMS noise between the two module
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Amplitude  0.96 1 0.96 1 0.94 0.92 0.93 0.93

ZERK AT LS PR R

4 % B

HABOCE AN RS, AT SIP AR
T—FUERALIY 16 JCHOET BRI rE, 5o 1]
THRN . BRI, R T 2RPIMOCE A
AR RIS, M T BRI RS, A& @
SCUEHHI B PR S

1) RS EBFSERAITIE, SN T AR,
R T DA 2R A

2) W T IR R A , MR T IR I
AU, AR T ORIRSRERR R R T @l

3) A, MR BN v B T T 2
S ERBEH, T LA R I 7EITIREREE F APD M4
FTLERAELEIK, B TR s, AT
5 T IEIRERES T AT G

WA : B PFROE IR R 007 C k4l
PEROHETE R 190 MHz; MIECTF A SIP i fy,
AR KD TR T 32%; X 5 ns IIEOE

210080-11

[8]

S22 3Rk

Zhu F H, Gong K, Huo Y J. A wide dynamic range laser range-
finder with cm-level resolution based on AGC amplifier struc-
ture[J]. Infrared Phys Technol, 2012, 55(2-3): 210-215.
Castorena J, Creusere C D. Sampling of time-resolved
full-waveform LIDAR signals at Sub-Nyquist rates[J]. IEEE Trans
Geosci Remote Sens, 2015, 53(7): 3791-3802.

Allouis T, Bailly J S, Pastol Y, et al. Comparison of LiDAR
waveform processing methods for very shallow water bathyme-
try using Raman, near-infrared and green signals[J]. Earth Surf
Process Landforms, 2010, 35(6): 640—-650.

Duong H V, Lefsky M A, Ramond T, et al. The electronically
steerable flash lidar: a full waveform scanning system for topo-
graphic and ecosystem structure applications[J]. |IEEE Trans
Geosci Remote Sens, 2012, 50(11): 4809-4820.

Li J. Study on the modeling and processing algorithm of the full
waveform of pulsed lidar[D]. Tianjin: Tianjin University, 2018:
1-4.

X, 2018: 1-4.

Zheng H. Key technology research on analog front end inte-
grated circuit and system for imaging LADAR receiver[D]. Xi'an:
Xidian University, 2018: 4.



StE T#E, 2021, 48(8): 210080

https://doi.org/10.12086/0ee.2021.210080

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

& R E R BT R R R B E 2 4R [D]. &
% HEROTHEKE, 2018: 4.

Fersch T, Weigel R, Kolpin A. Comparison of laser safe scanning
patterns for second generation LiDAR deflection units[C]//2017
18th International Radar Symposium, Prague, Czech Republic,
2017: 1-9.

Ta T T, Kubota H, Kokubun K, et al. A 2D-SPAD array and
read-out AFE for next-generation solid-state LiDAR[C]/2020
IEEE Symposium on VLSI Circuits, Honolulu, HI, USA, 2020:
1-2.

Zhu M Z, Cheng Y, Tan C Y, et al. Development of foreign
spaceborne laser[J]. Infrared Laser Eng, 2012, 41(12):
3241-3248.

AEA, A£G, BNF, F. BSSZEPGLRIK]. oobh
WA ITAZ, 2012, 41(12): 3241-3248.

Albota M A, Heinrichs R M, Kocher D G, et al. Three-dimensional
imaging laser radar with a photon-counting avalanche photodi-
ode array and microchip laser[J]. App/ Opt, 2002, 41(36):
7671-7678.

Kameyama S, Hirai A, Imaki M, et al. Demonstration on range
imaging of 256x256 pixels and 30 frames per second using
short wavelength infrared pulsed time-of-flight laser sensor with
linear array receiver[J]. Opt Eng, 2016, 56(3): 031214.

Hong C, Kim S H, Kim J H, et al. A Linear-Mode LiDAR sensor
using a Multi-Channel CMOS transimpedance amplifier array[J].
IEEE Sens J, 2018, 18(17): 7032—-7040.

Ying G, Huang G H, Shu R. 3D imaging laser radar using Geig-
er-mode APDs: analysis and experiments[J]. Proc SPIE, 2010,
7684: 768402.

Zhu J H. Analysis and experimental research on non-uniformity
of non-scanning Ladad based on APD arrays[D]. Harbin: Harbin
Institute of Technology, 2013: 47-59.

R, 147] APD Lot E Rk Qe 547 5 521 AF R D).

oA R v RIE T ALK F, 2013: 47-59.
Zhou G Q, Zhou X, Yang J Z, et al. Flash Lidar sensor using

[16]

(17]

(8]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

210080-12

fiber-coupled APDs[J]. IEEE Sens J, 2015, 15(9): 4758-4768.
Hu K. Research on ROIC design technique for FM/cw LADAR
based on InGaAs FPA detectors[D]. Tianjin: Tianjin University,
2017: 113-122.

YL AT InGaAs @ RN E 69 FM/cw HOLE ik h b3k ahi%
R AFAID]. RiE: REKFE, 2017: 113-122.

Hu K, Zhao Y Q, Ye M, et al. Design of a CMOS ROIC for In-
GaAs self-mixing detectors used in FM/cw LADAR[J]. IEEE
Sens J, 2017, 17(17): 5547-5557.

Crowell C R. Temperature dependence of avalanche multiplica-
tion in semiconductors[J]. Applied Physics Letters, 1966,
ED-13(6): 242-244.

Zhang Z Y, Yu D S, Cai Y, et al. Design of APD double temper-
ature compensation circuit with high gain stability[J]. Proc SPIE,
2018, 10846: 108460Z.

Prokes A, Zerman V. Temperature compensation of the respon-
sivity of avalanche photodiodes in free-space optical communi-
cation systems[C]//IEEE/Siberian Conference on Control and
Communications, Tomsk, Russia, 2003: 102-107.

Bogatin E. Signal and Power Integrity: Simplified[M]. Li Y S, Liu
Y, et al., trans. 2nd ed. Beijing: Publishing House of Electronics
Industry, 2015: 72-78.

Bogatin E. 135 R &M 5 &k T &AM 20, x)#, ¥,
#F 2 k. At wF Tkt prak, 2015: 72-78.

XAk, FFA, B RARBIRIAZE] FFHREAK, 2002,
27(8): 17-20, 34.

Tumati R. Solid-state nanopore characterization and low noise
transimpedance amplifier for nanopore-based gene sequenc-
er[D]. Maine: The University of Maine, 2008: 26—35.

Proke$ A. Influence of temperature variation on optical receiver
sensitivity and its compensation[J]. Radioengineering, 2007,
16(3): 13—18.

Chuah J H, Holburn D. Low-noise transimpedance amplifier for
pixelated CMOS photon detector in the scanning electron mi-
croscope[J]. IETE J Res, 2013, 59(3): 226—-230.



JEH T#E, 2021, 48(8): 210080 https://doi.org/10.12086/0ee.2021.210080

Design of an integrated multi-line LiDAR
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The structure of 16-element LIDAR AFE micromodule

Overview: LiDAR is an environmental sensing system based on laser ranging technology. Compared with the visual
imaging system, it can directly obtain the 3D information of the targets, so as to improve the accuracy of rapid detection
and recognition for the targets. LIDAR is widely used in autonomous driving, robotics, unmanned aerial vehicles, topo-
graphic mapping, meteorological monitoring and other fields. At present, the detection and processing circuit of LIDAR
is mostly composed of discrete components, and the detector is separated from the processing circuit, which brings high
cost, poor reliability, and other problems. To solve the above problems, an integrated 16-element LiDAR analog
front-end micromodule based on system-in-package (SIP) technology is proposed, which has important practical signi-
ficance for the research of multi-element LIDAR micromodule. This module integrates a 16-element APD array detector,
a self-developed multi-channel LiDAR analog front-end readout integrated circuit (AFE ROIC) chip, a temperature
sensor, and a thermoelectric cooler (TEC), etc., which can realize the integration of detection, processing, and tempera-
ture control. The substrate, 905 nm narrow-band filter parameter and vacuum tube are designed, and micromodule
integration is completed. The integrated multi-channel AFE ROIC chip features with 200 MHz bandwidth, four adjust-
able gains of 65 dB, 80 dB, 90 dB and 100 dB. The size of the integrated ROIC is 2.5 mm %2.0 mm. Compared with the
multi-channel AFE readout circuit composed of discrete components, the integrated circuit chip is helpful to realize
integration. Considering the heat dissipation of the chip and signal integrity, the aluminum substrate PCB with high
thermal conductivity is adopted and the PCB routing is optimized. Considering that the wavelength of 905 nm semi-
conductor laser diode will drift due to the influence of temperature, the parameters of the filter are optimized. The va-
cuum shell adopts metal wall and ceramic insulator structure with excellent air tightness and reliability. The whole shell
is composed of metal base, metal wall, ceramic insulation structure, double straight insert pins, copper exhaust pipe and
top cover with a window. The installation position of the TEC is designed inside the shell. The TEC is a solid device
without noise and vibration. It can realize cooling by passing positive current and heating by passing negative current.
Therefore, the TEC can be controlled by an external TEC drive circuit to achieve a constant temperature inside the shell.
An experiment is built to test the performance parameters of the 16-element LIDAR AFE micromodule such as the
noise level and the response capability of laser pulse echoes. The thermostatic stability of the micromodule is 0.07 C,
the bandwidth of the micromodule is up to 190 MHz, the noise level of the integrated micromodule is reduced by more
than 32% compared with that of the non-integrated micromodule, and high speed detection of 5 ns laser narrow pulse is
realized.
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