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Research progress of APD array and its imaging LiDAR system

LI Bing, YANG Yunxiu, LI Xiao, GUO Changdong, KOU Xianguo, KONG Fanlin, YUAN Liu, ZHENG Boren
(Southwest Institute of Technical Physics, Chengdu 610041, China)

Abstract: Light detection and ranging ( LIDAR) is widely used in spacecraft navigation, security monitoring, 3-D

mapping, autonomous vehicle, military equipment, robots, and other fields. It has important military and civil value. Avalanche

photodiode ( APD) array detection technology plays a vital role in the development of LiDAR. In this paper the background of

LiDAR and APD array was first introduced, then the development history and latest progress of APD array and LiDAR system was

summarized. Finally, the development prospect and research trend of APD array detection technology was summarized.
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Ifil (focal plane array,FPA) )R] R 64 pmx64 pm, %
EIAE A 64 wm, BAG 0.9 pm~4. 3 wm KA G1E N
B, 7E 250 kHz B W5 TH 4R T, O 7 #8008 R 5 5
70% , B EESN/NT 0.5 ns, WOEFFES] S APD 5
AR A2 KR 25 Y S PR 14 v B B0 100%
7 APD 3 25 553K 1900 1751} HeCdTe APD (152 PR H
F/NT 3 TTAH T/ (s - pixel ) , G003 B0 5 H B
A 6 ns WA TE R EASG Tk o B TR

2020 4F, 3 8 [ Z M0 A5 MK S 22 FAESE e /Y
PRASAD % A\ TP &t — Rl G1HT 19  AEB0S 106 114 2%
£E B HL [ ( photon sensing integrated circuit, PSIC) S Ji
2556 #4748 (heterojunction phototransistor, HPT ) %%
PE S B 4 IR T FPA RYRLRE AR B AR &, X Fp
T InGaAs 1) PSIC HPT 34 & — 2 il 45 0 5 A1
I A, BAT 320x256 BUBEAN 30 wm T E9B R, IF
£0.9 pm~1.7 pum YR LA (short wave infrared,
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KT 1000 BUAFFHCRIE 4 , B 25 = T 20 A5, 5 HL IR
T % B2 T InGaAs APD 19 1710, 47 HPT 33
H B e R TR R A0 A AR % IS R R M R S
BTG A I Y R R AR R L

Pixel Pitch (um) 30
Optical Fill Factor 87%
Spectral Resporse (um) fom09101.7
Quantum Effciency 65%
- Digital Output Frame (fps) 26
. Exposure time (ms) 0.00636
Mean Detectivity D* (cmVHz/W) 3x10*14
Noise Eq Ir (ph: 2s)| 3.5x10*9
RM S Noise (photons) 0.2
Pixel Amplification Gain > 1000

Readout Integrated Circuit (ROIC)
Readout Noise (electrons)
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Fig.4 Specifications of focal plane detector and the integrated samples
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Fig.5 2x8 HgCdTe APD detector cooler assembly[ls]
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Fig.6 Photomicrograph of hybrid integrated APD/CMOS device'*’
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fifi#%, 7E58E KFHE 56T LL 10 frame/s 1) 3 B AE
100 m S I 3RAS T S HERR 1 BE 25 EHR, 7 By
202 pixelx96 pixel, & 7a B/ T HRG0 204 ; K
Th A ERI AR e i B e 22 004 R B AR S Ak
i (digital signal processing, DSP) i %, 47 223543 0 B
YeF3 i W% (sigte photon avalanche diode, SPAD)
12TE L) S Bsf ()5 - 45 (time to aigital couverter, TDC)
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2020 4F, JE[H Acqubit A F B YUAN AL T
—Fh B R 2 BR 45 F 1Y GaAs %& InGaP APD™ | il
fET 32x32 GM APD [, 315 ROIC #4171 AL, it
FRSF2924 3,75 mmx3. 75 mm, F RS 09 1E 9 3%
(field of view,FOV) K, FEZEIR T, 7E 50 wm #5140
RIURE /N T 10 pA, 7E 532 nm &b, Bl )2 (anti re-
flective, AR ) 3 375 5 25 1 19 S B T ROR 48 54%
9 HHAEFHE R,

P9 32x32 FEg AP >
Fig.9 32x32 array and focal plane
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T —Fh T FRUE 55 nm B 4 B (bipolar-CMOS-
DMOS,BCD) 5 R BAHL Si PMT, I H ¥ Si PMT 4%
B A B 8] A7 5& B F 31 %L (time-correlated  single
photon counting, TCSPC ) #&% Bt () LiDAR % 4t '™,

Si PMT 1 16x16 FO6T55 i 48 (SPAD) 41, R
515 0.29 mmx0. 32 mm, & SPAD HtH—73.3V
AL BRI MOS BB K 78 5V e i T 7S
FIMEEE R 3.4x10°, 7F 3.3 VIREHRIE T, b7 ITat

GTPERN 185 ps, 2T IR HER R 120 ps, FEEN
WEE &M, 25 m B B0 & B AAE BE N 2 em Al
2 mm, Q1K 10 fos 2 7E R S 00T | 128 %256
1 256x512 5 HERI0E 7523

SRS EE IR B R

tj(x

cinna L

B 10 Si PMT 50 P FVR I iR 1 4T
Fig. 10 Si PMT array diagram and depth intensity image
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2010 4, L FRHE K24 4xa DG R B
APD HITFINGHOLTE R VT EY 1.5 km, U &
KSR 15 em,

2013 4 WG JRVE Tolk K272k 35 B Pacific Silicon
Sensor v F)AE A1) Si FEFES] APD 4R 0T T 8x8
) LM APD FESIHOGT A R G I #1405 8x
8,4 ICIHIFL 205 wm®,

2015 47  FEMRCEE TR 2548 T —F B HOE & ik
GLiDAR-1I , &% T 3£ [ Pacific Silicon Sensor 2\ &)
HE I AD500-8T052S2 [ 5x5 JCEF#A 143 3 Ak
FAPDUS |l FYCLF R A I APD, 1T LA S5 R A1
AHAR APD By ARG, I 1T IR SR v FH 75 R O 1
s APD my%kar , A 55 ARG AR Z [ R OEHE
BRCR IR 90% , APD TAEFELMER, 7F 760 nm ~
910 nm YK H N & F R F KT 80%, GLIDAR-II
BRI A 1. 20% 1. 20  3RINFE L LA 20 m, I RE A
N5 cem,

2016 4, F s KETE L T —Fhp B IO TR 38 &
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G5 % AGMT 44 LM APD FEEE 2 AR Ha i )
Z s AR AQURI T 1x4 4~ LM APD #0025 BV AJ 52
PR 256 MR ER BRI, ik oG IR DGO BRI /Y
R 1) 0 HER 2R 15 em, EEAE EEZ) R 4 em,

2018 4F, PURgHOR M BT ST P F il T —Fh 64 x 64
LM InGaAs/InP T e “ A S | 5L B A4
JEE AL 2 T 4K ( complementary metal oxide semicon-
ductor, CMOS ) S/ HL B8 i In A B %6 HIK T 2R &
SR HTRIE B T LM-APD-FPA 25¢E5 | % M50 1
F/NRI T 25 400 nW, B2 H H 1 I 1] 23 B 48 R
1 ns, K EOEH KA 1064 nm, Bk 56K 5 ns, Bk b EE
4 100 m), EEMAEN 20 Hz, KU 1 km K
BN 15 em,

2018 47, U Rt BT R=A4R i T — 52 A2 IR AR
JE R IR K th O 3 iR R &Y el 11 B
R HEMOEERGEH 18x30 AMRGEBELALR, 4310 76 i
7 b ADUSR IR A R R B L5 3 520, 14
H FPGA (field-programmable gate array ) #2337 1] 4 F
I"TF4%1) , DOE ( diffractive optical element) A fiTH 2470
-, NUMLA ( non-uniform microlens array) “&3E 5]

Bl

target

transmitting system

OE
e -

pulsed laser

APD|
array y
I B p
FPGA = ROIC
J receiving
system
~echo beam

L~ aperture array

11 5O TR o O R O T A
Fig. 11 Schematic diagram of pulse laser flash LIDAR developed by Beijing
University of Technologyiﬂ]

2020 4F, B RGBT T 128%2 4tk
PREECRE T L A R T R R FH B
BB B I ORI  TDC T HE T ADC
LUIRERAE B E R —RE R I B4 LM APD A2
PRI 0T S0 128 %2 BB HUEE A B0 5 ATkl
T/ INIFTE] 23 E AT 5K 0. 25 ns, APD A2 [ 15 25 19 3k
ISR 7%, B4R 0. 15%,

2.2 GM APD B&EFIFFZE IR

2016 4, Ma IRV Tl K2 A 9 TR G 30 78 38 2R
FHH R4 4R AT w5 U - DU T 0 A Y
32%32 12 I InGaAsGm-APD 5 T4 I 2818 ik
MG KN 1570 nm, kP BEE K 2 mJ, kb 58 2 /N
F 10 ns, ML FEIHE AT 55 3.9 km, WHER A 1 kHz,

2019 4, i [ o R AR A /58 =\ S T
] T — LT 64x64 InGaAs GM 5 A Y HE — A 8 [
FIEYINEHOETE IR K R 1064 nm , {321 A Y
]2 HEN 2 ns, SEEL T XA L) 300 m AME) H AR
T4

H AT E AT Si PMT 28 14 A9 AFF 52 4R 38t 42>,
2018 4F AP R K2AFET 0. 18 wm ARifE CMOS T2
WFR] T Si PMT 2452020 4F | AL 500l Kofir e
S RIS T RS 15 wm B AU
9 mm® ) HME e BH A KR RE S LA g

3 EMS APD BEFIRFRIEFRAIXTEL

F 1 fEk 2 spXFE NS LM APD [451)F1 GM APD
FESI T AR B AT T X LG, B AP 30O B 3k B i 52 5K
FLOTERI R H AR 7 TH A B 2 ME AR &, BRI
7 1) SR A 25 AR N AR i, O S8 BRI
W NI 225 B e WU S AR B AR TEAR I e R
W57 1, B N5 ESMR AR — B 2E8E , R TR
KR APD [R5 H0 28 X 45 77 T B R 1) K vy, 7 1l
P LS R 2 B T2 R T2 B BR A DA

#1 HEMSN LM APD FEFHEHRRT L

Table 1  Comparison of LM APD array indicators at home and abroad

E 4 i Hh O [ S 2 [ S 1315 2 32 i iy 36
ENy 2004 2012 2012 2021 2010 2018 2020
Pk 1570 nm 1500 nm 1570 nm 0.9 um~4.3 um 1064 nm 1064 nm 905 nm
R InGaAs HgCdTe HgCdTe HgCdTe — InGaAs/InP Si
[ 51 B 128x128 256%x256 320%x256 2x8 4x4 64x64 128x2
BRIMEEE  0.06 km~1.1 km 7 km~10 km 40 m 1 m~10 km 1.5 km 1 km —
PRIIAS B 15 cm 5 ¢cm@ 1 km 11 em 0.05 m 15 em 15 em —
&It — — — 64 pm — — 150 pm
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#2  [EAS GM APD [E5HEFRY 1L
Table 2 Comparison of GM APD array indicators at home and abroad

EPIRS [ A1 [ 412022 [ 4] [ 427 g 2
EMy 2002 2010 2015 2019 2022 2016 2019
Pk 532 nm 1500 nm — 671 nm 550 nm 1570 nm 1064 nm
ok — InP — — Si InGaAs InGaAs
[ 51 R 32x32 32x128 256x256 256256 16x16 32x32 64x64
PRI 2 500 m 3 km 3.5 km 50 m 25 m 3.9 km 300 m
PRI B2 15 em 0.3m — — 2 em/2 mm 0.12m —
&It iR — — 25 wm 9.18 pm 18.5 um — —

PANibE S = R PR R v 2 S i S S 1 R AN
BEMAY T BE , e ZEHE— S K EE APD MR8 PRI
B, 32 O R IR RS A SEBLPRIE 3 ZERR

4 HRIE

W O B AR e BOR B0 AN B A | S0
B AT M T /N T AT | 2 41 B Tt R TR D' AR
T TR | A5 P SR R 2 O LRI AR B IS
PRI AR MR A O TR A R AR R T
BN SR AR H KR8
AR, I/ IMETTIRI R, 42 5 22 DI RE 4 R, 5 ' S 5
Be HARIIFERTT [ A . PO A 5 52 3R IR
DU, BUACHRIN B AR 1) e Ji e 1) F 22 Fp A% Jeie 1)
FlE RN AR B F 8 19 HAR{R S, 3 de i T &
N2 PP S BURARES &
2 % x #t
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