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iEfBI27R Legal Notice:

A HATE ERERRARABIEFINERBI T AR REEEMTE
Z R, AR HRE s S (AR A B TR AR CEIX L AT+
RURRIN Az, FTE(EEERE "TH=BESIEIRAR" (BiR "=HihER" )
& "FEERLBEERS" (LUTER CIOE SihEYHES) FrEBRSEERE.
REZWEFER K CIOE BEIFA, MWAXEGSERTHIEEEBS LUHTR
VINLASEH]. EERIEE. XSt SiEIEMM S RATR T AT U4,
B BETEIRR CIOE INARTSERYKIR, (BARERIEEASHHIE M.

The information contained in this document is intended solely for the purpose of providing information
and discussion to selected and qualified individuals and groups, and does not constitute a proposed sale or
offer to purchase equity interests in LiDAR-listed companies in any jurisdiction. All information is owned by
MEMS Consulting and China International Optoelectronic Exposition" (hereinafter referred as CIOE) and
should be kept confidential. It is illegal to copy or distribute this document or all or part of it in any form
without the written permission of MEMS Consulting and CIOE. The statistics and other factual statements in
this document are derived from public documents, or from sources believed by MEMS Consulting and CIOE,

but cannot be guaranteed to be accurate or complete.

BiIfEEBRIAR Predictive Statement:

EXhRY fEET, CTRERT, T, Awee, vk, U, |,
"B vlﬁj;E&%LIE’\J%EJ‘LZETE%E’TJHE'TEBELO XL RRAE & T BRI
RARIXBG, AHEESHEMER, RS HYCEIAEX L RFEAISIRR
ER. RINEPRSRIFEEIRA P RBRA S 2RI E L RIEARE.

Words such as "believe", "expect’, "anticipate”, "possibly”, "plan”, "predict”, "will", "be going to" and
similar expressions are forward-looking statements. These forward-looking statements contain known and
unknown risks, uncertainties or other factors that may cause the actual results, performance or products of
the LiDAR related listed company to be substantially different from those expressed or implied in the forward-

looking statements.
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$E—3EB4: AEYES 1. Background

i, ERESWRADEEXTWANBMGEAEN., —oHE, BUCEATUHRTRE
WEAEARNR., SF 3 B, MEMS B5%¢EIAI /& Innoviz Technologies (5=
551, 1HEITE 2021 S5 MEMS EOCEIREMTIS%F) Efvsesk C eitit
1.32 {ZETHIRER, IRETTHKBABTUREHHIGE /R (Harel Insurance
Investments and Financial Services) FIRIE{RBE (Phoenix Insurance
Company), FERERERA. REURIIEF R A, EZBETSENE, M 2016
FLBE, BtER TR EREE 7 1012555T. B—HHE, FEEXEN
MEER. FANETERRT A TEREEESHRIFKMIEZRY, 158
AL (Tesla) BEHITESHTRGEENAT diss FAEEAREEIANBNERA
8, RARLEAER "TRE" , ) EEXR !

Recently, the intelligent driving LiDAR industry has been in a full
swing. On the one hand, the investment boom in LIDAR industry
continues unabated. In march, Innoviz Technologies, a manufacturer of
MEMS LiDAR, (in partnership with BMW, plans to integrate MEMS LiDAR
into cars by 2021)announced the completion of a $132 million series C
financing round from Harel Insurance Investments and Financial Services,
an Israeli investment firm and Phoenix Insurance Company, CMC capital,
Shenzhen Capital Groupd and New Alliance Capital. Since 2016,
investments in the LiDAR industry have exceeded $1 billion, according to
MEMS consulting, on the other hand, is under controversy in view of its
expensive price and technical maturity can not fully meet the needs of
intelligent driving in the short term. Tesla CEO Elon Musk recently publicly
made a statement on all companies using LiDAR automatic driving, said
it was "ridiculous” to use LiDAR and they are "doomed"!

m»—7E, £ Yole &FfAMAYRE (REMTIV N ARYEDEER-2019
W) T, ) 2021 FEMNBWSENSERKILE 44000 . SIEERT, 2
FFIATIAEELZE, TSN 2018 FFAY 13 {Z5ETiGi<El 2024 A9 60 12
£t SARERRZ, RFENAGIEEDEEIATIRR 70%0E!

On the other hand, Yole's latest report, LIDAR for automotive and

industrial applications 2079, predicts that the total number of
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autonomous vehicles will reach 44,000 by 2021. The LiDAR market,
meanwhile, is expected to grow from $1.3 billion in 2018 to $6 billion in

2024.The exciting thing is that automotive applications account for 70%

of the LiDAR market!
2018-2024 LiDAR market forecast by application

(Source: LIDAR for Automotive and Industrial Applications 2019, Yole Développement, March 2019)
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2018-2024 LiDAR market forecast by application

AT AERCCE AT K, BRNAXSHFEEERA MEMS fi5sLH
FERPAEANCE AR R REHNESHN, EBETSIEE (2019 F2pN
MEMS BUCEIANARBEITTFS? ) PRAZSARREM T BIAFAIDHT,
Flash BOCEIX BAERITEFREIAIESRN, BE(FNRBEAIEEMERY
AR, FEARERRSIAT, WEEERINMm, e (OPA) B
FEERIXANEREESM OPAS A AHEEE 2, BIRAHE, FEIAEIEEZIRILL MEMS
FRASCILARRFS! OPA BIFSRARKAE. S, BIFRRINERECEEFH
B ERRESE, tLil Lumotive IRH—MEMEIA "XKERA" |, ET#8
PERICSHEE, Lumotive iREBBRECH A AMKEEFIMZURDCEIE
FREBEREERE, TIHERNECRAYREL.

As for different LiDAR technology routes, at present, most voices in

the industry are that using MEMS scanning mirror to realize beam
scanning is the fastest available solid-state technology. The technical
route is analyzed in detail by MEMS Consulting in Will 2079 be the first
year of MEMS LiDAR technology? Although Flash LiDAR is not able to
detect near and far at the moment, it is expected to see mature products
under the guidance of mainland group as a technical route without any

7
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moving parts. Optical phased array (OPA) LiDAR has a promising future
if it can break through the manufacturing barrier of OPA chip technology,
and the implementation of large array OPA by MEMS technology recently
may become the future direction. Of course, perhaps the mainstream
LiDAR of the future will not come from the above technological route.
Lumotive, for example, has come up with a "key technology" for
metamaterials based on the bending properties of metamaterials, its
liquid crystal metasurface chip can manipulate the deflection of a laser
beam without relying on rotating parts in traditional mechanical LiDAR.
AOERIAEREEMBNE} IR L, W BN WSERIERHRL. R
T ERSCRBMNTTRRG, SR CRRIRNES B R B SRS R EIA
RIRRED, EWHTESESFTAMRN_ (BUCEERATZOTTea4-2019 hiR)
FRXITERIZ OTTER AR R P T 7R 4RI T, Bl0: 905nm LARETE
3628 (EEL) B2HaiEmEtss, B 1550nm HF B0 tesfIEE AR e
(VCSEL) B&5II rStBfEiRRA, MRERmAS t4aesinst, JrBRIRNZRTTE, Z55
FEEERE (APD) IR EAARFIEIRIEMG, eSS FEHEIRE (SPAD)
MBECEBIHIEE (SIPM) BERBHRMAGHRERI RS

LiDAR also leads the progress of the whole industrial chaln in the

struggle to meet the requirements of vehicle regulation. In addition to
the above beam control components, the light source and optical
detector manufacturers also work closely to promote the landing of
onboard LiDAR as soon as possible. MEMS Consulting in the latest release
of the LiIDAR technology and core components - 2079 edition analyzed
the core components of related technology and the industry chain in
detail, for example: 905 nm edge emitting laser (EEL) is the current
mainstream laser, but the 1550 nm fiber laser and the vertical cavity
surface emitting laser (VCSEL) array vendors also continues to improve
on size, performance and cost. As for optical detectors, avalanche
photodiode (APD) arrays are the most mature and common devices,
while single-photon avalanche diode (SPAD) and silicon photomultiplier
tube (SiPM) are also adopted and considered as the mainstream
detectors in the future.
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2018-2025 LiDAR for automotive technology roadmap

(Source: LiDAR for Automotive and Industrial Applications 2019, Yole Développement, March 2019)
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AT EERITWAIR R 7S 7 BBz TR R EIGAITIE
MPkb%, CIOE RENBRERFEBETSEH I T(EEBWACE AT R )
B, RERZAOCELATIZES. KALES. NRBFEHIT 20 1828,
HIX1E 1224 HBENE. ZEEETEREEE] | BUCEA] . BUESEX
OTCERY T (ANEERIRIUES. BOEEs. MEMS i8R, B5R%). BalEHR
SN P IRES R

In order to promote the development of LiDAR industry and fully
understand the opportunities and challenges in the development of this
industry, CIOE China International Optoelectronic Exposition and MEMS
Consulting conducted a research on intelligent driving LIDAR industry
white paper, covering the market trends and technical solutions of LiDAR.
The survey lasted 20 natural days, and a total of 1224 valid questionnaires
were obtained. Respondents mainly come from vehicle manufacturers,
LiDAR manufacturers, LiDAR core components manufacturers (such as
photodetector, laser, MEMS scanning mirror, lens, etc.), automatic driving
system and solution manufacturers.

1.1 SF&EEST Respondent Analysis

HAVAENSRKERE] . BUtEX . BUtEX Tt B (0
BRNES. BUtss. MEMS 5%, ERF). BalSREASRKERLER, URE
BRE &,
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Hrp, REBUCEAMROTTRE BIRREEIRS, SAMEXREEE
Y 33.58%; KB 19.36%HNZBEEEREENERAFNERLTER, HIEK
EEOEEX BNSEEELLHIR 13.73%,; Iy, S5EEINNSRE 6.62%3K
BEFE, 26.72%kEHEEE .

Our survey subjects come from vehicle manufacturers, LiDAR
manufacturers, LiDAR core components manufacturers (such as detectors,
lasers, MEMS scanning mirrors, lenses, etc.), autonomous driving system
and solution manufacturers, and other manufacturers.

Among them, the percentage of respondents from core components
manufacturers of LiDAR is the highest, accounting for 33.58%.19.36% of
the respondents are from autonomous driving system and solution
providers; Only 13.73% of the respondents were from LiDAR
manufacturers. In addition, 6.62% of respondents are from OEMS and
26.72% from other manufacturers.

6.62%
26.72% 13.73%
19.36% 33.58%
LDAR = ipAR Core C t
OEM ' Manufacturer A O anufactrer ™ ADAS Systems & Solutions ™ Others

Respondents’ distribution by supply chain

AR, W57 EEEEF SR Lt BmifRikes, XEoi
BT AFMSROCE R TSRS E, Toast Al BB A AN A RIRES
EXE. AREES, KEXIR, FIa0 LED, EEREEAS RIS (VCSEL).
WAGTEDEEs (EEL), NHARDGRFEWHNZEEE 20.10%, KEFCHREMN
Toi, S MEMS iR, JeFBIEE (OPA) &R, fiT595¢F it (DOE) Ff
WHIRREEENA 12.25%; KECBRUSTMEGERSFEWNZREE N

10
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12.50%; REFFEABIWHFETEEN 12.99%,; REMENSIES, F5
SIS R ANIZ AT miEl JFES! (FPGA) . S FISERFRER (ASIC)  FroibIEzs (CPU)
F, Fikrth I NZREEES 79 8.09%. 7.60%7H] 6.62%.

This survey has attracted the active participation of the

manufacturers of components in the upstream of the LiDAR industry
chain, which fully indicates that people hold an optimistic attitude
towards the LiDAR industry and the manufacturers of components keep
a high attention to the development of LiDAR technology. In this survey,
20.10% respondents were from light sources, such as LED, VCSEL, EEL and
fiber laser and so on, 12.25% respondents were from light beam
operating components, such as MEMS scanning mirror, OPA chip and
diffraction optical element (DOE). 12.50% of respondents from
photoelectric detector and image sensor enterprises; 12.99% of
respondents from optical lens enterprises; The respondents of
narrowband filter enterprises were 8.09%, 7.60% and 6.62% respectively
from position and navigation systems, signal processing chips such as
FPGA, ASIC and CPU.

17.89%

B.09%__

12.99% |/

L 12.50%

7.60%_/ 4 4705

OEM
LiDAR

B light beam operating components{ MEMS micromirror, OPA chip,DOE)
Light source(LED, VCSEL, EEL, Fiber Laser)

m optical detector and imaging sensor
rotating motor

m signal processing chips (FPGA, ASIC and CPU)
narrowband filter

m optical cameras
location and navigation

B software and algorithm

u others
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Respondent’ s main products
S5FERH, FREKENERK, & 40.20%; EREErRXKIEIL
X, 5509 28.92%F0 12.75%. XSHEBHESHITI BoHBEX, 1t
R, THROIHFEKFEEESREVERS, RINtEEFELSFRAER
X, Bsr=iEd Mﬁ%mﬂ::r SRl K T EMER RS, ik
WXEFTHELBASHNERERFSRANTR, HERZRIMECE
iR iR tBExE, ERERAEREENESHIIKE, BABEBE
KEIEWRIREX, Among the enterprises participating in the
survey, east China is the most active region, accounting for 40.20%.
South China and north China are next with 28.92% and 12.75%
respectively. This is related to the distribution of manufacturers in
China's autonomous driving industry. Beijing, Guangdong, Jiangsu,
Zhejiang and Shanghai regions have the largest number of intelligent
driving enterprises in China, and also own China’ s most active
economies. Self-driving industry is demanding in knowledge density,
labor productivity and industrial base, the above regions have gathered
China's best high quality education resources and high-end human
resources. The construction of roads and other infrastructure
construction of these area is also relatively complete, and they are the
most appropriate development of autonomous regionals and naturally
the best places for hatching LiDAR enterprise.
f5ign, 2019 £ 3 BALERENAR) (It EHSREMERNIN 2018 F
EIERE)Y B/R, 2018 SF4tmmA 8 REWAY 56 HENEHEBAIN &
RIEETUGRARRR, BV ERERERIINZ2THERT 15.36 ARE; EISHF
4 Bk, EZo3BKA: I xKEW. 60 #FE, & 4037 2BUKERE, Fk—
ERRtE], bR EEREMNEGSEUITNMAR, FRELST KESHUHX
EFTURIERSERE, B 2022 &, JbRmHEEREMEXENH KEEmFIFILE] 500
AR, FRIERERIAT] 2000 N8, £ 18, LR 7 BaESNEEs.
#2018 F 9 ﬁ EBmARMm T EZMERERENEGSEF USRS, FTHIN
HERSEERS. IaBithXMNER, SFpmETE. HixHE. FUEX
I:FJE;E'I_—/T\JE%, it 31.6km, DBIREEXFF 5.5km FlEHEHEXET
FRY 26.1km, HEMB LSEHR. FRAE. EDREFEERBTER.

For example, according to the 2078 annual work report of Beijing

12
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autonomous vehicle road test issued by Beijing in March 2019, Beijing
has issued temporary road test licenses for 56 autonomous vehicles for
eight enterprises, and the safe driving of autonomous vehicles on the
road test exceeded 153,600 kilometers. By the end of April this year, it
had grown to 9 enterprises, 60 vehicles and 40.37 kilometers of test
mileage respectively. In the future, Beijing will improve the test and
evaluation system of intelligent internet-connected vehicles, and
gradually expand the range of autonomous driving test areas and test
roads. By 2022, the area of intelligent internet-connected vehicles test in
Beijing will reach 500 square kilometers and the mileage of open roads
will reach 2,000 kilometers. In Shanghai, autonomous roads have also
been opened up. By September 2018, Shanghai had issued the second
phase of intelligent internet-connected vehicles test road. The new test
roads are planning to be constructed in Anting and port-neighboring
area, including urban main road, urban secondary road, industrial park
main road, a total of 31.6 km, which are Jiading district 5.5 km and 26.1
km of new open port-neighboring area. Shanghai has offered test
licenses to SAIC (Shanghai Automotive Industry Corporation), NextEV
and BMW.

nnnnnn

40,205
40.00%
28.92%
30.00%
20.00%
’ 12.75%
10.00 B.09%
(R T
1.47% 3.68% 1.72% 1.72% 1.47%
0003
East South North Central  p-nh Southwest Mothwest H?_n_glmng Owverseas
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Respondents by regions
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‘ MEMS Consulting

LiDAR Manufacturer Distribution Diagram in China

FERDEEIA BAZEIRLTHIEIMER, EziTW BEFELIEAIMI
ARHAAZ, RE BRENEBAANT . ZREENFEOCEIXTIRIZIGK
&, 2~5 FHIRFEE G 44.36%,;, BERSNZFEEENSFOCE A TIE—
FLARN, & 37.50%; &Y 5 FRZEEELHINY 12.99%; 10 FLAENZESE
FTll. ENERDEEIRTW 10 FUALERRNZREE R, FAREZHEZ, &
42.86%, 1BMZFE 5~10 5 2~5 FRZFEENFHEEPREML, 5505
48.08%7%0 42.78%.

Most Chinese manufacturers are still in their infancy, so there aren't
many experienced employees in the industry, and many of their
executives are overseas returnees. In terms of the respondents’
experience in the LiDAR industry, 44.36% of the respondents have been
engaged in the industry for 2 to 5 years. More respondents engaged in
the LiDAR industry within one year, accounting for 37.50%; Only 12.99%
of respondents have worked in this industry over five years; Few
respondents have worked over 5 years. Among the respondents with
more than 10 years of experience in the LiDAR industry, the majority has
a bachelor's degree, accounting for 42.86%, while those with 5~10 years

14
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of experience and 2~5 years of experience have a master's degree,

accounting for 48.08% and 42.78% respectively.
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049% 417%

1-46%__

___3799%

junior under- g mastery doctor m  other
college graduate

Respondents’ education level

EXS B RIA R OTTRHRAERIFXREES, Hl IRMZREE XS
FEIEHIHER. BANIRIASAZOTTe RS KRAFFEER. EWETEEE
DA B IREFRIFARR THEXFE. FINESSE 4 BTa (8
SBIMERFAIRIRIZE) &, BB CEARARL, Ut IERRR
EAGTEOEES (VCSEL). MEMS 355, ZEEEE_IRE (APD). FEHiRFit
ITRARNREMERIIMIAERNN R, EEAACEEWIEFTW AT T=ES
B, ZW\ETSIERNSE 2019 57 B 19 B~21 B&7> (3D plGinfEREs S
JIIRIE), AREENE 3D M Als# AT, Otttk e=, BT
3D BB SEREIAN: (1) MG, IREEIHT VCSEL; (2) MEMS J¢5RiE
YA, BESTE MEMS fIRRIE (BRI, BN, BRI, EBR); (3)
RINERR; (4) 193567t (DOE); (5) BERESEREIRI: SPAD/SIPM; (6)
JEEBRNERE: ToF Elg{ERES; (7) Y% MEMS MERERAEIIA.

In the survey of the demand for LIDAR and core component

technology training, we found that respondents have a very strong desire
for LIDAR market information, technical knowledge and core component
technology. MEMS Consulting also plans and organizes courses in its
"knowing by sight" training program. For example in late April of this
year's { autonomous sensing technology training course ) , MEMS

16
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Company focus on the LiDAR technology route, the core components
such as vertical cavity surface emitting laser (VCSEL), MEMS scanning
mirror, avalanche photodiode (APD), vehicle camera and other technical
knowledge to teach and share market information, to contribute its
strength in cultivating professional talents of LiDAR industry. MEMS
Consulting will hold {the training course of 3D imaging and sensor
components) from July 19 to 21, 2019. This course will invite excellent
instructors of 3D visual industry chain to analyze 3D imaging and sensing
technology based on core components : (1) infrared light source
technology, in-depth analysis of VCSEL; (2) MEMS beam manipulation
technology, covering a variety of MEMS scanning mirror principles
(electrostatic, electromagnetic, electro-thermal and piezoelectric); (3)
liquid lens; (4) diffraction optical element (DOE); (5) high-performance
photoelectric detection: SPAD/SIPM; (6) photoelectric detection array:
ToF image sensor; (7) optical MEMS and sensor simulation technology.

17



analysis of LiDAR industry

2.1 (S%E ADAS HIBZIZEWIRHNFLEENA Automotive
ADAS and autonomous driving are the main applications of
LiDAR

TERBIAMBLHERE "28" R ¥——EDtEARIRT 20 HES 60 £
BH, BXANARESEFYF, BERAXSHRPLUBEKIERE. BEALR
MEF, WRE 1971 FIKTSHAT 15 SESHEFMRRA—FEEERIRE
—RUEEEITRATH BEEREE. B, BUCEIAREEEMALEEI TR,

AOCEIARAMNRBERATEDENER AT R, BEARHARE. Bt
MR, BOCEERRGERR, R, BUCEANAMHBENHERE. R
U5, BOCEAEES S 2RI, {F/9—MPRETs i ik, RIS S5,
BRERGRSNERMEL, JIARUMREER, REBIRAA. EEZ
=5, BESNAIE, ENAREEEAR T FEFESER ISt ERm KRG
AUEK,

As a joint product of radar and laser, LIDAR originated in the early
1960s and was first used in meteorology, and the NCAR (national center
for atmospheric research) used it to measure clouds. But it came to public
view in 1971, during the Apollo 15 mission, when astronauts used a LiDAR
device called a laser altimeter to map the surface of the moon. Thus, the
accuracy and usefulness of LiDAR have been proved.

LiDAR technology starts from the simplest laser ranging technology,
and gradually develops laser tracking, laser scanning imaging, laser
doppler imaging and other technologies. At the same time, the
application field of LiDAR is also gradually expanded. In the previous
decades, LiIRAD is popular in military field, as a kind of resistant to
electronic warfare, anti-radiation missile, a low-level penetration and
stealth high sensitivity radar, can detect and track the target, the target
position, speed and other information. Though expensive, it still can not

18
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stop the national military commitment to the pursuit of LIRAD' s
excellence.

BOCEARTIRERIEEIRT—ILRE. B 2004 Fi2, XEEHFEHRH
RitkE (DARPA) FHARAR—INABT AEELE, EESMARKENBIS
I, BOCEAR GRS E RN A RIS I ZRRIFRE,

NERIERT A NESE NS A SERAROEEILR, T SAE (X8
AEIRNFSR) L3 RUTHNAREXARGIMNZEKKELNES. EIt,
AOCEAEEN SRR RS RS (ADAS) MBEEWSERA, #F
EBENEWSFERI NN RIAT I HEENE.

The story of LiDAR for cars began with a match. Since 2004, America
defense advanced research projects agency (DARPA) has been running a
big autonomous vehicle challenge, which aims to encourage the
development of autonomous cars, LiDAR and sensor fusion technology
became the winning tools.

While automakers may think of using LiDAR during a highly
autonomous ride, applications below SAE (American society of
automotive engineers) L3 require only a combination of camera and
millimeter-wave radar. As a result, LIDAR will be used primarily by high-
end advanced driving assistance systems (ADAS) and autonomous
vehicles, and autonomous vehicles are seen as an important force in
transforming the LiDAR industry.

Robetic and Light passenger cars sales breakdown forecast by level of autonomy ‘—'\

mADAS Level 0 ADAS Level | ADAGS Level 2 ADASLevel3 mADASLevel 4 mADAS Level 5  mRobotic

a__.....mnwngm

ars sales (Munits)
b=}
S

L) L) T L]
FEET-OFF HANDS-OFF EYES-OFF MIND-OFF
f e s< ¢
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(KR _CRFEAM TN FERYROEERIA-2019 hiz))

FEARREES, 80.64%HZEEENNBEEANREENAMNREES
Z ADAS f1E=153, A, BUCEIRRIF AN ABIEABRTIAE., @Al
FESHATERIIREERRS, BEREENSHE (AGV) RIKBHERMERD
AILABS BN B ESCMEEME. Eit, 58.09%HIZAEE AR NLL B EELE
IAEERINASE, 50.25%HIZEEERAER T AUCEIAEE R SR HAIN
FERIS, M 50.74%RZREE AN AGV NERENEIARFEN AT,

In this survey, 80.64% of the respondents believe that the most
important application fields of LiDAR are car ADAS and autonomous
driving. But LiDAR's emerging applications are not limited to cars. The
technology, which is increasingly used in architectural and geographic
information systems, is a key component of automated guided vehicles
(AGV) that help automate warehouses. Therefore, 58.09% of the
respondents believe that topographic mapping is also the main
application field of LiDAR, 50.25% of the respondents are still optimistic
about the application prospect of LiDAR in the field of national defense
and military, and 50.74% of the respondents believe that AGV car is the
main application field of LiDAR.
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ADAS and Autonomous Driving 80.64%

In Car recognition / | 05.98%

Face recognition

Automatic Guided Vehicle [ 5007484
Household sweeper N 37.99%
Defense and Security [ 50.25%

I 16.67%

Space research

Wind energy N 11.76%

Topographic mapping I 58.09%

Respondents ‘opinion on LiDAR applications

22 BNERTHHERARABTEFLRLEIELNECER A

consensus that autonomous driving market will become
LiDAR industry breakout point

BOCEIARIMN FBIEMERIT YIS, EEREHIEREE Mt ISR EX
BAEGEARKRSEZP. EERBEERE, £5 (BMW) 5 innoviz
FEME, THRITE 2021 FEET MEMS HBENROEEIRERTSE, RPES
BAGZEAEAA RN, EEEBRMEII5E, Waymo HAIMER, EAH
E (Baidu). fizF (Uber). Lyft FEIIANTBaISRHSRE.

LiDAR applications are on track, and other automakers have
announced or planned to integrate LiDAR technology into future vehicles.
BMW has cooperated with Innoviz to integrate a LiDAR based on MEMS
scanning mirrors into cars by 2021, indicating that solid-state technology
will gradually replace mechanical scanning. As for Internet enterprises,
Waymo is not alone since companies like Baidu, Uber, Lyft and others
have also entered the self-driving war.

s LA WHIEREARE, FitEl 2021 F, HaEESENSEBATE
44000 #8, SIEERT, f%ﬂlﬁ‘lﬁgﬁl_ﬁiiﬁ@.lttﬁﬁﬁ, Yole £ ((SZF0 TR/ FRAT
AEERIA-2019 hR)FFRTEDEEIATIZIEM 2018 FHY 13 {Z3ETTIBIKE] 2024
FHY 60 {23578, B, IRENRAGERYEEIATHIRR 70% M5

With the rapid development of these enterprises, the total number
21
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of autonomous vehicles is expected to reach 44,000 by 2021. At the same
time, the LiDAR market is also benefiting. Yole predicts in {LiDAR for
automotive and industrial applications 2019) that the LiDAR market will
grow from $1.3 billion in 2018 to $6 billion in 2024.0f these, automotive
applications account for 70% of the LiDAR market.

ERRBES, BEESHHIHEN AR E AR RBIREEE—H
AR, 93.38%HNZFFEEERBLMSR. MXTEMNERERIEES, X
ZHEZREBNNEOCELTIZRALGHIE 2021~2030 F2/d, HAAN
2025~2030 FIRRHIZREELLHIES.

In this survey, there is a high consensus that smart driving market will
become the flashpoint of LiDAR industry, with 93.38% of respondents
agreeing with this view. In the survey of specific time of outbreak points,
the major respondents believe that the outbreak of LIDAR market will
occur between 2021 and 2030, among which a higher proportion of
respondents believes that the outbreak will occur between 2025 and

2030.
735%__ 1-47% 196%

42 40%

46.81%_/

B Can' tsay | 2019-2020 m 201-2024

2025-2030 After 2030

Respondents ’ prediction on LiDAR blooming time
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2.3 HFAHFXTUGEIRRSHT Investment status analysis of
LiDAR industry

BRESWSE IALLE, BUCEATURANR BEIREARR, —SZAX
AIRDEI R ENHERERIS £ T RIBER RS R BETESIENE, M 2016 FLE,
AR T AR E BB T 10 {255TT.

Since the introduction of the concept of intelligent driving, the
investment boom in the field of LIDAR continues unabated. Some newly-
established start-ups often get tens of millions of financing. Since 2016,
investments in the LiDAR industry have exceeded $1 billion, according to
MEMS Company.

EXHNERET, — St BTN BRI KANFERETE., (EX
IXEER, 54.66%HZEEEANEDECEATIATREBRBTIERKE,
BIE=NZEEE A AFERRIRERSR,

In this context, critics attacking the LIDAR industry investment
bubble are on the rise. However, in this survey, 54.66% of the respondents
believe that the investment situation of LiDAR industry is normal, and
nearly 30% respondents believe that there exists overheating investment.

15.93%
29_41%
|
54 66%
Yies, Invastmant coring in blincty @ No, normal status ‘Mo, not enough investrmant

14: ZEEEEDCERTIHREREE ZDTT

Respondents ‘' opinion on investment of LiDAR industry
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HBESHRGEMNMERLTER. BE 2518 39%H 24%NZHE
ENHNERTUFERBNERBRIIER. THEN B E A0 CEIAm
EREREE] . BVSHRAENLFERLSEZBER, FEESHEETF

AOCEIA T P B ARHA.
Among them, 39% and 24% of respondents believe that the

investment in LIiDAR industry is not enough. It can be inferred that

autonomous driving LiDAR products have not yet solved the pain points
of vehicle manufacturers, autonomous driving system integration and
solution providers, and more funds are needed to support the technical

research and development of LiDAR products.
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70.00% 64%
56% :
60.00% 6 o 55% -
50.00%
39%
40.00% 739
i 32758 29.77% 7009 30.48%
30.00% 24% 30 2TOOF

20.00% 17 poog

11%

OEM LIDAR manufacturer Core Component ADAS systemé&solutions  Others
manufacturer

Yes,investment coming i biindly No,it snormal No,it snoenough

Different types companies’ opinion on investment of LiDAR industry

2.4 WK HHAFEHIHE—IEYF The Asia - Pacific LIDAR
market is generally optimistic

68.87%HIZFEZINNRKHNE LT EEEFTIAMX, MRAE
8.09% BB ANNRKEN B EAHIDEEEFTRUMEX., (BFEEFIZE
EEZFEEETTHE, RTEREEEE—SFHEHERX.

68.87% of respondents believe that the future LiDAR market will
mainly focus on the Asia-pacific region, while only 8.09% believe that the
future LiDAR market will mainly focus on the European region. But you
need to consider the data related to the concentration of respondents in
China and the fact that China has the world's largest auto sales.
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22 55%

n Asia-Pacific Noth  gEurope @ Others
America

16 RPEBEXIRKECERETXAIEL
Respondents ‘' opinion on future LiDAR regions

MY, BEER RN KBS DRSS A B A RS R RN AL,
RUBIETESSETROEEIARN ADAS RIAGEN, LIREERNZEM. B
BISFELEZEXAIEZRE TN, IEENEES. XSGRt
XXETEIEEIAERRRN ADAS RANINAE, HRBREFINZIBXESIKET
=1 N vy

However, figures suggest that Europe will take the largest share of
the global market of LiDAR sensors for cars. The European Union is
supporting legalization of ADAS applications based on LiDAR to improve
vehicle safety. Self-driving cars have been tested in several countries in
the region, such as Germany and France. This will increase the use of
ADAS systems based on LiDAR sensor in Europe and will ultimately affect
the region's global market share.

2.5 AT RMIBE—RIFRE Lowering the price of LiDAR
is a unanimous call

AOCEIRN "B KETHBRMNEHENS, IWMzUAEEEEEST—HE
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BRERIEM, B AWARRTER. HEsEERNER, SCMARER,
FRREAA, BISEREEA BRBR. ERXEES, 51.72%HNZREE
INIROCEIERINBRAIE 500 SETLATAHREGHE, 34.80%HRFEEE NN
500~1000 =TABEH,

The "high cold" of LiDAR is due to its high selling price. The
mechanical LiDAR is often higher than the price of an ordinary car, so it

is widely criticized by the industry. It is the target of automobile LiDAR
manufacturer to achieve mass production and reduce cost while meeting
the performance requirement. In this survey, 51.72% of the respondents
think that the price of LiDAR should be less than $500, and 34.80% of the
respondents think that only $500~ $1000 is reasonable.

51.72%

34.80%_|

Below $500 $500-100 = $1000-3000 m Above 53000

Price of LIiDAR

HA IR EZREEFFCATEOCE AU EHIT T WD, KINEE]
12%NZHEETENERRTNBERLES 65%NZBETEANNECEILE
EFZE 500 ETAT, RAEREE] . BENSRRFERBRITEFTANEDE
BAENES, FEFEECCEE~mNSNMIHEE SR FRIZEIRA. B
EROCEIL BmIETEES, INNNTEE 500 SE5TLA T 500~1000 SE5THY
AZHEEE 45.45%70 40.00%, FILABHEDCEAAAREIIRAER, %
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OTTRERARS , SEGEDCEA] Azttt BREEEtHIANEX
[&79 500~1000 =T,
We have subdivided the LiDAR industrial chain position of the

respondents and found 72% of OEMS respondents, and 65% of automatic
driving system and solution provider think the price of LiDAR need to fall
below $500, indicating the current OEMS, autopilot system and solution
providers think the price is high, the price of LiDAR products needs to be
lowered to reduce the overall cost of intelligent driving system. However,
among the respondents of LIDAR manufacturers, those who believe that
the price is below $500 and between $500 and $1,000 account for 45.45%
and 40.00% respectively. It is indicated that LiDAR still has many technical
difficulties. The high cost of core components leads to the more rational

judgment of LIiDAR and core component manufacturers that the price

range is between $500 and $1,000.
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FB=Eo: HNBEAEARABFES T Analyze of LIiDAR

Technology Scheme

3.1 #5%6&iX LiDAR

3.1.1 BEErhicH], EEIF MEMS #5%EHiX Long - term prospects,
more optimistic about the MEMS LiDAR

BEBERXE, "REAFSE HE #&——MEMS 35 (REZEWU
‘tEI}*a%) EHMRRE ESLEEE AR STRAIERBNLGN FA "BEE
. [ERY, FERA LRCRIBN S TRIBCRUATNEE R SR B B EISEDE
BFiX, AR MEMS BoEEIX. "REBEZS" AIBLSIRT MEMS R —
HEFSTSRY, BTESE ST, BZ MEMS figHA "&5" , WS
SRT "IN RMEMEE; HLEI MEMS fiEFRE "EE" 1 "zaE)”
BN, MR "RAEE" . AILUR, MEMS RS2 ERIMIUBDEEIR
FRESESE §IQE,%&%EEJM’\J/J@_”{WFD{EEEJZZM&

In general, "using semiconductor 'micro motion' device - MEMS
scanning mirror (instead of macroscopic mechanical scanner) to achieve
LiDAR transmitter beam control mode at the micro scale" is called "hybrid
solid state". At the same time, the laser detection and ranging system
using the above beam control mode is called hybrid solid-state LiDAR,
also known as MEMS LiDAR. The concept of "mixed solid state" originates
from MEMS scanning mirror, which is a semiconductor based on silicon
component and a solid state electronic component. But MEMS scanning
mirror is not "peaceful”, the internal integration of "movable" scanning
mirror; It can be seen that MEMS scanning mirror has two characteristics
of "solid state” and "motion”, so it is called "mixed solid state". It can be
said that MEMS scanning mirror is the innovator of traditional mechanical
LiDAR, leading the trend of LiDAR miniaturization and low-cost.
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MSYEFEI=ME (OPA, Optical Phased Array) B5tEik, EHAREMEASTEE
AT ARSHEIERTTHMES, BB INEEARERTTRIRE, HTSEAE
BITRIPEREFE (ADEE. 8) , SIS N RITORRIR =S, BEET
MNE MEERITEITHAY SR Z BB R R, fFEIRE S R L= E B AR T
WMNMSLMEREER, MEESR ENSPERITHHACRKILER, Fi,
EIRERA TS,

BRI R SR R ITERE PR YIEE T, Bl —RERE R SR ERAYE
MRS FPSCIBE SR, OPA BT IANSHEMRERE. ElE
=, ERCEFNSR. B2, WMRELLI 5 OPA[ES, FEXREZETES. &
FIRWERIREEY], RS HRERSEN. MTHES. AAeF—FR5E
A,

And Optical Phased Array (OPA) LiDAR, the Phased Array transmitter
is composed of several emission receiver unit Array, by changing the load
voltage in different units to change the different unit emission light
features such as light intensity, phase, and realize the independent
control of each unit light waves. By regulating the phase relationship from
each phase unit between the light emission, reinforcing each other in
setting direction so as to realize the interference of high intensity beams,
and waves of light from the units in other directions cancel each other
out, therefore, the radiation intensity is close to zero.

Under the control of the program consisting different phased-array
elements, each phase control unit of the phased array can make the
direction of one or more high-intensity beams to realize random spatial
domain scanning according to the designed program. OPA LiDAR has the
advantages of best dynamic scanning performance, high integration and
high signal-to-noise ratio. However, to realize the perfect OPA array, the
antenna array with high antenna density and large array size are required,
which may bring a series of problems such as silicon waveguide crosstalk,
high processing difficulty and high cost.

—EUE, WA MEMS EOtEXNARREAIR AR S, ERARNEE
o, EEITHEERER! £ EASRM 4 SAMIUSOEEIX SCALA 28R
— B ERIEEEIE M, AN TR R RIEE ERRTADEEIL?
XANEABATEER, 39.46%HIZEEEILE T MEMS BUEEIX, 85 29.41%
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HZEEE BREFETMTIURDEEIX. MIAYE (Flash) BOEEIAF OPA BUEE
B BIFIE=MFIRINL, (E: BREFRMN 4 LA UNZUEDEEIR SCALAK
FREESE (A5 SCALA FUERE(Y).)

For a long time, MEMS LiDAR are regarded as the fastest landing

technology route. In this survey, people also got the same consensus!
"Valeo's 4-line mechanical LIDAR SCALA is currently the only LiDAR
product that passes the regulation, which type of LiDAR do you think is
most likely to pass the regulation?” In the survey of this question, 39.46%
of respondents chose MEMS LiDAR, while 29.41% insisted on mechanical
LiDAR. Flash LiDAR and OPA LiDAR ranked third and fourth
respectively.(note: for a detailed report on Valeo's 4-line mechanical
LIDAR SCALA, please refer to Valeo SCALA laser scanner)

6.13% 1-72%
11.76%
I 29 1%
11.52%
39_46%
mechanical LIDAR MEMS LIDAR
OPALIDAR Flash LIDAR
®  FMOW LDAR Mot above LIDAR

Respondents Opinion on the 2nd LiDAR able to pass pass the vehicle regulation

TEARFK 5~10 FRREFRIAVEEARARLAIEES, F BRI AR
SZREEHIEET MEMS BEEIR, MEMS BEERIRIKARRE B NI Fik
F! BAIEER, B 21.32%IZEEE EFFEEINIUEDTEIX. XBFo1R
BT, EATMIVED AR RECEE X, TR B EF SR,
BNV E AR RE SRR CRUCEIARARBEA TR LA R R, £H
ERDEEIARARSHARIEA B CRIRIESLOR], IARAB AV ATREEIF M
VA EERIA, B SRRIZEEEANTIMIVEDEEXESEE 5 FLA L.

In the survey of LiDAR technology route in the next 5~10 years, we
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see that more than 40% of respondents choose MEMS LiDAR, and MEMS
LiDAR is still the most potential seed player! We also found that 21.32%
of the respondents insisted on mechanical LiDAR. This also fully explains
that although mechanical LiDAR has various problems such as large
volume, difficult assembly and insufficient reliability, the high maturity of
mechanical LiDAR is still temporarily unattainable by other LiDAR
technology routes. While other LiDAR technologies have not proved their
real strength, many people continue to be optimistic about mechanical
LiDAR, with more than 60% of the respondents believing that mechanical

LiDAR will still exist for more than five years.
7.B4% 1.96%

9.07% 21.32%
|
15.93%:
—43_B7%
mechanical LIDAR MEMS LiDAR
OPALIDAR Flash LiDAR
= FMOWLDAR Mot above LIDAR

Respondents Opinion on Types of LiDAR in 5-10 years

KM AR 10~20 FEFRIEDECHRIARARRKS:, MEMS BOEEXAMHI
HOLEIRRELGISE TR, HBITREE 29.90%F0 11.27%. 1 OPA BEEIAF
Flash BOSBIAFAEESEDEEIANNE, BEEEEAZES LIER, &
29.66%7H0 13.97 %RIZEEE 7 AL T OPA BOEEIAH Flash BOEEIX,

As for the promising LiDAR technology route in the next 10 to 20
years, the proportion of MEMS LiDAR and mechanical LiDAR has
decreased to 29.90% and 11.27% respectively. As representatives of all-
solid-state LiDAR, OPA LiDAR and Flash LiDAR are expected to rise on the
LiDAR stage, with 29.66% and 13.97% of respondents choosing OPA
LiDAR and Flash LiDAR respectively.
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2 2% 11.27%

13.97%

__29 90%:

29 _66%
mechanical LIDAR MEMS LIDAR
| OPALIDAR Flash LiDAR
u FMCOW LiDAR Mot above LIDAR

Respondents Opinion on Types of LiDAR in 10-20 years

3.1.2 ZEZMESHSHXEIEM Many factors prevent the LiDAR
from passing through the car gauge

ACEIARTENSHSFHIGRNEAIRENEES. AIRZEMENZ,
Hep, FA—T 1MERENBIUSRAFRRA, BOCEAN A ERREZINTE
X? BB EN? XEERHOCEA mAHEIGRIE,

66.42%HIZEEZ NN RIAEI FRI TR DR LB E™ 5T E A
IMRRYRTSMEEEK, 188 48.28BRIRAEENNZEMNEREH, BOCEA
T BMEE BFBRLTEMRAEEETEN, 41.91%0ZFEEAN RO
ToRRRIATIA REIERN T AU BRI FARATHIE,

The biggest problem faced by LiDAR in autonomous vehicles include
measuring distance, human eye safety and car gauge. Among them, as
an emerging technology in the field of automotive application, how to
define the car regulation standard corresponding to LiDAR? How can |
get through the rules? These are the problems faced by LiDAR
manufacturers.

66.42% respondents believe that the main problem of LiDAR passing
vehicle regulations is that it is difficult to meet the reliability requirements
of the harsh vehicle environment. 48.28% of the respondents believed
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that the standard of car regulations was not clear, and both LiDAR
manufacturers and OEMS needed to go through the trial and error stage
to pass the regulation.41.91% of respondents believed that the slow
development of core components affected the progress of LiDAR passing
through vehicle regulations.

30.15%

= Limited fcr the R&D of Core components
Limited to distance, frame rate, field angel, etc
m Hard to meet reliablity in rigor environment

= Hard to meet human vision standard
= Hard to avoid environmental disturb or from other sensors

Regulation is undertain, LIDAR manufacturer and OEM need to face trial and error
m Other

Respondents Opinion on the situation for LiDAR to pass regulations

313 WHEBXASTEAEARNHAKESHERTIMWESE We are

optimistic about the scientific research level of LiRAD
technology in China

e, FEELFENL/LtHEACCEEDEIE, S—EMLIRERIR. &
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BEEREN. EEERRE. tRIREF AR, XERWAFRERE, FEERINA
HBAHH LELEWY T RIFNGEMEZR. mESMELE Velodyne, Sick.
Hokuyo. Valeo/Ibeo B&485TEW ¥t EIATA. FEMEAHAE—KNSE
FPEE, EETFHERERE—, RERTERCIRERRE, [EERENEY
Bk, iESESINRERER, SEASIEASRESEDEL. SIS
BB CEAR, REBMEREBBIADEEIX. BE&k (CMOS Bi&E
REEERE) . RINBATESKIEREESLI 3D M NEETNRE, PEEEDK
NEDIZEBE M ATEREENER, KEFECEIARANRMNABRM 7FXL
Z#, At present, China has emerged dozens of LiDAR start-up enterprises,
the first echelon representatives including HESAI, RoboSense, LeiShen
Intelligent System, Surestar and so on, these enterprises have developed
rapidly and has set up a good brand image in recent years at home and
abroad. Foreign firms, such as Velodyne, Sick, Hokuyo and Valeo/lbeo,
have already occupied the LiDAR market. China, as the world's largest
automobile manufacturer and owns the biggest market, has been ranked
number one in the world for ten consecutive years. The rapid
development of intelligent automobile electronics is rapidly
reconstructing the whole industry to connect the automobile and the
outside world. The automobile itself is developing rapidly towards the
direction of highly coordinated, integrated and intelligent. Auto
autonomous driving mainly realizes 3D vision and ranging functions
through LiDAR, camera (CMOS image sensor module), millimeter wave
radar and ultrasonic sensor. China's position in the global automotive
market provides fertile ground for China to develop autonomous driving,
LiDAR technology and applications.

X " EEIPERECEERATEEIRAIKE" fFOEES, 68.14%89%1F
BENSIERPERCEIARATEERETHEFKE, NRE 9.80%HIZE
BENAFERBNEEERANBTIKFE. I, PEESCEESAMERIT
BOCEIARABRAER, KE—ERHLEE,

In the survey of "the current level of China's LiDAR technology in the
world", 68.14% of respondents think that China's LiDAR technology is at
the medium level in the world, and only 9.80% of respondents think that
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China's LiDAR technology is at the leading level. It can be seen that there
is still a big gap between China's LiDAR technology and international
leading LiDAR technology, and there is still some room for progress.

9_B0%

_6B.14%

» Advanced medium = falling behind

Respondents Opinion on Chinese LiDAR level
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Fh, EERIPERZHER T, FIIERES N "PEC" (IERMEASTE.

In the process of developing LiDAR industry in China, "not mastering the

core components" is generally considered to be a "neck jam" link.
According to MEMS Company, the core components of LiDAR are mainly
in the hands of Europe, the United States and Japan. In the context of the
current trade war between China and the United States, the importance
of building a robust "China core" is self-evident.

10.78%1_47%

37 25%

79 _41%

21.32%0

43 63%
Mo core components

Mo coe saftware or algorithm

Hard to pass rgulation
Chinese OEM poorin usging LIDAR, ADAS progress slow

B Sales channel, hard to get in automotive supply chain
Orther

Bottleneck of LiDAR industry in China

A, 57.60%HZFEEENT 10 FRFEBEDECEARAFRAFRMAIS
B, INAFEREHAESERASESIETMITKE,; 8 40.44%0ZREE
FRARTRISE, A9 10 FEPEHCEERAKIBLTHEKFE.

However, 57.60% of the respondents are optimistic about China's
LiDAR technology 10 years from now, believing that China will lead the
world in LiDAR technology in the future. However, 40.44% of the
respondents hold a more conservative attitude, believing that China's
LiDAR technology is still at the medium level after 10 years.
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1.96%

57_60%

Advanced w  medium fallimg biehind

Respondents’ Opinion on LiDAR industry in China in 10 years

3.2 ¥%i& Light Source

3.2.1 1550nm ;KUY EZ 5k the 1550nm laser is perferred

REERIWHTEIENME, RSEEDECEXFIER EEERIRIK 905nm BYER,
EA5 1550nm ROEREELE, BIiIRIRAEMNSE, FRLERSAEXMA. B
1550nm BERARZEMS, IIXES, TRERER, FEERNRBEES,
1550nm R E AT RSBk, 57.84%MZTREEHINNRFK 5 FREEF
1550nm JICASEOEEE, FH 55.15%MSEEEIAN 1550nm HLEEE
K3k 5~10 FEEN 905nm BtastIESHbAT,

According to MEMS Company, most LiDAR manufacturers are using
sources with wavelengths of 905nm, which are widely adopted because
they are more affordable than sources with 1550nm. However, the
1550nm light source has higher human eye safety, higher power and
longer detection distance, so in this survey, the 1550nm laser is preferred.
57.84% of respondents believe that the 1550nm laser source will be more
favorable in the next five years, and 55.15% believe that the 1550nm laser
device will replace the dominant position of the 905nm laser in the next
five to 10 years.
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No goingtoreplace, 7.35%
Withinoneyear , 0.25%

10+years
13.97%

510 55.15%
years

Prediction on when 1550nm laser light source replace 905nm

ME BRI RO CRRMFANERES, B 56.62%HIZFEENIERL
Hh 1550nm BEERIS R B EERIARIERIGR, 23.77%NZREEBIFEGR
ERSTEOGEE (VCSEL), 1BELZ T, IELI5h 905nm iR STREES (EEL) AYtE
(LXK, RB 17.89%ZHAEEEYLF EEL,

And among the present popular laser light source device of choice,
with 56.62% of respondents believe that short wave infrared 1550 nm
laser light source will become the mainstream of the laser radar, 23.77%
of respondents favored the vertical-cavity surface-emitting laser (VCSEL),
by contrast, the 905 nm edge emitting laser (EEL) status gradually
reduced, only 17.89% of respondents favored EEL.
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Short wave infrared 155nm Lasar Mear-infrarad 905nm EEL
Near-infrared 905nm VCSEL Other

Survey on main light source on LiDAR on Automotive

3.2.1 VCSEL MAFEHBNFIXFEE High voice for applying
VCSEL into Vehicle-mounted LiDAR

FHACEAREEBITARNES, XEUHINERERESNEK, MIIE
s, WASEDEES (EEL) BRIE—ERIME. (BR, EESER VCSEL RYH
KL, RENKERNSREEZIERANEMNNER, KA VCSEL RIEHEDTE
B A TR,

ERREET, A—HOFTREE NS VCSEL $1E 5~10 FRFANATH

Vehicle-mounted LiDAR requires a detection range far enough to
meet the high requirement of laser power. In terms of power, the edge-
emitting laser (EEL) currently has some advantages. However, with the
development and progress of high-power VCSEL and the gradual
maturity of high-sensitivity receivers in corresponding bands, the on-
board LiDAR using VCSEL has become a research and development
hotspot in the industry.

In this survey, about half of the respondents believe that VCSEL will
be used in LiDAR in 5~10 years.
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784%

16.18%

~ 46.57%
10 510 25 Within Hard to mass applied in
years years | years 1year - automotive LIDAR

Prediction on Maturity of VCSEL

2017 &, ¥R (Apple) AR 7 TREFL SR R: iPhone X, &
B 7 EF VCSEL KRR 3D {£RkIhEE. iPhone X EREFHIRA T =FMAERY
VCSEL &/ (AT Face ID B9 3D 1553k, ZirfERkaR), BMI{efE VCSEL Hhij
SETSEIE LK AL—2017 5 VCSEL BIRmimiEAERl 3.3 {2357, it
BRI, 2017 FERET—i VCSEL miAtEORBISIFEEAR KOS, BXE
WA SBERTREEINHEL L, SibERY, VCSEL IEE N ©—Liit & R AR
15, SERDCEANREER RN,

In 2017, Apple released its 10th anniversary product: the iPhone X,
which integrates 3D sensing based on VCSEL technology. The iPhone X
smartphone is powered by three different VCSEL chips (the 3D camera
for the Face ID, the proximity sensor) that have exploded the VCSEL
market, which totaled $330 million in 2017. In this context, the new round
of VCSEL market growth wave launched in 2017 will continue to the next
five years, and related business opportunities are likely to increase more
than tenfold. At the same time, VCSEL is trying to get into other mass
applications, with automotive LiDAR being the most promising.
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VCSEL market forecast by segment

(Source: VCSELS - Technology, industry and market trends, Yole Développement, July 2018)

\.//
’ i ’ 2023
; 9 $3,500M
| 3
2017
$330M Courtesy of Apple
CAGR +48%

$3,100M @

. Consumer Datacom W [Industry . Automotive
30: VCSEL BSZEMIZRM 2017 49 0 IBKE 2023 549 4600 F5555T

(KR _(VCSEL %R, FIlFIIZ#EE))

ERRBEES, B 59.31%NRAEZ AT SEBEEAEHE—IREIK
VCSEL $&#ve. oiF, WEREFHL 3D BEAERA VCSEL FlasRavR &
MRS, BOCEIR NGRS ER VCSEL PR AIRIARRHE, X RIAVIG RHEtERE
ZMg!

In this survey, 59.31% of respondents agree that automotive LiDAR

will once again trigger the VCSEL investment boom. Perhaps, after the
investment boom brought by smartphone 3D imaging and sensing for
VCSEL industry, LIDAR will continue to promote the technical progress of
VCSEL industry, and the corresponding investment boom will follow!
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1912%

21.57%_|
L 5931%

YES © NO Can’ tSay

Whether LiDAR will trigger another investment trend on VCSEL

3.3 #HRIEMITiE Beam control element

EEWETERERS (BUCEARARZOTTaa-2019 hr) vE, "
#zl. MEMS, OPA, Flash” FHXLEia, WENBEEIXR "JEREBMN" 4
BEHTHRA, BUCEIARBRYCHRENTHETMTURR/Z&R. MEMS 74
8] (MFR MEMS 13585, MEMS fiRER). OPA &, JE=xfit59tit (DOE)
Z. M Flash BUEEAG BiRp R 5t MRIAXESRNURAIIZETE,
BT EFERNESRES BIEBIGERER, THRAYMIYCHRIBMAM.

The terms "mechanical, MEMS, OPA, Flash" are all classified from the
"beam manipulation” dimension of LiDAR, according to the report "LiDAR

technology and core components -2019 edition" by MEMS Consulting.
The beam operating elements used in LIDAR include mechanical
pendulum mirror/multi-prism, MEMS scanning mirror (also known as
MEMS scanning mirror, MEMS microgalvanometer), OPA chip, optical
diffraction element (DOE) and so on. Flash LiDAR fills the target scene
with light, and the lighting area matches the detector's field of view, and
obtains the distance and pixel information of the target through the array
detector, without the need for additional beam manipulation
components.
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3.3.1 EAME ST Technical difficulty analysis

NHEUER/SREEZER. KEMENEES, MEMS fEEHEERT
PREIZFRIRE, MREERIELIBREMEK, OPA SRISRRIITHES, DOE
SNPRRE LRERMEEXRS , FEEREREER DA ELE R TS,
EARXEES, DEEFNALIWIRIVER/ZR5R. MEMS {55 OPA it
RTERDEEEATRIEFAISAMERIIA/N, 5579 28.68%. 26.47%70 30.64%,

Mechanical mirror/multi-prism is easy to wear, difficult to assemble
and debug; MEMS scanning mirror is limited by mirror size and other
problems, the performance temporarily difficult to meet the
requirements of car regulations; The nanoscale processing of OPA chip is
difficult. The DOE requires extremely high accuracy on the vertical scale,
requiring precise control in two dimensions, depth and width. In this
survey, respondents believe that it is difficult to realize mass production
of mechanical mirror/multi-prism, MEMS scanning mirror and OPA chip
in LIDAR, which are 28.68%, 26.47% and 30.64% respectively.

4.22%_

28 68%

30.64%

- 2647%

Mechanical mirror/multi-prism

MEMS micromirror

OPA chip
DOE

Most difficult realizing beam control component

ABA, MEMS R AIRNSTERDCEIAEFTEit? RIERNIEE, B 34.80%
HNZREZANNEE 2~5 FAKRE, B 49.26%IZFEEENNABE 5~10 F
WNRZE. B2, OPASHEF St TR IR ERBEIATIET MEMS
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iR, EAXREET, NS OPA TR 2~5 FEFEMTEUCEIARILLHNR
17.16% , ESHZRAEEMATERK 5~10 FREEi (ELFI7 51.96%) ,
MAABE 10 FLALRNZEEELLFIRZE MEMS RIRRIRIE.

So, when will the MEMS scanning mirror be mass-produced in LiDAR?
According to our survey, 34.80% of the respondents think it will happen
in 2 to 5 years, and 49.26% think it will happen in 5 to 10 years. By contrast,
OPA chips are thought to land on LiDAR at a later time than MEMS
scanning mirrors. In this survey, only 17.16% believe that the OPA chip
will be mass-produced and land on LiDAR in 2~5 years, and more
respondents tend to be mass-produced and land on LiDAR in the next
5~10 years (51.96%), and the proportion of respondents who believe that
it will take more than 10 years is also twice than that of MEMS scanning
mirrors.

12.75%
—4926%
10 510 2-5 Within
years years  years  lyear " Never

MEMS scanning mirror Mass Production Time
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51.96%_/
10 510 2-5 Within
years years M years Tyear m Never

OPA Chip Mass Production Time for LiDAR

Flash BCBIXRATHRHTICFERMTH, (BB HETIEAGRIER
K. (FA2BESHOCEIX, Flash BCEAEERRARMLE. ERURRA
RIBKRL, BURARREB B NIIECEARARL.

Although the Flash LiDAR does not need any optical control elements,
it is difficult to meet the requirements of near and far imaging. As an all-
solid state LiDAR, Flash LiDAR has the most natural advantage. As the
detector technology matures, Flash LiDAR may be the most potential
LiDAR technology route in the future.
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Flash LiDAR Mass Production Time

3.3.2 MEMS 8 MEMS scanning mirror

SF, EWRIEATE—RROINE (2019 F2 MEMS BEEIAFA
FEEITFEIS? ) B3 MEMS R BT R0 CEIARRES T iFEoT. TCansRmE
RIOMELMSK, &R, JeFOER. AERE, WrRZRE -,

RRFELERFE T AR MEMS iGN AT CEANEZ, ZAE
AXJ MEMS R ARBRARAE, TREMNRE; MEMS MmN RESEHCE
& ERERANRRRER ; MATSREMCERR MEMS RM1EEE5; MEMS
MR SR EFHESFIRAN 7RG —RITEHR,

This year, MEMS Consulting published an original article titled "will
2019 be the first year of MEMS LIiDAR technology?"In this paper, the
application of MEMS scanning mirror to LiDAR is analyzed in detail. For

example, problems include that mirror size is difficult to make large, high
price, optical aperture, scanning Angle, field of view Angle is limited, and
so on.

This survey also focused on the MEMS scanning mirror application in
LiDAR views. Respondents have reached a consensus on the fact that
MEMS scanning mirror technology are not mature, lacks of suppliers,
exists some technical problems, owns expensive price and need to
improve the reliability.
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0.49%
51.23% 42 16%

' 61.03%
39.719% -

MEMS Micro-mirror techrology immaturity, lack of suppliar

MEMS Micro-mirror application on LDAR still has technical flaws
Pricetoo high

MEMS Micro-mirro reliability need to incresss

m Other

Main problems on MEMS Scanning mirror’ s application on LiDAR

AOCEIAT BB A MEMS BOEEIA, RIREBREMSR? AR
MFEMET "EXENX" 5441 %IZFEES SIFIIBMFRT MEMS it
AVIRFRERAR; 27.21%RIZEEEZNERING MEMS i5r-m, RE 17.16%
NZRAEEREENEE, EZEHE, EHF R MEMS s,

What is the fastest way for LIDAR manufacturers to successfully
develop MEMS LiDAR? People seem to be more inclined to "adopt" :
54.41% of respondents support the acquisition of mature MEMS
scanning mirror enterprises for our use; 27.21% of respondents
suggested direct outsourcing of MEMS scanning mirror products; Only
17.16% of the respondents agreed to be self-reliant and set up their own
research team to develop customized MEMS scanning mirrors.

49



= =l 1 i o

CISE TR e E I 534
OPTOELECTRONIC MEMS Consuiting
EXPO

1.23%
17.16%
54 41%
27 21%
Acquiring MEMS scanning mirmar company Purchasing MEMS Scanning Mimor Product
Start R&D team, customzie MEMS scanning mirror Others

37: #& MEMS EDEEIARIRIRERER

EHE, FEF MEMS SRRV ARIUE, INFERARER:. &i3 Opus,
DNERRER. BMNEIRERESE, XERWBAERIRIEDEEIL el ARE
T EEGEDEEILRY MEMS 5%,

In China, MEMS scanning mirror enterprises have developed rapidly
in recent years, such as xi 'an Zhisensor, Taiwan Opus, Suzhou Silicon
Vision Microsystem, Changzhou Micro Innovation and so on. These
enterprises are also actively cooperating with LiDAR manufacturers to
develop MEMS scanning mirrors suitable for vehicle-mounted LiDAR.

3.3.3 OPA &/ OPA Chip

OPA SRIYFNET 2B MR, WLASEERDEEAEI Quanergy A1
REBERSOCES, BERBPR KGRI EDCEHAMRARER. SRR
& (PLZT). #eBtBZRI=SE0ES], ILARRIAIRIERT MEMS OPA 52K, BT,

EARREET, B 36.52%NZEEERAFHERIERSICRHERA,
1 28.92%HIZFEEXIHHAI MEMS OPA HeARF# 750!

There are many options for OPA chip manufacturing, such as silicon
waveguide light modulation represented by Quanergy, an American
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LiDAR company, space light modulation using nanomaterials and space
light modulation using liquid crystal, PLZT, lithium niobate, and MEMS
OPA technology reported recently. So far, no technology has really won
out over OPA LiDAR, so what do you think?

In this survey, 36.52% of respondents still support the traditional
silicon waveguide light modulation technology, and 28.92% are full of
confidence in the emerging MEMS OPA technology!

0.25%:
28 9%
36.52%:
1B 14%:

_ 16.18%

Silicon waveguide light modulation Spacelight madulation
Cuanengy, etc) with antannaa
Space light madulation MEMS OPA

with liquid crystal, PLZT, lithiumn niobate
" Others

OPA Implement Solution

KA OPA S HMAZE] OPA BUCEIAHEIGRIEER M, RAERSI R
M ERECEHRAREB AR AR, (BRNAZEVEEIL DREITF SRR
BRRIR, BRI 71.08%IZEEEXUAREMRE, EIX, 52.94%RIZFEEIA
7 OPA SRASHRANF, REMNE. JX, MHMEEH. RUEEZRE
2RI ElERY AR,

Talking about the main problems facing the application of OPA chip
to OPA LiDAR, although neither silicon waveguide light modulation nor
space light modulation technology is an emerging technology, there are
still many technical problems to be solved in the application to LiDAR,
and up to 71.08% of the respondents voted in favor of this. Secondly,
52.94% of the respondents believe that OPA chip itself is not mature in
technology and lacks of suppliers. Of course, high price and limited
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detection range are also unavoidable problems.

52 94%

38 24%

F1.08%:
OPA Chip not mature enough and without supplier

OPA Chip application on LIDAR still has technical prolblems
too expensive
limitad distanca

B Other

The problems from OPA Chip to OPA LiDAR

3.4 YEBERNIZS Optical Detector

905nm EFFEEBIRE (APD) ZHAIFFABCEIARIMEE TG, B
EFE—RE (SPAD) FIEECHEMEIEE (SIPM) FrTaditiSE F—UEDE
BAF MBI, 905nm B _INERESWIRER? AEERE
BEMN. RE 245%ZEEEINA 905nm FBEENE_REBE 1 ERLE
W8, INAEUARTERERIAN RS 2~5 . 5~10 540 10 FLA LAY
FiREHELGIS BN 38.97%. 45.83%F0 12.75%.
905nm avalanche photodiode (APD) is a typical component of laser
radar currently developed. Single-photon avalanche diode (SPAD) and
silicon photomultiplier tube (SiPM) are expected to be used in the next
generation of LiDAR products. Will 905nm avalanche photodiode be
quickly replaced? The findings are negative. Only 2.45% of the
respondents believe that 905nm avalanche photodiode will lose its
advantage in one year, and 38.97%, 45.83% and 12.75% of the
respondents believe that it will still maintain its advantage in LiDAR

application for 2-5 years, 5-10 years and more than 10 years respectively.
52



CIS € HrEEBEns AT 519

CHINA INTERNATIONAL :
OPTOELECTRONIC MEMS Consulting
EXPO

2.45%

12.75%

3B 97%
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10 +yaars 5-10years m 25years  w Within 1 year
&l 40: 905nm JEEEIRE (APD) TERUCEIARINBRIFITE

Duration of 905nm APD’ s advantages on LiDAR

BXFEB_MNE (SPAD) TFEmstEzl. SREBESTHIHEBRE
A, IEETURIEIN, B EFIRIBIRIER MRS AEARAZ AN, MMSERIY
Fe T, TAECEEIEE (SIPM) BENTIEEZRSEEIUA SPAD 4514
A, BESSRNNBEME. SPAD/SIPM R ARBIREMES Bt EA T
KB, RRE LS.

Single photon avalanche diode (SPAD) works in Geiger mode. When
the bias voltage is higher than its avalanche voltage, the gain increases
rapidly, and single photon absorption can make the output current of the
detector reach saturation, so as to realize the counting of photons. The
silicon photomultiplier tube (SiPM) is composed of several SPAD arrays
working in Geiger mode, which has obvious advantages in low-light
detection applications. The maturity of SPAD/SiPM technology will also
bring cost, volume and other advantages to LiDAR.
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w10 +years 5-10years m 25years w Within 1 year

Prediction on when SPAD mass application on LiDAR

1.23%

22 _30%c
26.4

50.00%:

= 10 +yaars - S5-10years m 25years m Within 1yaar

Prediction on when SiPM mass application on LiDAR

XITF Flash BOEER, FEENE /MM CERNRREMIA RS ERAIE
FNIRMES, SNERERIRNEES ToF Eg(ERkes. APD B&5l. SPAD (%51,
SiPM/MPPC (47515, ToF B&{ERkEET LURMIATEE NIRRT DR
IR SIREUE, B9 Flash BOEEXNERRREZ —, HEAREES, 5 3431%
HIZEEEIRE T ToF BIGRERRE, INNZBAREIIRE.

For Flash LiDAR, linear array/planar array photodetector is required
to receive the surface light source signal reflected from the object. The
optional photodetectors include ToF image sensor, APD array, SPAD array,
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SiPM/MPPC array, etc. The ToF image sensor can provide the range depth
of field data of the whole resolution of the scene within the perspective
range, becoming one of the main choices of Flash LiDAR. In this survey,
34.31% of respondents chose ToF image sensor, believing that this

technology is more mature.
0_49%

18.14%_

. 34 31%:

| 24.2%

ToF Imaging Sensor © APDAmays  m SPAD Armys SIPMYMPPC Arrays m Others

Flash LiDAR Detector

MECEIARATIZR N, SRAEENESMIERNEE "SERE", B
BIRARBLEIHRNURFTREZAEE. £ "HECEARATIZEHR, BEFN
FeEERNES? 1 XMEER, ERETSMRMADBM, HENEDE—E.
In terms of the overall market for LiDAR, the respondents have their own
preference for various photodetectors, because different technology
routes have different requirements for detectors. In the survey,” Are you
optimistic about photodetectors In terms of the overall market for LiDAR?”
the results show that all kinds of devices are equally likely to get a slice
of the pie.
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ToF Imaging Sensor = APD m SPAD SIPM/MPPC  m Others

Detectors applying on LiDAR

BRIBTEUEER CEIRNRRAIARHARE (Si) FISEERR (InGaAs) 9=,
BIE EERTXNAA/NEERLD 905nm BUERAURN, MEEETEZERTXHEK
£THMREREN 1550nm BOEIRAVERN. mEE (Ge). BHMLHE (InP). EFRFH
RHBEROCERIA RN BN AEEA . NAXRIEES, AILIERIRZ
EEEYIARFK 10 FROERICERUSBIRRIER, KROABE (Si) FIRE
8 (InGaAs), 15E#ZEEEFI 5178 37.99%7F0 35.78%,

Currently, the materials used for photodetectors of LiDAR are
mainly silicon (Si) and indium gallium arsenic (InGaAs). The former is
mainly used for the detection of near-infrared bands such as 905nm
laser source, while the latter is mainly used for the detection of short-
wave infrared bands such as 1550nm laser source. Germanium (Ge),
indium phosphide (InP), quantum dots and other materials are also
used or developed in LiDAR photodetector. From this survey, it can be
seen that respondents still agree with the choice of silicon (Si) and
indium gallium arsenic (InGaAs) for the mainstream photoelectric
detector materials in the next 10 years, with the proportion of 37.99%
and 35.78% respectively.
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About CIOE (China International Optoelectronic Exposition)

A new formula! CIOE 2019 (through its 6 sub-expo- Optical Communication,
Precision Optics, Laser, Inrared, Sensing and Photonics Innovation) creates a holistic
business platform that addresses the converging ecosystems of Photonics and
Optoelectronics. The interconnectivity of this mega-event lets you network with like-
minded peers from tech industries, which includes information processing, consumer
electronics, advanced manufacturing, sensing & measurement, energy,

semiconductor, medical, lighting & display, defense & security.

Network with key industry players

Expect more networking, more showcases, and more content on the show floor with
participation from key industry players such as Innolight, Hisense, YOFC, II-VI,
SCHOTT, KYOCREA, ULIS, Thorlabs, Newport, HIK Vision, Go Edmund, Sunny Optical,
Panasonice, Fanuc, Maxell, Velodyne, Innoviz, Homamatsu, Robosense, Han’s Laser,
Raycus and 2,000 more. Stay tuned for Exhibitors List.

Gain industry insights from the leading research affiliates

Presenting a knowledge powerhouse with more learning opportunities for the
industry as CIOE secures strong partnerships with leading business intelligence and
research affiliates such as YOLE DEVELOPPEMENT, System Plus Consulting,
Knowmade, Ovum, Light Reading, MEMS Consulting

Wide array of onsite activities and workshops

More than 50 Seminars, Workshops, Activities to keep you at the forefront of tech
advances, including 5G Xperience zone, Smart Cities Arena, Al Village and more. View
all activities

Useful Link:

Exhibitor List

Event Website

Register Now for CIOE 2019 (September 4-7, 2019; Shenzhen Convention & Exhibition Center)
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2"" Executlve Forum on LlDAR for Automotlve

, 4 gl cw;
SHENZHEN CHINA sobs —— i ‘ oHt;JrorEiEchmomc

E_REFRSEHCEXREFNCIE - SEBIARRMECHEEEF~
The 2nd Executive Forum on LiDAR for Automotive - LiDAR is en route to

mass production for the automotive market

2019 £ 9 B 5 B.EF FERHRC 5 EHET
Sept. 5 AM, 2019, Chrysanthemum Hall, 5th Floor, SZCEC

4 2017 FEROCEACHERRE A8 L5, FFHT Waymo BaliREEXEREM &R, BUEE
FNS TSI L. BfSHEEHIE S FHEREN T —RRE. SESFEIERE. —RANEFIE
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After a successful first edition, Yole Développement is proud to collaborate once again with the
China International Optoelectronic Expo (CIOE) to organize the Second Executive Forum on
LiDAR for Automotive. It will take place on September 5, 2019 in Shenzhen, alongside the 21st
CIOE. This event presents applications and technologies within the LiDAR industry, and more
specifically, automotive-oriented solutions.

With the integration of LiDAR in the Audi A8 in 2017, and the introduction of Waymo' s robotic
car service in 2018 in Phoenix, Arizona, LiDARs are now on the roads. Autonomous driving is
expected to be one of the next big things in the automotive industry. Several companies,
including car manufacturers, Tier 1 suppliers, and LiDAR players, are preparing for mass
production of automotive LiDAR with commercialization targets for 2020 and 2021. The
automotive LiDAR supply chain is getting ready. Join us in Shenzhen and participate in
discussions about this key technology for the automotive industry!

2019 Speakers: Innoviz, Robosense, Valeo, First Sensor, System Plus Consulting, Yole
Développement.. In total 7 high level presentations!

Full Agenda
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