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Entire LIDAR subassembly rotates to
look at different targets

Figure 2. Mechanical LIDAR architecture
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Laser is scanned across scene
by rotating mirror or similar

Figure 3. Scanning LIDAR architecture
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Introduction of various LiDAR technologies

Prototype

Semiconductor
Process

ASLHENE B BRI AR A SIFTE - JREFF I (R0 - MRS

Vek_)dgne l_.e.c.ll:lat-Tech @ Us
LiDAR. QUANERGY |TCO & hEAZ

Technology | Mechanical LIDAR | MEMSLDAR | ( OPALDAR | OPALIDAR

Laser Opt]
wavelength 905-nm 905-nm 905-nm 1550-nm

usD ~45,000 USD 5000-10,000 USD 1000 USD < 200 USD

Photo II Y <

g "".‘.;;;.-.-,Q, E}fgj; o~ h

Solid state

Eye-safety

cal Phased Array
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https://www.nidec-components.com/tw/featuring/lidar-polygon/vs galvo/
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Automotive 3D HD Hybrid Flash LiDAR

MEMS
micro-mirror

A A
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Non vis hw
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S laser DiodeZZMEMS, 4/ \E21R, PBRIEALA, R HE B EY

A HERNE /BB B ARAEAA - JREEF AT A S8

Ll R T

PCSEL

JoF REER T ORI

18



&S IER M FlashiE 2 EREES

Flasht ZEBRIFFHMAEE - RAMNKIIRERET - LI2D3DERRICENEMBLAST - HI
MFERAETE  BEMMRAALE - 2f8/)\ - TEHRRAFERENEST  EEFEPAFTZSE
IxENE A -

BEAEFRABEESRIOMXIIEETBEFEBE - 3D FlashixtpER& 6 E - EIFSTE— RPN
BH  BABESNERFX - EUARRANRNETERRES  EEMAFESEH - BR LEEIE
BEINRAB20~500RZA - BFESRICR -

Laser Beam

One Large Laser Spot

a._._>

ARSI PIE B BB AR A TN » JREEF AT R - L



A

Jeos FRIF T

T, BRI ICE

2D Raster-Scan

2 ZEE

1D Line-Scan

[llumination
pattern

rd

Entire FoV

N Sequentially w

Sequentially

simultaneously by pixel by column
Returneq SIgas Low Highest High
per pixel
Range Too short (< 50 m) Longest (> 250 m) Long (250 m)
Frame rate Fastest (> 30 fps) Too slow (2 fps*) Fast (30 fps)

PANGN

AN By

ORI AR AFIFTA - JREET R A SN

L T




<3 Optical phase array ( OPA ) LiDAR
b A BTCOS fERI S

OPA LIDARWRIE 2B B AREMHEIE N B XL E Tt(phase-controlled optical antenna elements) P 55 51
YR Z BRI EME T4 (interference) » 2REM ISR (Light beam)#E [T (steering) T 8E

Optical Antenna

Elements
T FEEE , 20PA LIDARBENTEEE . o <
46 B 5% 5 D 51| oh 45 {8 B8 T A [ 0 B2 BT AR T - R
BRRAFEAMNXET SE - BSOS A0 d \ s
EAIES - AR5 ME RIS - S ARAY
g AEETRE  ELBREE . BMETE X 200 < 6
&m&ﬁﬁAm&m@%%r BRSHE
e R IR IN AL - 30D -
09— ASIC AAD 4

ASIC controlled
Phase Tuners

EEOPARKMIFE AR - EEBREEEMRERNEE  BAREEEATFSITUERENER -

AN E R EBERCRHERMNARAFA - JEEET A MG ~ #R SR AP

21



e3> Content

* LiDAR  JlEH

* Automotive
 Drone and the others

AL B G BT RHEREIR AT - JRASHF T R0 - WL 5

22



e3> Al BRI 57

BEEALESADMEHFNRX - LRBERMRARIEN BAUESREER - S REBEAMSS
AR BN BE A A ZERY S URRANTH 57 ...

TERMPEEE =B EN KR E—1EFH
L B o SEAIMK 22 EH BB ARVE M -
EmE3DREIUmRESBE EH/Ih T -

EEATESADANYEEHFRIRY - BACBESREERE - Has KA B RIMSRVER NG SEA ARG TURAIH R - ER)E
QD%E(LE?R) - BENEBRRSEEENE FAEAR ORI - HesCRBREWERITERRARRIRAERN - WEE
REHFRNGS -

AHENE /BB CRERARAENA - JRERF Al MR - E R EE R E AP =



oS HERAISR VB

SK - HEZoaEERBAERRTEB(dToF) ) ZER R -
HREZFAENRKEFICOKIKE - RRESELERERE
FEEREMERY BN G RERE - RE - CEFOIL
25 LIREROIFARORR - EmiEERAENTME 2
BRVEERE - SCE RIS EAES EVCORIEB R Y ISR E K El
2eM3DE R -

EREERNGSSD  HFZRTEHRCERRSERA -
¥R RABENER  EREEEE - TEERH
BN #t(ADAS) - ZHEXE - SREES -

TEIPRIAmMazon B 123 ABert

HIREH RSP RAENS —EBNGF - 2RHH#H(Amazon)lWBE#EEA : Bert ~ Kermit#MErnie - Bertf
ArERMEZEAmazonBEEFHEETSIZE  EMEBEFREMBEEITERERA - TANERFERY

RN E BEBRORERM ARAFA - JEEET A A G ~ RE SR HMP



<&

\\CQ/ 100 7

\\

2 N

¥ 10 & FH e

COER

EADAS ( ScEE BB Z247 - HIMNBEESRENEEHETHZ4A ) P f5 S EENERKEEEN
%ﬁ/ﬁ?%i/ﬁf ?T%Lkﬁ'ﬁ —RRREEEIRBINEL LEEEEHDJ:LIDARB‘UT] 08 58 = FE R T AN L R
- O PIGRUNREBEEIRTTEBFEN 24 - FTEARBRAMADERE =181 - =&FR—Ad -
e =opEE LiDAR ( ESHEBIEASE )
Bt o e e gt BRI ERESIER  EBN B
BT B RO T ) gg&ﬁ;ﬁ%g%ﬁi;g%fgﬁm:%#Iﬁ%@XMhﬁ%'ﬁ%ﬁ%\m
SRR BRI RET = -
y  EEREABLRENERT - 1T | - SESENER  UHEOTR
B | oo R ERETRRERIE o s mmm e EBRSESRS (85 ) B8 - T
TH LELiDARBE T B A T B O AR
LSRR R B , B
PURERRAIE | smssEm e BRI TSR NE T
R |, PESRSAR WE (HE) 2| g ensmmnensaRasnme | - BeorEeEEsss

RIS




A S — ANUN I ==
\T(&%/\/EZEE

SRR (mmWave)2— B 2R K S BN IR TR E ZR T -
e BRI  EMESELYENIEE  REMNBE - ERKEEE

5 (Transmitter) W EE Z 5148 (Radio Frequency) - EHETX -

UL (Receiver)BWEE ZE 5748 (Radio Frequency) - BTERX -

Eep= AN PRI G e

S JH 48 fY B8 %2 Frequency Modulated Continuous Wave (FMCW Radars)

FIHE A —{EsinusoidsH5THE f5—1{[ “chirp” > SH=RMEEE R R HE T

RPN -

amplitude
L

SEERGIE ﬁzz/)ﬁ“ZtljiﬁﬁéﬁjiéU%E%%

EEES

Amplitude vs time

time 5'

Frequency vs time

BEAE— B « TXHchirpt Tt %% » FTEIVIBTER S
FARXFE > &A@ (t)Hdelay 81GHz]
HRIEEN R DA - EeeE 2R - FrAEE T Py
3 delay (c)H1H ] 2 (2 BE A/ |
2 d =77GHz ‘\ time)
T = — fe =77 %
C T, =40us

LB ZHEEIFREIE NN 18 N0 5EZR$T R AYER 5%
TEA LB RER T ERIER

AN E R EBERCRHERMNARAFA - JEEET A MG ~ #R SR AP

26



<3 LiDARFEFR &5

LIDARIITRIER - B tBNEZERMSTEBHERAS - ZRWZ2BEREZEBHEMR (Level 5) FiA
oSG ERAVERAD - UESh - ZIRMERERARSHBENA - MR - AIUDEEE FBERF R ATNS TR
AR - URTELBEALNESRES (AGV ) MRHEAFE -

((CCC “ﬂ)ﬁ)}j
,‘////
sEaBRRRE /)
‘
= B

2 BiF s ESE25 mav2D LiDAREAIZR
bR A

AN E R EBERCRHERMNARAFA - JEEET A MG ~ #R SR AP

27



L3> LIDARFE

-

_Drone

Our hexacopter drone system involves the customization, integration with a
cloud-based drone service platform, and the fusion of data from multiple
sensors, such as LiDAR, RGB and thermal imaging cameras. B Az B Ay HHH 22 i

We can extensive applications in various fields,

forestry protection, security monitoring, geological mapping, power grid

inspection, solar panel inspection, and more.

ARFERRBBIOT —AS - BEERBENUEDBITER

including agriculture and

WEMIEEIRER

MR A - IEEEAINERAISFER - BREMERRNT -
IR sensors Frame . SDK, Interface Package (mm3, g) supply voltage, Product photo
(FoV, resolution) Power consum.
1920X1080 FHD 35x35x35 5v, 0.22A
RGB Camera ROS, USB/SPI
MIPEG@30fps 35g 5w
. H120° x V70° 146x90x55 12V, 0.75-2A
3D - LiDAR o ROS, Ethernet
0.5° @10fps 650g 9-24W
) . 160x120 45x45%x67 5v,0.13A
Thermal imaging Camera ROS, USB/SPI
@30fps 100g 4w
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Power grid inspection
MIBERAIL S T EHRE  FESY - BRIRENE A B SRS R SR RIS U R R B -

=L , x|

. Cloud Services o "1\- __! ;
1 . - - | : i - Eﬁ

{ | (Pylon locator) ¥

.

= ~:> / l'.|J_* 25.0 C o 250¢
aﬂﬁﬁﬁ“ﬁ?ﬁﬂﬁ Max; +32.0°C

v 4 ’ Min: 119.7°C

134716
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Solar panel inspection

. 1 il

.



<3 Drone with LIDAR Z &

Field loss assessment

In order to provide real-time and accurate quantitative data for large-scale agricultural disaster assessment, we can
serve as the basis for agricultural disaster relief and insurance.

This study introduces how to utilize deep learning methods to rapidly process large volumes of Drone sensor data.

 UAV AETERIEH
UAV BIBRIE S8 i
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Forestry protection
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Long Distance Detection for Automotive Application By Using 2D-MEMS Scanning Mirror

TLC40 LiDAR Module

Main Performance Parameters

[ | Detection distance: 150m

FOV : H=40°" x V=22°

Resolution : 0.1°(H) x 0.2°(V); @5-30FPS
Wavelength: 1550nm/905nm

Human Eye Safety Class 1 (IEC 60825-1:2014)
[ | Working Temperature : -40°C ~ +105°C

TLM120 LiDAR module

Main Performance Parameters
[ | Detection distance: 300m

Volvo 2022 CES Show

[ | FOV : H=120° x V=22°
[ Resolution : 0.1°(H) x 0.2°(V); @10-20FPS
[ | Wavelength: 1550nm/905nm
Human Eye Safety Class 1 (IEC 60825-1:2014)
[ Working Temperature : -40°C ~ +105°C

AHENE /BB CRERARAENA - JRERF Al MR - E R EE R E AP =
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Short Distance to Drone Application or Robot

TLF70 LiDAR Module

Main Performance Parameters
[ | Detection distance: 20m

| FOV : H=70° x V=30°
m Resolution : 0.3°(H) x 0.3°(V); @1-10FPS
0 Wavelength: 940nm,
Human Eye Safety Class 1 (IEC 60825-1:2014)
0 Working Temperature : -40°C ~ +85°C
AXM-FPO7 (HERHR)
TLF120 LiDAR module

Main Performance Parameters
[ | Detection distance: 20m

O FOV : H=120° x V=60°
m Resolution : 0.5°(H) x 0.5°(V); @10-10FPS
0 Wavelength: 940nm,
Human Eye Safety Class 1 (IEC 60825-1:2014)
0 Working Temperature : -40°C ~ +85°C

A B BB AR A TR - JREEF AT R - M =

34
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¢ Li DA R D eVi Ce j[\\%?:[j Each detector looks in a different
. direction. One detector per pixel.
* IR Filter -

* IRLD -

« IR Receiver APD & SPAD DetectorsH »
e MEMS

Laser

Laser
illuminates
entire scene
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\0/ LiDAR and Color Filter

Band-pass filters for LIiDAR applications.

100

100
90 %0
80 80
70 70
@ 60
2 50
40 40
30
20
10
0!3(]() 400 500 600 700 800 900 1000 1100 1200 0700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Wavelength (nm) ——AOI0 ——AOI-25
. .
Band-pass filter (905nm) Band-pass filter (1550nm)

o ASEERRREBBRENERAIRBAIRIEN - EISH
SR EIE 4 Detector

AXENE /BB RN AIRAFAA - IREET I AT EN - E R s AP =X

Coating spec -

AOI=0°

400~1520nm, Tabs=1%
1547~1575nm, Tavg=95%
1610~1700nm, Tabs=1%

T50% Band Width=49nm
Angle shift(AOI=0°~25°)=20nm

36
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* IRLD

A HERNE /BB B ARAEAA - JREEF AT A S8

EAHREENEEH
(VCSEL)

e At T 2
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<3 LiIDAR
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Bt
ADCRNER _WMEEFTEEESHELINE EEURUKABEERNAR -
EHEESH FEHHREE R ERH A FREEHEER

PCSELZE& 1t
SBE A mESLREEH

(EEL) (VCSEL) (PCSEL)

-————)
BHAE  HIRESE

SHRRAT
-—
SHERWH  DBRESME  ATSREH  SRBRASEKEE DRESNAS

i pe 7‘ﬂ‘] 30 KT ATHEREERE
5 B HEREE RS TENSHE
u 7k¢/z§sfj S 8/ES = E/ES EA A BT, WARRNR T > AR
2254 28F 156 16 SR, A AR RRET, KL SN EEnER
BE HREY B BB SREREaRa

AN E R EBERCRHERMNARAFA - JEEET A MG ~ #R SR AP
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LIDAR

205, X F e m B8R
ERTEEHTH EORESEBRE
PCSELTm ZR/MELARSTERERE

ERZEZSXRGL, EclEERSEEBERE

CSELZ&R/EBERE, AARBPCSELAI=1F

A — eSS R E KR EE(FECODERR) FELBSRIRE, BRBE M

PN — B fERR A R EELEFESE LA, ASAAE—

EELARmEE, EHRIREANEREE

VCSELTE R L3R B A BUE

o)

o)

1) s
&

[is}

EELB|ERISERE LSRR, RITEERE

R~ — el AR/ NS 783 VCSEL{D B 805 58

AN E /BB BRI ARAERA - JREET AT AR ~ 18R SR H AP =
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BEAFHEERSSZ/N\RTHER, E##Hsurface mount

ERSEXRIDRAIAE

.‘ > \ ‘
s .aﬁimazsﬁ ‘i;m;ﬁ% FEEE
EstE3DRAEA '
\ |
BER AR B K E ER xR

EEL : HRESEAMURBEE AR, BREK4ISESERIERDESR BREEE/), AEXSEREE

VCSEL : E& %, BXEEE BRERAERT AR B RN
PCSEL : E& %, ABER, XX SR EEE, EHPCSELIIFR O] EVCSELAV10E

AHENE /BB CRERARAENA - JRERF Al MR - E R EE R E AP =
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* LiDAR Device 114&

* |R Receiver APD & SPAD

RN E BEBRORERM ARAFA - JEEET A A G ~ RE SR HMP
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02 |IR Recelver

Vo>

ExElsT  REENSRERNBIIZSEE  UMEECHERERSZS - o8
REIBERP  HERBEREHE X FEABE

ELUERIBEE R BRI EEES SR EHENEEMFIEE (photomultiplier tube , PMT) -
E i a ot (charge coupled device, CCD)EE = 6 E 52 (avalanche photodiode,
APD)% IRSEREGHEIXEERBERE 2D @  MELTHMER  I— _+EHRRERMNENT
£ i _ R 32 (single-photon avalanche diode, SPAD) - FHAREE#9 82 IC (integrated circuits) &
22H9 CMOS(complementary metal-oxide-semiconductor) HI2E G - AmEEMT R ESE
R - #5lEHERREERANEEEQ) - ERSRlEE A2 EE (light detection and
ranging, LIDAR) - — A HEGTERASEAN NRIZETESY Y - REERRINEERBEFETE
S—HFHUEESRRKEABEERNENNERE  BRBSHNBFEMIHEE - FILIERISE
&8 -

KN E R BRI ARATAE - R ISR ~ 8BRS H AP = 42
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102 |R Receiver APD & SPAD

<

—1& PN 132 ﬁﬁ‘é?)\%]‘ﬂ—rﬁ’]ea RERFEMATNE -
HT@E@?EMFT@E > UTEIRIERE T - EJEL_HF’J_‘E’JK
(% & (solar cell) = EF’}_E’J%E/E % (photodiode)

B, - EEEAMED (avalanchelinear mode) ~ EFREE
Bl EMEEET (Geigermode) -

IAL

4 >V
el L SRR 2 b Pt -=-»

Geiger Avalanche Photodiode Solar cell

mode linear mode mode mode

STHREBNMAEBEHBEEERE  MZEAZEER -t
TaeBE Xt TFREE_BIENIEFEE  MEXREEZERNE
RIFH1EB %A 1R B (excess bias, Vex) -

KN E BB RO ARATIE » JREF A G4

SRR £l e

A 7 IBEE T NERIEE S - O IE o R ERE A0 (N
EEANERER) REEHFMEDS - EILENX N oHE
BEIERBRYE _ 52 (avalanche photodiode, APD)

Current

APD SPAD

ON

quenching :
' + avalanche
¢ E
OFF
: Y .
S > NS il
Vo e\ Reverse voltage
VBD VBIAS
recharge

43



0> R Receiver APD & SPAD

A EAREINF - AFFHRFEERRINE - EEEFE]DE (electron-hole pair) - ELEEF
EENHT  HotANESRSSNSHERRRE - AEEBK/ERMT - SRINPERKIE
&8 e Y °

ELBEES - THRIK—EXFE2ZREDRESE —BEFNER - R ETHFARENE BTG
@ (gain) - MRAFNBE XSS - FIEENERAKERTTHHT - EEIETEIEN ;

< ARTHABEZEZE (depletion region) FEIFZ A (KA 10
kV/cm) - SiFESSZNRE FEEEEHERE 7B (impact ionization)
R WEBMR®  UTEsStEdE FEFEET (valance band)WE
F B 2B (conduction band) - BliEEFE FERE - MEBLE
MEENHE FHOUESRESNERE  BEERSHEZEFERE -
i Es - EXEHREAAE  EEX S RI—ELTFE - EB
BHER A CVNEODINASEFHEMREREZER - tETHR
NI - BEEIEXT  BREEMEECS2E 100 £E 1000 -
2 —EXF o AZESE 100 2 1000 EEFERE - ERWLE -
2Ry R g8 o] LU 2R BRI B 55 8

AN E /BB BRI ARAERA - JREET AT AR ~ 18R SR H AP = 44
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< Structure and actuation of MEMS Mirrors

Piezoelectric method e Electrostatic method
method
. r= f B f
Device : / :
Appearance
° A A
Power per unit High Low Low
10% - 10’N/m? 101 - 103N/m? 101 - 10*N/m?
0 o ° X °
pera 'Ng Automotive Non automotive Automotive
environment - r g
I —— qualified qualified qualified
P 125°C or lower 100°C or lower 150°C or lower
o o »
Seismic Dynamic Automotive Automotive .
) - e Non automotive
Resistance qualified qualified ualified
High High q
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Lc> MEMS _Single Crystal Wafer

Single-Crystal Wafer KRYSTAL" Wafer

KRYSTAL® Wafer

Superior wafers for piezoelectric MEMS, that can be
single-crystallize various piezoelectric materials to be
deposited by using an original ZrO, Buffer.

Single Crystal Piezoelectric Layer (PZT)
Bottom Electrode Layer (SRO/Pt)
Original ZrO, Buffer Layer

Si Substrate / SOI Substrate

Cross Sectional
Structure Image

Wafer without Buffer =~ Wafer with normal buffer KRYSTAL® Wafer
(Random Orientation) (Random in surface direction) (Continuous crystals)
Polycryst

Polycryst al

==

al

2

Pt

Without Buffer Normal Buffer SRO /Pt

Si i Si Original ZrO, Buffer

AN By

TEM image
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B &Zam PZT #IELER :

B KRYSTAL® Wafer's single-crystal piezoelectric thin films shows superior electrical and mechanical

characteristics compared to common poly-crystal piezoelectric thin films.

. ow A

Yo T

di »

PZT thin film for sensors and actuators are available as the standard specification.
The specifications can be adjusted to meet requirements, by optimizing the process conditions.

v Superior Electrical and Mechanical Characteristics

The piezoelectric property direction is aligned when single crystalized.

It exhibits superior actuator and sensor performance.

350

300

Higher power

d31[pm/V]

150

100

Piezoelectric constant
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©® KRYSTAL® Wafer single-crystal
® Existing poly-crystal products

Lower energy consumption

TEINFEAMSE L (A
*oEME (PZTEmR )  RAEEPZTRE LIFEEPEENASLEZREENR -

* ERPZTHEENEHRKILRESED  ARTE

AN E /BB RN ARAERNA - JREEF A T2

>

BEEESEH )

v" Improved reliability
Single crystallization improves the bonding between atoms
It has approx. 100 times longer life than polycrystal PZT.

80°C Ln(Time)/K?

NonNe ® KRYSTAL® Wafer single-crystal
~

"“\ ® Polycrystal Sample A
= .\\
NS Polycrystal Sample B

Ln{Time) [h

10

1000/T [K2]

TDDB(Time Dependent Dielectric Breakdown) test result
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