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LiDAR concept introduction
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Rangefinding and LIiDAR definition

LiDAR = A distance measurement system based upon Light which can be used
in a wide variety of applications T“% 4 m,
» Depth perception 4

* Object detection and avoidance

L‘
“HinANse) N
NEIHES llll!lh.
)

* Location mapping

Several technologies
Radar, Lidar, sonar, ultrasonic, optical ...

LIDAR target markets :
 Automotive, loT, industrial, ...

A pho ofa range finder at La Corbiére
Source: wikipedia
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Why do we need Depth information in a image ?

* Depth data removes ambiguity
* Helps to distinguish and give meaning to objects within a scene
* Enables automation
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Why LiDAR ?

' Good performance

. " at various light
Configurability conditions agnd

weather

High accuracy
and
performance

'High data density
with low power Excellent cost-

Adaptable to many use

cases/environments

'Precise detection
of any type of
solid object

Sharp cost
decrease

loT, BIS, Industrial, Logistics, ...

Source: http://home.iitk.ac.in/~blohani/LiDAR_Tutorial/AdvantagesofLiDARtechnology.htm

Source: ON Semicondcutor Intelligent Sensing Division (Sens L) %
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http://home.iitk.ac.in/%7Eblohani/LiDAR_Tutorial/AdvantagesofLiDARtechnology.htm

Tracking Mode ’

Examples of Industrial LIDAR Applications Stack height |  Fill level
| control monitoring

People occupancy monitor

*Images courtesy of Denso Wave

Alignment control

Crop monitoring

Building Info. Model. Safety/Proximity sensor

) ) *|mages courtesy of Pepperl & Fuchs i
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Technology variants for High-Resolution Depth Sensing

Stereoscopic Vision Structured Light LiDAR Time-of-Flight Camera  Phase Detection
(Direct ToF) (Indirect ToF) (Pixel-Level)
Dual camera monitoring Single camera monitoring Single sensor measuring Single sensor measuring Single camera measuring
Image offset to measure distortion from IR light pattern transit time difference of phase difference of IR light pixel level phase difference
the distance of the target pulsing light to calculate distance of ambient light offset to

calculate distance

Laser /

Driver Image

Driver
Sensor

Image Image
Sensor Sensor

ISP

ToF controller ToF controller ISP

Imaging Analytics Algorithms

Application Software
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Direct ToF LIiDAR - Simple Concept

N
_/ TARGET
] — OBJECT
|

Distance (D)

D_Ct
2

... Made challenging by the real world requirements
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Single Shot laser pulse & photon arrival timestamp for Depth measurement

— >

D

Multi Shot laser pulses & photon arrival timestamps to calculate Depth from histogram
« Photon counting for Intensity Better SNR - Longer Range!
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Wavelength Choice

- ' . Shortwave
ASTM G173-03 Solar Irradiance Model Wavelength Visible Near Infrared
Range ~600 nm ~905 nm Infrared
7 Extraterestrial Irradiance ie.iut_side of the Earth'salmospheli ~1550 nm
0 @Eﬂi.nm including Direct and Diffuse light ;:a_lizr:;) o o o o
) e et o R o Visible beam Visible Invisible Invisible
: Eye safety By design By design By design
Emitter/Detector Low cost Silicon detector and
. Components cost optimized laser diode
- - s P, Attenuation in Lowest Moderate
—Etr W*m-2*nm-1 — Global tilt w'm:‘nm 1 —— Direct+circumsolar W*m-2*nm-1 Water
Interferenpe due to Higher Moderate Lower
sunlight
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Solar Noise Vs Wavelength

ASTMNM G-173-03 Solar Irradiance Model

Extraterestrial Irradiance (ie cutside of the Earth's atmosphere)

@ Irradiance including Direct and Diffuse light on the EID

commercial

rangefinder _ Normal incident Direct light on the Earth

£
=
o
=
=
B 10

0.5

280 780 1280 1780 2280 2780
wWavelength (nm)

635 a05

Etr W*m-2"nm-=1 — Gobal tillt WSM=-2"mim-1 Directs+circum=solar W*m-2"nm-1

—
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ON Semiconductor LIDAR Products family
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LiDAR Functional Block Diagram

Optomechanical subsystem

Six Major Hardware Functions o
block on a LiDAR System: Driver »  Transmit Receive

ON Semi Beam Steering Beam Steering
A

- e [[lumination in NIR Laser P PAD
Transmit spectrum Diode/VCSEL
i

* Return photon

Receive detection

Beam *Scanning/Scene HEES

Steering lllumination Management Laser Driver

Optics «TX and RX focus

*Signal processing
and point cloud

Readout

Typical LiDAR System Block Diagram

Power and * Power Key strategic focus for ON Semiconductor is to offer system, sensor,
System management readout and laser driver solutions for all NIR LiDAR architectures
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Evolution of Roadmap for Enabling the LiDAR Ecosystem

LiDAR Module Products Promoted by

3D and 4Di LiDAR Demos
with SiPM & SPAD Arrays

>

=

o

®

o

(4]

@)

E Gen-3 1x16 Pandion
g SiPM Scanning  EVK Flash
7)) 3D LiDAR 4Di LiDAR
>

o

Proven Feasibility of dToF
LiDAR with SiPMs

Gen-2 SiPM
Single Point

Gen-1 SiPM
Single Point

16-Channel SiPM
LiDAR Ref. Design

Validated LiDAR Reference Designs for
SiPM & SPAD Arrays
L Q =

ON Semiconductor Partners Program

glic«feld

LiDAR / scan your world

« . MicroVision

robosense

—
—
Lnaca,

sgs
L=3

wwwwwww

ccccc

Pandion %VK3

LiDAR Ref. Design

LiDAR
Partners
Program

LiDAR Module Designers/Manufacturers

* Knowledgeable in LiDAR design & manufacturing with engagements across markets from industrial to automotive
* Partners with automotive engagements have understanding of qualification and reliability (emerging as “Tier-1")

LiDAR Module Customization Manufacturers

 Established ecosystem manufacturing partner (e.g. for camera modules)
¢ Able to manufacture LiDAR modules based on a complete reference design

LiDAR Component Suppliers

 LiDAR ecosystem component supplier for illumination, beam-steering, signal processing, etc.

Phase 1 Phase 2

Phase 3

Pre-Study / Proof of Concept

Product Develop

L§

2
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What is a SPAD/SiPM?

“Single photon sensitivity to identify objects in 3D at long distance”

Photons detected by a SPAD
produce a measurable current pulse

B 4

MicroRB-10020-MLP SiPM
(1590 microcell elements)

Cathode Fast Output

Cathode ] ! ‘ ~— SPAD
l— |— |— |—< ~— Fast Output Capacitor
S PAD ~— Quench Resistor
! ! Cathode
. - - Fast
Output
Anode g—{l— g—{l— 2“_ ?I— p

e Anode SPAD/SiPM time or count multiple photons
SPAD SiPM can measure intensity

(Microcell) SiPM is a parallel array of microcells ‘
Public Information .
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Types of Photodetectors for LIDAR
- D

k Hamamatsy K Hamamaty K Semiconducy \ : ON SemiconduW

Single Photon Silicon
PIN Diodes Avalanche Diodes & Photomultipliers &
SPAD Arrays SiPM Arrays

v Low Voltage X High Voltage v Low Voltage v Low Voltage
v/ Good Uniformity X Poor Uniformity V' Excellent Uniformity V' Excellent Uniformity
X No Gain Moderate Gain (102) v Very High Gain (106) v Very High Gain (106°)

Linear Mode Linear Mode Vv Geiger Mode - Single Photon Geiger Mode - Multi-Photon
U Market Adoption Market Adoption 7 Market Adoption 7 Market Adoption

Higher Performance Detector = Better Depth Sensing Performance
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ON Semiconductor SiPM Detector Trend

* Higher PDE enables longer range and/or lower power

>

* ©x improvement during last 3 years

* Future will have another doubling in <2 years Double PDE

Half XT

18.0% PDE
25% XT

10.0% PDE _
30% XT RDM-Series

Visible wavelengths
41% PDE @420 nm

7.0% PDE
30% XT

3.0% PDE @905nm
30% XT

NIR Photon Detection Efficiency (PDE)

>

2017 2018 2019 2020 2021-2023

All PDE measurements at 905nm, 22°C room temp; s
17 Public Information See datasheets for exact specification |



RB-Series SiPM - Single photon sensitive for NIR LiDAR

 Optimized for NIR LiDAR = TR

« High sensitivity = up to 10% PDE @905nm bl

* Single photon sensitive - Gain 10° g g |

* Low operating voltage > ~40V bias = / el B o

e CMOS process = Excellent uniformity o T IR

- High bandwidth > < 1 ns rise time Z S

« Features unique SensL Fast output = 2 ns T g
FWHM o 10 e S et vt

* Reliable robust MLP package
 Operating range of -40°Cto 85°C

e Available in 10 um 20 um and 35 um cell
size for optimum PDE/DR

* Evaluation boards and reference designs
available

k 18 1/29/2021 Public Information




ON Semiconductor SiPMs Differentiators ?

Silicon Photomultiplier (SiPMs) ON Semiconductor SiPMs

Highly sensitive photodetectors Highly uniform and cost optimized
* suitable for high volume production
Low noise characteristics
R-Series NIR sensors optimized for 850 nm to
940 nm wavelength range
e Design in systems with cost-
optimized mass production laser
diodes

Fast response time (accurate ToF)

High data density
ON

Semiconductor

LiDAR Value
* SiPM based system is simple, Propesition
reliable and scalable

Source: ON Semicondcutor Intelligent Sensing Division (Sens L) ( /
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LIDAR system major functions

Six Major Hardware Functions
block on a LiDAR System:

Optomechanical subsystem

Actuator

Transmit Receive

Beam Steering Beam Steering
A

Driver >

e [[lumination in NIR

Transmit spectrum

Laser SlPM/SPAD

* Return photon Diode/VCSEL

Receive detection

Beam e Scanning/Scene
Steering lllumination

Power
Optics e TX and RX focus Management

Laser Driver

ON Semi

* Signal processing

Readout [Nt

ON Semi

Power and
System

* Power management

Typical LiDAR System Block Diagram
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SiMPs dToF LiDAR platform - In a nutshell

) Range finder 1.0

File TDC
Load ToF data Ctrl+0
Save Tof data Ctri+S
Load ref Tof data S
About
Exit Alt+X

Number of samples (-]
o
]

- X

Distance average [m]

c .USh

Histogram max [m]

2 005

Targetlv]  Actwallv]  Targetlv]  Actual [V]

SiPM bias power

conl_uc n
-5 T1-45 0

IC n \C
[ B R .

i |

OoN ON
. M indoor utdoor
- Buffer length

Distance [m] ok sk 1 0 1w @ E:LS:I
™ | istogram type cal [ d = K 7
histogram min[m] : 55 ‘ cel::ner Center TDC raw 0.0ns:6 histogram span[m] (i [ auo save | ... e stop: (100 3|

Clrefersnce 1 Pty | I, range_sutosave_0001.tof
@ Distance 0 ns: 1427 > I : 00

Trigger pulse period Trigger pulse cous Laser pulse width [-] HW revision: 1.0 N
'l 9 m "-“"HE r [<] Enable Mxl USB UART host
T [m: ]‘_.!-_I_ u [ m[ N} f[Hz]. ILic ([N Trigger o il
SW Reset Disconnect
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Single point range-finding
Plug-and-play

Range 0.1 m - 23 m

Class 1 laser (intrinsic eye-safety)
RB-series NIR SiPM sensor
Cost-optimized system
Mass-deployment ready

All manufacturing files available

o



System overview

Laser system

FPGA

UART communication

Flanc-convex
Lens

Target

- - -

Common N_Bias Supply for Rx OOI[I)::E[:'ICQTS
and Reference SiPM diode j

circuit

v Laser and \
Power High Speed Reference A
MOSFET  Mosfet driver circuit W

SiPM RB \ ﬁ PGA \
----»Reference (ice40)

FPGA control block
for regulated
Negative (SiPM
diodes) and positive
(Laser Diode) bias
supply sources

—

Reference
START
H pulse

Tx Reference
Discriminator

TDC
(Time to Digital

\ Converter)

Flanc-convex
Lans

A

Measured Distance = (c*T)2
c - speed of Light
T - measured time in FPGA’s TDC

905nm Bandpass Filter _/ \ j

"
i
'
i
i

¥

[
[
[
[
[
[
Reference [
Voltage : STOP
[l pulse
' ’
SiPM RB -
_____ , Receiving i .‘h----------------------------
diode ‘ | FPGA's TDC measures accurately
é v time between START and STOP
Rx Discriminator signal
amplifier

Receivirh
Circuit (Rx)

Pt
PMCD 1
Connector - >
p—
Supply management
circuitry and UART
USB 9 .
connector i j
I UNMIIVU THTHIVITTIAuIVvl i -




Enabling the system solution

POWER MANAGEMENT & USB-PMOD AUTOSWITCH

FET Switch  2V51DO
(FPF2110) (NCP170)

3V3 LDO
(NCP161)

- V Supervisor
1v2 LDO (NCP308)

(BstEiTss) (NCP170)

USB Filter USB - UART
(EMI2121) (FT232RQ)

Logic Gate
(MC74VHC1GTO08)

3V3 ' V Detector - FET Switch
(NCP300) (FPF2110)

Transmitting circuit (Tx)
Laser system

FRD

FPGA
TX + REFERENCE (MBR120) (ICEAOLP)

LASER DIODE

. Laser Diode cET ULTAR FAST GD — | TX - Laser Supply “DIODE
(SPL_PLS0_3)

: (FQT13NO06) (NCP81074) FEEmEE (BAS16)

"V Supervisor  BJTSWITCH
(LM2903) (BC817)

SiPM Discriminator '
(RB-Series) (NBA3NO12) BJT SWITCH
(BC817)

.VSupervisor * BJT SWITCH ~ DIODE
(LM2903) (BC856) (MMSD701)

RX

|| RX - Negative supply

SiPM RF Transistor Discriminator Regulated

(RB-Series) (NSVF4015) (NBA3NO12)

1
Receiving circuit (Rx)
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Other features

GUI

Adjustable SiPM bias for different use cases
Save and load data

@ Power supply

USB 5V
PMOD 3.3V

Out of the box operation - no installation @

Time to Digital Conversion (TDC)

FPGA based (ice3)
~ 8bps bin width
Automatic TDC calibration

Public Information

Laser and optics

RB-Series SiPM detector

905nm laser diode transmitter

650-1050nm coated BK7 plano-convex lenses
Maximizes distance measurement

905+5nm band pass optical filter (FWHM: 30+5nm) for RX
Highest sensitivity in selected spectrum

Regulations

Class 1 laser - eye-safety intrinsic
FDA certified




Resources

Application notes and papers Development Kits

&

SiPMs
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RB-Series SiPM Sensors Ll DAI z n IOdel | ng
Clear A ftcers ) (21
Advance Information SiPM dToF LIDAR
Silicon Photomultipliers i oF Li
(SiPM), Red-Enhanced Platform Development Kit
= i ® —_
Second Generation ON Semiconductor
. Wi tne Internet of Things (o), here are an increasing number o ranging and sensing applications looking to benefi from lowg
www.onsemi.com
Thes
RB-Series sensors are the second release of Silicon Photo- communication.
multipliers (SiPM) from ON Semiconductor’s R-Series range. These 1 bancicen,
sensors provide further sensitivity improvements in the red and NIR o ON Semiconductor Search the site
region of the ic snecium. Al R-Series SIPM sensor
feature high respons|
coefficient of operati
sensor is packaged i .
package that is suita YL [ael Solutions & Applications Tools & Support About Blog Careers
and the package are o
delivered on tape an Home > Products> Sensors> Silicon Photomultipliers (5iPM)> RB-SERIES SIPM
SiPM sensors arq
(APD) and PIN di . cil: Featured Resources
censiviy Tis na RB-SERIES SIPM: Silicon
long distance in Lill T
SPAD that can only Photomultipliers, NIR-Enhanced
limitation by incor] -
multi-photon detect]
recommended that ON ¢ AND9782/D EZE patasheet: Silicon Kl product »View Material Composition
1o Silicon Photomult ~ & Photomultipliers (SiPM), / overview » Product Change Notification
PR Red-Enhanced Second ¥z Mark as Favorite
Table 1. GENERAL Biasing and Readout of Generation
Parameter | ON Semiconductor Rev. 5 (1632kB)
roaaon Volage SiPM Sensors o
(Notes 2,3, 4) ON Semiconductor® RB-Series: NIR-Enhanced Silicon Photomultipliers (SiPM)
Gy wyos.onsemi.com O ©@roseessiv siel  The RB-Series is a range of Silicon Photomultipliers (SiPM) providing increased sensitivity into th)
rervoltage (Vo) This application note covers all aspects of Silicon Photomultiplier i -
(Notes 2, 4) S. PM ] (SIPM) bing and eadout o ON Semeenducir SPvl. Reacon APPLICATION NOTE - = electromagnetic spectrum. The RB sensors feature single photon sensitivity, high responsivity a 10Klux
] § cpions for both the standard and fast terminals are discussed. achieved at a low bias voltage. The sensor is packaged in a compact and robust micro leadfram: 1 T T T r
3 3 for reflow solder processes. Both the sensor and the package are designed for volume producti \ -
Speciral Range (Note Ran in SiPM STRUCTURE N-on-P %, P-on-N =, and reel P packes . P = =n=10% - single shot
T Almeasurements 1 The SiPM consists of an array of microcells. Each microcell o, . o N - 09 \ —— = 10% - multi shot
h " . h » n o
2. Operating bias (Vbi: consists of a Single Photon Avalanche Diode (SPAD) and a quench " L) - \ o .
3. The breakdown vott resistor. ON Semiconductor SiPMs have 3 terminals; cathode, anode ° O The primary application for the RB SiPM sensors is for LIDAR and ranging applications. These Si 08l = =7 =95% - single shot
V is the bies voltagd and fast output. For further etails of SiPM technology please refer the § over avalanche photodiodes (APD) and PIN diodes due to their high gain and single photon sen: - \ \ —— = 95% - multi shot
Introduction to_the Silicon Photomultiplier application note. The " L4 th bles the detecti f | flectivity targets at | dist: Unlike the larly- =
SIPM cirult siructare and circut schematic symbol are shown in is enables the detection of low reflectivity targets at very long distance. Unlike the similarly-op) o7l \ \
Figure 2 single photons, the SiPM overcomes this limitation by incorporating a microcell structure that 20 \
ON Semiconductor SiPMs are either P-on-N or N-on-P type diode Figure 1. N-on-P and P-on-N Diode with a high dynamic range. 3 \
structures. Figure 1 shows the diode structure and Figure 3 shows the tructures. So06f 1
SiPM schematics for both types. Features Benefits Q™ \
<
« High gain and detection efficiency  High responsivity of >10 S5}
-7 Cathode -~ + Unique ‘fast output’ terminal « Ultra-fast rise times and 8
This white paper is intended to ass| PN NP \ + Compact and robust MLP package « Evaluation boards with | T4l \
based LiDAR (Light Detection and Ral : Fout Fout available 2 \
on the deggn and implementation of f . . « PDE of >10 % at 905 nm S0l \
laser, timing and optical paramef b g « Single photon sensitivity ﬁ ’ \
considered whe - Anode
miee « 1 mm sensor size, which a choice of microcell size 02k \
SiPM Component « <50V bias voltage
‘Symbol \
Applications End Products 0.1F N
SPAD g Cathode S~ o
Ve C} 0 L i T - e e we
L rastoupu Asegesem 0 200 400 600 800 1000
- Target distance (m)
Anode
Figure 2. SiPM Internal Structure and Component Symbol. The SiPM Consists of an Array of Microcells
Connected in Parallel. Each Microcell Features a SPAD, Quench Resistor Rq, and Fast Capacitor C¢



https://www.onsemi.com/pub/Collateral/MICRORB-SERIES-D.PDF
https://www.onsemi.com/pub/Collateral/TND6254-D.PDF
https://www.onsemi.com/pub/Collateral/AND9782-D.PDF
https://www.onsemi.com/products/sensors/silicon-photomultipliers-sipm
https://www.onsemi.com/products/sensors/silicon-photomultipliers-sipm/rb-series-sipm

ON Semiconductor industrial LIDAR unique ecosystem

Focus on your application while we make LiDAR easier for you

-o0—
—0
e

System solution SiPMs Development
expertise leading tools and educational

technology resources
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