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LIDAR in its point cloud beauty...

https://www.electronicdesign.com, https://www.eenewsanalog.com,

https://techcrunch.com

What are/will be the
successful LIDAR
architecture(s)?

What is new on the
component level ?
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https://www.electronicdesign.com/
https://www.eenewsanalog.com/
https://techcrunch.com/2018/11/06/luminar-nabs-former-uber-executive-to-lead-lidar-startups-business-development/

LiDAR
Light Detection And Ranging

B Lightis incredible fast

@ High demands on electronic:

Laser o Timing resolution
g m Sensor read-out / data rate
it e /\ No heat generation
(...)
c High amount of active channels at the same
d= ETTOF time
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LiDAR
Light Detection And Ranging

@ B Optical wavelengths

®
Laser
g m High spatial resolution
chiiozid /\ Eye safety (Laser Class 1)
c choice of pulsed laser light
d =5 Tror wavelength & beam motion

(905 nm / 1550 nm)
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LIDAR methods

Flash

Target Scene

Camera

lllumination of the
full scene in one shot

Easy data processing as
global shutter image

Distribution of
laser power on the
whole scene

Solid State

11—

\ Target Scene

Camera

Sequential illumination
of the scene in smaller
solid angles

Steering unit needed
(Mirror, MEMS, OPA,..)

Higher laser power can
be used

PN
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Eye safety
Accessible Emission Limit (AEL)

Flash

50°

A
v

Target Scene 37.50

Camera

Regular pulse repetition frequency = 200 kHz
Wavelength A = 905 nm

412.85 W - \
. oy =50°

oy =375°
AEL =825.7 nJ

for pulse width = 2 ns
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Eye safety

Accessible Emission Limit (AEL)

Regular pulse repetition frequency = 200 kHz

. 60 Wavelength A = 905 nm Accessible Emission Limit (AEL) /J
Solid State
1.6p
Resulting in (nearly)
0.1° the same emitted : 144
. intensity for lefereqce _due_to
g Flash and Solid State power distribution e
0.1° I N] [ | — J (in 0.1°x 0.1°) | over the solid angle \ Lo
Target Scene ZH f 23 ; N 805.0n
V_ . .
~ AEL =825.7nJ
. 605.0n
405.0n
205.0n
Camera B
‘ 10 20 30 40 50 60
horizontal source opening angle «, /°
=
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Eye safety
Accessible Emission Limit (AEL)

Solid State AEL =5 nJ

0.1°
<>
N[ [ |=— -
Target Scene
Camera

Regular pulse repetition frequency = 200 kHz

(&)
o

N
o

\\

oy =50°

a,=375°
AEL =825.7 nJ

N
o

Movement

-
o

of beam is
not included

—

vertical source opening angle ¢, /°
w
o

10 20 30 40 50 60
horizontal source opening angle «, /°

0 Wavelength A = 905 nm Accessible Emission Limit (AEL) /J

1.6p

1.4y

1.2u

1.0p

805.0n

605.0n

405.0n

205.0n

5.0n

/\
DVN Dec. 2-3, 2019 Frankfurt LiDAR Conference

\

~ Fraunhofer
IMS



Eye safety
Accessible Emission Limit (AEL)

Regular pulse repetition frequency = 200 kHz

. 0 Wavelength A = 905 nm Accessible Emission Limit (AEL) /J
Solid State AEL=5nJ * 15
o 1.6p
” >
0.1° Additional S 1.4
- factor c;f 2 -
0.1°¢ hL L= p up to ~ 15 g \ 1.0y
Target Scene qé‘ ' ZH f 23 ; : 805.0n
V_ . .
o AEL = 825.7 nJ
5 - 605.0n
?
With beam @ 405.0n
movement £
S 205.0n
Camera B
AEL=5nJ 10 20 30 40 50 60
horizontal source opening angle «, /°
=
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Eye safety
Accessible Emission Limit (AEL)

Solid State AEL=5nJ * 15

Regular pulse repetition frequency = 200 kHz
0 Wavelength A = 905 nm

Accessible Emission Limit (AEL) /J

o 1.6p
” > 50
0.1° Additional S 1.4
- factor of © -
© 40 :
0.1°¢ hL L= p up to ~ 1> =i \ 1.0y
= :
Target Scene 8 30 @ =50°
o d@y=375"° 805.0n
3 AEL = 825.7 nJ
3
Results in possible S wen
. . Lt 10
higher Signal-to- o 205.0n
Camera NOise RatiO than fOr B
. .Oon
Flash LIDAR 10 20 40 50 60
horizontal source opening angle «, /°
=
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Eye safety
Accessible Emission Limit (AEL)

Flash Solid Stat
Q\ T— ]
Target Scene p oreetcene Be careful...

Laser power is the only system parameter

Camera Camera

Others

M System cost (number and cost of components)

~ 15 times higher AEL B Detector sensitivity / background light immunity

M Detector resolution = system resolution
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Photodetectors for Solid State LiDAR

B MEMS LIiDAR (with separated receiving light path) Photodetector

Here: 1D scanning

Unactive
pixels

Laser diodes Sending optics P \

A O A
s [ ] )
:D AN | ilna Active O .
pixels ® Scanning
MEMS scanner ® direction
v
\ lllll
1 T 1
ol vind L b4
- : Signal < >
Receiving optics Photodetector 2 < >
processing Horizontal field of view (FoV)
source:
y Forschungsfabrik
Y iz
—
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Photodetectors for Solid State LiDAR
Pixel resolution

B MEMS LIiDAR (with separated receiving light path) Photodetector
Here: 1D scanning
For instance: _
Unactive
FoV - horizontal = 90° pixels
with 0.1° angle resolution \ 8 s
= 900 photodiodes in a row 'SS;Y: ° Scanning
® direction

| > 2D photodetector arrays are required

&
<«

v

Horizontal field of view (FoV)

900 photodiodes in a row
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Photodiodes

Benchmark

M Best choice for creating 2D arrays:

Silicon-based detectors

Single Photon Avalanche Diodes (SPAD)

PIN-PD APD SiPM SPAD

Gain 1 100 109 108

Single photon detection No No Yes Yes

Operational Bias Low Medium Medium Medium

Temperature Sensitivity Low High Low Low

. Array possible Limited Limite Limited Yes +

Readout / Electronics Complex Complex Medium Simple

Rise time Medium Slow Fast Fast
source:
47/, Forschungsfabrik
Y e
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Chip architecture depends on photodiode choice

On the same SPADs / digital signal output

chip (CMOS) B Time stamps by TDC (time-to-digital converter)

B Add smart read-out functions as region of interest, or time-gating

APDs / analog signal output

External chip M Shape of response pulse by TIA (transimpedance amplifier) & fast ADCs

B Limited channels (a few tens)

B Customized process of photodiode = best device sensitivities
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Chip architecture depends on photodiode choice Best features

On the same SPADs / digital signal output

chip (CMOS) Time stamps by TDC (time-to-digital converter)

Add smaft read-out functions as region of interest, time-gating and others

APDs /‘analog signal output
External chip ® Shape of pulse by TIA (transimpedance amplifier) & fast ADCs
B Limited channels (a few tens)

M Customized process of photodiode = best device sensitivities
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CSPADs
Chiplets combining Back Side Illuminated SPADs and CMOS

High pixel resolution and simultaneous pixel time-stamps
High SPAD sensitivity in the NIR region

B Wafer-to-wafer bonding: easy post-processing (ARC & micro lenses)

SPAD

First device: CSPAD3000light | i T
32 x 24 active pixel resolution l
350 nm CMOS on 8 inch wafer l

4 ¢m distance resolution

Sunlight suppression algorithms CSPAD3000light
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Conclusion

B Ongoing SPAD developments and new arrivals of 2D-arrays in 2020

B Contribution to low cost Solid State LiDAR solutions

Igna
processing
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Thank you for your attention

B Visit us at the exhibition

raunhofer
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