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Lidar for Autonomous Vehicles
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What is Lidar?

— i ——

Transmitted Beam

Reflected Beam

Laser
Transmitter

!

»| Recelver

Y !

Signal Processing

3-D Point Cloud

Source of 3-D point cloud image: http://ucanr.edu/blogs/green//blogfiles/11605_original.png
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Types of Lidar

<Time of flight (ToF) for dista@
measurement

* Doppler

* Spectroscopic
* Multispectral
 Polarized
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Direct vs. Indirect ToF

Lidar I Transmission .
At ‘é ’ _ | Measure time difference
/ between TX and RX pulse
Lidar I Reflection

A

_ L
Lidar I Transmission .
AD ~<§§> ® ‘ I Measure phase difference
/ between TX and RX envelope
Lidar I Reflection

B N W W B o
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Importance of Pulse Shape (Direct)

Reflection

Transmission ! ’ﬁ
_ learI

d1 td2

Lidar

?7?
Shorter pulse = better resolution

7 of 35



Importance of Pulse Shape (Indirect)

— L

Transmission 3 &7

Fast transition

 Linear phase and time
response

* Low cost CMOS detector
* Direct ToF readout

A

Lidar

A

Slow transition
* Nonlinear response

Lidar

« Computation required
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Amplitude (Both)

* Higher pulse amplitude = increased range
* Pulse amplitude limits:
— Laser thermal limitations

— Eye safety limits
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Laser Transmitter Circuit

VBus
VIN ? /‘\S
+ Lsi
<_> Cgus —— D, ;;ay
Q;
Vcommand
<+> VGs

Gate Drive Current
Laser Diode Current
Light emitted from laser

10 of 35



Pulse Width and Amplitude

Long-Range Lidar
Target: Upto 300 m
Pulse: 5ns-350ns
50 A—-500 A

Short-Range Lidar

Target: Upto 10 m

Pulse: 0.5 ns-95ns
5A-50A
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Why GaN?

Parameter

Technology

EPC2212

Best in Class
Si MOSFET

VDS,max (V)

100

RDS(on) (ML)

21

I|Dulse,max (A) @ 4.5V
Qgior (NC)

Rgate (W)

| Rgate * Qgior (Q » NC)

0.2

3.0

L

source (

0.1

0.3

I—drain (n H)

0.1

1.0

Package (mm x mm)
AEC-Q101

LGA 2.1x1.6

DFN 3.3 x 3.3

GaN FET

ol
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Why GaN?

Simple chip-scale package
* Low inductance
« Small size

eGaN FET die

Drain/Source/
Gate connections

PCB

PCB source connection

/
S
~ PCB gate connection
PCB drain connection

Source Gate

Source/Gate clips

Source/Gate die attach

Complex package
* High inductance
« Large size

MOSFET die

Drain dieattach
Drain pad

drain connection ——

—— PCB gate connection

——— PCB source connection

13 of 35



Simulated Performance

ook = 36 A, Liaser =3 nH, t,=4.0ns — V,,=69.0V, C, =1.22 nF

40 140
— EPC2016C FET Tech Iy  (A) t, (ns)
30 -==- BSZ146N10LS5 120
_ |deal Switch |deal 36.0 4.00

20 A 100 >
< \S| & |EPC2016C GaN 35.1 4.02
= 5 S
2 \ S Best in Class Si 23.7 5.21
3 0 A - -4 60
O £
- ©
§ e p————— |© 2  « Customer demands are for even

20 20 i higher current and shorter pulses

A - : ..
30 ] 0 « Silicon has already hit the limit!
-40 - -20

0 5 10 15 20 25 30
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Laser Diodes

SPL PL90_3 (c. 2007)

TPGAD1S09H (c. 2013)

Part No.
SPL PL90_3

TPGAD1S09H

SPL S1L90A_3
A01

A
(nm)

|
(A)

\'

Fmax

(V)

Fmax

SPL S1L90A_3 A01 (2019)

Through hole

905 30 12.5 75 Surface
mount

905 40 11 125 Surface
mount

~ 0.5
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Design and Layout

Minimize:
* Power loop inductance
» Gate loop impedance

 Mutual inductance
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Layer 1 (top): Source Current

Power loop
Gate drive source current

turn-on current

Load current
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Layer 2: Drain Current

Gate drive

turn-on current |
Drain current
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EPC9126 Laser Driver (DToF)

i + 75 Aor 150 A FET
() * Includes built in probes

GND. ey €2

™ & SunEm,

+ Fits many lasers

(0}

0

;L.;'".'.".';:’

w
p—

-

a}i
m

[
my .

-
s
o W

—

|

EFFICIENT POWER CONVERSION

e6aN® FET () EPC 2018 i

20 of 35



EPC9126 Laser Driver (DToF)

EPC2212 LMG1020 Gate driver

(AEC-Q101) or
EPC2001C

Current shunt Recharging

resistors

Discharge
capacitors

Laser diode EPC9989 [ LL.

or load interposer L4
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EPC9989 Interposer

™ =
OSRAM PLPVQ 940A = <—— OSRAM SPL S1L90A_3 A0
b . TPGAD1S09H
OSRAM SPL S4L90A_3 A0 & Excelitas +551013503H
+.c TPGAD1S11A-4A €= Hamamatsu L14774-01 (230 ym)
Excelitas o~ \ D1500A4C 114829-01 (360 um)

Hamamatsu L15326-01 (230 umx4 ch) < MMCX Molex 0734152063

Q
=
5
\J
o
N
(o))

spiooq .asodi Ay

0°Z "Aay

* Breakaway boards for
many lasers

* Other breakaway boards
for alternate loads

U.FL Amphenol A-1JB

134 @Nedd 68660d3

811z 2d1Q

X.FL Hirose X.FL-R-SMT-1(02)
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EPC9126 Rev 3 (DToF)

} _ 1' Horizontal
| Meas Results | Res:20 ps /10 GSals
RL: 1 k=a T
Meas 1 [B) Meas 2 [0 Meas 3 [ Meas 4 Scl: 2 nafdiv
Max High . 6.0593 V¥ |Fa|l time Max Fos:0 =
Pos. pulse Rise time 70 F11.87 ps Pos. pulse Tl'i';lngl' 5 Auto
- T &4: Edge Zhz
Fall time 7 1.276ns i

1.6 W

- : FET EPC2212
e B | | ] OSRAM SPL S1L90A_3 A01

Cpl: DC 500 F IMY
Dec:Sa Ta: A
laser Bw: > GHz

Veus=75V i

Scl: 2 widiv
Fas: -3 div

— T W -] E - ‘""""""T ILASER,peak - 69-5 A --------- off: 0 W

Cpl: DC 5080

Dec:Sa Ta: A

B, 2 5Hz

o A~ |  Currentt,,=166ns | ] -

Sl 10 widiv
Fos: 4 div

o e i ¥/ O S oo {  opticalt,,=191ns | F 5 §

Cpl: DC 500
Dec: =a T Avw
B, 2 5Hz

———————————————————————————————————————————————————————————— = ~

Chawfmi1 =
Scl: 20 addiv
1 1 1 1 F'IIIS: '1.98 dl"-"
R N A N oru . - —— e e O DA

. . . . Cpl: DT SO0 F INY
Dec: =a T Avw
.E-".I'I:I': 2 5Hz

F— ERAAVI M - 2nsdv |

o= 2 n= 4 n= G n= 2 n=s 10 n= 12 n= 14 n= 16 n 12 n=
1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

-400 my
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High Current EPC9126HC (DToF)

h. Meas Results ::1" Fes:40 ps /10 GSads
RL: 1 k=a
Meas 1 [B) Meas 2 [ Meas 3 [ Meas 4 Scl: 4 nsfdiv 1T

Max .~ 3.0102 m¥ [High . 4.9526 ¥ [Fall time | 2.2045ns [Max Posi0 s

Pos. pulse 71 2.8538 ns |Rise time 7. 1.204ns Pos. pulse rager R
= T &: Edge Zhz

Fall time 7 951.23 ps e

EPC2001C B sel: L,
Quad laser (all 4 in parallel) Cols b S00

OSRAM SPL S4L90A_3 A01 B 2 GHz

2 mw

Scl: 1 maAdiv

Vgys =75V

Sclr 2 widiv

Pn:f:Fs: —DSUdiv

off:

lLaser peak = 135 A (total) LS5
,E.".I'I:I': 2 i5Hz

____________ _——— - -

- a i optical D Currentt,, =2.51 ns

Scly 10 WAdiw
Pas: 4 div

Dec:Sa Ta: A
B, 2 SHz

ey S S Opticalt,,=2.85ns [ 27 B¢ soo

Sl 40 afdiv
Pos: -2 div
offs 0&
Epl: D 500 F IMY

Dec:Sa Ta: Ay
W 2 SHz

. i‘l‘!ﬁ‘l iht'hq.‘.t _ ..-."_l. !ﬁl N L _.-. =N
i r“!r‘w*#w AT R . o

-2 mh 1 ] | 1 | 1 | 1 | 1 |

= 4 n= 2 n= 12 n= 16 n= 20 n=s 24 n= 28 n= 32 n 36 n=
1 | 1 | 1
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EPC2216 for Picosecond Speeds

« EPC2216 eGaN® FET

- 15V, 3.4 A, 20 mQ

W - W

— 2x 3 BGA

— 870 pC gate charge

§

.
? B T e T TIT RV Y e, o e -
: $ . . B &, il Bertae fivtoit ' T L
—— o~ ) - et TR B g . ST
R Aot baars & v —— . ; ~oN
{ - g - -~ ’ 4 k.
! ML ks =
- T \f
= / a - | prere— . | A |
B i - / : : R
o A St Tty a——— -y 2
- 7 X S e e AR R s /, u | i B L R R B /-‘ 1
e e ) ST ——v———. . eewe————— : .
f — e e, | ey~ - - .
‘ » : X2 - :
\> < o— A

Aol o - / . ’ ‘ /
% - X 4
3 . . L Tramcasssioeoa ) oy AL > By = ]
. E = e =y o —— 4 Py an = - } &
i VA o —— e e PO IICARS o iy el
A . x L Kl ¥ st Lo RIS R g % ¢ b
£ . : re——" o L S v v g LR LRWRRER S A
S i - - = Sr gt T o B el i 4 F
: A0S T M ———— e e e s NEAERERRSE - ]
>< S Ee - Tt e - ! TERETAR s 3

— 28 A pulse current

AEC-Q101 Automotive Qualified!
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EPC9144 (IToF)

'."-'uio'glc + - UBUS 1N

< 200 pH intrinsic power
loop inductance!

= €27 > 7
L FB2[[ &y 02 mw

c28jir 177 & ‘
UB:,} jc:: L =

» 11
EFFICIENT POWER CONVERSION

eGaN® FET (©) EPC 2019
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Long Pulse Vg, =10.1V

n
® 1 Q reSIStor Ioad File “erdical Timehase Trigger Display Cursors  heasure  hMath  Ans ;. Ltilities  Help

| =9.9A

DS, max

*t, = 550 ps

203 ps o === s B e | B —

of . = s ,
off v . DV .
Measure P1owvictth( 2 P2:rize(C2) P3fallfC21y  Pdowwidi@le(C3) P& tall{c3) PE:rize(C3) P7ampl(C3) PE:max(C3)
value 5.864 nz 201 p= 1.809 n= 5855 ns 242 pE 1890 p= 953 1505
mean 5.845582 nz 50228 p= 744 60 p= 5.95699 nz 55602 p= 203458 ps= QE0N 154673 W
min 5837 ns 491 p= 213 ps 5855 ns s28 p= 186 p= 945 14 96 %
max 5865 nz 213 ps 3259ns 5860 Nz B15 p= 307 p= 985 1535 Y
ey G582 ps 326 ps 52338 p= 110ps 11.21 p= 3262 ps 91.8mY 964 mv
ML) 543 440 543 G7 458 543 458 543
status \ . ] j K L L _ L v )

Trigger

1.00 ful] 1 .07

1 ns/div

LeCroy 2M0I2002 3:35:32 AW
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High Frequency Vg, = 7.9V

*1 Q) resistor load

| =74 A

DS, max
t,=1.2ns

of =40 MHz

pulse

5 ns/div
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The Pathway to Self Driving Cars

LiDAR Covers All Levels of ADAS

Automated Safety

Assisted

Driving
i Driver Dniyi . Driver Carries
A L1 OutAll Lane
i Driver . . Halding or
i Undertakes | | Lane
i Lane : \ Changes
| Holding and | :
{ Lana b f
' Changing : ¥
i Activities ; LEVEL 1

LEU'H.“ I System Handles
' the Other

4 Function
e

Mo Inlersening

Vihicle System

5 1
-\.I.\. .-I'
. &
[l P
: ‘H
[}

Active

| Syslem _
i Handles Lane ;
| Holding and  :
| Lane :
| Changesina ;
| Special '
| Application

. Case

: Syghem
Handles Lens
Holding and
Lane Changes
in a Special
Application
Case

. Highly : | | Driverless |
: Automated | | Automated - 5 :
| Driver Needs | | No Driveris | i !
| Mo Longer | | Necessary in | | |
| Continuously | | Special i ; E
| Monitor the | | Application | ; g
| Systern. Must | E : ! |
| Potentially Be | i i i 1
' Available to | 5 ' f
| Take Cwver i

System Can

: : Handle Al

'|- } : Solutions

y  J° System Handles Automatically

s Lane System Throughout the
F Can Handle Al Trip. Mo Drivar

Syslem Handles SHuations Needed

Lane Hobding and .I!l.u1|:|r'|'I-E|:inFEII:||' in

Changing in & tha Specific

Specific Applicalion Cage

Application Case, Sufficient

Diatects Limits of Warning

Systermn and Asks

the Driver 1o Take

Crvar With

Sufficiant Warning

 Fully

LiDAR is Essential Part for ADAS

Sowrce: Frost & Sullvan; YDA Automesve 55 Hanferenz 2014

FROST ¢

S JLLIVYAN
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What is Required for Autonomous Cars?

300 meters (Approximately 11 seconds at 60 mph)

* Higher output lasers

» Going to longer wavelengths (1500 nm vs 903 nm) allows for higher
output power without danger to the human eye.

* 1440 nm lasers and detectors are more expensive

* Edge emitting LEDs are more efficient than VCSEL and have
superior brightness

« VCSEL lasers can be lower overall cost, but shorter range
* More sensitive detectors
» Geiger mode can detect single photons but takes time to “reset”.
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How Waymo’s Self Driving Car “Sees”

One of Waymo's three lidar systems that shoots lasers A forward facing camera works with 8
so the car can see its surroundings. Waymo says this others stationed around the car to provide
lidar can detect a helmet two-football fields away. __— 360 degrees of vision.

[ ~

| /
Radar sensors can detect objects "\ v Waymo's self-driving sensors are tightly
in rain, fog, or snow. e . integrated into the hybrid minivan created
[ by Fiat Chrysler. x\

Source: Waymo
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ow Does Audi’s ADAS A8 “See”

Umgebungskamera ——
3807 environment camers

Front-Kamera Ultraschallsensoren

Front camera | Ulkra sonic sensor
Umgebungskamera

360" environment camara
Umgebungskamera

360 environment cameara

Long-Range-Radar
Lang range radar

Laserscanner
Laser scanner

Mid-Range-Radar

Un‘lgEbungskamem Mid range radar

360" environment camera

Lltraschallsensoran
seitlich
Side ultra sonic sensor

Mid-Range-Radar

Mid range radar

Lltraschallsensaren seitlich
Side ultra sonic sensar

[Ultraschallsensoren
Ultra scnic sensors

http://images.car.bauercdn.com/pagefiles/74157/audi_a8_level3_01.jpg
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Lidar Myths

*Lidar can’t see in fog, snow or rain.

e Lidar can see as well as, or better than a human.

* Spinning disk Lidar is unreliable.

* There are lots of reliable spinning disks in every car.

e Lidar is too expensive.
* Flash Lidar is much less expensive than spinning Lidar

* Automotive companies have a way of grinding down cost.
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The Future

* Lidar will be used on all cars.
* Lidar will be about as expensive as a headlamp.

* Lidar (scanning) +Lidar (flash) + Camera will be able to handle
most autonomous functions.
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Upcoming Trends

» Laser arrays

* Fewer lasers in a system

« MEMS/solid-state beam steering

» Automotive uptake slow and steady
 Commercial, consumer, industrial taking off

* Huge innovation in optics and detection technology
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