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[ Optical Depth Sensing ]

Active Passive
(With Light Source) (Without Light Source)

{ St"ll_‘_Ctr‘:t"ed J [ Interferometry] [ Stereo } [ Light Field } [ Focus ]
19

[ Time of Flight ]

Used for commercial applications
such as Smart Phone, Gaming,

[ Direct J [mdirectJ Autonomous Driving...

(dToF) (iToF)

Source : D. Stoppa et al., SSCS Distinguished lecture 2018
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Pros:
Right Camera | 4 Simplicity in Structure
2. Well established technology

X 3. Low power consumption (when
no active light source)

LeftCamera

image

Right IR Camera RGB Camera IR Laser Projector  Left IR Camera

P(x=, VYa.2Zs)

9.5mm

4 EEAIEEE R 102mm
Color Infrared L& R Depth

Cons:

1. Depth resolution related to size

2. Limited range

3. High computation requirement
thus low update rate

Light Source Requirements (when equip):

1. Driving : uS Pulse driving

2. Spectral : Narrow spectrum / Immune to Sunlight / Low T shift

3. Spatial : Diffused cover detection area

4. Eye safety : Combination of driving, spectrum and spatial distribution

o ———
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Figure 1

Pros:

1. Good depth Resolution
2. Active light, work in dark
3. Compact size

5y Camera

I|||.|I|||f||'|||" T

I.|rfl'|' lllll.l'l.k .'l.l'?f.i‘i’u )

3D Object in the Scene

Ilustration of structured light.

Cons:
1. Complex optics thus higher in cost
2. IPissues

Light Source Requirements:

1. Driving : uS Pulse driving

2. Spectral : Narrow spectrum / Immune to Sunlight / Low T shift

3. Spatial : Multiple collimated light beams cover detection area

4. Eye safety : Combination of driving, spectrum and spatial distribution
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Ambient light does Q\ | /4 PrOS:

not interfere with — —

the pulsed IR light ;/|\::: 1. Slmplest in S/IW
2. Good depth resolution
ded! Lzt T 3. Low power consumption
ﬁ;ﬁt’ e ,;'Ete?i 4. Good for Autonomous
."‘-. - Pulsed —H—- Transmitter Target

g object
Camera will only

accept reflected IR light Electronics:

with the carrect pulse « Control -
* Readout----
« Processing-:

I
|
|
I
I
I

Cons:
1. Very challenge in testing (nS
pulse to Laser)

2. Poorer lateral resolution
because use of SPAD/APD

Ref : EPFL Advance Quantum Achitecture Lab

Light Source Requirements:

Driving : Super short nS Pulse driving

Spectral : Narrow spectrum / Immune to Sunlight / Low T shift
Spatial : Diffused cover detection area

Eye safety : Combination of driving, spectrum and spatial distribution

= BV
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S l
Ambient light does Q\ /4 .
not interfere with —/O\— Pros-
the pulsed IR light //l\\ 1. Slmple in SIW
" 2. Good lateral resolution
R e > .
P e TR 3. Lower in cost
light 7 e 3 = red
Camera + pulsed gt Vo AP ’Reglﬁ;;i Target 4. Good for Smart Phone
IR light source S - I ;
- _.“' .. Pulsed . _rl_ Transmitter f\ Target
Camera will only :" Light [ * optics U~ object
accept reflected IR light !
with the carrect pulse FIE:,‘::;TS_'_J_ S e N
o Readout---- | ‘-—---- e
. Processlng_q:. ) — =
C O n S : ‘. g: CMOS VGA B Receiver
] Sensor optics
1. Average depth resolution /J
because of integration time P s o 0 .
. . ‘ - Ll =_—_°2
2. Higher power consumption e o IS S a”‘a“(gl—gz) =22

Ref : EPFL Advance Quantum Achitecture Lab

Light Source Requirements:

1. Driving : Tens to hundreds nS pulse or modulated Sinewave driving
2. Spectral : Narrow spectrum / Immune to Sunlight / Low T shift

3. Spatial : Diffused cover detection area

4. Eye safety : Combination of driving, spectrum and spatial distribution
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Spectral iradiance (Wm'.nm)

Powear
responshvity
LB

1.75

1.50

1.26

1.00

0.7%

o8 o

O =

940nm

QED-150 S1337 Trap
Hamamatsu S1337T Trap

mart Phone

Laser wavelength selection:
Invisible range

Minimum solar spectral
intensity

Within spectral range of most
popular (lower cost) photo
sensor!

1.

~ Too expensive!

CMOS Sensor
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q}'\YOLE Stereo vision Structured light Time of Flight
Image resolution Several Mpix Max. 1-3 Mpix Max.VGA

Hardware
Computation power

Limitations

Picture
(example)

Best suited for

Maturity

Players

Simple cameras
Complex system

High
May require illumination
in low light

Courtesy of ams
Robotic navigation

High

SONY amin ()SFEREO. AS

SAMSUNG onMa®on

Demanding illumination
Complex system

Medium

Best indoors
Need power

Courtesy of Apple

3D mapping

Medium
Qm n-u’..,_. amin
&7 twwss  (inteD

Simple illumination
Complex sensors

Low

Best indoors
Low resolution

e

Courtesy of
PMD Tech

-~

Short-range gesture capture
Low
@! ’d“pmd SONY

“? B °np'.

-

Source : Yole Development
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LASER = Light Amplification by
Stimulated Emission of Radiation

3 4

R £\

Components of a typical laser: e+
1. Gain medium

2. Laser pumping energy

3. High reflector

4. Cutput coupler

5. Laser beam
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Three semiconductor laser structures Ridge waveguide

beam Wavelength ~ Ridge waveguide Active
grating

Substrate

—>
Active
Output
Substrate layer b e:m
Cladding
Grating Substrate Active (l))UtPUt
mirrors layer e
- EEL ~__
VCSELs DFB Edge Emitters Fabry-Pérot Edge Emitters
» Narrow bandwidth: <1 nm » Narrow bandwidth: <1 nm » Wide bandwidth: >1 nm
» Power range: 200 mW - » Power range: 200 mW - » Power range: 200 mW -
scalable to 10s of watts scalable to 10s of watts scalable to 10s of watts
» Qutput beam: circular » Output beam: elliptical » Output beam: elliptical
» Wavelength locking with » Wavelength locking with » Higher wall-plug efficiency
temperature temperature

Illustration by Phil Saunders

Source : Optics & Photonics

B 12
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Requirements Structured dToF iToF Laser
IVerdict nght Dlode
Eye Safety
Narrow A (Immune to ’\,‘M
Sunlight)
Small A Temp-co M
Fast Modulation M
Multi-Emitters e
Individual Emitter Sobe
Reliability M
Power Overdrive
(Short pulse with high M
driving current)
Collimation A
Requirement M
Beam Quality sob s
Requirement LE{
Cost

R ----

Champion Device VCSEL/LED m VCSEL/EEL m
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LIV Test: Source current, Kink Saturation
(Thermal run-off)

measure light power & voltage
Light-Current-Voltage Characteristics

700 I | a 2
| | e POy 1 Voltage 7£ﬁ
] - 1 1.8

600 | i _
I o2 : ‘ 116 Rated Voltage (Vop)
’ N ’ o >
2 T 14s
= i )
; 1+ 12
g {----- 2 > Threshold Voltage
Assume « ¥1-3-> Turn-on Voltage
Rated Power: ™ 3 - 083
300mw 3 ] 0_63
T 04 Note: also may test
1 0.2 reverse voltage Vr, and
4 v - leakage current Ir
0 T 500 1000 1500 2000 2500
v Wavelength measurement
Threshold Current  Rated Current (lop) normally included in LIV

B 14
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Near Field Image

Near Field Image

Image taken (observed) at

. a distance of a light
<— Far Field Image source g

Near Field Image:
Image taken (focused) at
where the light comes out
of a light source.

Far Field Image:



Eﬁt%t Laser Beam Quality (NF) m

ISO 11146

= ; Lasers and laser-related
/ equipment - Test methods
; : - for laser beam widths,
i Yot ! '; divergence angles and
beam propagation ratios

There are different Beam Waist
Diameter definitions, such as
D86, D4S

"1 - space”
A,

M2 : Beam Quality .
Factor, ideal = 1; M- =
Means how close the
actual beam profile
compares to ideal
Gaussian profile

Ow,

!
.

A

i

/




Jest
>Autoz

Eye Safety (FF)

LSolution5*
providers
Condition 1 Condition 2 Condition 3
applied to collimated beam | Applicable to opfical | applied fo defermine irradiation relevant
where e g. felescope or fibre communication far the unaided eye, for low power
binocwlars may increase sysfems, see magnifiers and for scanning beams
the hazard?® JEC EGBEE-Q
Wavelength Aperture Distance Aperture stop/ Distance
stop limiting aperture
nm mm mm mm mm
< 3025 - - 1 0
> 302,5 to 400 7 2000 1 100
=400 to 1 400 A0 2000 7 100
See Mote 1 under
541
Photochemical  Burring ot the liuminator Human Eye
Kerglrrmi_s IaM p— :‘?!:‘;’::: iy memes ) -
mﬂ":fg“s SR Eye catarnct VCSEL Aﬂgy ; ¥ 7
v " 2.8X2.8mm 20-30m A
N ' Retima
1 'f' 3
~ ~ ~ — T\ NV
50° Structured . & Jmm
<100nm  100-315nm 315-400 nm 400 - 1400nm  1.4-1000 pm > 1 mm diffuser E [ (Max IRIS aperture)
X-ray and UU‘g and LA VIS and IR-A IR-B and IR-C Microwave L = - '}W‘M
gamma L~ . Lomex | - D
radiation Wavelength > LENISECEFI:E!I-“LFA%{}R 17mm eye lens back focus .‘

|

IEC-60825



Auo: \/CSEL Test Requirements

Device Phase Test Requirements | Structured Light dToF iToF
ITechnologies

o - ---

Module Level

o ---

Burn-In

o ---

* Require relaxed pulse width
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The distance (d) and

centering (C) from the
DUT to opening of the

sphere Optical Fiber
PD Act as
SMU current
meter
Act as
SMU current
"""""""""""" T Probe Card | source
"' C DUT on Wafer
| Thermal Chuck
‘ Temperature
Controller
Change probe card will change the d & ¢, thus, the

Sphere may need to adjust to secure same test result
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Driver embedded Chroma Programmable ToF Driver
on Probe Card 4 0-5A/ Min. Pulse width : 5nS (at o/P terminal)

€ Embedded design -> shortest path to DUT
¢ FPGA control

"2 Current

¢ Source . §° € Sense output to connect to O’Scope
o Drive
B L~ 6 . Y 1
i 5nS Pulse 08k
2 4k &+— True DUT voltage
% ) - 2 0.6 50nS Pulse
(_>D ok Differential . é 04
5 Measurement @ > =
é') i O o2}
0 MV S 0
W
S 20 40 60 D2— - e 2
Time (ns) Time (ns)

€ Multiple pulse train is normally used to
achieve optical power needed

] ¢ Electrical power is hard to measure for
L-UAL'J UB2 pulse width <10nS




o Time Domain Reflectometer (TD

LSolution5*

prowder::
1. Send a sub-nsec with 1 A peak current to DUT, Laser Diode, on wafer.
2. Measure the current, voltage, and power delivered to DUT.
3. Sourcing the pulse by voltage wave traveling the cable down to DUT.
4. Simultaneously measuring the incident/reflective voltage waves on

observing plane to determine the information on DUT

. % Incident wave

|||||||||
&

L A

Cable, Zo = 50Q

"
o
-
e 5
3
o

High Voltage Pulse

Reflective wave DUT, ZL

Observing Plane DUT Plane

TDR approach is not good for high current (>1A)
because the well established 50Q system will cause
non-realistic voltage/power requirement
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M? measurement requires very
accurate Beam Waist diameter (W,,,
therefore needs multiple points to
interpolate the most accurate W,

[ Near Field Camera ]

4 )

"1 - space”
d 1
. e
Optical Lenses !
- = |
Wer . Beam Waist "//1
Probe Card v _/ i
s e S —t O i
_____ A—— s Lo ey AR I (S
DUT on Wafer | | |{§
—= z — I'.i
Thermal Chuck o )
- 2o =

The DUT z-position is determined by probe tip position, therefore
alignment is needed every time when changing probe card.
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@

(@) . FarFieldCamera
- @ ® o ® ® el

Complex algorithm needs to Idg creai:ted tq"correg’t the spatial distortion

! 1 4 .

Probe Card

DUT on Wafer

Thermal Chuck

The DUT z-position is determined by probe tip position, therefore
alignment is needed every time when changing probe card.
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. L |
= | £
- 'I
58635-L : for LIV test
£y 1 4

Ji D X ° 58635-N : for Near Field test
58635-F : for Far Field test

Key features:

» Referencing ISO/IEC standards

» Wide range and precise temperature control
» Support both pulse and CW operation



uie:Chroma 58622 VCSEL Module

rDSolutlon—
prow er:

m Key features:

Turret based system

DUT: 3D sensing
applications; VCSEL sub-
module, illuminator, TOF
module

UPH:1200 *

Max. 4 test stations. Flexible
test stations arrangement
upon requirements.

Precise temperature control
for each socket

High speed SMU
Auto-binning after test




dest

ez Chroma 58622 System Layout

L2Solutionz
providers

[e]| @
buffer | b /
T @
@ | G
> 7 st "\, buffer
| o
buffer | g/ < ® ‘ [ I3
| / ass
out N
& X
ga gl
777 .
VA77A
@ ass
FZ77 —
% ij a @ %
é V @ Pass a

DISCO Frame
input/output
(Optional
Tray
input/output)
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oz DUT Stage Design - Active ToF module

Active ToF module

> VCSEL is die/lwire bonded on module

» Optics (normally diffuser lens) is mounted
» Driver and control circuit on board
>

The pulse width is normally controlled through LVDS signal

DUT Socket & DUT

Pogos to
provide

electrical
contacts
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Passive ToF module

» VCSEL is die/wire bonded on module

» Optics (normally diffuser lens) is mounted

» No driver nor control is included, thus external super short
pulse driver is needed in test setup

| Driver

Chroma == [
ns Pulse [ E—
Driver Boa rd . Thermal Chuck
nggrfgr?fd High Speed Probe
Probe Oscilloscop - tip to
e VCSEL
Phutodetecti [l Heat Sink COB

) 2

B Path impedance needs to be reduced down to minimum
B High speed optical output can only be measured by low caps
PD, no integrating sphere can be used.
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PLD directly connected to the PLD connected by ribbon cable PLD in plastic housing and long PLD connected by braided wires
driver Current rise time approx. 7 ns pins (lenth: 100 mm)

ns Current rise time approx. 12 ns Current rise time approx. >130 ns

Current rise time approx. 3.

Chngly nmwure |
' n__i

Figure 4:
Typical pulse shapes depending on the type of connection between driver and PLD (V_= 100V, |_= 50 A)

Source : Laser Components

) 30
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s Far-Field/Eye Safety Test

B Projection
— Carefully correlated
— Cover wider angle

camera 4
1 - >

Relative
intensity

. angle X-axis cross section
Y-axis cross section angle

diffuser 171mm
WD=40mmI
<22 Relative

DUT intensity
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Thank you very much



