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Vision and mission for ams OSRAM

To create the uncontested leader in optical solutions

Sensing lllumination Visualization
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ams OSRAM | 3D Components, Sensing Modules & Solutions

ams technology portfolio allow unique differentiation in 3D sensing
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System Design =N — Optics

* in-house system design = - extensive design know-how

*  Qualcomm partnership for Android - pah - refractive & diffractive optics
Integration «  WLO manufacturing technology

Middleware & 3D algorithms

» depth maps, face recognition,
machine learning

» feedback to component & system
design

VCSELSs
* in-house design & fabrication
* best in class efficiency

Deep sub-micron CMOS design

* in-house design capabilities

« pixel IPs (SPAD,TDC, global shutter)
« driver IPs (high power, short pulse)

Packaging & Eye Safety

* miniature, compact modules

* unique, integrated eye safety
methods
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3D use cases | mobile phones

World-facing 3D use cases

Photo Enhancement Object Scanning Augmented reality —immersive experience

Social media Education Navigation & virtual
tour guide

Remote assistance
& virtual manuals

3D camera supporting Enhancement of the digital -+ Optimized end-user experience with growing number of AR applications
corner cases world « AR with 3D dToF being exciting new part of social media apps

Low texture, low light Scanned ob.jects «  People can navigate space and learn more about the world around them
Faster/ better autofocus room scanning «  Create a 3D house plan by simply specifying the characteristics points on
Optimized Bokeh the camera view

* Have access to the expert directly and with 3D AR objects & pointers for
step-by-step support

o S 2099 + Enabling correct placement of virtual objects in a room amii OSRAM



AR/VR use cases | 3D sensing enabling AR technology

Requirements for AR 3D depth camera

Apple LIDAR technology
1. High quality depth map

« High accuracy + low noise + high confidence
* Over a useful distance and ambient light range

The VCSEL and the DOE

project a dot matrix of

9 x 64 dots.

\
2. Low power operation
« Continuous streaming operation
« Allowing useful battery run time e ;
) The SPAD NIR CIS sensor measures the distance WAVAVAY 22 el
between the iPad and the 9x64 dots and the “‘ | ‘ f A ;Zl
processor creates the map of the environment. /‘// "/’“ \/ A7 L "j l‘/",// 4
3. Stable frame rate o R
«  Allowing image fusion with other cameras ‘

Apple Website

« High frame rate decrease reconstruction time

4. Relative high spatial resolution (independent of
number of depth points)

« Better capturing edges and small objects
« Accumulation of depth points by intrinsic scanning

ISSW 2022 amii OSRAM
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dToF system architecture overview | AR/VR markets and requirements
Full dTOF system enabling AR / VR experience

Continuation of the work presented in ISW21 by David Stoppa [1]
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Main features

*  Modular dTOF architecture

» Sparse QVGA (1200 depth points)
« Long-distance and high accuracy range sensing e Slpaie OEH {120 e il sellis)

) ) ) ) _ fer 0 0
. Hardware enhanced configurable integration time control ~ Z-Precision/accuracy <0.5% /<3% @ full range

« Dot illumination for superior ambient light rejection Range > sl (&) B, e @ A
« Flexible architecture with embedded processing Frame rate Up to 60 fps
- Depth image output without external post-processing Total power <300mW @ 30fps
« Data interfaces i2C, MIPI Data Interface 12C, MIPI
Applications
« Augmented Reality, Virtual Reality
* Photo enhancement (bokeh, autofocus)
amit OSRAM
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dToF system architecture overview | system block diagram

Application block diagram

FIRMWARE (on camera
module MCUs)

System

« Camera module Firmware

— CMOS sensor
LASER FOI CAMERA FOV

— High brightness NIR optics
- FIaSh memOl’y LASER_HV_SUPPLY

« Laser module High Voltage > PLL REF clock CAMERA_HV_SUPPLY

) step-up DCDC i S < Negative High

- BCD Iaser drlver converter w 12C m Vo|tage inverting
— multiple junction VCSEL array e {m— grwwmalll DCDC converter

VCSEL clock ENABLE

stacked on laser driver
LASER module

— Micro lens array for dot [P
illumination with resistive
interlock for eye safety

FiN/VSYNC

Peripheral components
« Laser High voltage DCDC converter
« Spad High Voltage DCDC converter

APPLICATION
processor

12 ISSW 2022
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Camera | overview

Specifications

Sensor IC =
- QVGA SPAD array S s
— 10um pitch S s

‘l

>12% PDE, 940nm, 2V excess bias, room temperature

— Configurable dead time
30 x 40 parallel operating TDCs

— 59 bins per TDC

— ~250ps .. 350ps configurable bin size
On-chip histogram memory with 12bit bin counter and overflow counter

Peak finding and sub-bin interpolation on 6 compute cluster MCUs
Depth image data reconstruction, streaming, and system monitoring on system MCU

Imaging optics
« 49° x 62° field-of-view

- F/1.2
940nm optical narrow-band filter, system-optimized bandwidth

14 ISSW 2022



Camera | components and assembly

Compound Lens and housing

Optimized NIR band-pass filter

Holder

Camera connector

3D-stacked BSI
dToF sensor

15  ISSW 2022 amii OSRAM



Camera | Sensor

VDDOV8  VDD3V3  VDD_SPAD VDD1V8  VDD3V3  VDD_VCSEL
X X X X—D——
LDO VDD2V5
VCSEL driver
RAM RAM RAM
cPU cPU cPU (180nm BCD)
E MaCFOPiXE| PLL RC VCSEL driver output stage
= i Cluster il x
mm 42x32 ] \ 8888
1l : : Pulse
Flash (X | macropixels o o 0009
W CcPU 2 -
Macropixel
RAM
Array
Safety
ROM locks
RAM RAM RAM
dToF sensor | | [y =50 o]
(3D stacked
12C 12C 12C
45nm / 22nm) Slove csi2 Mast 4I¥HEI§|4 Sieve

Interface ...

HOST
16 ISSW 2022 (Lab EVK or Android EVK)




Camera | Macro-Pixel
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Camera | Photon Detection Efficiency

= Count rates determined in intensity image mode
= [EXxcess bias voltage 2V

= Room temperature

Key Performance Indicator Un Measured on Measured on
= 940nm it test chip (¥) dToF chip
Pixel pitch um 10.00 10.26
Breakdown voltage (25°C) \% 17.5 17.4-17.6
=00 DCR (25°C) cp 0.8 <2
3000 s
DCR (75°C) cp 250 @75°C 480
2500 S @Tj~78°C
PDE at 940nm (25°C), 2Vex % 11 >12

2000

1500

Number of SPADs

(*) Refer to presentation from Georg Roehrer in ISSW22, ‘A
Back Side llluminated 3D-Stacked SPAD in 45nm
Technology’ [4]

1000

500

o.
1150 1175 1200 1225 1250 1275 1300 1325 13,50
PDE (%)
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Camera | TDC non-linearity

Differential and integral nonlinearity, DEM enhancement

= Measured through optical path in ambient light

= Dynamic element matching (DEM) significantly improving performance

TDC Nonlinearity, DEM_OFF
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Laser | overview

Specifications

Module
+ reflowable
VCSEL driver
* 390ps pulse width (90% energy method)
VCSEL array
*  >60W optical peak power
Micro lens array
* optimized for dot illumination (patented)
Eye safety features
* Resistive interlock in micro lens array
» Surveillance of average optical power by build-in photodiode
* Monitoring of module temperature
« Short circuit detection of output driver

21 ISSW 2022




Laser | components and assembly

Glass with conductive
track (eye safety lock)

Glass holder

Trace terminals for on-chip
trace resistance

VCSEL
\ measurements

\ VCSEL driver

Module PCB

22 ISSW 2022 amii OSRAM



Laser | pulse

Sub-nanosecond pulse width
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Laser | dot illumination

Power profile and optical alignment

Field-of-illumination SPAD mask
(yellow) overlaid
with dot intensity
image (red / blue)

« 1900 dots projected into focal plane
« SPAD array multiplexed to 1344 TDCs T T
« SPAD mask and DOT position stored to
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Laser | dot angular size and pitch

Single Dot

40| T=>> contour 1/2 | |
boundary
s | — fitted

Dot angular size is critical to
maximize peak optical power,
increase signal-to-noise ratio and
reduce number of activated spads

| Extraction of A and B after
ellipse fit

5 10 15 20 25 30 35 40
x pixel[#]

This has a triple effect in terms of
power efficiency: increase the signal,
reduce the ambient, and reduce the
power consumption of the detector
related to SPAD activity.

ensity [LSB]
N g

Inte

y pixel [#] 0 o x pixel[#]
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Laser | eye safety

Is covered by... Safety mechanism Interlock 1
VCSEL Average Interlock / lens VCSEL driver
clock optical detached power stage VCSEL Cathode (') /1
frequency power detection short detection /1
detection monitoring VCSEL Anode (+)
Single fault Too high \/ Interlock 2
VCSEL clock
frequency
Too wide pulse \/
Artificial eye
Too high \/ P
average burst ~ =
optical power S Measuring sample
detachment/ —_—_“_—_j;j;a{
severe damage e I —— -
Power driver \/ / / » _
power stage . Translation & Rotation stage
Detector
shortage

X Aperture
Optics P
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Firmware | overview
Specifications

.

Programming model S Hrmware |

« dToF control/configuration and status interface management

Calibration toolbox
« spad mask, dot center and depth offset calibration

Dataflow management

« Control of hardware to sequence operations

» Peak detection, Sub-bin interpolation, range map assembly (from various clusters of macro-pixels)
Power management

* Power state machine

« Sequencing and synchronization of laser emission bursts and SPAD quenching
VCSEL driver control

» Abstracted high-level laser operating modes

« Pulse driving conditions run-time adaptation (to optimize in large temperature range)
Eye safety

« Temperature monitoring and adaptation for temperature dependent monitors

« Laser safety error monitoring and reporting to host

28 ISSW 2022
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Application | 3d scene reconstruction

dTof sensor integrated in a RGBD system

Android Eval Kit

Motion and

position sensors

Color camera

Scene geometry

Scene
reconstruction

Higher resolution
depth map

\ 4

Demonstrations

dToF viewer

Higher resolution
depth viewer

raw output
(40x30)

Scene reconstruction

[ ToF ] L viewer ) 3~ . Higher res depth map
& J \ J . J h =~ ~ -
Ams OSRAM Partners
* Firmware (including on-chip depth map * Higher resolution depth map algorithm
computation) «  Scene reconstruction algorithm
e Calibration and SLAM o Demonstrations

« Partner management, algorithm integration

 Demonstrations Scene geometry

(3D mesh)
amiii OSRAM
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Application | depth fusion

Android application in action

31 [ISW 2022
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Application | 3d scene reconstruction

Android application in action

32
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Performance | max distance, accuracy and precision

Test setup

34
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INDOOR
92% reflectance target

OUTDOOR
92% reflectance target

<1kLux

Measured Distance[mm]
=L

60kLux

Measured Distance[mm]

Performance | max distance, accuracy and precision

Precision and accuracy with white target
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Power | conditions, settings and measures

test mode target reflectance ambient light max distance frame rate system power
OUTDOOR 92% 60KkLux 5m 30fps 284mW
INDOOR 92% <1KLux 8.2m 30fps 245mW
AF 18% <1KLux 3.5m 10fps 109mW
AR_60FPS 18% <1KLux 5m 60fps 342mW
37 lISW 2022 amiii OSRAM



Power | timing view
OUTDOOR

Current [mA]
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284mW power consumption @5m, 60kLux, 30fps

Each peak is a burst of pulses with low-duty cycle (400ps/80ns)

Possibility of reducing power in window W(0) with reduced precision requirement
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Conclusion | acknowledgments

We have presented a full dToF
modular system with less than
300mW system power consumption,

Thanks to all the team involved in
the project.

Special thanks to David Stoppa for
initiating and setting the direction of
this fantastic journey

In memory of Uli, sponsor of the
project, who has been an inspired
and inspiring leader
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