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Working Principle Demonstration of the Dot Projector
with Physical Optics Modeling



Abstract

Dot projector is a key component that
enables Apple's Face ID. The system
usually consists of an array of light light
emitting units, lenses, and beam splitting
grating(s). The lens system together with
the grating(s) will project and make
several duplications of the array source
pattern. In this example, we build up
such a dot-projector system and
demonstrate how it works. With
VirtualLab Fusion, we perform both ray
and field tracing for the system analysis.




Modeling Task

VCSEL array _
model: multi-mode Gaussian be?m splitter
(LG00, LGO1) aspherical period: 6.5um
wavelength: 1 um lens* diffraction orders: 7x7 detector

size: 400x400um plane

no. of VCSELs: 11 x 11
full divergence angle: 20°

light distribution
2.84mm 500mm

* The aspherical lens in the document is designed with Zemax OpticStudio®
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Source Modeling

VCSEL array
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Simulation with the On-Axis VCSEL Unit

beam splitter (+2, +3) order
aspherical period: 6.5um
lens diffraction orders: 7x7 detector

VCSEL source plane

position: (0, 0)

—
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— The lens collimates the input beam.
— The beam splitter diffracts the
collimated beam into different orders.




Simulation with an Off-axis VCSEL Unit

beam splitter (+2, +3) order

aspherical period: 6.5um
lens diffraction orders: 7x7 detector
VCSEL source plane
position: (120um, 80um) /\
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— For off-axis VCSEL unit, the lens
collimates the input beam with an angle
regarding to the mode’s position.

— The spot pattern is shifted from the on-
axis case, with respect to the angle. X m]




Simulation with Complete VCSEL Array

aspherical
lens

VCSEL array

2.84mm

The beam splitter duplicates
the pattern of the VCSEL
array with lateral shifts on

the detector plane.

beam splitter

500mm

detector
plane
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Peek into VirtualLab Fusion

Edit Multimode Gaussian Source *

Polarization Mode Selection Sampling Ray Selection

e e v s configuration of grating in the system

[] Generate Cross Section

[ | ray tracing visualization

Parameters of Fundamental Mode Bounding Box  Companent Specification T — oo )
Type Lagueme Gaussian Mode - Paransers Ray Distribution
Position
Reference Wavelength (Vacuum) 1 w~ !
jenath J = Grating Period §5um| | 65| ||
Select Achromatic Parameter: |
() Waist Radius (1/&"2) 5 4794 1 Selected Order And ldeal Efficiencies Transmission
® Half-Angle Divergence i Seled Edit General Parameter: Double Array 2D
(1" i
) Matel )
(O Rayleigh Length 19.319 um Mumber of Entries ] =
Parameter Extraction
[] Make Entries Lvailable for Parameter Extraction
Multimode Parameters
[[] Coherent Accumulation of Modes
Maximum Order | |}| x | 1 Array Index #0 ->
0 1 2
Radial Order | Angular Order | Active \Weight fh - ﬂ - SEATa0E
u = (PRIEL L)
" l
0 0 55,961 = 1] 2 -3 002008
0 1 53,855 = . . . -
el £ u v

VCSEL model via multimode
Gaussian source field tracing




Workflow in VirtualLab Fusion

« Set up multimode source
— Basic Source Models [Tutorial Video]

« Set the position and orientation of components
— LPD lI: Position and Orientation [Tutorial Video] il _— -
 Configure the grating component within an optical e e [ren]
system y - @

Parameter Extraction

[] Make Entries Lvailable for Parameter Extraction

Array Index #0 ->

« Configuration of Parameter Run
— Usage of the Parameter Run Document [Use Case] | o e ‘



https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/index.php?id=1596

VirtualLab Fusion Technologies

nonlinear free
crystals & components SP3C€  prigms,
aspherical : anisotropic plates,
P lens beam splitter detector components cubes, ...
plane @
VCSEL array waveguides lenses &
& fibers . freeforms
tt i apertures &
o Scatterer Field boundaries
Solver

e gratings

diffractive,
Fresnel, meta

3 diffusers (
diffractive
beam

splitters lenses
SLM& L icro lens & HOE, CGH,
adaptive  goaform DOE
components arrays

# idealized component
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Document Information
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document code
version
toolbox(es)

VL version used for
simulations

category

further reading

Working Principle Demonstration of the Dot Projector with Physical Optics

Mo

deling

MISC.0077

1.0

Starter Toolbox

VirtualLab Fusion Summer Release 2019 (7.6.1.18)

Application Use Case

Design and Rigorous Analysis of Non-Paraxial Diffractive Beam Splitter

Design of a High-NA Beam Splitter with 24000 Dots Random Pattern
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https://www.lighttrans.com/index.php?id=608
https://www.lighttrans.com/index.php?id=1353
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