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INTRODUCTION

ATLANT 3D AT A GLANCE

—:— FOUNDED 2018 —:— 30 TEAM MEMBERS

HQ: Copenhagen, Denmark Expertise in ALD, Material
Science, MEMS, Micro and

US Entity Nanodevices, System Design
UK Entity and Software H | _
= MARKET FOCUS —|- Proprietary DALP™ (Direct Atomic ﬁ ﬂi ﬁ ﬂ I l L

Layer Processing) technology 1l " || ”
*  Fundamental & — Lulve

Industrial R&D
* Emerging Technologies
*  Microelectronics
*  Optics & Photonics
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BACKGROUND

HOW WE CREATE MICRO AND NANODEVICES TODAY

Dispensing SU-8 3050

Si photoresiston a Si wafer

Spin-coating & soft bake

Mask aligning

AR RTTRTR IR

A i 0

Exposure with a UV lamp

jill il J . \\\\t} ) \‘:‘\\“f‘[ Lot

Post-exposure bake, development
with SU-8 developer and rinsing
with 2-propanol
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BACKGROUND

ADVANTAGES OF SELECTIVE DEPOSITION

ATOMIC LAYER DEPOSITION SELECTIVE MANUFACTURING
* Growth of various materials * Bottom up approach

« Controlatthe atomicscale * Realization of complex shapes
* High quality of materials  Digital control of the printed

features

Conformality to any surfaces
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TECHNOLOGY

ATOMIC LAYER DEPOSITION

TEMPORALALD SPATIAL ALD

t Bearing TMA Bearing H,O Bearing
1. Precursor 1°
puLI‘se exhaust exhaust exhaust exhaust

00.000000000006001

A N AR AN AT

4— Substrate —

ACS Appl. Mater. Interfaces 2012, 4, 1, 268-272

4. Purge 2. Purge

3. Co-reactant
pulse
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TECHNOLOGY

SMALLEST CHEMICAL
REACTOR TO ENABLE
| MOLECULAR ASSEMBLY
| MACHINES

* Interchangeable
* Nozzle Types (Resolution, Geometries and

‘, Patterns)
) * Variable Line Width
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TECHNOLOGY

ATLANT 3D GROUNDBREAKING APPROACH

DIRECT ATOMIC LAYER PROCESSING

160 cycles

TiO,

160 cycles —
o ! ‘d

100 200 300 400 500 160 320 480
Number of passes Length / pm

Speed /mms™’ T/°C
1 2 3 R

100 150 200 250

GPP/ A per pass

Flow rate / sccm

SMa | | methods
Microfluidicprecursor

delivery Concept Research Article & Open Access () &)

Additive Manufacturing in Atomic Layer Processing Mode

lvan Kundrata, Maissa K. S. Barr, Sarah Tymek, Dirk Déhler, Boris Hudec, Philipp Briner, Gabriel Vanko
an Precner, Tadahiro Yokosawa, Erdmann Spiecker, Maksym Plakhotnyuk, Karol Frohlich, Julien
achmann g ... See fewer authors ~

. Kundrata, et al, Small Methods, 2022, 2101546 11 March 2022 | https://doi.org/10.1002/smtd.202101546
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TECHNOLOGY

CAPABILITIES

Lithography-lesssingle-wafer optimization

“M||V\||VM”HV\||V\‘ |NN||W||||'

Broad material versatility No vacuum Deposition on complex Multi-cycle and material
e.g. dielectrics and metals required surface geometries & deposition with varying
sensitive materials parameters e.g. temperature,
thickness
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TECHNOLOGY

SIMPLIFYING THE WHOLE PROCESS

ATLANT 3D

Waferin

CAD file, Mask set
digital layer

Wafer out

EPIC-Photonics for Thin Films Fabrication and Characterization, May 13t —Maksym Plakhotnyuk PH.D

Waferin
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CAD file, -
digital layer
Wafer out
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TECHNOLOGY

TECHNOLOGY CONVERSION FROM MATERIALS TO APPLICATIONS

WITHIN ONE PLATFORM

DALP™ ATOMIC LAYER NEW TYPE OF
PROCESSES PROCESS

LITHOGRAPHY-LESS
PROCESSING:

* DirectAdditive Process

* DirectSubtractive Process
* DirectSurfaceCleaning

* Direct3D Structure Growth
* Direct Doping

* DirectSacrificial Layer

\ ATOMIC LAYER Processing

CLEANING

ATLANT 3D EPIC-Photonics for Thin Films Fabricationand Characterization, May 13" ~Maksym Plakhotnyuk PH.D

Sensorsand . Opticsand
Actuators Power Electronics Photonics

RF, Printable & Wearable
Electronics

9"‘“ ~l‘{‘ y @
"3360
B %

I JEWET
microLED

Neuromorphicdevices

Imaging Batteries andEnergy ~ Semiconductors
Storage/Harvesting Manufacturing
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TECHNOLOGY

FROM MATERIALS TO APPLICATIONS

Process development: Sensitive Substrates: Optics:
- nk, dielectric, thickness, - Corrugated, Polymer, - Meta-Lenses, Filters,
band gap Glass, Membranes Waveguides

! I I

Consumers Electronics

and Robotics:

- Phone Cameras
Imaging Systems:
- Microscopes, Polarisers, Life Science and Medical:
Cameras, Projectors - Microscopes

! I

> Materials > Processes > Structures > Devices

> Systems > Applications >

Chemistry discovery:

Local Coatings:
- Precursor development

- Anti-refractive, IR-
filtering, Bragg Mirrors

Material Stack
Optimization:
- interface properties

Food and Safety:
- Optical sensors

Energy Storage and
Harvesting:
- Focusing lenses

Aerospace and Military
- Optical sensors

ATLANT 3D EPIC-Photonics for Thin Films Fabrication and Characterization, May 13" ~Maksym Plakhotnyuk PH.D COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY 11



MATERIALS

ALD MATERIALS TESTED WITH DALP

| GROWTH RATE

NUMBER | MATERIAL | PREC.A | PREC.B | CHARACTERIZATION | UsE

. (nm/PASS)

1 Pt (@) (MeCp)PtMe, O, 0.9 |E, SEM, EDX, TEM, XRD, XPS, LEIS, R(T) Mirrors

2 omo, oA 40 04 IESIMEXTEMXPS | Dilectic, Barrer Protection
3 o mown, 40 04 IESEMEDCTEM OGS wanssor PRl Dkt Barrier,
4 ZnO®) Zn(dmap), H,O 1.1 |E, SEM, EDX, AFM, XRD, XPS, transistor Optoelectronics

s o zdmep), MO 005 esweoxx0 Photovoltaic
s (EcoN(cH) o, Eswexxo Conductor
7w, e o JESEEDXRD P———
s wo, WaMel W0 1 e ileaic
S5 emos o bowertiearonies

......................................................................................................................................................................................................................................................................

(a) Small Methods 2022, 2101546; (b) Small 2023, 2301774
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STRUCTURES

MULTI-SHAPE AND HIGH DEGREE OF THICKNESS CONTROL

H
i
i
¢
Ed

Jorm Profilealong the dashedline
20 nm
v

0 500 1 0 }
Length [pm]

Arbitrary 3D shapes and precise thickness gradient
COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY
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PROCESS

PROCESS DEVELOPMENT FLEXIBILITY

* THICKNESS-VARIATION °* TEMPERATURE-VARIATION

Line thickness

T increase
3 wafers

12 lines 200°C

24 different thicknesses EEEEBEERE
Deposition time 57 minutes

24 DATAPOINTS

n, DATA WITH 75
DATA POINTS

t (nm)

/’
T

T(C)

75 data points generatedin 3 hours, towards big datain material science

ATLANT 3D EPIC-Photonics for Thin Films Fabricationand Characterization, May 13" ~Maksym Plakhotnyuk PH.D
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PROCESS

LINES WITH THICKNESS VARIATIONS

The GPP is much

larger at the top
right corner
where the gapis
larger.
2d map representation of the thickness 3d map representation of the
evaluated by ellipsometer using the thickness evaluated by ellipsometer
Devore model for TiO2. using the Devore model for TiO2. If we only see

the influence of

the gap the
system sta bilizes Photo with lines of different
very rapidly. thicknesses

2d map of the growth per pass.
Low thicknesses yield a low growth rate
(incubation time?)
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STRUCTURES

DALP — DEPOSITION TIME

Nozzle linewidth - 360 microns

Image of a shape Size of a shape 10 nm 50 nm

[] 1x1 mm square 1 min 6 min
. 1x1 cm square 40 min 3 h 15 min
I 1 mmline 40 s 3 min
‘ 1 cmline 80s 6 min

Speed used 200 mm/s
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STRUCTURES

DALP — SURFACE STRUCTURING

[
Aubtessssssrs 1ot tsrsran

Staircase with step height and
step width

Smooth valleys repeated

Length [um]

Tapered shape structure
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STRUCTURES

CONFORMALITY DOWN TO 25 MICRONS DEPTH

a) “Anodic” aluminum oxide macropores coated with
Pt

b) Nanostructured black Si surface coated Pt
different thickness

c) Sitrench coated with a Pt carbon nanograss

d) Aligned Sitrenches coated with a perpendicular

line of TiO,

Proven ALD smooth conformal deposition with
surface roughness up to 25 um

Small Methods 2022, 2101546 https://doi.org/10.1002/smtd.202101546
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STRUCTURES

COMPATIBLE SURFACE MORPHOLOGIES

Surface Type Surface Description ATLANT 3D Tested

Flat

Periodic Gratings

LI-I-I-I-I-I P to SO0 um widins, 25 um

maximum depth

7.5 um high corrugation (Nanograss)

400-800 nm high corrugation
Black Si nanoneedles

” Membranes
e,

NSNS

Curvature
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STRUCTURES

2.5D STRUCTURING FOR NOVEL PROPERTY EXPLORATION

" BYDEPOSITION METHOD HEE

HE R
HE N
HE R
HE R

Pattern

Hatch density

* 3 different patterns
* 5 different pattern densities
* 2 differentthicknesses

30 DATA POINTS

Towards unachievable structures in material science
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STRUCTURES

INDEX OF REFRACTION AS A FUNCTION OF THICKNESS AND DEPOSITION

TEMPERATURE

Process parameters:

 Thickness variationsfrom
4 nm to 240 nm

 Temperature of

deposition: 80°C, 100°C,
150°C and 200°C

Deposition above 150°C yields n value at
632 nm of

XRD revealed no peak at 200°C, films are
mainly amorphous.

ATLANT 3D

Index of Refraction

Refractive index

EPIC-Photonics for Thin Films Fabrication and Characterization, May 13" —Maksym Plakhotnyuk PH.D

Refractive Index

100 150 200

Thickness (nm)

Refractive index behaviour with deposition
temperature at 50 nm

wavelength

100 150 200

Deposition temperature (°C)

Thickness (nm

Growth rate (nm/pass)

0,05
0,045

0,04

0,03
0,025
0,02
0,015
0,01
0,005

0

=0,0411x+0,015]
y=0,0411x+0, lSlJ.

R*=1

y =0,0318x+1,4811
R® =0,9985

1000 2000 3000 4000 5000 6000 7000

Number of passes

Growth rate of TiO2

100 150 200

Deposition Temperature (°C)

COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY
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Hyperspectral gradient optics on glass Metal Oxide variable optical shapes and gradients on glass Metal Oxide variable optical shapes and gradients on Si

Integrated sensing for MEMS on Si Integrated sensing for microfluidics on glass Integrated sensing and optical components
for MEMS on Si
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ATLANT 3D Optics Applications

N
b o

: : : : Antl—reflectlve coatings and bragg
Imaging multiple wavelength for food Uniform anti-reflective coating mirrors for AR/VR glasses, optical filters

inspection, chemical analysis and earth and mirrors.
observation.

Co integration of electronics and optics

metasurfaces for focusing, polarization transmissions with direct waveguides
and holography applications. processing

Light weight and highly integrated

ATLANT 3D EPIC-Photonics for Thin Films Fabrication and Characterization, May 13" ~Maksym Plakhotnyuk PH.D COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY 23



STRUCTURES

SUBSTRATE VERSATILITY

Pt TiO, ALO,

* Silicon/SiC/GaN wafers * Glass/Fused silica/borosilicates * Polymers

ALD allows conformality to rough substrates, low temperature deposition allows processing sensitive substrates

ATLANT 3D EPIC-Photonics for Thin Films Fabrication and Characterization, May 13" ~Maksym Plakhotnyuk PH.D COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY 24



DEVICES APPLICATIONS

DISRUPTIVE SOLUTIONS IN
VARIOUS APPLICATION DOMAINS

ENABLING OPTICS AND PHOTONICS APPLICATIONS,
WHICH THESE DAYS ARE CRITICAL SOLUTIONS ACROSS MANY
INDUSTRIES.

ATLANT 3D ALLOWS COMPLEX PATTERNING WITH MULTIPLE
MATERIALS WITHIN ONE PROCESS WITH DIRECT ATOMIC LAYER
PROCESSING TECHNOLOGY - DALP"

ATLANT 3D EPIC-Photonics for Thin Films Fabricationand Characterization, May 13" ~Maksym Plakhotnyuk PH.D COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY 32



DEVICES APPLICATIONS

OPTICS WITH DALP®

DALP® advantages:

* Wide material choice and material properties
* Wide substrate compatibility

* Atomically precise thickness control

* Single-step digital deposition process

* ALD material quality

* Design versatilityand Rapid prototyping
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DEVICES APPLICATIONS

CONFORMAL SMALL AREA COATINGS ON MICROMIRRORS

CONVENTIONAL APPROACH ATLANT 3D APPROACH

Processing on free standing structures

Top electrode—__ (il oo

PZT—1 fl Fast-axis Reflective
Bottom electrode™ PZT actuator

Silicon-~
: ’4— \‘ [—il
\

Slow-axis angular sensor

mirror

Slow-axis
PZT actuator

The structure of piezoelectric MEMS mirror with built-in PZT actuator and angular feedback sensor for bi-axial Lissajous scanning used in
scanninglight projections

Xu. B et al. Micromachines 2022, 13, 996.
doi.org/10.3390/mi13070996
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DEVICE APPLICATIONS

HETEROGENEOUS COMPONENTS INTEGRATION ON MEMBRANES

CONVENTIONAL APPROACH ATLANT 3D APPROACH

Direct Local Coating

T T

Cavity Perforated i Cavity Perforated
Backplate ] Backplate

MEMS Microphone Cross Section MEMS Microphone Cross Section

Coating of the MEMS would require photolithography step. ATLANT3D enable direct coating after processing.
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MACHINERY

NANOFABRICATOR PLATFORMS Generation 2

Generation1

AVAILABLENOW

AT

p S— ~
\/\/

® .
—
Nanofabricator™ Hub
High-throughput industrial market
Multi-process hub with expandable modules
. On-demand materials
Nanofabricator™ Pro Below 10 um line width,
Sample size up to 400 mm
Prototyping & Light Production market Deposition speed above 1000 mm/s
0 ™ H Up to 4 materials
Nanofabricator™ Lite 400 t0 50 um line width,
Samples size up to 200 mm.
R&D ket .
Up tor;ar;aeterials Deposition speed up to 500 mm/s
400 to 100 um line width
Sample size up to 100 mm
Deposition speed up to 200 mm/s
Material Innovation Small/Medium Scale Large Scale
& Prototyping Manufacturing Manufacturing

ATLANT 3D  EPIC-Photonics for Thin Films Fabrication and Characterization, May 13*"—Maksym Plakhotnyuk PH.D COPYRIGHT © 2024 ATLANT 3D. ALL RIGHTS RESERVED AND PROPRIETARY
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OUR BUSINESS MODEL AND @

OFFERING /\TL/\NT 3D

_____________________________________________

[ 1 [ :
T INNOVATIONASASERVICE | -~ NANOFABRICATOR™ EQUIPMENTS |
$/PROJECT/MONTH $/TOOL/MONTH (LEASING)
$/TOOL (EQUIPMENT SALE)
_ - | © B ForR&D
° P1:Pilots & Feasibility Projects s/prosecT « NF LiteRn®
* P2:R&D as a Service s/pProJECT & * NF 0G>pace

AT

&)

For Prototyping Small Scale
* NF ProManuaI

* NF Pro#ut

) NF ProBatCh

* P3:Joint Development, s/PrOJECT
* P4:Public Funding Programs, s/PrOJECT

©)

For Manufacturing
* NF ProAute

° NF prOBatch

° NF F|OWStandard

° NF HubPIatform
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THANK YOU

Maksym Plakhotnyuk,

+45 2757 5092

mp@atlant3d.com
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