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Additive Manufacturing is hyping but offers at the same time
great business potential for specific applications
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Figure 1. Hype Cycle for 3D Printing, 2014
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Additive Manufacturing: A part of the puzzle

Manufacturing of three dimensional objects from a digital model by laying down
successive layers of materials in an additive process.
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However, technology is still in infancy stage: £
* Insufficient reproducibility and product quality &€ =
. e
* Need for large format printing 35
: . [
* Required tight tolerances are not met SRR I

e Limited material portfolio

.. .. Production speed / cost
* Insufficient productivity
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Additive Manufacturing research at TNO

> Additive Manufacturing will become big in specific B2B manufacturing chains, based on the
benefits of customization, personalization, freedom of design and on-demand
manufacturing, enabling new or enhanced products and functionalities.

> AM will be an integral part of a ‘next generation ICT driven industry’ approach.

> We focus on systems for multi-material additive and hybrid manufacturing for mass
customization and manufacturability to boost the competitive strength of the industry.

> We develop next generation additive manufacturing technology for the leading high-tech
and human-centric applications, such as medical (prosthetics, orthotics, ) dental, free-form
electronics (smart head protection, quantified self) and food and pharma (personalised

medicines, organ on a chip, personalised food).

> We have built two ecosystems for materials and systems developments, together with BMC

and HTSC
m innovation Brighﬂands TU/e i
for life Materials Center High Tech Systems Center
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In the centre of the Smart Industry ambition

* We envision a future factory in the personalized centric
world, with an extensive ICT infrastructure in
combination with flexible, single-product i
manufacturing cells, allowing small-series D
customization at large-series manufacturing cost level. B

* TNO and TU/e-HTSC are initiators of the MultiM3D
FieldLab, which will be a pilot factory for the
envisioned industry and will focus on human centric
and high-tech customization.

* The MultiM3D Fieldlab is positioned in the core of the
collaboration between the HTSC and TNO on new
concepts for multi-material digital manufacturing. ( . Ap, -i=

smart |;| :
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With focus on multi-technology system barriers for leading
human-centric and high-tech mass-customization applications

4 . N\

Medical - Dental

* Orthotics — bio-mechanical interfaces, intelligent implants, multi-material, grading

* Prosthetics / exoskeletons — multi-property for multi-functionality, intelligent insoles

e Dentures — multi-material, full-colour prosthesis , bridge-crown, implants

Structural / free form electronics

e Integrated sensors Ih lightweight structures (medtech) ﬁ-lolst Centre

* Embedded Electronics for smart systems Open innovation by imec and TNO

e Structure monitoring for building )
N

Food / Pharma

e Printed food products (multi-material, personalized, multi-texture)

e Printed pills - multi-material for controlled release, smart pills)
J
N\

High-tech applications

e Large-area ceramics for lightweight stable stages
* Advanced cooling
e Multi-material sensors
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Application roadmap dental — from repair towards prevention

Bone implants (bio-

. Bridge-crown compatible ceramics,
Multi-color applications (with multi-material
polymer denture,  ceramics, composites)
Biocompatible and natural coloring,
mechanically strong biocompatible, a
prosthesis (mono- mechanically &
material dentures, strong -'

drill supports, etc.)

AM technology is still in infancy stage:
e Poor productivity

* Need for bio-compatible materials

e Insufficient reproducibility and product quality

* Required dimensional tolerances @ multi-material
* Limited material portfolio, towards multi-material
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3D printed and personalized footwear

* Offer added functionality and increased customization for a cost efficient price.
* Allow industrial flexible production
e Multiple mechanical properties

* Generated personalized 3d models

e Material properties adjusted locally based on a scan

Layer controlling the
bending direction
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Bringing the technology to continuous selective laser sintering

* Improved product quality (continuous SLS gives reproducible results)

* Produce-on-demand (shorter lead times, batch SLS takes typically 48 hours printing +
cooling down, continuous SLS brings lead time back to 20 minutes)

* Lower costs (reduced production time, from hours to minutes (from 2 hours to ~20

minutes for 20X10 X2cm product)

=

—L

A 2) 3D scanning of the feet
1) Gait cycle analysis ’ )
and pressure analysis 3) Adjusting parameters

and generate model

5) User receives insole or shoe and can enjoy walking

4) Product prints while the customer waits
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Application roadmap food printing

timeline

shaping

|
|

full personalization

personalized recipes

im

creating textures
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Multi-texture 3D printing — bakery product

* Development of structuring and texturing technology — example laser-
based printing of bakery product
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Example of system for mass-customization of personalized tablets

printer:
excipient(s)

printer:
API

o

o

o

o

o
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after multiple
printing cycles
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Laser-based Additive Manufacturing

* Thermal processes: SLS, cladding, SLM

Laser Beam Solidified Weld Pool
Coarse Grained HAZ

Partially/Transformed

N
Powder delivery piston ‘ Fabrication piston Base Material

* Photo-polymerization: DLP, SLA,

Z-stage

Cured Resin _—I_ ; Light curable resin

+—— Glass

DLP Projector
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e Other: laser-induced forward transfer, 2-photon, reactive
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Unique technology base ‘Systems for AM’

* Multi-laser beam AM technology, for large-area, high-speed
* Technology for multi-material deposition

* Solutions for mass customization, data management and in-line
process control

* Proof-of-concept scalability (resolution and scale)

* Model-based engineering (thermal models)

Mu\ti-materia\ mass €

ustomization applications

2014 - Research platform
for high-viscous mono-
materials materials, with
recoating technology, with
20 micron feature size. A4
build size

2017 - Research platform 2020 - Research platform
for multi-material (polymer,  for multi-material, hybrid

ceramic, metal), hybrid deposition with 10 micron
deposition with 20 micron feature size. A3 build size.
feature size. A4 build size. In-line process control.
Integration Pick and place, Integration pick and place,
non-AM. non-AM.
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Structural electronics via Hybrid Advanced Manufacturing
. :

“Transforming dumb objects into smart devices”
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“Structural electronics involves electronic and/or electrical components and
circuits that act as load-bearing, protective structures, replacing dumb structures
such as vehicle bodies or conformably placed upon them.”*

Fig. 1.8  Structural electronics market 2015 and 2025 $billion globally, excluding BIPV
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Source: IDTechEx

*http://www.idtechex.com/research/reports/structural-electronics-2015-2025-applications-technologies-forecasts-000408.asp
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3D structural electronics

* Drivers: personalization, customization, cost-efficient manufacturing, new functionality,
fast time to market, first-time right manufacturing of integrated devices

» Status today: 2D printed electronics start to get introduced (solar, OLED, medical patches)

» Technology barriers: 3D integrity of printed parts, integration conductive tracks, high-
accuracy embedding of functionality, mechanical properties

* Applications: lighting, MEMS, packaging, medical patches, smart pills, smart connectivity

Personalized mHealth devices NS 3D printed Exoskeleton
- With integrated actuators




Enabling technology: metal track deposition g

) Baseline inkjet deposition technology with nano particle Ag (6-8x resistivity bulk Ag) and
silver complex (4-5x resistivity bulk Ag) inks, feature sizes ~30 um line width

> Continuous flash sintering technology developed with conductivity better than 5X bulk Ag
@ seconds exposure

) Laser-induced forward transfer - high-resolution laser printing based on laser-induced
material transfer. Features sizes down to 10 micron printed.




Enabling technology: embedded electrodes
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wolst Centre
Open Innovation by imec and TNQ

e Low-cost high conductive grids for large-area electronics (OLED, OPV, thin-film solar,

flexible displays, removal of topology

e Proof-of-concept embedded shunt via embossing/printing, seed transfer process

and grid transfer.

R2R embossing of out-couple structures
for OLED stacks

Nano structured surface
coated with barrier layel
(ALD) .

Conductive nano-ink
.

<10 um i
Resist —— -
#1.bottom?2

Barrier layer =

Foil —

Schematic drawing of a cross section of a power and light management foil

Embedded shunt via embossing and
deposition of metal ink
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Enabling technology: high-resolution 3D printing (SLA)

) Photo-polymerization of resin via selective exposure by light-source
> DLP typically used as light source, forced feedback to improve speed and product quality
) Used for relatively small size, mono-material, low speeds at high pattern definition accuracy

) Expanded to filled resins (for ceramic or metallic materials)

Z-stage

Cured Resin __—l_ ; Light curable resin
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Enabling technology: high-resolution 3D printing (SLA)

> TNO track record: system concepts, high-resolution build systems (down to 4 micron),

light engine development (mirror device, LEDs and laser), material systems (polymers,
ceramics)

) Current applications: hearing aids, jewellery, dental

The Lepus® System. S

EUROPEAN PATINT APRUCATION

» Closed Loop
) Force feedback
) Licensed to RapidShape
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Enabling technology: high-resolution 3D printing (multi-material )

> New exposure engine based on multiple array of laser sources.

> New AM machine concept for large-size, high-resolution (20 um) and high-speed (scan
speed 100 mm/s, 10 s per layer) additive manufacturing.

> Multi-laser for photo-polymerization and thermal processes (selective sintering)

> Multi-material, hybrid manufacturing platform

- .Sc‘-’mner e i

Laser

Laser beam

Layers of solidified resin
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Enabling technology: high-resolution 3D printing (multi-material )

Research platform for laser-based additive manufacturing:

Research platform for large-size polymer-based Additive manufacturing

High-speed single-pass laser-based additive manufacturing technology.

Development of laser-array technology for single pass AM

proof-of-concept laser array @ SLS technology

3D slicer software

Data path and system control
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Enabling technology: Polymer-enabled ceramic and multi-material

* Engineered Polymer dispersants and binders for ceramic (alumina, ZrO) applications, like
dental prosthesis and high-tech
* Multi-material solutions for meta-materials (radar and piezo applications)

* Defect-free, freeform Al,O; products, > 99% dense

* Increase product size from 5 mm to 50 mm
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‘Open Innovation by imec and TNG
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Conclusion and outlook

* Technology building blocks for 2D electronics and high-speed industrial Additive
Manufacturing are in place.
* Next steps:

* Develop these technology building blocks for 3D printed electronics, for improved
performance @ conductive tracks, capability of multi-material AM, high-accuracy
and fast pick&place, and in-line inspection.

* Demonstrate technology in appealing high-tech demonstrators

* Develop pilot line with baseline process for flexible, single-product manufacturing of

complex and integrated products.
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