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Additively Manufactured Electronics (AME)

AME = Printed Conductor + (Printed/Existing) Dielectric + (optional) Additional Processes
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Additively Manufactured Electronics (AME)

/

/

Contact 2D Print Methods*

Screen/Stencil Print
Gravure Print
Flexographic Print

* 2D only substrate

~

f Flexible Hybrid

N

Electroplating
- /

\_

Over-molding

o

Structural In-Mold . Additional Supporting
Electronics Electronics Electronics (FHE) Processes
g . Pick & Place Solder Pick & Place (Si, passives, etc.)
Pick & Place Pick & Place D = Curing/Sintering
Laser Direct . eposition _
Structuring (LDS) Thermoforming Lithographically Defined 3D Scanning
Features Metrology

Subtractive (Laser, Milling)
AN /

silicon ICs

F ~ and circuits G % ;
\
1 i I \ 1
\ J \ !
\ i ’

2.3 Printed antennas for
wireless power and
communication

Flexible Hybrid
Electronics (FHE) [

DOI: 10.1002/adma.201905279

- ‘\ 2.4 Printed energy
=] 1 harvesting and storage
|| /

\
Vg
i N
\
‘F '!‘ i}‘ : 2.5 Printed display
\ .=' s
N .

ek

In-Mold Electronics
Project “Origami”, 02/2018 - 01/2021,
Innovations with Organic 3D Electronics.

#thanks & with permissions from
@Christine Kallmayer and Fraunhofer IZM
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Structural Electronics

DOI: 10.1109/MID50463.2021.9361621

Solder Mask Metal Carrier



https://doi.org/10.1109/MID50463.2021.9361621

Substrate

AM E Co ns i d er ati ons Printing Methods for Electronics: Resolution vs Throughput
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AME for Heterogenous Integration
(HI)
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[HIR 2021 version (eps.ieee.org/hir), Ch. 8, Single and Multichip Integration]
In-progress 2024 on HIR Chapter on AME




AME Comparison Table

Legend: X Typical; O Case-dependent; - Not typical, Greyed cell - Not applicable

Feature Created Resolution Material Properties Manufacturing Properties
Build Build
Features sizes Height per | Deposition Speed |Dimensionalit
Conform Resolution X,Y Resolution Z (Line/Space[L/S]; Deposited Materials Multi- Max Bulk pass (m2/s - areal; y (0D,1D, 2D,
Type Process Conductive | Dielectric -ality | Structural (micron) (micron) dielectric[E]) (micron); | Vias possible Forms Material? Conductivity | (micron) mm/s - linear) 3D)
Inkjet Printing X X X X 20 17 L/S,E - 40/40 X inks, photo-resin Y 2.7E7 S/m 17 0.1-1 m2/s 1D
Aerosol Printing X X X (0] 10 2 L/S - 20 X inks, photo-resin Y 2.7E7 S/m 0.5-5 5-30 mm/s 0D
Electrohydrodyna Inks, pastes, photo-
mic Jetting X X X (0] 0.5 0.5 L/S-0.5 X resin Y 2.7E7 S/m 0.25-1 50 mm/min 0D, 1D*
Dispensing/Extrusi
on Printing X X X (0] 100 100 L/S - 100 X Inks, pastes Y 2.7E7 S/m 1-50 50-500 mm/s 0D
Direct Write & Piezo/Valve
Conformal Jetting X X X (0] 320 5-25 L/S - 320/200 X ink, pastes Y 2.7E7 S/m 15-25 15-50mm/s oD
Powder Bed
Fusion (6] X - X 100 80 E -100 (6] powders Y 2E6 S/m 80-150 3D - 25 mm/hr 0D, 1D
Stereolithography
(SLA) - X - X 50-100 50-100 E - 150 photo-resin N 20-100 20-36 mm/s 0D
2-photon SLA - X - X 0.1-1 0.1-1 E-1 photo-resin N 0.1-10 100-600 mm/s 0D
Digital Light 3D - 10-300
Processing (DLP) - X - X 50-100 50-100 E - 150 photo-resin N 20-100 mm/hr 2D
Fused Form
Fabrication
3D Printing (FFF/FDM) O o o X 150 50 E - 150 0} filament, granualte Y 20-100 50-150 mm/s (0]0]
thermal - Cu**
SLM 50-250 50-250 200-400 metal powder N 400 W/mK 0D
thermal - Cu**
Binder Jet 100 80 150 metal powder N 400 W/mK 80-150 3D - 25 mm/hr 1D
Thermally
conductive 3D metal thermal - Cu
Print ECAM 30 30 60 electrodeposition N 400 W/mK 2D
Planar 2D Print Screen Printing X X 10-50 25-40 L/S, E - 50/50 X pastes Y 2.7E7 S/m 1-50 0.01-1 m2/s 2D
Laser Direct
Structuring*** X (0] X (0] 1 1 L/S - 25/25 X 3.48E7 S/m 0D
Hybrid &
Structural Additive + 1,000 mm/s OD
Electronics Subtractive X X X X 10 L/S - 15/15 X 1E-6 m2/s 2D (0]0]




AME HI Applications Flex Use-case

RIGID PCBA RIGID-FLEX or FLEX PCBA FLEXIBLE HYBRID
FI FECTRONICS

Board: Rigid FR4 Flexible Polyimide Substrate Flexible Plastic Substrates
Subtractive process Subtractive process Printing (additive) process
Copper traces Copper traces Silver/Copper traces, Sensors
Weight (board): 17 grams Weight: 2 grams
Assembly Temperature — 220 — 250 deg c Assembly Temperature — 220 — 250 deg c Assembly Temperature — 120 degc
Cost: Baseline Cost: Higher Cost*

Lower compared to Rigid Flex or Flex
PCF — Significantly Better*

PCF - Baseline PCF - Baseline

#thanks and with permissions from Girish Wable, Jabil

* - more data needed

Benefits Leveraging Weight Temperature Cost
Flexible | | | | |



AME HI Applications Wearable Use-case

VALUE TRANSFORMATION

FLEXIBLE BENDABLE CONFORMAL

STRETCHABLE LIGHT TWISTABLE

THIN DIRECT-DEPOSITED 3D

BOM CONSOLIDATION
ASSEMBLY INTEGRATION

#thanks and with permissions from Girish Wable, Jabil

Benefits Leveraging Wearability Integration Cost



AME HI Applications Structural Electronics
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Thermoforming $

Printingcond. layer |  — — T==— - 2D >3D / \
. | .

Printing dielectric ~—————=—=—=—

S S Injection Molding

/
\

Printing cond. layer

Deposition adhesive

SMT Pick & Place
/ Cure

Demo of thermoformed PC foil with printed Ag-conductors and LEDs
Project “Origami”, 02/2018 - 01/2021, Innovations with Organic 3D Electronics.
Funded by BMBF, Germany

\_ ) #thanks & with permissions from @Christine Kallmayer and Fraunhofer IZM

Benefits Leveraging Design Freedom



AME HI Applications 3DPE Demonstrator

Modularity in Design to Increase
Functionality
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130 different nodes
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Programming/ Debug
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My
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Web Interface on
Local Wi-Fi network

Wi-Fi Gateway

-]

Benefits Leveraging 3D Integration



AME HI Applications Optical Wirebond

Specific Unmet HI Need
Interconnection Between Optical Chips & Output Fibers

DOI 10.1364/0OE.20.017667

Ultra-high Resolution 2-photon AME
TPP - Two-Photon Polymerization
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Resolution
[ * TPP oDLP oSLA ¢DIW ¢INKJET » FDM o SLS&SLM ]

Unique Solution Space

Index Matched Photo-resin
Automated Fabrication, Low losses, Passing Reliability Testing
400-700 GB/s Data Rate Demonstrations

—ed Single-mode
| Photonic fibres

RF interposer

Photonic
wire bond

InP laser
array

Silicon photonic Submount

transmitter chip

| Silicon photanic
| transmitter chip

Single-mode
fibre

QN

Photonic
wire bonds

=
~

Silicon photonic

Y
- . transmitter chi
- Surface emitting ~ i

: : - InP laser (HCSEL) )
Qum I e e ! B 75 um %

Photonic Wire-bond doi.org/10.1038/s41377-020-0272-5

Benefits Leveraging Unique Need + Unique Solution


https://doi.org/10.1364/OE.20.017667

AME HI Applications Thermal

] ) Liquid Cooled Heat
Air Cooled Heat Sinks

LI -z - . [Lazarov BS, Alexandersen J. Appl Energy.
[https://www.shutterstock.com/] 2018;226{February): 330-339] C urrent

Current AM Thermal [Al-Neama AF, Thompson HM. Int J Heat Mass Transf. 2018;120:1213-122/3 M Thermal
Two Phase 5 -
Convective
Cooling -
-~ AM Thermal
Current -

[Jafari D, Wits. Renew Sustain Energy Rev. 2018; 91(April 2017):420-442]

[DOI: 10.1109/ITHERM.2006.1645335]

Benefits Leveraging 3D & Design Freedom



https://www.3t-am.com/
https://doi.org/10.1109/ITHERM.2006.1645335

AME Growth Needs

Material Properties Productivity & Yield Product-Level Reliability

AL R |
254 |
:{E: 20-
& B : 47‘
° 0 2 . t‘l; . timj ©) 8 10 [https.//commons.wikimedia.org/wiki] [https//commons.wikimedia.org/wiki]
[W. Gu, W.Yuan, et al. RSC Adv., 2018,8,30215-30222]
Automated Inspection & Correction Design Tools Integrated Manufacturing

Leveraging CapEx Investment &
Adaptability to Current tooling
* Panel Sizes

* Planarity

* Alignment

*  Form Factor

* Thermal Processes

[https.//www.shutterstock.com/image-photo] [httpsy/www.shutterstock.com/image-photo] [https.//www.microwavejournal.com/articles/31986]




Engagement with Chapter & Next

1. X-TWG engagement

Requesting X-TWG Feedback & Intersections
Requesting X-TWG guest Speakers - Connect/present to AME chapter

2. What'’s Next?

|.  Finalized Version 1

|I. Determining additional areas of interest for Revision
Applications EM| shielding, RF/Antennas

Manufacturing Spray Coat

Reliability Expanding on Reliability improvement needs
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