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Additively Manufactured Electronics (AME)

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

/ Direct-write & Conformal** \

Dispensing & Extrusion Print

-~

AME Deposition
Dot Deposition
Line Deposition

Area Deposition

Laser Induced Forward Transfer (LIFT)

Non-contact
Jetting Methods

Inkjet Print

3D Print Methods

Fused Deposition Modeling
SLA (Stereolithography)
2-photon SLA
Digital Light Processing (DLP)
Powder Bed Fusion

Aerosol Print
Electrohydrodynamic Print
Piezo-Valve Jetting

K ** can deposition on 2D or 3D substrate /

Contact 2D Print Methods*

Screen/Stencil Print
Gravure Print
Flexographic Print

* 2D only substrate

Additively Manufactured Electronics (AME)

/
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K Electroplating / \

Over-molding
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Structural In-Mold Flexible Hybrid Additional Supporting
Electronics Electronics Electronics (FHE) Processes /
i Pick & Place Solder Pick & Place (Si, passives, etc.)
pick & Place Pick & Place iti Curing/Sinterin
Laser Direct . Deposition g ering
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DOI: 10.1002/adma.201905279
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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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Conductive Trace

Structural Electronics

DOI: 10.1109/MID50463.2021.9361621

Solder Mask Metal Carrier


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

Hthanks and with permissions from Max DePhillips, IDTechEx
Printing Methods for Electronics: Resolution vs Throughput

AME Considerations
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AME for Heterogenous Integration (HlI)

EE
Interconnection __Antenna Moldm Ap:\nl!/(’sch
EL=HJ Printed Conductor on Placed or
Shielding Placed or Printed Prlnted Dlelectrlc Dlelectrlc Printed Estimated Timeline for

Maturity of AME Usage

Conductor Printing \ Ap . 0-2 Years
ing N I%Mﬂ@% 2
Em_er ging ) /ﬁ Printed or Placed oD, mow |

SiP/HI 1 During Print a4 - Hybrid Flex 5-10 Years

Solutions Interconnect

Passwes IPD
Printed or Placed Placed , Printed
‘ During Print During P . Conductor

Photonics Layer Print
Printed or Placed Placed or E -
During Print Printed Embedded Technology
Wafer Bumping/WLP >
Die/Pkg Stacking

[HIR 2021 version (eps.ieee.org/hir), Ch. 8, Single and Multichip Integration]
In-progress 2024 on HIR Chapter on AME




AME Benefits

. .. Desigh Freedom & Rapid Prototyping
Material efficiency

Novel Form Factors

Ideate Des:gn
> VYN
| /’)
4 - -
a 30 model B Arrange c—lecnomc parts
Optimize ‘ l
[https://https://commons.wikimedia.org/wiki] es t

[https://commons.wikimedia.org/wiki]

DOI: 10.29026/0e0.2018.1770004

Slmpllfled Manufacturing

[ModElec: A Design Tool for Prototyping Physical Computing Devices Using

Litho Process Inkjet Process Conductive 3D Printing, L He, et al - Proceedings of the ACM on Interactive, 2021]
{12—7;;'.— ”nvn::r'o?r:::ng SO ”CSI:E::Q':M ik R
I 2)wortey cassi || e Low-volume/ Flex/Wearable Devices

Substrate 2) Wet/Dry axidation

—r.rm T Individualized Designs

'

= 4) Photoresist Spin
3) Printing; the
=~ Coating number of passes
depends on the

m\‘m\m 5P desired thickness
I exposure and Substrale
Substrade | Development
Substrate ? 6)Etching riger ey | Substrate 4) Sintering
s "™ o
‘ Material
B Oxide
L) - Mask
Dice and Test B Photoresist DOI 10.1186/s13104-015-0971-9 https://doi.org/10.1002/adma.201703817
#thanks and with permissions from https://doi.org/10.1002/adem.202000679 ” ' ' ‘

@Martin Hedges (Neotech AMT)


https://scholar.google.com/scholar?oi=bibs&cluster=10718253021957939466&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=10718253021957939466&btnI=1&hl=en
https://doi.org/10.1002/adma.201703817
https://doi.org/10.1002/adem.202000679

AME for Extended Reality (XR)

EMG Wristband Haptic Glove

https://about.fb.com/news/2021/11/reality-labs-haptic-gloves-research/

https.//tech.facebook.com/reality-labs/2021/3/inside-facebook-reality-
labs-wrist-based-interaction-for-the-next-computing-platform/




Fused Deposition Modeling for AME

Down to ~100 micron features (~250 w/o micromachining), alternative
conductor deposition methods typical, creating full 3D structures

Neotech AMT

Combined, hybrid system
- FDM printing

- Direct write/Syringe

- 5-axis, Conformal Inkjet

- 5-axis, Conformal Aerosol Jet

- Laser sintering

QFN (Quad Flat No-lead) Microcontrolier

Interconnect/Circuit 230pm in Ag, Fixed with 2 Component Epoxy

Surface mounted on glass

DOI: 10.29026/0ea.2018.170004

[M. Ankenbrand, et al. 2019 International Conference on Electronics Packaging (ICEP), 2019, pp. 273-278]



Screen Print for AME

High speed, panel processing, typically to 50 micron features

Continued Scaling for High Throughput

e.g. Applied Materials - Tempo Presto PE Screen Printer
Pushing Resolution for High Throughput Screen Print
High productivity 8,000 wafers/hr
High Repeatability +/- 5 micron
3 Continuous line Modules - Load, Print, Unload/Dry/Clean
Integrated: Profilometry, Alignment, Electrical Inspection

Solar Cell Metallization Applications

opened area 50 um
P =

https://doi.org/10.1038/s41598-021-83275-0

<= 20 micron feature demonstrations
Fraunhofer ISE, Asada Mesh

30um

doi: 10.1016/).egypro.2015.07.074



Direct Write Dispense for AME

Down to ~15 micron features, high viscosity inks,
patterning over topologies

nScrypt

Traces over substrate & chip steps
Wire-bond alternative

DOI: 10.1002/aelm.202101029

[https.//www.nscrypt.com/]
#thanks and with permissions from Mike Newton, nScrypt



Stereolithography (SLA) for AME

Down to ~100 micron features, alternative conductor deposition
methods, creating full 3D structures

TNO Holst UT - El Paso
SLA + Dispense MacDonald Group - Keck Center

SLA, DW + Pick and Place Components

Vertical Interconnects

Self-harvesting NFC tag with temperature sensor Fanout structure with 220 interconnects

[D. Espalin, E. MacDonald. Int J Adv Manuf Technol 72, 963—-978

[https://executivereport.holstcentre.com/innovation-updates/enabling-technologies/3d-printed-electronics/] (2014)]
#thanks and with permissions from Jeroen van den Brand and Holst Center



Inkjet for AME

Example Application Areas

- Multilayer PCB-board applications

-  Selective Solder masks for PCB

- Panel etching mask

- Encapsulation layers

- Dielectric, Conductor, Adhesive, and/or Mask Resist for Semiconductor
Back-End Packaging

- Integratable with P&P methods

- Antenna Printing

Commercial Examples
Inkjet Vertical Interconnects ’nkl et filled & p lanarlzed TSV i P

NanoDimension
DOI: 10.1002/adem. 201900568 increase I/O Density
doi.org/10.1038/micronano.2017.2 Dragonfly

Down to 75 micron features, 150 micron interconnects, min layer thickness 3
micron, multi-layer PCB builds
Battery Holder

man'e? ChemCubed
ermistor ElectroJet

/ I" } Suss PiXDRO

Down to 20 micron features

Bluetooth

& Printed golgd-

Q electrode - Multiple commercial printheads
- In-line curing
— 5mm - Precision substrate manipulation
- Automated Print Optimizations
Wearable Health Monitoring - electrodes, thermistors - Gerber files » Inkjet Bitmap

- Material efficiency vs. standard coat + etch
https://doi. org/10.1002/adfm.201603763 - Up to 1200 wafers/hr (Jetx-P) or 80 panels/hr (Jetx-M)



https://doi.org/10.1002/adfm.201603763

Aerosol Printing for AME

To 20 micron features, multi-materials, printing over topologies

Wire-bond Replacement

Hedges, Martin, and Aaron Borras Marin. "3D aerosol jet printing-adding
electronics functionality to RP/RM." DDMC 2012 conference. 2012.

=1
.
-
N
2\
™
=

100:um

alalal el

Print on un-Packaged Bare-die

Additional Applications

High Frequency RF Interconnects
Printed RDLs

Package-level Shielding

Printed Antennas

Commercial Examples

Optomec
Aerosol Jet 5X 3D Printer

IDS

NanolJet Systems


https://doi.org/10.1109/ISCAS.2016.7527378

Electrohydrodynamic Jet for AME

High Resolution (at or below 1 micron features), @ l | pump ) . |
wide ink viscosity range - |

eg 400V

Commercial Examples DOI- 10.1115/1.4041934

Super InkJet
1 micron line/space

Scrona
Multi-Nozzle, Annular Anode, down to 500 nm
features, up to 10K cP inks

DOI: 10.1038/ncomms 1891 https://doi.orq/10.1515/ntrev-2021-0073



https://doi.org/10.1515/ntrev-2021-0073

Powder Bed Fusion for AME

I  CircuitDesign  Conductive Agent

' i , i -
Sockets
(on

Fulll Design Conducton — pagt
) w0

[Techblick.com: HP | 3D Printing of Electronics using Multi Jet Fusion]
#thanks and with permissions from Jarrid Wittkopf, HP Inc.

Vibration Motor Touch Areas

Long long ago... ”\;.

' Buzzer m |
[Techblick.com: HP | 3D Printing of Electronics using Multi Jet Fusion] E 4 3 4
#thanks and with permissions from Jarrid Wittkopf, HP Inc. [L. He, J. Wittkopf. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol.5, No.4, Article159]




AME Advances Materials

FORM

Highly tailored per manufacturing approach

[https://www.shutterstock.com/]

Filaments
FDM

[https://www.shutterstock.com/]

Photo-resins
SLA, DLP

[https://www.shutterstock.com/]

Films/Sheets

Screen, Stencil, Gravure, Flexo

]

Inkjet, Aerosol, EHD

[https://www.shutterstock.com/]

Powders
Powder Bed Fusion

Inks Pastes

Dispense, Screen, Stencil,
Gravure, Flexo, Piezo-Valve

FUNCTION
Conductors

Traces, Interconnects, Vias, Antenna
Silver-based

SIER Ve

Copper-based Flex-Stretch

Micron-Ag + Elastomer

500 pm
= e

3
ol

DOI: 10.1007/s11665-014-1166-6 DOI: 10.1039/c9tc05463d
Nano/Micro-particle Metal Salt

DOI:10.1109/iTherm5

9065.2022.9699675 doi.org/10.1002/admt.202000070
Liquid-Metal based
Dielectrics Specialized

Substrate, Packaging, Shielding, Capacitors Sensors, Resistive, Batteries, Optical, etc.

Flex/Stretch Substrates

PET, TPUs, Silicones, Beyolux, etc. ®) strain gauge

N

[https://www.shutterstock.com/]

3

https://doi.org/10.100
/adimn. 201906244

doi:10.1109/jsen.2020.2976508

Cross-over & High-K Dielectrics
Force Sensors

For multiple trace layers or capacitors

Batteries

doi:10.1021/acsnano.8b06464


https://doi.org/10.1002/admt.202000070
https://doi.org/10.1002/adfm.201906244
https://doi.org/10.1002/adfm.201906244

AME Advances Manufacturing Integration & Productivity

Manufacturing Integration

Fraunhofer IPA - Next Factory nScrypt

I3 + Cure/Sinter + Planarize + P&P/Assembly + Measurement/Inspect FDM + DW + P&P + Milling + Curing + Measurement
T00X100X50 mm build area; 10 micron layers, 150/250 micron I/s

Inspection Assembly + Dispense Cure Print

4

AM 40MM Test Round e ol E Milling/Lasers/

High Performance e : R photonic/Oven
Materials Micro-dispensing Pick and Place /magnetic

In Situ
Measurement

[https://doi.org/10.1016/j.microrel.2018.04.008;

#thanks & with permissions from Mike Newton & nScrypt

Integration & Productivity

Screen Print Inkjet Print

Up to 8K Wafers/hr Tempo Presto PE Screen Printer Up to 1.2K Wafers/hr Suss PiXDRO
Integrated Profilometry, Alignment, Electrical Inspection, Wafer Load/Unload/Clean Integrated Curing, Alignment


https://doi.org/10.1016/j.microrel.2018.04.008

AME HI Apbblications Flex Use-case

#thanks and with permissions from Girish Wable, Jabil

RIGID-FLEX or FLEX PCBA FLEXIBLE HYBRID ELECTRONICS

RIGID PCBA

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 ¢ Assembly Temperature - 220 - 250 deg ¢ Assembly Temperature - 120 deg ¢
Cost: Baseli_ne Cost: Highgr Lower comparedcfc)cs)t;igid Flex or Flex
PCF - Baseline PCF - Baseline

PCF - Significantly Better*

* - 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

[ .= — = .= — .= — = — )
Thermoforming $
|
Printing cond. layer|  — — ===+ " 2D > 3D / \
\ /
Printing dielectric =~ t——=———_ |,—J
e — Injection Molding
Printing cond. layer I . _ l’,J
I 1 [ 1 1 [T
Deposition adhesive
1 ——
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

Antenna Matching

Battery|64mAh)

130 different nodes
47 signals

DC-DC Canverter ‘

1 Antenna Package

RF Madule

| Microcontrofter

'RFModule
Gateway Node Sensor System
Block Diagram

Programming/ Debug
Interface

| Oled Display |

“Touch Driver

e

—J

Web Interface on
Local Wi-Fi network

Wi-Fi Gateway

Benefits Leveraging 3D Integration



AME HI Applications Optical Wirebond

Specific Unmet HI Need Unique Solution Space

Interconnection Between Optical Chips & Output Fibers
Index Matched Photo-resin

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

Single-mode

RF interposer | Photonic fibres

Photonic
wire bond

DOI 10.1364/0E.20.017667

Ultra-high Resolution 2-photon AME

TPP - Two-Photon Polymerization E s Siloon photonic ~Submoun
transmitter chip
DOI 10.1088/2631-7990/ab8d9%a RS
R\
) Silicon photonic
& [‘
NI ’\&1 . transmitter chip
1 v ‘ e i
A Photonic & 4 Single-mode
s +"°° 1 wire bond ;jﬂ \ fibre
NG S :
o + 1 Photonic
g ,\o“‘ & wire bonds
& N
E +~ 1 RS
\f S Silicon photonic
,’sg ! 3 e transmitter chip
& & Surface emitting g
\@Q +.s P 'nP Iase(HCSEL) \75 am 3
& Q@ N@ A — .

[STPP DLP <5iA DWW s WIOET < ol s L850 ] Photonic Wire-bond doi.org/10.1038/541377-020-0272-5

Benefits Leveraging Unique Need + Unique Solution


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

AME HI Applications RF Structures

High performance monolithic microwave integrated circuit Inkjet & 3D Printed Broadband
on-package Antenna
Inkjet printed FSS & Fully 3D An‘fen na
Inkjet PCB. |~ SLA Printed Encapsulant Geometries

Layer

! e = o
3D Printed N = e
;:';’!:L Encapsulant MMICs and
FSS | Inkjet cgp:s
Q\ Gap Fill . il
Q \ ‘ -
b !

)
S

w
o

5 >
o
T 40 DOI: 10.1109/ACCESS.2022.3202536
2]
-50 ——No Capping
= \\ith Capping
~With FSS Capping
-60 S —
. 20 21 22 23 24 25 26 27 28
¥ « Frequency (GHz)

[M. Tentzeris, et al. IEEE Trans Microwave Theory Tech., 2020, 68, 2716-2724] DOI'10.1T109/ECTC.2018.00041

Benefits Leveraging Unique Geometrics


https://doi.org/10.1109/ACCESS.2022.3202536

AME HI Applications Thermal

) ) Liquid Cooled Heat
Air Cooled Heat Sinks Sinks

[Lazarov BS, Alexandersen J. Appl Energy.

[https.//www.shutterstock.com/] | 2018;226(February): 330-339] Current r i ] — —
AM Thermal

Cur ren t AM Th erm al [Al-Neama AF, Thompson HM. Int J Heat Mass Transf. 2018;120:1213-1228]

Two Phase

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://doi.org/10.1109/ITHERM.2006.1645335

AME Growth Needs

Material Properties

30- ‘

o
254\
.g 20
3:15- e
2 g A~ st . _L(d)]
% 10 | (e)
é \\\ pﬂ ' _.‘. =
5 \‘_M - WA
0

4 6 8 10
Sintering time (S)
[W. Gu, W.Yuan, et al. RSC Adv., 2018,8, 30215-30222]

v T
0 2

Automated Inspection & Correction

[https://www.shutterstock.com/image-photo]

Productivity & Yield

[https://commons.wikimedia.org/wiki]

Product-Level Reliability

[https://commons.wikimedia.org/wiki]

Design Tools Integrated Manufacturing

Leveraging CapEx Investment &
Adaptability to Current tooling

* Panel Sizes

* Planarity

+ Alignment

* Form Factor

* Thermal Processes

[https://www.microwavejournal.com/articles/31986]

[https://www.shutterstock.com/image-photo]



AME Growth Needs Design & Layout

Merging of EDA & CAD Integrated Co-Desigh Workflows
Example of Chip/Package/Board Co-design flow
System Specification
Package Ballout [paisiis
ModElec Customer e
Documentation
Manually 3D Printable Touch Area Q ® Lvs PCB Design
Added Trace Connectivity Entry & layout-vs- Application boards, FOWLP
Schematic Entry schematic check lab boards, ADK
Table Entr: A test hardware
Circuit Display Imported Ve?iloZer'-lgL ®
Electronic Part Gistom ‘\ @ @
Battery Model @ Chip Layout Package Layout
/ Electrical/ 10 cell ring @ Laminate, Leadframe, PCB
. Logical Die footprint WLP, single/mutlti die, ADK
[ Electronic Part Control Simulation (pad/bump placement) flip-chip, wirebond
& . i § hii
Printer Profile Configuration EM Field Simulation @ V ED'E
. i Parasitic Extraction DRC (design rule check)
3 ] a0 v (o) 215108 ADRC (assembly design
3D Printable Part Control — _ (Electro)Themal rule check)
) Mechanical Simulation
/ B n/::;)(l)(;(({':) ‘?f;j::ﬁ:?race System Development Chip Development Package Development Board Development
Trace Control P4 ; ,

Plastic 3D Body

f \Rhino Editing Environment

Ballout & System Spec Chip Layout Laminate FOWLP Leadframe

Transfer

DauRepoﬁDm

(UNIX)

Spreadsheet Schematic Chip Layout Package Chip Layout Mechanical PCB Layout
Editor Editor Editor Layout Editor Editor CAD Tool Editor
[L. He, J. Wittkopf. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol.5, No.4, Article159] efcfuj{efc]t efct efcfrffefe | ! eEfc I ! elec]t
Export / -
Package Package PCB
&

Design Project 1

Design Project 2 “-

DOI: 10.1109/ECTC32862.2020.00269



https://doi.org/10.1109/ECTC32862.2020.00269

AME Growth Needs Reliability

Product Testing Considerations Material CTE Considerations
Thermal Cycling CTE for Standard Packaging Materials ppm/°C
Typical Tested Operating Temperature Ranges - 4
Military _55°C to _IZSOC adhesnve<0 heatﬁmk: 24 ) -
Automotive -40°C to 125°C I e S p——
Industrial -40°C to 85°C P e e 2 e :
AEC-Q100 Lvl 2 -40°C to 105°C i G e e
printed circuit board (PCB): 20
High Tem p/Hig h Humidity ﬁam;)jas: etlcg. (207;?). Im’?gitlofAccelzr,?;eZ I'Ij'h‘ertm;ICAgin.?é)n Tgermo— Heating
o echanica roperties o I-Immerse - rinte 1rcul oqaras.
Level1- 85°C/85%RH -1000 hrs Moiature
) Moisture Effects Preconditioning
Drop Analysis v v v
Per JESD22-B111A (2016 . .

( ) Humid Environment Effects QA <
Electromigraton e e =
Void & Hillock generation . e

9 Moisture Vaporization at Reflow A 4 4 4
Corrosion Moisture
absorption

https://doi.org/10.4233/uuid:9141f50e-5362-4b01-b06f-flcc3acd6543



https://doi.org/10.4233/uuid:9141f50e-5362-4b01-b06f-f1cc3acd6543

AME Growth Needs Material Properties

Conductor Properties

Dielectric Material Properties

Example - RDL Material Property Considerations

. Low loss
Electrical Low D,

) Ultra thin dry film (2-5 pm)
Physical

30+
25
.g 20+
21
&
>
% 104
0
4
54
0 v T T T T T
0 2 4 8 8 10
Sintering time (S)
[W. Gu, W.Yuan, et al. RSC Adv.,2018,8,30215-30222]
Ink Type Ink Composition Conductivity
o Carbon 1.8 x 10 S/m
Carbon conductive ink CONT (5.03 + 0.05) x 103 S/m
Polymer conductive ink PEDOT:PSS 8.25 x 10°S/m
Nicoallvetk Ag-DDA 3.45 % 107 S/m
ano-stiver in Ag-PVP 6.25 x 10°S/m
- ' EGaln 34 x 10°S/m
Liquid metal ink Bisslngs £SnysZos 7.3 x 106 S/m

Planar
Low-CTE
Thermal | \withstand 260 °C solder
reflow
. High Elongation
Mechanical Low modulus
) Resistance to chemicals
Chemical Good adhesion
Low Material
Cost and Processing Cost
_— Low Stress
Reliability

Low moisture absorption

Characteristic| Ideal Properties Polymer Family
Epoxy Polybenz-
BCB Polyimide | oxozole F:um' Hy::;;» Metal Oxide|
(PBO) polymer carbon
Non PID PID

doi:10.3390/mi7120206

Ag bulk conductivity 6.3E7 S/m
Cu bulk conductivity 6.0E7 S/m

DO/'10.17109/ECTC32862.2020.00182

Both especially important for high-speed and
high-frequency Applications!



AME Growth Needs Application Targets

Advanced Packaging Targets Application Targets Leveraging Unique AME Capabilities
Interconnects e

Vibratjon Motor
Typlos! Mutd-thor Wire Bond (FEGA) Pacirge Fiip Chip PBGA (FC-PBGA)

Compound

EEE oW S B Bsu b

ST— CAFC (Contolled | e e [L. He, J. Wittkopf. Proc. ACM Interact. Mob. Wearable
onding Met 2 ¥ 2

Callapse Chip : FOARGLOEH | rore Ubiquitous Technol, Vol.5, No.4, Article159] DOI 10.1186/s13104-015-0971-9
Connect) (Chip Connect) Reflow) FC

Individualized Designs

Schemalic Diagram / ) / (-\

Major Bump Pitch Range at
Apphcation

Redistribution Layers (RDL)

nnnnnnn

> 130 um 140 um ~ 50 um 80um=20um |<30um

High-end packages
VO per mm’ >> 18

KDL << Spnlopm DOI: 10.29026/0ea.2018.170004

sm

doi.org/10.1038/541377-020-0272-5
- ke 3D Form Factors Meeting Unique Needs

6 < IO per mmi< 12
ISum/I5um > RDL LS > Spm/Spm

Core FO gp ppus, au.am o

4 Low-end to mid-range =
IO per mm’ < 6 R e 1 e N

/O per package area ( /O per mm?)

RDL LS >15um/15um

10/10
RDL LS Scaling (um/pm)

2019 2023 2027 [https://wwwi.jabil.com/blog/flexible-electronics.html] https://doi. org/10.1038/541563-018-0084-7
Link speed (Gbps)_Serial Speeds [4] 50 100 200 El .
ex/Stretch Electronics
BU dielectrics loss, Df 0.007 0.004 0.002 ) ] x/
BU diclectric roughness (Rq) 300400 nm 150200 nm 100~150 nm
Cu roughness (Rq) 350~400 nm 200~250 nm 50~100 nm

[HIR 2021 version (eps.ieee.org/hir), Ch. 8 & Ch. 23]



AME for Packaging & Hl Impact

30 Printed
Inkjet
Pri Encapsulant
FSS |

\
%Q
) . . [L. He, J. Wittkopf. Proc. ACM Interact. Mob. [M. Tentzeris, et al. IEEE Trans Microwave
[M. Ankenbrand, M. Hedges. 2019 International Conference H. Tan, C. Chua. P Mat I L 4
on Electronics Packaging (ICEP), 2019, pp.1273—278] éciegge 127 (;gzzgz%roe;i?] ateriais X/i‘gll’dggjublqwtous Technol, Vol.5, No.4, Theory Tech., 2020, 68, 2716-2724]
rticle
Y L] o
Manufacturin . g Application
9 Materials =+ Design Tools < PP

Methods & Integration Development

[https://doi.org/10.1016/
j.microrel.2018.04.008;

System
Reliability

Needing Concerted Advances from all for Adoption & Market Success
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