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NEXTEFI

WHAT IS FHE?




AT IS FHE? NEXTFE

- (Flexible Hybrid Electronics) combine the flexibility and low cost of printed plastic film
strates with the performance of semiconductor devices to create a new category of
tronics.
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NGING TOGETHER EXISTING CAPABILITIES

NEXTEI

Toda)

cohinsi
 Materials

2020 Vision

Printing ~ . ThinSi

& R2R “wipment &

Printing Processi ‘aterials

& R2R

Processing

NextFlex
+ Leadership

Manufacturing

Manufacturing
& Electronic

& Electronic
Assembly Assembly
Disparate FHE Capabilities MIl Funding Helps Connect Manufacturing
« Centers of excellence with world class » Silicon Valley hub provides critical mass to ‘pull’industries together
capabilities; Project-based interaction « Fills missing infrastructure in modeling, design, new assembly, and test
« Evolved out of established. once US-led - Creates links between today’s separate capabilities, existing assembly
technologies ' and end-user needs

- FHE leverages other industry eco-systems and marketing channels
« Relationships and communications ensures efficiencies in investments
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ADMAP FOR MANUFACTURING PROCESSES

NEXTFI

Device Printing
Integration

& &
Packaging Microfluidics

Modeling &

Design

Standards,
Testing, &
Reliability
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INICAL WORKING GROUPS AND APPLICATION FOCUS AREAS -
NEXTFI

Human
Performance
Monitorir

Asset
Monitoring

TECHNICAL
PLATFORM

Flexible
Power

Soft
Robotics
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: — THE IOT ENABLER FOR EDGE PROCESSING? N E \'T,F-l

Today's World: Centralized But This is About to C‘haﬁge...

o o
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O ESTIMATES FOR IOT OBJECTS N E X T’FE[

AVISIBILITY

Peak of Inflated Expectations

2010 Cisco and Ericsson predicted 50Billion 10T objects

Plateau of Prod

2012 IBM predicted 1 Trillion objects

Slope of Enlightenm

2016 IEEE Spectrum report: 30 Billion

Trough of Disillusionment

[ —

Technology Trigger
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. ENABLING 10T? NEXTE |

What is missing?

J Flexible
= Low cost system for edge devices . Stretchable
= Easy and inexpensive to deploy . Conformable
= Changing the form factor

. Transparent

= Reducing size and weight

= Mass customizable . Biocompatible
. Lightweight
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)JCESS FOR CREATING ELECTRONICS

Conventional process

Design the IC
Design a package for the IC
Design a board for the packaged IC

Design an enclosure / housing for
the board

Fit everything into the final
system/device

Reversing the flow

Design the desired system and form
factor

Design the system level board and
BOM neede

Design the IC (use COTS or custom
designed)

Assemble and encapsulate
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LTI-DIE AND HETEROGENEOUS INTEGRATION N E X T’F——l

Sensors/ Discretes
Actuators 6.0%
2.9%

Analog
13.3%

1E by design enables multi-die integration and heterogeneous integration for .
stem builds 10.0%

ay with existing supply chain for wafer sourcing

Micr

mphasis on direct die attach vs packaged device integration Logic

24.3%

1 NsSVeaALinJgng

Application
System
Circuit

Transistor/Device

Process Technology

Stanford ' systemX Alliance

Revenue Drivers

Life of a Design
Functionality
Formfactor / Power Diss.
Life-time Volume
Development Cost / Time
Unit Cost Sensitivity
Standards Support

EcoSystem / Supply Chain

Source: IC Insights

_ New Market Requirements | Multi-die Solutions Offer

Broad

Quarters to Years

Logic, RAM, NVM, RF,...
Smaller / Lower Power
Low / Medium / High ?
Lower vs 2D / <<1 Year
LOW, if minor System Part
Emerging, Regional, ...

Emerging, Changes Likely

Memory
20.6%

Flexible and Modular Approach
Easy to Update/Change
Heterogeneous Integration
Small / Low power

Adaptable Architecture
Building Blocks (“LEGOs”)
Cost-reduction Efforts Ongoing
Adaptable to Changes

Maturing fast, in particular 2.5D &
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NEXTEF |

FHE USE CASE SCENARIO




1Y WEARABLES?

NEXTF |

Blood Pressure (mmHg) by D

ky High blood pressure

Systolic (top number)

Ideal blood pressure

Low
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\MPLE: WEARABLES 2016 NEXTE|

E150630 .
1 NMO-UO

dynsmic

A

43
JE

FITBIT
300-0270-0°

L
(R N o v

UTION A: CLEARED FOR PUBLIC RELEASE SEPTEMBER 30, 2018 | |



ARABLES 2020 AND BEYOND N E )(”{?1

S

Factor
formability
tchability
1sparency
i-Breathability

vave

RF 'coil RF diode ECG/EMG sensor

wireless power coil
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NEXTEF |

PROJECT CALL EXAMPLES




FT EXOSKELETON KNEE BRACE

NEXTF |

sensor

Temperature Impedance

sensor

Soft Knee Exoskeleton: Portable Power and Control
Microcontrollers (sensing and actuation) and pneumatic

2.51b. CO; Tank
Fowers system fo
over 30 minutes

Pneumatic Pressure System
Regulates pressure to soft
actustors and pneumatic cuffs

Microcontroller: Processes
FHE sensor output and soft
sensor dats, control actustion

Thermal Regulation System:
Controls interface femperature using
TEC modules and thermal fluid

Soft Knee Exoskeleton: Mechanical Subsy
Controlled using FHE-based sensing and comm

Flexible printed circuit
(FPC) connector

o« Electrode
® ./{common ground)

Electrode
e array

Stretchable

® & interconnect

Endosuit Thermal/Pressure Semi-Rigid
Wire Harness Regulation Orthotic Fram
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XIBLE SMART WOUND DRESSING

NEXTFI

lem:
1ic non-healing wounds impact over 6.5 million Americans a
and are increasing. Current treatments are expensive and

intensive.
W =
. - \ h‘"“
EXCitat'} Photodiode

PDMS

LED ; A
Parchment . .- Oxygen
paper \ sensitive dye

pe Powered by 9V Battery

fit:

cated on a biocompatible paper substrate that provides
ural stability and flexibility while simultaneously offering
bility, selected gaseous filtering, and physical/chemical
ction.

erable:
cal samples of device and subsystems, as well as sample
g data.

Objective:

Demonstrate integrated oxygen delivery and sensing onto a si
low-cost, manufacturable, flexible dressing. Provide possible
solution for wound care for an average annualized cost of $25I
the US market.

Bluetooth  patch substrate
communication

to mobile device
0, sensor

INTEGRA"/Primatrix” Oxygen
& collagen matrix generator

Oxygen exchange via
INTEGRA®/Primatrix”
collagen matri
interface

Electronic control signals
Re-usable (e.g, fordrug release)

electronics Detachable flex cable Bilayer patch

module for changing patch with sensors and theraj

Approach:

Print materials at WMU; assemble and benchtop-test devices «
Purdue; evaluate (in vitro and in vivo) at IUSM; collaborate witl
Integra throughout, optimize preproduction manufacturing proc

” W T
PURDUE INTEGRA & SCHOOL OF MEDICINE "

UNIVERSITY INDIANA UNIVERSITY

LIMIT UNCERTAINTY
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XIBLE ORAL BIOCHEMISTRY SENSING SYSTEM

NEXTFI

em:
Jlic measures of bio analytes are insufficient to determine if
es or warfighters are nearing exhaustion or dehydration.

Working Electrode System Print Sample

fit:

1uous remote monitoring of bioanalyte concentrations in saliva.

le, small printed electrode form factor.
apabilities demonstrated include biostability in saliva for up to
's and removable, disposable printed electrode strip.

erable:
r a flexible mouth guard sensor label with wireless charging
ad-out, and new sustainable manufacturing process.

Objective:

Continuous monitoring of bio analytes to infer hydration,
exhaustion and mental engagement levels in high performing
athletes and warfighters.

Screen Layout

Approach:

Develop an FHE circuit, Prussian Blue (PB)/Carbon (C), with
counter electrode PB/C, and reference electrode AG/AGCI an
co-molded in silicon

parc

A Xerox ‘l‘.l"‘T.l-'J Y
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NEXTEF |

FHE DESIGN APPROACH




ICAL FHE CROSS SECTION NEXTE|

Discrete
Encapsulation Component
Microcontroller Die-Attach Attach
Die Integration Adhesives Printed
Dielectric Printed Passives Conductors
Encapsulation & T T T
Over-Mold

Printed Antenna

trate Processing - Surface

Printed or Fle:
Energy & Singulation

Battery Integr:

erconnects & Multilayer

Anti-Fouling
Coatings

Bio-Compatible Adhesive or  Textile Integration

Fluid Absorption/  Printed Sensors

Microfluidic Structures Test and Measurement, including HAST
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= MISSING TOOLBOX TO JUMP-START A FHE DESIGN PROJECT

NEXTFI

Printed
Interconnect

Flexible Solar Cell

Flexible Display

Micro-
Processor

Printed
Passives

(R/C)
Printed
Antenna
% Memory
Flexible Substrate @ Thin Film Battery RE Printed
. . Transmission
Source: NextFlex Transceiver Lines (TL)

FHE-PDK

Simulation
Models

Open-
Source IP

Open-source digital and analog IP
(ex. sensor interface and amplifiers)

Resistor

Transistor

Inductor Capaci
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E PDK Project Participants

wlett Packard Enterprise (Labs) — FHE circuit & system design and testing (prime)
Jr. Ray Beausoleil (HPE Senior Fellow), Dr. Cullen Bash (System Lab Director), Dr. Sicheng Li

orgia Institute of Technology (C3PS) — Multiphysics co-simulation and printed TL/inductor/ar

°rof. Madhavan Swaminathan, Prof. Suresh Sitaraman, Sridhar Sivapurapu, Nahid Aslani Amoli, Mohamed Bellz
Chirag Mehta, Rui Chen, Yi Zhou

anford University (Bao Group) — Device (r/c/transistor/antenna) fabrication (printing/lithograp
°rof. Zhenan Bao, Dr. Ting Lei, Dr. Simiao Niu

iversity of California at Santa Barbara (ECE) — Device modeling and EDA tool interface
°rof. Kwang-Ting (Tim) Cheng, Prof. Yuan Xie, Leilai Shao

2stern Michigan University — Printed antenna
Jr. Binu Baby Narakathu (technical advisor), Prof. Atashbar Massood

dence Design Systems — Academic licenses and PDK technology transfer
Saugat Sen (VP of R&D) John Park, Dr. Patrick Haspel, Cheryl Mendenhall

sys — Technical advices
Jr. Norman Chang (Chief technologist/VP R&D)

yucsseadence

|
. | Georgialn=tfinrie
Fackard | o Technology



. MUST-HAVE TOOLBOX TO SAVE YOU DESIGN TIME AND $$%

NEXTF

PCB Design Flow

FHE Design Flow

FHE-PDK

Design Capture ST
gh ~apt Models and
and Simulation
! : Open IP
Board-level block diagram
— —
Physical Layout Manufacturer-
p{  Component placement and Rule Certified Design
3L Checking Rules
First-pass routing - -
Z Post-Layout N
Rovling veriication frls Parameters and
_— Technology Files

e engineer’s guide to high-quality PCB design,”
ectronicdesign.com

IC Design Flow

Mu%m1

DRC
LVS
: i Parasitic
o' Extraction

: g Pmﬂqv:'mt Matlist
T = Simulatbon

Ref: “Catching layout-dependent effects on-the-fly,
www.techdesignforums.com

thout FHE-PDK and experimentally-proven models and design rules, FHE design w
a gamble and time-consuming with a lot of trials-and-errors
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: PROCESS DESIGN KIT NEXTF

/lett Packard Enterprise - Georgia Institute of Technology, Stanford University,
rersity of California, Santa Barbara
em: Designing FHE products encompasses numerous Objective: Program and demonstrate an FHE PDK for
facturing methods and unconventional process flows. In order heterogeneous integration of both discrete and deposited
\ble wide-scale adoption of FHE, a qualified PDK that can map elements of electronic systems.
facturing design capabilities to manufacturing capabilities is
ed. _ .
e e — __.’,J'Tw'sm 2 Printed Resistor Printed Fringe Capacitor
Space SR L"_ L'ist of Violations :; :\L‘;” Eesztm :.Vidgtthh 322 c: ?nger :Vidt_h izli)
a MetalEnceaurs 320 a Fingerlength > 150
N Fringecap
c2i el I
—_——ude— 1

' Design Rules

=
I F 9k 3k 4R S
ik BF Ik Ak 9k A

fit: The ability to design FHE systems using industry ~ Approach: Create device class structures for resistors, capacitors,

ard layout and EDA tools in order to enable market inductors, and transistors, and characterize large quantities of these
ration of flex hybrid products. devices based on representative manufacturing methods.
erable: Delivery of a tested PDK using silver-based ~ Duration: 18 months -_ G&‘-’.—Q%ﬁgﬁ%
arbon nanotube device structures. NextFlex shall PC - 10015 —

have the right to manage licensing and use of Hewlett Packard

the PDK across the FHE community. Enterprise
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NEXTFLEX IOT PROCESS FLOW

NEXTFI

SUBSTRATE w/THROUGH HOLES and PRINTING

bstrate

N,

Drilled Vias

Printing Top layer and E

thermal curing

om Igyerand Qc #2
| curing
0= |

Apply top and bottom
Dielectric and curing

e FINAL INSPECTION
e Visual inspection

| e Continuity test

NN

ly

COMPONENT PLACEMENT (SM Discretes, Passive, etc.)

for assembly

Dispense, Pick, Align, Place and Oven (or UV) curing.

, Build Sheet, BOM and components / materials)

Placed

QC cleaned substrate

1 I ‘ o

REEL
OR
WAFFLE

S

ACA

component /
ADHESIVE

Dielectric Encapsulatio

Isotropic /
Conductive

Paste (ICP) P

(IcP ,NCP, —
i Non-Conductive .
Paste (NCP) Inspection
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NEXTEF |

HOW TO BUILD FLEXIBLE
HYBRID ELECTRONICS




NEXTFI

: NEXTFLEX TECHNOLOGY HUB
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oximately 15,000 sf of Class 10,000 cleanroom, lab, ! e : W §

yport space combined: oA U 1° i AR

nt Room: ~4,500 sf _ﬁ:‘m({?q i B |

sembly: ~2,700 sf = i = . e —  Wearab

st: ~1,300 sf T = (1oL L] Lab

pport Labs ~6,500 sf r{@ [_E@ 000 N
_____ gl Bl G Lo ,

wroom Features: : SR H

4/7 monitoring and alarming i |5 e Ok i i

lexibility in tool placement to create processing || Test& o Assengql.as

ells/flow ~|Measurement & Intggror'tic'rn;

ocalized exhaust, electrical, CDA - =T T - - T

ocalized upgrade to higher cleanroom classification, L] i TR TR

.g. class 100 at critical processes | e W i [ T O T | R

eal time process and test data gathering directly to et stds |

etwork for distribution & analysis

UTION A: CLEARED FOR PUBLIC RELEASE SEPTEMBER 30, 2018 | |




NTING EQUIPMENT NEMXTE |

AEROSOL
JET

DIE BONDER

' FEMTOSECOND LASER
VURE OFFSET INK JET PRINTERS

PRINTER
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NEXTEF |

FLEX ARDUINO PROJECT




NEXTFI

troller board to demonstrate

)JJECT SCOPE
Id a flex

IO MiICrocon

ble version of an Ardu

E capability.

SEPTEMBER 30, 2018
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ATIVE MASS NEREE

Arduino Uno Arduino Mini Arduino FPCB Bare Die Arduino FHE

HE Arduino is nearly 70% lighter than commercial Arduino Mini rigid board
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X ARDUINO - FIRST SET OF BUILDS N E X TE
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#1010 11' T
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2 5
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NK YOU! NEJLTF |

VICE PRESIDENT ENGINEERING WWW.NEXTFLEX.US
WBAIR@NEXTFLEX.US
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