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FHE: The Best of Both Worlds
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Introduction to Flexible Hybrid Electronics

Rigid 

Etched Cu interconnect

Surface mount packaged 
components

High performance packaged 
ICs

Conformal, unique form factors

Fully printed 

Low cost, roll-to-roll

Large area compatible

Lightweight

Performance limited

Conformal, unique form factors

Printable

Lightweight

Large area compatible, possible 
roll-to-roll

High performance, ultra-thin ICs

The system is the package

Conventional Electronics
Flexible/Conformal Hybrid 

Electronics Printed Electronics

electrodeBLE



History of USDC - FlexTech – ARL Partnership

1993

US Display Consortium

136 projects

$205M combined investment

Renamed FlexTech Alliance 

55 projects

$32M combined investment

2008

Launched Nano-Bio 

Manufacturing Consortium 

17 projects

$15M combined investment

2012

Launched NextFlex – FHE 

manufacturing

$75M federal investment

$90M in industry cost share

NBMC Re-Launched as Nano-Bio 

Materials Consortium 

$19.8M federal investment 

2018
2016

2015

Became SEMI’s first Strategic 

Association Partner

2020

≈

FHE & PNT R&D

$18.3M federal 

investment 
Arizona State University

Flexible Display Center

2004

Arizona State University

Flexible X-ray Imagers
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From our  Industr y  Members

FHE & The Future

• Achievements:

• Flexible Display Center: not in the original plan but events unfolded, resources brought to bear, and 2nd and 3rd level uses for the technology 

discovered

• The birth of NextFlex (2015) dedicated to the development of FHE pilot manufacturing platforms and prototype products

• US FHE ecosystem development from fundamental materials, equipment/processes,  & power systems to more recently, AI and FHE

• Critical role of advanced packaging and heterogeneous system integration in the US Electronic Resurgence Initiative (DARPA)

• Open the aperture: FHE is the flexible, heterogeneous version of 2.5D

• Emphasis is mobile, conformal, sustainable – not limited to “flexible”

• Additive processing and Environmental Sustainability

• PCB and security

• Smart Manufacturing and enabling reshoring

• Uniqueness of the FlexTech public-private partnership = development of the distributed ecosystem (adaptive, interdisciplinary, self-

organized, thrives on partnerships, scalable, sustainable)

• Supply chain resiliency



An Aging Infrastructure Will Benefit From Monitoring
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FHE Application

Roads

• Vibration sensing 

of roadbed

Monitoring Requirements

• Large area and redundant sensing

• Cost effective

• Unique reliability

• Low maintenance

• Data storage and communication

• Automated analytics

Dams and Levees

• Sensing for structural 

integrity

Drinking Water

• Increase # of breaks and 

repairs

• Waterborne diseases 

detection

• Screening for lead and 

other contaminants 

Bridges

• 50 years = average 

modern bridge lifetime 

as designed

• Stress and strain 

sensors

• Structural integrity 

sensors

Public 

Transportation

• Vehicle wear 

detection

• Vibration monitoring 

for wings and 

engines
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FHE Application

The Transportation Experience

Safety & Security

• 360° birds eye view

• Information-rich 

lighting

• Anti-theft

Monitoring Requirements

• Stringent automotive reliability requirements

• Cost effective

• Volume manufacturing

• Safety-critical standardization

• Anti misuse & abuse

Fuel & Power

• Electric vehicles –

batteries

• Energy harvesting 

windows / devices

Cockpit of the Future

• Functionality meets 

interior design

• Driver and passenger 

monitoring

• Displays – curved, 

center stacked, head-up

Autonomy

• Sensors

• Advanced driver assist

• Driver monitoring

• Highway pilot to full 

automation (SAE level 

4-5)

Connected

• Infotainment apps

• Local travelers’ 

services

• Telematics for 

fleets, roadside 

assist, infotainment

Royole



BMW iX Flow 2022, all electric
A. Personalization, customization

B. Information – external display of useful 

update

C. Functional – control sunlight reflection 

and control energy / climate control

Eink technology
• Does not consume energy in its display 

state, just in change of state.

• Electrophoretic ink-filled pixels on plastic

• Plastic-based TFTs 

• Applied electric field brings neg (white) or 

pos (black) particles to surface.

• Black to white and all shades of grey
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FHE Application

1010

Medical, Health and Wellness

Aeromedicine

• Coordinated triage

• Continuous vital sign 

monitoring

• Variable / austere 

environment

Performance 

Monitoring

• Improved health and 

wellness

• Athletic performance 

enhancement

Telemedicine

• Vital sign and 

geriatric patient 

monitoring

• Reduced health care 

costs

• Continuous 

measurement 

capability

Cognitive Function

• Military, consumer, 

industrial, and 

athletics

• High value assets, 

safety, performance

Treatment Response

• Reduce treatment 

cycle times

• Reduced costs

• Lower mortality 

rates

Monitoring Requirements

• Cost effective

• Unique accuracy & precision

• Low maintenance

• Automated analytics
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Smart MedTech

Current Care Model Is Provider-Centric

Pharma

Labs & 
Vitals

Diagnostics

Patient

New technology and systems innovation is 

dramatically changing this model

Doctor

Collaboration acknowledgement:

Jessica Gomez, CEO, Rogue Valley Microdevices 
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Smart MedTech

Care Model Centered Around You

Healthcare Providers

Biometrics

EnvironmentExercise 

Data

Daily Vitals

Sleep 

Patterns

You

Physician 

Specialist

Data 

Scientist

Lab & 

Pathologist Therapist

Primary Care 

Physician

Radiologist

Nursing 

Specialist

Surgeon

Personalized Care Model

• Outcome-based

• Decentralized healthcare

• Large population database

• Personalized medicine

• Providers connected like never 
before

Personal Data

Nutritionist
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SEMI NBMC Project NB18-21-30

Funds: NBMC, SEMI & AFRL partnership

Objective: MEMS microneedle platform & 
benchtop demonstration of an end-to-end 
wirelessly enabled continuous cortisol 
nomitoring system using clinical samples

Why: Assess cognitive state, in real time to 
ensure safety for those engaged in high 
performance work

How: Novel analyte sensing system to 
passively measure circulating metabolites in 
the dermal interstitial fluid – microneedle 
array sensor.

SEMI Sponsored R&D: Biolinq
A Microneedle Sensor Patch for Continuous Interstitial Fluid Cortisol Measurement
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Low Temperature
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In-line metrology

development

Hybrid 3D printer 

MTTF optimizationConductive & dielectric 

3D printer + curing tool

Optimized droplet 

aerodynamics

High resolution printing

1mm

ZTAC 

ACA

Heterogenous FOWLP

100µm
40µm

10µm

Nanojet Aerosol
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Heterogenous FOWLP 

MicroLED+ Quantum dot 

display

P
ri

n
te

d
 S

e
n

s
o

rs

In
te

g
ra

ti
o

n

20212012 2016 2020

Flexible Electronics Development
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2016 2020 20212012

Bending 1000 cycles 

Relative humidity 85°C/85%

Temp cycling -40°C to 125°C

Saline Immersion 

Shear testing

Temp cycling

Relative humidity

Bend testing

Flexible Electronics Development
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Conformal

Health Monitoring

Skin temperature, ECG, Heart rate

Heterogeneous Integration flexible 

FOWLP (sEMG) Flexible 

sensorized glove
Transparent 5G 

Antenna

Soft Robotics+ stretchable

artificial skin

Heterogeneous Integration of flexible 

high density surface electromyography 

(sEMG)

A
I

AI in Electro-hydrodynamic Inkjet Printing

Process development
AI in 

Cleanroom & 

Process 

development

High Power 

P
o

w
e

r

Low Power 

Zinc Poly 200 Wh/l SSLB 600 Wh/I 50-250µm 

thickness

Battery Integrated sensor 

system
Direct write high power 

module on SiC

Supercooled conductive adhesive
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FlexTech NBMC Project NB15-9

Flexible High-Performance ICs

CMOS wafer prep

Pick & Place

3D Additive Interconnection

Roll to Roll Manufacturing

Lead: American Semiconductor

Team: Molex

Objective: Demonstrate Flexible Hybrid Electronics (FHE) manufacturing 

capability with FleX-IC integration assembly through the function of body-

worn sensors

Delivered: Advancements from the FleX wafers to final assembly of the FHE 

systems:

• FleX wafer handling MRL3 -> MRL6

• FleX wafer dicing and FleX-ID pick MRL2 -> MRL6

• FleX-IC place to FHE substrate MRL 3 ->MRL5

Status: American Semiconductor advanced packaging technology and 

services provide ultra-thin capabilities https://www.americansemi.com



FHE Sensor Development Kit

FT19-19-186

• Lead: American Semiconductor

• Team: Boise state University, Dupont, HD MicroSystems, ITN

• Objective:

• Develop a Flexible Hybrid Electronics sensor system reference design with wireless 

Bluetooth Low Energy (BLE) data communication for environmental sensing applications.

• Develop an APP that wirelessly scans, reports status, graphs data, and can be used to 

configure system.

• Key Technical Achievement

• Multiple sensors can be integrated and tested within this platform

• FHE integrated system + APP

• Ultra-thin, flexible BLE SoC (Nordic nRF51822)

• Advanced flip chip ACA assembly



Flexible Sensorized Glove

• Lead: TekScan

• Objective:

• Develop a fully integrated pressure-sensitive glove 

with wireless data output relaying tactile 

force/pressure used during tool operation.

• Training, corrective action, robotic translation

• Key Technical Achievements:

• Printed force sensors (resistive composite element)

• 1000 sensing cells on the palm and side of 
hand

• Flexible substrate (TPU) for the electronic circuit

• Additive electronic circuit printing process with 
pressure sensitive and dielectric inks

• A flexible conductive and pressure sensitive ink 
system coupled with flexible substrate (Flexible 
printed electronics force sensing resistor).

FlexTech FT19-19-187
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Supply Chain : Technology Chain

Devices, 
Components & 
Heterogeneous 

Integration
Reference 

design 
Heterogenous 

integration

3D Printing 
devices 

Sensors 
printing  

AI

Process 
optimization 

Yield 
improvement

Sustainability

Applications

Wearables  

IoT

MedTech      

Soft Robotics

5G & beyond

(Metasurfaces,
Infrastructure, 

Communication)

Materials

Metallization

Adhesive 
material

Materials

Equipment

InkJet printer 
Electrohydro

dynamics 
Inkjet printer

Screen printer 
Aerosol printer

Power

Solid State Li 
battery

Zinc battery

SiC power 
module





THANK YOU
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R&D Programs



Semiconductors & MEMS $469B

Electronics Systems $1.6T

Equipment $70B 

Assembly & Test $31B

Design Automation $11B

Materials $55B

& Sub Components $11B

SEMI Builds Communities in Growth Segments

A.I.

Blockchain

Quantum
Computing

5G

Machine Learning

Bitcoin Mining

Realtime
Configuration

Robots

3D Printing

Industry 4.0

Adaptive
ManufacturingSmart 

Infrastructure

Human Performance
MonitoringDosage Monitoring

Digital Health

Biometrics CRISPR

AR/VR

Wearables

Fitness Tracking

Health Span to Life Span

Near-zero fatalities

Smart City

Autonomous
Vehicles

Driver Assistance

Fleet Management

TruckingElectric Vehicles

Zero Emissions


