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Flexible Hybrid Electronics 
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NBMC Background 
AFRL Flexible Hybrid Electronics 

in Aerospace 
 

Challenges and Opportunities 
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Nano-Bio Manufacturing Consortium 
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Human Performance Monitoring 
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Rich	  Chaney	   8	  

Artistic Concepts 

Image from raqwe.com 
Image from bgr.com 

Samsung Galaxy Gear 

Pebble 
Image credit: Todd Hamilton 



Na+	  sensor:	  Sodium	  Sensor	  Belt	  (SSB)	  

Schazmann, B., et al., Analytical Methods, 2010, 2(4): p. 342-348. 

BIOTEX	  ::	  30-‐Oct-‐2008	  ::	  Page	  9	  
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•! Measurements successfully made with 
CF-positive and normal volunteers  

•! clear difference between CF+ and normal 
levels 

•! Elevated levels of Na+ found in sweat of 
CF+ volunteers as expected 

•! Enables electrolyte loss to be estimated 
when combined with sweat rate/volume 
data 

•! Important for rehydration 
•!  Interesting observations 

•! elevated viscosity of sweat of CF+ 
volunteers 

•! sweat rate much lower – in some cases 
no sweating occurred 

•! could not exercise as long as normal 
volunteers 

•! Diagnostic CF threshold >60mM [Na+] 
reached 

•!  Issue with initial delay 
•! arises from inherent delay in onset of sweating 
•!  contribution from device ‘dead-volume’  
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Babak \<*>%`: LED implanted on a 
contact lens 
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Next	  Genera9on:	  Watch	  Fluidic	  Sensor	  
Concept	  
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(a) Top View 

(c) Bottom View 

(b) Exploded View 

(d) Assembled Sectional 
View 
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Flexible Electronics Status 
 

Flexible Printed Electronics 
 

Flexible Hybrid Electronics 
Printed Electronics 

Flexible Si ICs 
Packaging 



1 mm 
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Flexible Electronics Status 
 

Flexible Printed Electronics 
 

Flexible Hybrid Electronics 
Printed Electronics 

Flexible Si ICs 
Packaging 
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Printed sensor platform  
FlexTech funded project (PARC/Thinfilm/UCB) 

Printed sensors are a real opportunity for printed electronics.  
There is a need for application driven explorations (temperature, blood oxygen):  

 Step up complexity (add memory & logic, making tags standalone).  
 Lay the basis for manufacturing processes  
 Provide platforms of understanding throughout the value chain 

Laboratory	  
level	  
individual	  
sensors	  

Combine	  sensors	  
with	  printed	  logic	  &	  
memory	  
Temperature	  tag	  
demonstrator	  

Standalone	  smart	  
tags	  for	  a	  variety	  of	  
applica=ons	  
-‐Mul=ple	  use	  plaZorms:	  
-‐Supply	  chain	  
-‐Health	  
-‐Military	  
	  	  

Lay	  down	  
founda=on	  of	  
manufacturing	  
Gravure	  process	  for	  
building	  blocks	  

Develop	  reference	  
designs	  	  
Expand	  to	  blood	  oxygen	  
sensing	  

Mass	  
manufacturing	  	  
Pilot	  applica=on(s)	  
bringing	  together	  a	  
value	  chain	  
	  
Standards:	  materials,	  
design,	  equipment	  
	  

Today Future 

20	  
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PARC   |  22 

Printed systems and devices platform 
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Packaging 



Example Hybrid System Design 
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Complete System 

0.0 0.5 1.0 1.5
time (s)

0 V

−3.6V

L1 T1 L1 T1 

0 200 400 600 800 1000 1200
time (s)

120

140

160

180

200

220

te
m

pe
ra

tu
re

(d
ig

it
al

va
lu

e)

61
53

38

23 ◦C

100

110

120

130

140

150

160

irradiance
(digitalvalue)

0.01µWcm−2

45

72

28

0.01
20 30 40 50 60 70

temperature (◦C)

140

160

180

200

220

240

d
ig
it
al
va
lu
e

0 20 40 60 80
irradiance (µWcm−2)

90

100

110

120

130

140

20 30 40 50 60 70
temperature (◦C)

140

160

180

200

220

240

d
ig
it
al
va
lu
e

0 20 40 60 80
irradiance (µWcm−2)

90

100

110

120

130

140

1 cm 

#e"



SOCOM Scatterable Media Project 
FleX	  Silicon-‐on-‐Polymer	  CMOS	  
•  American	  Semiconductor	  has	  developed	  the	  

capability	  to	  create	  130	  nm	  CMOS	  devices	  in	  
a	  flexible	  form	  factor	  

•  Enables	  complex	  logic	  and	  data	  storage	  
needed	  for	  audio	  applica9ons	  	  

•  Applica9on	  specific	  IC	  needed	  for	  audio	  
applica9on	  	  (beyond	  the	  scope	  of	  this	  
program)	  

Printed	  piezoelectric	  material	  
•  Printable	  polymer	  with	  piezoelectric	  

characteris9cs	  available	  from	  Solvay	  Solexis	  
•  Enables	  direct	  integra9on	  of	  transducer	  on	  

flexible	  substrate	  
•  Enables	  use	  of	  large	  area	  for	  transducer	  
•  Reduces	  complexity	  of	  assembly	  and	  enables	  

thin	  form	  factor	  
	  

Leverage	  some	  of	  this	  technology	  for	  other	  Army	  programs,	  
e.g.,	  Electronic	  Ground	  Reference	  Guide	  (GRG)	  
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Flexible Chips 
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Digital Fluidic Microassembly 

2) Sort, Orient & 
Transport 

3) Image & 
Transfer 

4) Clean & 
Connect 

2d electrode array, with traveling 
transport and annealing patterns  

random + - 

+ - 
+ - 

Pre-arrange parts with 
smart conveyer belt 

(programmable E-field) 

arranged 

Photoconductor 
drum + 

- 

Optically write charge 
pattern (laser printer ROS) 

Remove charge 
pattern & shield 

Deposit 
interconnects 

Programmable, on-
demand production of 
massively integrated 

heterogeneous materials 
and chips 

GaAs
VCSEL or 

detector

BiCMOS
driver 

CMOS 
processor 

Stress 
sensor or 
MEMS

Metal lines
Substrate

GaAs
VCSEL or 

detector

BiCMOS
driver 

CMOS 
processor 

Stress 
sensor or 
MEMS

Metal lines
Substrate

1) Encode & 
Singulate 

pre-‐manufactured	  µ-‐chip	  

charge	  pa4ern	  

insulator	  

+ - - - + 
shield	  

Shield, insulate 
and deposit 

charge pattern 

“ink” bottle with 
chips in charge 
control agent 
(liquid toner) 

Wafer from 
foundry 

Use	  dynamic	  electric	  fields	  to	  transport,	  orient,	  and	  fix	  chips	  

one	  chip	  per	  loca=on,	  orienta=on	  control	  
32	  
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Goal:  <$2, 24-72 hr, non-invasive, tailorable, common mfg 
platform, integrated with local network 
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Flexible Nano-Bio Sensor Platform 

GE	  System	  Patch	  concept	  
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Challenges of analyzing sweat in real 
time – contamination of old sweat 
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Thanks to you 

Thanks also to all  
NBMC and FlexTech Members 

 & Dilbert 
 

www.nbmc.org 
www.flextech.org 

 
Please join us as members 

 




