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* No need to wait for resupply

e Fabrication on-demand

Conventional Cycle New cycle realized

* Printers and Functional Inks s by printable electronics

 Compliant or woven
substrates allow easy
integration into flexible or
compliant surfaces
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— Communication
| On earth | In space |

— Integrated circuits
— Sensors
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* Sensors fabricated on paper
« Gas sensor, chemical sensor, bio sensor, and strain gauge
« Detection of structural defects and cracks, structural health monitoring

« Commercial: Intelligent packaging, advertising banner, newspaper

* Features
* Flexible, bendable, foldable
« Bio-degradable: green technology
* Robust at cryogenic temperatures
« Role-to-role printing or ink-jet printing process
« Cheaper than solid-state sensors

« Biomedical: Single-time use, disposable



/1 Printing Approaches

Fountain Pen: <a,,

CNT

cellulose fiber



Hv% %
Plasma Precursor2
—_—

Nano

Precursor 1
Holder

- source

Glass tube or nozzle; two copper band
electrodes (20 mm apart)

Helium atmospheric plasma

e canintroduce different gases for
chemistry control (e.g. hydrogen for
reduction)

Nanocolloids, organic materials etc.
transported as aerosol by carrier gas

Spot size can be altered by changing print
head nozzle diameter

Multiple jets for different coatings
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Ames Research Center Chemical SenSi ng

* Humidity and NH, Sensor on Paper
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: Technology Demo:
Ames Research Center
Biological Sensing

* Sensors on Paper

4.00E-06

w/o CRP

3.50E-06

3.00E-06

2.50E-06

2.00E-06

1.50E-06

Current (A)

w/ 75 ng/mL
CRP

1.00E-06
5.00E-07
0.00E+00

-0
-5.00E-07

0.10 0.36 0.61

Potential (V vs. SCE)

80 41(%)=(lab/lant -1)x100

Al(%)
(% Change in Current)
058888
| -

CRP[Sug/mi] Mb{Sug/mi] CTni[2ug/mi]

€ A1 {%)=((Ip(anti-CRP)/ Ip(CRP)) ~1)x100

A1(%)
(% Change in Current)
058888383
°
8 .
@ .

05
CRP[ug/mi]

[5 pg/mi| -
Hg/mi] + Mb [0.05 - 5 g /mi] + Ty [2 pg/mi) d  41(%)={(Ip(anti-Mb)/Ip(Mb) -1)x100

z70
960
é 50
ged
=30
< 220
&10
0
= 0.05 05 5
e Mb [ug/ml]
=70 3 AI(%)=((Ip(anti-cTni)/Ip(cTnl)-1)x100
860 h
5w
K40
3 g3
22
§10
=0
0.02 02 2

<Tnl [ug/mi]



/1 Sensors on Flexible Substrates
for Next Generation EVA Suit

 Human health monitoring

— Skin Wearable Sensors
* Sweat, saliva, urine, blood
* Health & human performance
* pH, proteins, ions, etc.

— In Suit Sensors
* Breath
* Health & human performance
* O,, CO,, acetone, NO,

* Environmental monitoring

— Gas or vapor
* CO, NH,, hydrazine

e Structural Health Monitoring
— Strain
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