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Motivation and Objectives

W Current technology in electronics manufacturing includes uses of harmful substrates contributing to the environmental pollution.

U Electronic manufacturing produces huge amount of volatile organic compound and carbon deposit to the surrounding every
year.

It has become a necessity to introduce eco-friendly and efficient alternative solution for producing electronics system in order to
get sustainable manufacturing.

W Using paper substrate embedded with seed instead of traditional plastic polymeric substrates can decrease the huge production of
carbon deposit every year.

U Flexible electronics built with seed paper can contribute to reducing the decomposition period after the life cycle of electronics
which currently takes excessive time because of traditional substrates.

U Printing with water-based ink instead of solvent-based ink for circuits will reduce the VOC production.

W Use seed paper to print test vehicle with water-based sustainable ink.

To do a sintering study based on suitable sintering time and temperature and cure it for good conductive resistance.

U Use of electrically conductive adhesive (ECA) material for component attachment.

W Testing HTOL, Flex to install and dynamic flexing performance of the traces and SMDs.

W Testing performance of the functional circuit.
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Laser profilometry for trace cross sectional area measurement. . . .
Band Pass Filter Circuit

Resistivity variation of traces at 70 °C
—8—Trace-1
—8—Trace-2

Resistivity variation of traces at 75°C
—8— Trace-1

—8— Trace-2 0.003 o Trace-1 _ 0.004

—8— Trace-2 g
Trace-3 0:0.0035
—&— Trace-4

0.004 Resistivity variation of traces at 80 °C

Average resistivity variation of traces

Print Parameters and Material Properties

Band Pass Filter (100 Hz)
Experimental Output —— Input Signal
— Simulated Output

Band Pass Filter (10 kHz)
——— Experimental Output —— Input Signal
—— Simulated Output

Band Pass Filter (1 MHz)
Experimental Output ———Input Signal

0.0035 Trace-3

g —8— Trace-4

E 0.003 —8— Trace-5 o
verage Resistivity

Trace-3 —8—70°C —8—75°C 80°C
—&8—Trace-4
—8—Trace-5

verage Resistivity

§ 0.0025

— Simulated Output

—

o
e
n

Nozzle ID

159 um

Nozzle OD

244 um

Silver Content

75 wt%

Ink Pressure

15 Psi

Viscosity @ 0.1s"!

26000 cps

Print Speed

3 mm/s

Viscosity @ 100s-!

40 45 50
Curing Time, min

40 45 50 40 45 50
Curing Time, min Curing Time, min

55

30

60

No. of Passes

Specific Gravity

Resistivity profiles of traces at different temperatures.

.Ampl'rturle, YV

“ 5 — —o— Trace-5 £ 0.003 1
- y s B o

- verage Kesisive -
@.0025 \:_—-_.__.\_ N < £0.0025 T 5 5

& ™)
2 0.002 ~— ) : ® 0002
00018 0.0015
0.001
0.001 .

Amplitude, V
=

=
i

[
—

Amplitude, V
o

o
n

(=]

0.0001 0.0002
Time, s

'
—

0 0.000002 0.000004

Time, s

0.000006 0.000008

1 Bode Plot for Gain

Particle Size
Roughness
As = None, Ac = None Experimental Gain
R2=3002 Cutoff Gain
Enabled C2=11F Simulated Gain

OFF f _ 1
L 21TR1C1
OFF =530.16Hz
1 1
fu 2TR,C,
=530.16kHz
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Summary and Conclusion
Print Platform ry

Viscosity
Hardness, Shore A

Volume Resistivity

In this study,
= A bio-degradable substrate seed paper has been investigated for 3D
electronics with water-based ink.
Rty vartion o e prned P—— Sintering study has been done on seed paper printed traces to find out the optimum
e time and temperature for good conductive behavior.

Specific Gravity 0.98 Operating Temperature -269 °C to 400 °C - P — — E 0.003 — N
Cure Condition Room Temp. for 7 days CTE(100°C to 200°C) 32 ppm/°C - : W Using laser profilometer, roughness study has been done on the seed paper printed
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3 traces due to the uneven surface present.
- -

2 The result has been compared with a non-biodegradable substrate polyimide.
Reliability assessment (High Temperature Operating Life, Flex to Install and High
Circuit Performance
Analysis
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20.449 185.652 9.08
2.142 17.879 8.35

Temperature Operating life and Dynamic Flexing) has been done on traces and
SMDs.

Functional circuit (High Pass Filter, Low Pass Filter and Band Pass Filter) has been
developed on seed paper.

Furthermore, research on biodegradable substrates like seed paper can lead to
sustainable future with advanced technologies.

Height, pm

Reliability Analysis

[=]

Reliability Assessment
HTOL at 40 °C (Trace and SMD 42 Q, Without Encapsulation)

10.0000

[ttt —2

HTOL Operation
—&— SMD Resistance —&— Standard Deviation

Acknowledgment

The project was sponsored by the NextFlex Manufacturing Institute under PC8.5 Project
titted — Biodegradable Substrates Low-temperature Cure Water-based Inks Room
Temperature Interconnects and Rework for Sustainable Electronics. This material is
based, in part, on research sponsored by Air Force Research Laboratory under
agreement number FA8650-20-2-5506, as conducted through the flexible hybrid
electronics manufacturing innovation institute, NextFlex. The US Government is
authorized to reproduce and distribute reprints for Governmental purposes
notwithstanding any copyright notation thereon. The views and conclusions contained
herein are those of the authors and should not be interpreted as necessarily
representing the official policies or endorsements, either expressed or implied, of Air
Force Research Laboratory or the US Government.

HTOL Operation HTOL Operation

——— Average
Resistance

= Standard
Deviation

Sy 2000
. 1800 ——SMD-2 1800
15 2l e SMD-3
5 = SMD-4 £ 1600
——— SMD-5

=
E Z 1400
Z1300 £

2
Z 1200

L.l 4 &~ P |
1000 [ |
800 800 ° {
0 100 200 300 400 500
Aging Hour

HTOL Operation HTOL Operation

Dynamic Flex Operation

—_
=1
=}

——SMD-1 ——SMD-2
———SMD-4 ——— SMD-5

E ki

——SMD-3

n, 2

—— Average Resistance

2-inch Radius
—— Standard Deviation SMD-1

of Curvature < —— SMD-3
——SMD-$

oo
=

~—SMD-2
—— SMD-4

(=3
(=1

Standard Deviation

10-inch range of motion .

0 100 200 300 400 500 600 700 800 900 1000
Cycle No.

200 300
Aging Hour




