Q‘

cemitec

Centro Multidisciplinar de Innovacion
y Tecnologia de Navarra

“Enabling massive
printed electronics:

inkjet printing on low cost
substrates”

Estibaliz Armendariz

cemitec

~

|
+
EXCELENCIA 2007

Houston, 03 — 07 May




Index - Outline (
cemitec

1. Brief description of cemitec
Real Application: EMBEGA S. COOP’s keyboard

3. Experimental — Methodology
a. Substrates
Printer
Inks — Selection
Printing & Sintering Processes
Other Sintering Processes

4. Results
5. Conclusions

N

© oo o

Pag. 2



1. Brief description of

Several Knowledge Areas interact with
each other to tackle R&D Projects:

cemitec C

cemitec

\

Technological Centre located in Pamplona,
Navarre (Spain)

Established in 1987.
50 people, highly skilled technical staff.

Mission: enterprises’ competitiveness
enhancement through R&D projects /
contracts.

Electronics
Fluid Mechanics
Materials Science
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1. Brief description of cemitec L()
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cemitec

Inkjet Technology implementation requires the work of many experts
among different areas (especially when intended as a manufacturing proces  s)

Electronics
Control & Driving
Data Transfer

Materials Science
Fluid formulation
Surface preparation

/
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Fluid Mechanics
Microfluidics
Drop — Substrate interaction
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2. Real Application: EMBEGA S. COOP’s C
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flexible keyboard cemitec

Sectors:

Machine tool.
Medical equipment.
Safe boxes and security systems.
Measuring instruments.

Vending machines.

Domestic appliances.

Automotive industry.
Instrumentation.

Military industry.
Telecommunications.

House automation.

Electronic equipment.

Etc.
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2. Real Application:. EMBEGA S. COOP'’s C
flexible keyboard cemitec

Graphic Overlay

Adhesive Spacer

Dome Retainer

Metallic dome

Adhesive Spacer

Printed Circuit Layer
Leds

Bottom Adhesive

Metallic Support
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2. Real Application: EMBEGA S. COOP'’s C
flexible keyboard cemitec

Keyboard Layers e _
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2. Real Application:. EMBEGA S. COOP’s Lj
flexible keyboard cemitec

Current manufacturing technique:
Serigraphy or Silk Screen, lithography: all contact print ing methods

Analogic Digital
(serigraphy) (inkiet) i s




3. Experimental

3.1. Substrates

- Methodology

Properties Unit Test Method
Thickness Micron Jm 125
Ultimate Elongation Yo ASTH D 882 72
% Tensile Modulus =Pa ASTM D 882 26
[ .
) Shrinkage % IPC TM 650 0.17
X Yo ASTM DS214 1.25
Thermal Expansionn 1K DB9e 1.1E-0%
zlass transition temp iz 360 -410
Surface Energy dynasicm 42 -50
Properties Unit Test Method
Thickness I 175
Ultimate Elongation Yo ASTM DE52 150
Tensile Modulus dah/mm? ASTM 832 400
| Shrinkage
h” A0 Yo RFF 1.7
TD Yo REFF 0.9
Thermal expansion 1/ 7 .0E-05%
Melting Foint M 250
Yicat softening point N 170
Surface Energy dynasicm 30

(

cemitec

Kapton 0, due to its suitable
superficial energy to the inks used
and overall mechanical - thermal
properties, is established as test
pattern or signature.

PET is the desired final product
Substrate by the keyboard
manufacturer because of its low
price and availability.
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3. Experimental - Methodology C

- cemitec
3.2. Inks - Selection
Conductive Inks Printer
Propery Conducive 11 1959 1%3 1) | Dimatix Materials Printer  (DMP - 2831), Fujfilm
Viscosity cps @ 25°C 5-20 "I::_I:_Ig_
Surface tension {dynesiem) 2 .—1 .j Piezoelectric cartridges, 16 nozzles at 254 um spacing.

The thickness of the tracks to print allowed the use of the
10pl cartridge.

&
Property Conductive 2 1 .j
.j L~

Silver Content wt % 20
Viscosity cps @ 22°C 14.4 [
Surface tension (dynes/cm) £]

Ejected average drop diameter is of 27um.

Property Conductive 3
Silver Content wt % 23 .
Viscosity cpe @ 20°C 24 62 On the substrate, the average drop diameter was
Surface tension (dynes/cm) 36.5 estimated to be of 57um.

Insulating Inks

Property Insulating 1 N M
Viscosity cps @ 35°C g-10 i
=surface tension (dynes/cm) 27 -3 1 m
Property Insulating 2 ﬂ m
Yiscosity cps @ 35°C 16 -20 . '
ouface tension (dynesicm) 30 -34
Propernty Insulating 3
Yiscosity cps @ 35°C g-10 “
ouface tension (dynesicm) 20 - 32 Pag. 10




3. Experimental - Methodology @
3.2. Inks — Selection:. CONDUCTIVE cemitec

(—y CONDUCTIVE 1

o =25dvnajcm

)

na/cm
LL

Drop Surface Tension

Sper= 30 dy

Surface Energy of Test Surface



3. Experimental - Methodology

3.2. Inks — Selection: INSULATING cemitec
Polymer Vehicle Reticulant Agent Comment
Faoly — 4 = Vynil Phenal MW 85000 (1.08g) Hexanol {15ml) pimelam. co formal) wﬁ
Foly — 4 —YWynil Phenaol kYW 8000 (1.089) Isopropanc! (15ml) | p(melam. co formal) x
Foly —4 —vWynil Phenal MY 8000 (1.089) PGMEA (15ml) pimelam. co formal)
Foly — 4 —Vynil Phenaol kW 20000 (1.08g) Hexanaol (12ml) pimelam. co formal) ﬂf
Foly — 4 —Vynil Phenaol MW 20000 (0.54q) Hexanaol (1oml) pimelam. co formal) w
FYFPh co — 2 = hydroxyethyl metacrylate PGMEA (15ml) pimelam. co formal)
FYFh co — 2 = hydroxyethyl metacrylate n-methyl pyrrolidone | pimelam. co formal)

Cured In a convection oven

Conductivity tested using a multimeter (9V DC)

v’ oK

% No OK: poor print and wettability
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3. Experimental - Methodology C

3.3. Printing & Sintering Processes
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cemitec

Curing Time Settings

ol
o . @

Resistance (Ohm)
£
[

]
o

Printing Motive : 20mm length, 0.5mm width and 0.020mm thickness.
Single Layer

Temperature Range: 130 - 150°C

Oven Used: SELECTA (Digitronic model), convective.

Resistance vs Sintering Time

o
8
8
8

Wg_
g
3
8
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3. Experimental - Methodology C
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3.3. Printing & Sintering Processes

Mechanical Stress Gradients?

Material | Linear ThermalCaefficient (1/°C)
Ag 18.9E-06 .
11
PET 0 OE-06 Same order of magnitude!!!
PVPh 200.0E-06

Corrective Measures:
Ultrasound Session: 20min, 20% amplitude.
Filtering restrictions: 0.2um pore maximum.
Increase the platen temperature during printing.

Increase cartridge temperature and decrease
piezoelectric voltage needed.

Piezo. Voltage (V) | Cartridge Temp (°C) Drop Mass (pg) Cracking

26 28°C 10.3 Yes
23 30°C 2.2 Yes
20 37.9°C 7.1 Yes

16 38°C 2.4 No




3. Experimental - Methodology

3.3. Printing & Sintering Processes
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cemitec
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Ovening Time Settings: Three Layers Summary

Layer 1: Silver
f_T__T_T_L_______
rEEE::::
sl

Layer 2: PVPh

Layer 3: Silver

*~—e oo oo

—e oo oo

&

150°C

T(C)

F 3

60min

T(°C)

}Omin>

15min

130°C

T(°C)

e0min
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3. Experimental - Methodology C
3.3. Other Sintering Processes: LASER cemitec

Power t Power l,

Key variables
Time Exposure
Intensity
Pulse Distance

v' H20 based inks
X Oils and some organic compounds

=

e
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4. Results

Fourth Layer currently under development.

Performance tests about to start.
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5. Conclusions (
cemitec

Together with the feasibility study, a printing procedure was described for the

keyboard manufacturer in order to facilitate the te chnology implementation

covering aspects like ink selection , substrates , key properties knowledge and
printing and sintering parameters' setting and cont rol.

The work done also shows the key role of Technologi cal Centres on new

manufacturing technologies implementation and knowl edge transference to
companies.

/Project’s Current State: \

WP4: Pre - Industrialization

[ Pre — Industrial Evaluation of Digital Deposition A
Process validation, liability evaluation, technical and economic
\_viability. )
4 N
New Inkjet Materials Development Platform
R&D Platforms for new materials development protocols,

K\ characterization and pre — industrial supply. ) /
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