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Amepox Microelectronics, Ltd.

Role of Protection Layer
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Protection layer around of nAg particles is builded on them during each type of
reaction of producing nano Ag size stuctures.

Role of protection layer is to be the barrier against nAg particles agglomeration
process and making stable colloids without sedimentation phenomena.

Protection layers have mostly
nature with organic type of .
chemicals.

On EDX graph is typical picture of
nNAg analysis
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Amepox Microelectronics, Ltd.

Amepox R&D Works With Nanosilver Powder

For preparing nAg with particles less 10 nm, Amepox is working with
thermal decomposition of silver type chemicals.
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Nanosilver after wasching and nAg suspension - INK
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Amepox Microelectronics, Ltd.

Ink Jet System - General Info

Nozzle diameter 10-100 um
Droplet volume 10 - 500 picoliters
Drop speed 1,5-2,5ml/s
% Drop rate* 2000/s
LEJ' Max. Throughput 0.5 plfs
=
o Viscosity range 0,5-20 mPas
& (unheated)
g 20-10000 mPas
S (heated)
=

* depending on the liquid and capilar diameter
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- Slow Motion Shoot Nanolnk by Ink Jet Dispenser
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Role of Protection Layer on nAg - Filler For EC Inks

Keeping up nAg fillers
without sedimentation
QOO

OQQ Heating process for
@QQ removal protection layers
|
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After removing protection layer
NnAg sintering process is possible
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Amepox Microelectronics, Ltd.

Application of EC Inks

Electronic applications requirements are, that structures made with nAg
powder fillers has to be highly electrical conductive with very stable
conductive value after ,curing” process — similar like bulk silver material.
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Amepox Microelectronics, Ltd.

Application of EC Inks

Material types

Ink processing temperature for various

f"’

substrates
m Mylar
- .
150c low cost RFID/Packaging 5 PET
200¢ for rigid PCBs i
| OFR4 -PCB
{¢—| 400c for Kapton - unique || Kapton
<«— >300c — 550 flat panel displays |m Glass Displays
HE Hi Fire Ceramic

200

400

600 800 1000

Temp in Centigrade
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Amepox Microelectronics, Ltd.

Protective coatings examples

Charged (electrostatic)-

CO M’ NR3"™X
Carboxylate Tertiary amine

Polymer (steric - chemical)-

R
O R: acrylic. polystyrene. PEO. PPO, etc
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Amepox Microelectronics, Ltd.

Metalic NanoSilver as a Filler for Ink Preparation

Size Distibuion by inkensity
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Racond 355 172 M | 100.nm EHT = 200kv WD= 23mm
% a Vern :Lam:lmns Mag = 100.00 K X IWC PAN e
E Measurement of particle size ,,Malvern” (Courtesy Polish Academy of Sciences) SEM picture nAg particlesi ( Courtesy Polish Academy of Sciences)
o] The dynamics of removing carboxylate coating at 150 °C and 230 °C as a function of time of Agl
; Protective layers of silver nanoparticles at 500°C Weight loss of protective layers on nanosilver Weight loss of protective layers on nanosilver
; particles at 150°C particles at 230°C
1,10% 0,5% 0,2%

98,900 99,5 4 B9, 5%

[]- PROTECTIVE LAYER [l - NANOSILVER [[]- PROTECTIVELAVER [l - NANOSILVER []- PROTECTIVELAVER ] - NANOSILVER

Purity analysis of Agl: content of carboxylate coating - 1,1 %, removal of carboxylate coating at 230 °C & 1 hour - 0,8 %,
removal of carboxylate coating at 150 °C & 1 hour - 0,6 %
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Amepox Microelectronics, Ltd.

Metalic NanoSilver as a Filler for Ink Preparation

Nanosilver with amine protective coating - Ag2 size ab.50 nm (electrostatic)

Size Destibuton by inkenaty
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GEJ Measurement of particle size ,,Malvern” (Courtesy Polish Academy of Sciences) SEM picture nAg particlesi ( Courtesy Polish Academy of Sciences)
c The dynamics of removing amine coating at 150 °C and 230 °C as a function of time of Ag2
; Protective layers of silver nanoparticles at 500°C Weight loss of protective layers on nanosilver Weight loss of protective lavers on nanosilver
; particles at 150°C particles at 230°C

0,20 0,01 % 0,01 %

99,30 % 93,39 1 99,39 14

[]- PROTECTIVELAVER [l - NANOSILVER []- PROTECTIVE LAYER  [JJJ] - NANOSILVER [] - PROTECTIVELAYER [JJl] - NANOSILVER

Purity analysis of Ag2: content of amine coating - 0,2 %, removal of amine coating at 230 °C & 1 hour - 0,19 %, removal of amine
coating at 150 °C & 1 hour - 0,19 %
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Amepox Microelectronics, Ltd.

Metalic NanoSilver as a Filler for Ink Preparation

Nanosilver with polymer protective coating - Ag3 size 50-70 nm (chemical)
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GEJ Measurement of particle size ,,Malvern” (Courtesy Polish Academy of Sciences) SEM picture nAg particlesi ( Courtesy Polish Academy of Sciences)
o] The dynamics of removing polymer coating at 150 °C and 230 °C as a function of time of Ag3
; Protective layers of silver nanoparticles at 500°C Weight loss of protective layers on nanosilver Weight loss of protective layers on nanosilver
; particles at 150°C particles at 230°C
0,80 % 0,55 Y 0,40 %

99,20 % 99 45 % 99,5 Y

[[]- PROTECTIVELAYER [l - NANOSILVER [ - PROTECTIVE LAYER [l - NANOSILVER [ - PROTECTIVELAVER ] - NANOSILVER

Purity analysis of Ag3: content of polymer coating - 0,8 %, removal of polymer coating at 230 °C & 1 hour - 0,4 %,
removal of polymer coating at 150 °C & 1 hour - 0,25 %
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Amepox Microelectronics, Ltd.

Summary:

Www.amepox-mc.com

» Example of three nanosilvers with different kinds of protective layers were
prsesnted.

e The particles diameter was in range 50 - 100 nm and each kind of studied
nanosilver with carboxylate, amine and polymer protective materials were
uniformly distribution.

e The maximum protection material volume for low temperature nanoink
should be in the range of about 1.1 - 1.5% bw.

« Removing the protection layer is the key for obtaining good and stable
conductive properties.

« Amepox R&D works is connected with developing new types of nano silver
with different sizes and protective layers and their influence on electrically
conductive ink properties.
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Amepox Microelectronics, Ltd.

Actual and future research

The low temperature ink base properties:
» Low sintering temperature - 120 - 150 °C

e Low viscosity - 2 - 15 mPas

 Sizes of silver - 30 - 60 nm

e Content of silver — up to 20 %

* Very good printability on flexible and and low temp. substartes.
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Amepox Microelectronics, Ltd.

Thank you for your attention.
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