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Customer Needs a PhD in Printed Electronics

iza?
Drop Size* /O/‘O
DPI?  Pixel Dilution C&)
V),
w

Satellites?

Resolution?

Number of Passes?

Print Wet on Wet? Print Wet on Dry?

Which Printer? Which Ink?

Throughput? Printhead?
Metal Load?

z
*
Silver? Copper? Gold? O
>
3

{
g .
c Feeding Mechanism? Resistor?
= .
o- Sintering? Waveform? Solvent? Water-based? 7
(-|-
-
Software Parameters? Viscosity?  Substrate? <<
Adhesion?  Sintering?

Printhead Temperature?
Electrical Resistance?

Stage Temperature?
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PVN’s Complete Solution Makes it as Easy as Driving

= @
\
Driving Essentials: # h m

\ Y 4
Car Know how to Drive Process

PVN'’s Solution: Q a
%
, .

5D Printing Process

Printer

pvnanocell

omplete Solution

K]
e
>

C
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PV Nano Cell’s Offering: 5D Technology

]

dip

A @ FERRO COMPANY

Printers

Ta¥u?

'
g
©

a%a¥%%
{ )

%
$ pvnanocell
’D

Sicrys™ Digital Inks
Single Crystal Nano Inks

Conductive Inks
for Mass Production

X

: Printers Modeling: Pattern Width vs. Printing Strategy
Ink Evaporation Rate 2000
R y = 0.0158x+ 1.0085 H 1500 y =0.4497x? + 85.396x+ 59.147 e
1 \'\ R?=-0.9283 _ R?=0.9045
085+ S £
] Z 1000 y S et 4
o -0.0024x+ 0.8791 S b *
0.85 ¥=-0.0024x+ 0. : 5
R?=0.9713 z 500 1 te
08 E\E*{\! 2
0.75 : T ) = o0 ; . ; ; : : .
0 10 20 30 a0 50 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
5D Pr|nt|ng PrOCeSS Time Dimension-less number f{ink chemistry, printing parameters)
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https://www.youtube.com/watch?v=hBVRYzI68yE&feature=emb_logo

Complete Solution Linking: Chemistry, Printers & Process

Ink Evaporation Rate Modeling: Pattern Width vs. Printing Strategy
1.05 &
1 y =-0.0158x + 1.0085 y = 0.4497x2 + 85.396x + 59.147 _—
R2=0.9283 R2=0.9045

0.95 =
£ 09 2
20 y = -0.0024x + 0.8791 = s
T 085 - : ' 2
= R2=0.9713 z *

0.8 . . g
0.75 PVN is designing an S
0 10 20 30 40 so | Optimization Software 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Time ' Dimension-less number f{ink chemistry, printing parameters)

2) Process: Software Algorithms

LR s pliition for Mass-Production

Conductive Printing

Linewidth: ~55 um

Dense Pattern on PET
70 um width & pitch

3) Printing 4) Application: very narrow & dense conductive patterns
© 2021 PV Nano Cell. All Rights Reserved 7



Families of Sicrys™ — Single Crystal Nano Inks

e 0

Silver Copper Gold Dielectric Resistor

X3
o
o2

*

Narrow pattern printing as narrow as 50 um.
Lower viscosity at high metal loading (50%+).
Green & clean process, no hazardous material.
SMT/soldering-capable.

High metal load, over 60%

Stability: Shelf life — over 12 months
Low sintering temperature (< 130 °C).
Low resistivity: p < 2.5 x bulk.

S
X3

*%

R/

*

R/ R/
000 000
7 7

> 0.0

*%
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Sicrys™

Digital Silver Inks: Technical Characteristics

Ink properties 120DM-206 140DM-106 150DM-106 150TM-115 150TM-119 150T7-13 130EG-1 160PM-116
Metal Loading (% w/w) 20% 40% 50% 50% 50% 50% 30% 60%
Main Solvent! DGME DGME DGME TGME TGME TPM EG PM/DGME
Typical Viscosity @ 25°C (cP) 5 11 20 37 34 26 28 26
Surface Tension (dyn/cm)
34 34 34 36 29 26 a7 23
(Pendant Drop method)
Open Time?
_UPEn T 15 min (25°C) 10 min (30°C) 10 min (30°C) 30 min (40°C) 10 min (35°C) 60 min (35°C) 5 min (35°C)
(jetting temperature,®C)
Resistivity (nQcm) <10 (150,30) <10 (150,30) <10 (150,30) <10 (150,30) <10 (150,30) <10 (200,30) <10 (180,30) <10 (0RO}
(thermal sintering,°C, min) <12 (130,30) <12 (130,30) <12 (130,30) <12 (130,30) <12 (130,30) <24 (150,30) <14 (150,30) = 4
Sheet Resistance (mQ/=) 10 (10 um) 10 (10 pm) 10 (10 pm) 100 (1 pm) 30 (3.5 um) 100 (1 um) 100 (1 um)
(thickness, um) 20 (4 um) 15 (8 um) 25 (4 um) 25 (4 um)
Substrate Adhesion? Kapton®, FR4, PET, Kapton®, PC, Kapton®, PC, PA,
IT | ITO, GI ITO, GI IT lass, PET, PC PC, PEN, PET
(tested)* 0, Glass O, G 0, Glass 0, Glass, RET. PCoc 170, Glass, cTO 7 PEN, LCP, Glass PC/ABS, Glass
Compatible Printing Inkjet Inkjet Inkjet Inkjet Inkjet Inkjet Inkjet, Aerosol
Technologies Aerosol
KM1024 KM1024 Km1024 KmM1024 KM1024
Compatible Printheads Epson KM1024i KM1024i KM1024i Km1024 KM1024i KM1024i Aerosol
P (tested)® Demonlet Ricoh E3 Ricoh E3 KM512 KM1024i Ricoh E3 Ricoh E3 (pneumatic)
Desktop printers DMC-11610 DMC-11610 Ricoh E3 Ricoh E3 DMC-11610 DMC-11610 atomizer)
Samba SapphireQS-10pl SapphireQS-10pl SapphireQS-10pl Aerosol

Shelf life: 12 months. Storage at room temperature. No need to stir the inks.

? - Ricoh E3 printhead

- Adhesion depends on substrate, sintering conditions, substrate pretreatment and pattern thickness (tested according to ASTM-3359-09 or 1SO-2409)
% - Substrates and printheads listed here were tested and perform well. Other substrates and compatible printheads may also be applicable.

1 - Solvents: DGME - diethylene glycol methyl ether, TGME - triethylene glycol methyl ether, PM - propylene glycol methyl ether, EG - ethylene glycol, TPM - tripropylene glycol methyl ether

© 2021 PV Nano Cell. All Rights Reserved




Sicrys'™ Digital Silver Inks: Technical Characteristics

Ink properties I50TM-119
Metal Loading (% w/w) 50%
Main Solvent? TGME

Typical Viscosity @ 25°C (cP) 34

10



Sicrys'™ Digital Silver Inks: Technical Characteristics

Ink properties I50TM-119
Resistivity (MQcm) <10 (150,30)
(thermal sintering,°C, min) <12 (130,30)
Substrate Adhesion? Kapton®, FR4, PET,
(tested)? PC, ITO, Glass, CTO
Compatible Pr.lntmg Inkiet
Technologies
KM1024
C tible Printhead
ompatible Printheads KM1024;

(tested)?

Ricoh E3

021 PV Nano Cell. All Rights Reserved 11



Sicrys'™ Digital Copper Inks: Technical Characteristics

© 2021 PV Nano Cell. All Rights Reserved

Ink properties IC25EG-1 1C40DM-7 IC50DM-7 IC50TM-&
Metal Loading (% w/w) 20% 40% 50% 50%
Main Solvent? EG DGME DGME TGME
Cu oxide in Cu nano-particles < 10% < 5% < 5% <5%
Typical Viscosity @ 25°C (cP) 32 16 20 EY)
Surface Tension (dyn/cm)
47 28 28 30
(Pendant Drop method)
Open Time: 5 min (35°C) 1.5 min (35°C) 1.5 min (35°C) 20 min (40°C)
(jetting temperature,°C) ! - B S L
Resistivity {pulcm) - Laser sintering <5 <5 <5 <5
(Photonic sintering) (£32)

Resistivity (uQcm) - Thermal sintering
(°C, min, Argon)

<90 (300, 30,Ar)

=120 (300, 30, Ar)

<120 (300, 30, Ar)

<120 (300, 30, Ar)

Substrate Adhesion® (tested)?

Kapton®, PA,

Kapton®, FR4,

Kapton®, FR4,

Kapton®, FR4,

LCP, Glass ITO, Glass ITO, Glass ITO, Glass
. . . Inkjet . Inkjet .
Compatible Printing Technologies Aerosol Inkjet . oco) Inkjet

Km1024 Kn1024 Km1024 Km1024

. . KnM1024i KM1024i KM1024i KM1024i

4
Compatible Printheads Ricoh E3 Ricoh £3 Ricoh £3 Ricoh E3
Aerasol DMC-11610 Aerasol

Shelf life: 12 months. Storage at room temperature under Argon. No need to stir the ink. Copper ink can be exposed to air for short periods
of time (minutes), refill the bottle with Argon every time the bottle is opened.

1 - Splvents: EG - ethylene glycol, DGME - diethylene glycol methyl ether, TGME - triethylene glycol methyl ether

- Ricoh E3 printhead

- Adhesion depends on substrate, sintering conditions, substrate pretreatment and pattern thickness

(tested according to ASTM-3355-09 or 1S0-2409)

4 - Substrates and printheads listed here were tested and perform well. Other substrates and compatible printheads may also be applicable
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Sicrys'™ Digital Copper Inks: Technical Characteristics

Ink properties IC25EG-1
Resistivity (LQcm) - Laser sintering <5
(Photonic sintering) (<32)

Resistivity (uQcm) - Thermal sintering

o . <90 (300, 30,Ar)
(°C, min, Argon)

Kapton®, PA,
LCP, Glass

Inkjet
Aerosol
KM1024
KM1024i
Ricoh E3
Aerosol

Substrate Adhesion?3 (tested)4

Compatible Printing Technologies

Compatible Printheads?*

© 2021 PV Nano Cell. All Rights Reserved 13



Ink Production Process

I) Water Il) Ethanol Ink Fluid

Raw Material
Mixture of
Powder & Fluids

Solution (A)
Nano Particles
& Waste

Solution (B)
Nano Particles
& Ethanol

Membranes

Solvent Exchange

Dirty Water Ethanol

Clean Technology, No Hazardous Material

Conductive Ink

>

%%
a%%"%
¥4 %%"

A\ 7\ 7\ 4
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Inkjet Printing Capabilities

Width > 50um 0.7 um < Thickness <10 um 2 uOcm< Resistivity <10 yQcm Adhesion

A< S

/ | ISO 2409 STD
"N w0100 SO N e 2 ' R = p —
W FR4 PET
R: resistance, p: resistivity, |: length, o
w: width, t: thickness Polyimide Glass
Ceramics ITO

Thermal Sintering (example)

150°C, 30 minutes, p <10 pacm CTO Polycarbonate

450°C, 15 minutes, p <3 pacm
Paper Etc.
Laser Sintering (example)
200 J/cm?, 1,000 mW, 5 mm/s, p=5.2 yacm
8 J/cm?, 5,000 mW, 200 mm/s, p=4.8 pyacm

© 2021 PV Nano Cell. All Rights Reserved 15



Inkjet Printing: >50 um Width & Pitch, >1 uym Thickness

2 11280x960 | 2020/06/18 10:26:07 Unit: um Magnification: 157.8 x

%%
a% %%
%%%a"

\ I\ /N4

ocell

D
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Commercial Applications: Automotive Market

® Windshields are filled with Electronics

o Multi inks printed using one printer.
o Narrow & dense electronics.

o Large format

o Each windshield is different.

» Bus Bars Resistivity: 1.5 mQ/o
* Fine Lines Width < 0.6 mm
* Fine Lines Resistivity: 2.0 mQ/o

© 2021 PV Nano Cell. All Rights Reserved
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Wiper Conductive Line Camera & Radar Demisters

|

/ Wiper Demisters

@

Antenna Conductive Lines



Electronics Everywhere: Automotive Market Future Technologies

Conductive Trace

[ 4 “Smart” Con nectors bv Molex m0|e)( ASEP Solutions :EE:EE; pVﬂaPQCC” Inkjet Inside

o Narrow & thin patterns. bﬂll “ll ﬂll "ll nll hnl| J"II‘
o Low resistances at low sintering
temperatures. mil [ ll—-}r [ |r I
' L.. .4

o 2.5D and 3D printing.

L.l Ji—? .4k

.ooooo ooooooooooo 0 oooo Solder Mask Metal Carrier

o Usage: light bulbs, power charging, etc.

® Project Tinker L Gifinson S N o4
o Radar and LiDAR sensor package gﬁiﬁ: Automotive " Automotive Aulom:l::zsm

fabrication.
o High throughput of up to 250 units/min.

o PVN is sole provider of conductive ink
for next generation of automotive
electronics.
> $12M EU funded project.
TINKER

© 2021 PV Nano Cell. All Rights Reserved 18
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Commercial Applications & Markets Served

Automotive Windshield

© 2021 PV Nano Cell. All Rights Reserved
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PCB on FR4

Resistivity < 10 pacm, Thickness <10 pum.

19

Special Heater on FR4,
Inkjet printed 600 pum vias



Commercial Applications & Markets Served

"

00/l 00| O¢

) 00

=

4-Layer PCB 1-Layer PCB Inkjet Printed Coil with 18 Turns
Resistivity < 6 pacm, Thickness 20 um Conductive, Solder Mask & Legends Linewidth 70 um. Pitch 70 pm.

20



Commercial Applications & Markets Served

Commercial 11W Heater on Kapton®

Linewidth 150 um. Thickness 2 um. Flexible Antenna RFID Tag

© 2021 PV Nano Cell. All Rights Reserved 21



Commercial Applications & Markets Served

il

| e

—

L ——
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‘
[ |
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i

{f |

H i

Phone Antenna Silicon Crystalline Solar Sell Medical Sensor on Paper
Aerosol Printing, Resistivity < 12 pacm Linewidth 50 um, Resistivity < 3 pacm. Resistance < 200 / 100mm

© 2021 PV Nano Cell. All Rights Reserved 22



Printed Antennas OPTOMEC

Production Grade 3D Printers... with a Material Difference

[
f

=— LOSPIFA. eff
— W145L50% eff

fa

Radiation E ficiency [dB]
b

] ] ]

LoL L

= oo n
N AP

- ————
1,200 1,400 1,500 1
Freguency [MHz]

LDS vs Printed

e -
\
-
[ ;'
[ 3 "|
' -
Wearable Frame Wi-Fi / Bluetooth Battery Cover NFC on Flex Electronic Housing 4 Antennas on Cover
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Embedded Passive Components

Selected Resistance Results on Glass

Sample |width | Thickness |Resistance SR Width
# (um] (um] [Q] [Q/sal | [um]
1 70 0.7 1795 4.2 71.56
2 90 0.8 1291 3.9 90.71

© 2021 PV Nano Cell. All Rights Reserved
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Embedded Printed Resistor

Selected Capacitance Results & Dielectric Constant Calculation

Relative
Area = Meas. | Thickness |Average* | Standard Dielectric
i i
padsize |point#| [um] [pF] |Deviation*
constant er
1 13.6 7.7 5.3%
3 9 11.4 5.9%
1.5x1.5mm 5 11.75 8.3 5.2% 4.84
10 11.25 7.7 5.9%
12 7.35 11.6 4,9%

Embedded Printed Capacitor

*QOver frequency capacitance




- PV:Nano Cell.
8 Hamasger st.
P.O. Box 236
Migdal Ha'Emek 2310102
Israel

hanan@pvnanocell.com
WwWWw.pvnanocell.com
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