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TECHNOLOGIA INKJET PRINTING

Ishikawov diagram technolégie InkJet Printing

(Technologické faktory] [Adhézny mechanizmus]

ovladaci signél\pgdmienky spekania drsnost’ povrchu
rychlost hlavice \ pocet vrstiev zlozenie atramentu

hrubka vrstiev
proces depozicie kvapky

odskok
teplota podlozky
teplota hlavice

povrchové napatie

Vysledna kvalita vrstvy

@ drsnost’ povrchu zmacavost viskozita
teplotna odolnost’ povrchové napatie rozmery nano-¢astic
hrubka koeficient roztekavosti tvar nano-Castic
dielektrické vlastnosti adhézna praca mnoZstvo nano-Castic
\ oSetrenie a Cistenie elektrické vlastnosti dispergent
Zivotnost

[Vlastnosti substratu ] [Vlastnosti nano-atramentovj
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InkJet Printer zariadenie MicroFab Jetlab® 4xI-A
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Digitalne podklady pre tlac
- *bmp

- invertované farby

—

L
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I s s s ———— e ]
Digitalne podklady pre tlac Fle

Options Image preview
AL Scripteditor I I
* Load image [ Save bin image] Save image ] Starting position g
- b = onfoff [(lo x| 0 yl o I
I ] lp [¥] invert [ Treshold

Fly parameters
onloff (V|1  Velocty| 5 | mmis

L Reset H Process J

- in Ve rTOVCI n é f q r by Change dpi Bn?:t: 93‘5":’::“696 section Load

Size [pix] Size [mm] | -Dpi D:\OwnCloud\Peto\PhD\Clanky\ISSE2016\Te:
50 72
8 v =4 x-step 0.0846
- vyvinuty softvér na KTE =2 L] | B e o0 g,
| Lock Lock .
L Compute angle 0
. R [[Resize |10 v |fomapi v topibottom [ 9
- bitovd hlbka 1 W —

Loaded image info

Name:D:\OwnCloud\Peto\PhD\Clanky\ISSE2016\Test Repeat and offset [ Setas input“’ull resoluﬁon]
fentve op onjoff [0 Muipicty| 1 [|times
~n I ve, 7 D P I Bitdepth:1 Preview of generated script
O - dolezite Widi 50 onoft [0 offse 001001 |mm
S . ;Printing of bitmap image.
72 dots (pixels) in 1 inch 300 dots (pixels) in 1 inch Compression:none ] setflyon S
| Sa
¢ 1inch > linch 5 ‘ i bitmap 0.0846 0.0846 0 0 1
‘ Log "D:\OwnCloud\Peto\PhD\Clanky\ISSE2016\Test pattern\a.bmp”
31-Mar-2017 11:20:06 [ | ] BMPmanipulator started correctly
31-Mar-2017 11:20:45 [ |] The input image is loaded
31-Mar-2017 11:26:05 [ 1] The script was generated
31-Mar-2017 11:26:16 [ 1] The script was generated Department of Technologies in Electronics
\ 31-Mar-2017 11:26:20 [ |] The script was generated Faculty of Electrical Engineering and Informatics
31-Mar-2017 11:26:48 [ |] The script was generated Technical University of KoSice
31-Mar-2017 11:28:30 [ 1] The script was generated

72 dpi 300 dpi

72 dots per-inch 300 dots per-inch
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Digitalne podklady pre tlac

- nevyhnutny skript pre tlac

;Script generated by BMPmanipulator v 1.0
;Developed by Ing. Ondrej Kovac, PhD. and Ing. Peter Lukacs
;Department of Technologies in Electronics
;Faculty of Electrical Engineering and Informatics
;Technical University of KoSice

;1 repeat

moveto -120 120

set fly on 10

bitmap 0.135 0.135 00 1 "C:\route.bmp"
moveto -119.9325 120

set fly on 10

bitmap 0.1350.1350 0 1 "C:\route.bmp"
moveto -120 120.0068

set fly on 10

bitmap 0.135 0.135 00 1 "C:\route.bmp"
moveto -119.9325 120.0068

set fly on 10

bitmap 0.135 0.135 00 1 "C:\route.bmp"
;2 repeat

moveto -120 120

set fly on 10

bitmap 0.135 0.135 00 1 "C:\route.bmp"
moveto -119.9325 120

set fly on 10

bitmap 0.1350.1350 0 1 "C:\route.bmp"

2

r % B,

L Reset H Process J

Change dpi
Size [pix] Size [mm] Dpi
50 72
50 [ Lock
[] Lock ["] Lock

Compute

(Ceman JEI0 1+ romer =] (et |

Loaded image info
Name:D:\OwnCloud\Peto\PhD\Clanky\ISSE2016\Test

pattern\a.bmp
Bitdepth:1
Width:50

Height:50
Compression:none

File
Options
Image Scripteditor
[ Load image [ Save bin image] Save image Starting position
= onfoff [ o
[¥] Invert [ Treshold
Fly parameters
onfoff [V]1

Bitmap parameters

x 0 y o

Velocity 5 mm/'s

Path [V] From image section Load

D:\OwnCloud\Peto\PhD\Clanky\ISSE2016\Te!

x-step

y-step

0.0846
0.0846

[¥] Fix

angle 0

top/bottom [T g
bidir ®11

Repeat and offset
onioff [0

on/off [7]0

Muttiplicity 1 times

offse [0.01/| 0.01 |mm

Save

J

Log

31-Mar-2017 11:20:06 [ | ] BMPmanipulator started correctly
31-Mar-2017 11:20:45 [ |] The input image is loaded
31-Mar-2017 11:26:05 [ 1] The script was generated
31-Mar-2017 11:26:16 [ 1] The script was generated
31-Mar-2017 11:26:20 [ |] The script was generated
31-Mar-2017 11:26:48 [ |] The script was generated
31-Mar-2017 11:28:30 [ 1] The script was generated

Image preview

[ Set as input ] %ull resoluﬁon]

Preview of generated script

;Printing of bitmap image.

setflyonS

bitmap 0.0846 0.08450 0 1
"D:\OwnCloud\Peto\PhD\Clanky\ISSE2016\Test pattern\a.bmp”

Department of Technologies in Electronics
Faculty of Electrical Engineering and Informatics
Technical University of KoSice
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Priprava nano-atramentu pre tlac

- izbovad teplota
- rozptylenie aglomerdcii ultrazvukom

- nevyhnutna filtracia nano-atramentu

MPe———
; e : & 7365031006 Lot # MKV
s ' , o DN,
Icie, 950-60 wt. % in tetradecare.
'} ﬁ%ﬁ;ﬁg;: :Q-cm. for printeg .
N 1 0
ﬁi ' UT Dots, Inc. talon L=J1TDIIJ\°t|j’-;5'"I~ "‘ﬂﬁlm(AXJP-ﬁﬂ
ITDots, Inc. Pl-1J-10ml — Mo : o/ 108%% Siver 'gk for WP I ."""mtsom ot
FLJ-10m NeEp o tom | [epared 02121 :csé|ver ink with 4710068l [5aichs porr220fil U T80 ¥
g J-10M e f ‘lde: D40130; Lot ‘ '
%pgred 02/22/36;1“ Prepared 02/22“51 e SweLL BOEFORE Ugé PXMC 90,268 1 . Jracza 6 P Y
ink for 1, 1 4Epoxy ink for I WTACT: DAVE 1Pg o) ‘

512-42
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Priprava nano-atramentu pre tlac
- izbovad teplota
- rozptylenie aglomerdcii ultrazvukom

- nevyhnutna filtracia nano-atramentu

)
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~Jet Setup

|Standard Wave El Go to Maintenance Position l

Rise Tme 1 5| 6.0 ps Raise Head |
A pwell Time ={[” 230 ps  Start Jet Continuous |
Proces depozicie nano-atramentu B— | o |

1)

[ | | = |-

Echo Time jl m ps
= OVIG’dGCi Signdl RiseTimeZﬂmps Strobe Delay

E Q Idle Voltage i'] W \% [—o us
4 Dwell Voltage ﬂ [_53_6- \% '—J
-I..[.- . --l..I_ Echo Voltage i‘ m v | Fixed 50 ps  Sweep l

Y X Offset I 0.000 mm

tryska i
t Y i Y Offset 9.000 mm
dwell L rv
V1 — Frequenql 300.03 Hz
Y < uv
2 atrament E Trigger Source | [~ Trigger Mode
O_.G—_J, V | bso * Internal " Single
(O
% 0 : < N sgradnice " External * Burst
i o i
c ; i povrchu o " Continuous
e Q 2 90
tech o cas = Drops per Burst I 200
! [us] vzduch 1\ .
_V1 t t > e o Trigger Jet l
. . Use Current Pos as Maint
\ / Onse fall tfrlse Princip generovania kvapky I

Bipolarny ovladaci signal piezo-hlavice

/ GUI ovladania riadiaceho signalu piezoelementu v tryske
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Proces depozicie nano-atramentu

- ovlddaci signal

50

40 =

30 \
20

10

O
napatie [V]
\

0 10 20 40, 50
-10
O 2
-30
-40
cas [ps]
\ e Standardné kvapky == Chvost + satelitné kvapky —— Optimalizované kvapky Velké kvapky e=Dlhy chvost

/) Modifikované ovladacie signaly piezoelementu v tryske
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Proces depozicie nano-atramentu

- ovlddaci signal

D
o

B
o

(=

napdtie [V]
) S

10 20

50

N
o

-40

Cas [ps]
= Chvost + satelitné kvapky
Velké kvapky

e Standardné kvapky
—— Optimalizované kvapky

Modifikované ovladacie signaly piezoelementu v tryske

Sekvencia generovania kvapiek
atramentu
optimalizované kvapky

Sekvencia generovania kvapiek
atramentu
vel'ky objem kvapy
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B
o

%20
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Proces depozicie nano-atramentu 20
-40
’ ’ ° ’ éaS[ S]
- OVIGdGC| Slgnal e Standardné kvapky p‘—Chvost+satelitné kvapky
—— Optimalizované kvapky Velké kvapky

Modifikované ovladacie signaly piezoelementu v tryske

Sekvencia generovania kvapiek
atramentu
dlhy chvost kvapky

Sekvencia generovania kvapiek
atramentu
dlhy chvost a satelitné kvapy
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Proces depozicie nano-atramentu

- vplyv teploty substrdtu na kvalitu deponovanej struktury

- rozdielny priemer kvapiek po dopade na substrat
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Proces depozicie nano-atramentu

- vplyv teploty substrdtu na kvalitu deponovanej struktury

- rozdielny priemer kvapiek po 190
: g
dopade na substrat = 170
=
g
< 150
2. vrstva z
8 1. vrstva -D“;_’ 130
substrat
110 T T T T T 1
45 55 65 75 85 95 105
\ Teplota substratu [°C]
—PI| Kapton JP-6n ----P| Kapton UTDAgIJ
——PET Mylar JP-6n ----PET Mylar UTDAgIJ

atramentu na povrchu substratu

/3D profil prvej a druhej kvapky nano- —— PEN Teonex JP-6n ----PEN Teonex UTDAgIJ

Vplyv teploty substratu na priemer kvapky nano-atramentu
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Proces depozicie nano-atramentu

- vplyv teploty substrdtu na kvalitu deponovanej struktury

- coffee ring effect

500
400
~ 150013 nm
| 75006 v
"LE‘M\
/S 130ym
~ 0 20 40 60 80 100 120 140,80 /
—70°C  ——90°C  ——100°C —50°C ——70°C_ ——100°C
500
400
300
200
100
Eo N | |E off ]
< 0 20 40 60 80 100 120  140x [um] < 0 20 40 60 80 100 120  140x [um]
—70°C  ——80°C ——100°C —70°C ——80°C ——100°C
)
500
400 AR A = . 1T’
\ 300 ,Coffee ring effect
’200
100 ol 3D profily kvapiek nano-
O @ 00 T Mol |© 0 20 A0 60 80 100 T80 40 Lo atramentu na PEN
go € ——90°C ——100°C —70°C ——80°C ——100°C substrate Teonex Q51
Vplyv teploty substratu na coffee ring effect




TECHNOLOGIA INKJET PRINTING

Proces depozicie nano-atramentu
- vplyv teploty substrdtu na kvalitu deponovanej struktury

- coffee ring effect

\ WA ..................... ..................... ..................... .....................
| | 20 40 60 80 100 120 140x [um]

3D profily kvapiek nano-
atramentu na PEN

—70 OC T 90 OC - 1 OO OC substrate Teonex Q51
Vplyv teploty substratu na coffee ring effect
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Proces depozicie nano-atramentu
- vplyv rychlosti tlace na kvalitu
deponovanej struktiry

- rychlost’ tlade sa nastavuje

(L v skripte

O - odskok tlacovej hlavice od substrdtu

Y o T e

/) v=12 mm/s
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Na elektrickG vodivost' struktory ma vplyv:
- podmienky spekaniq,
- velkost’” a tvar nanocastic,

- mnozstvo striebra v objeme,

AN

R, === RZ [Q/a]
O

h [
h je hribka vrstvy,
R je elektricky odpor,
w je Sirka Ciary a
\ | je dizka &iary.

p je merny elektricky odpor materialu,
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Na elektrickG vodivost' struktory ma vplyv:

- podmienky spekaniq,

- velkost' a tvar nanocastic,
- mnozstvo striebra v objeme,
o
P w %
R, ==—=R— [Q/O] ¥
h [
p je merny elektricky odpor materialu,
h je hribka vrstvy,
R je elektricky odpor,

w je Sirka Ciary a

| je dizka &iary.

/-

300

250

200

150

100

50

UTDots - UTDAgIJ

160°C
60 min

180°C 180°C 200°C
30 min 60 min 30 min

200°C 220°C 220°C
60 min 30 min 60 min

Podmienky spekania

m1vrstva m2vrstvy

3 vrstvy

250°C
30 min
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Na elektrickG vodivost' struktory ma vplyv:

- podmienky spekaniq,

Amepox JP-6n

- vel'kost’' a tvar nanocastic, 3000
- mnozstvo striebra v objeme, =
2000
5]
. D w £ 1500
O o 1000

p je merny elektricky odpor materialu,

h je hribka vrstvy, 500 |I I I I I I I

R je elektricky odpor, 0 I II II I I I N II
b 200°C 230°C 230°C 230°C 230°C 250°C 250°C 250°C 250°C

w je Sirka Ciary a

\ 150 min 60 min 90 min 120 min 150 min 60 min 90 min 120 min 150 min
| je dizka ¢iary.
EENG Podmienky spekania

/) m1vrstva m2vrstvy m3 vrstvy
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Na elektrickG vodivost' struktory ma vplyv:

. . Amepox - JP-6n 250°C
- podmienky spekania, g

900
800
7 k) A4 V4
- vel'kost’' a tvar nanocastic, 700
600
\Y4 ° ° __El‘
- mnozstvo striebra v objeme, SR
= 400
o
| 300
@) P w 200
Rs=7-=R— [Q/O] =
h [ 100
O p je merny elektricky odpor materialu, 0 : 5 3
h je hribka vrstvy, Podet vrstiev
R je elektricky odpor, —250°C/60 min —250°C/90 min —250°C/120 min —250°C/150 min
w je Sirka Ciary a
\ | je dizka &iary.

Na dosiahnutie dostatoénej elektrickej vodivosti struktury je nevyhnutné vytladit

/ aspon 3 vrstvy.
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Zaradenie do normy

Vyhodnotenie adhézie: 50 | ASTM Popis Visledok merania

2409 D3359

Hrany rezov su hladké, nie su pozorovatelné

- metéda priecneho rezu Cross Cut Test . 8 siadne defeky.

Su pozorovatelné drobné poskodenia

- |ISO 2409 a ASTM D3359 . i v miestach, kde sa rezy krizia. Defekty na

povrchu nesmu presahovat 5 % celkovej

.

]
]
4

AL iLll
-

+
=asEage
4 =

analyzovanej plochy.

Analyzovany povrch je navyse nepatrne
poskodeny aj na hranach. Poskodena plocha sa
pohybuje od 5 do 15 % celkovej analyzovanej

- zaradenie do kategérie podla odlipnutej plochy

plochy.

nastavenie hibky Analyzovany povrch je’éiastoéne poskodeny aj ‘
rezu v rohoch rezov, pozdlz hran rezov ako aj na = r
3 2B inych miestach mriezky. Poskodena plocha sa

pohybuje od 15 do 35 % celkovej analyzovanej H
plochy.

Na analyzovanom povrchu su zna¢né defekty.
4 1B Poskodena plocha sa pohybuje od 35 do 65 %
celkovej analyzovanej plochy.

vysuvne

\ f ) » Na analyzovanom povrchu su defekty, ktoré
P - noze

predstavuju plochu vacsiu, nez 65 %.

vodiace kolieska




TECHNOLOGIA INKJET PRINTING

Vyhodnotenie adhézie:

- metdda prieéneho rezu Cross Cut Test
- ISO 2409 a ASTM D3359

- nevyhodou je l'udsky faktor

vertikalne rezy

porucha na mieste horizontalne rezy

krizenia sa rezov_!

strieborna vrstva

=
E CCT_Analyzer

File Edit Help
LR G E
~Input & options Outputs
Image Results
Open Image Dep of T colegi :
Faculty of Electrical Engineering and Informatics
Reset Image Technical University of Kosice
Select area
Input image :scan0043.jpg
Show threshold Total area : 2176758 pix

Report export

- Adjust

Rotation
15

HEWE

Guidelines
Threshold

[ 10 ]
BB

Reset

Show boundaries

Error & Warning
25-Apr-2017 08:25:20 [ | ] Program has started corectly
25-Apr-2017 08:26:10 [ | ] The input image was loaded
Clear log

Wiped area :182158 pix
Percentage of Wiped area :2.4%
Clasification by :

-1S0 2409 :1

- ASTM D3359 :4B

Evaluation treshold: 109
Date of evaluation :25-Apr-2017 08:27:18

Faculty of i ginesring and
Technical University of Kosice
2017
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Vysledna kvalita struktory:

- nedokonalé okraje vyplyvajice z technolégie, kopirovanie povrchu substratu...




Dakby' em za pozornost.

Peter Lukacs, Ph.D.

Department of Technologies in Electronics
Faculty of Electrical Engineering and Informatics
Technical University of Kosice

Kosice, Slovakia

peter.lukacs@tuke.sk




