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ABSTRACT

The continuous inkjet (CIJ) printing method has fewer nozzle clogging issues and faster jetting speed compared to the
drop-on-demand (DOD) inkjet method, and it can be relatively cost-effective to implement. Additionally, it has relatively wider
printing capability, which allows for coating or marking printing on curved substrates. Nevertheless, commercially available CIJ
equipment is still limited to narrow printing width of about 10 mm, because most continuous inkjet devices employ a
unidirectional printing method. In this study, we conducted research on a bidirectional printing method that can expand the
printing width, enabling continuous inkjet to be utilized in a broader range of applications. Bidirectional printing requires
bidirectional charging, which can cause problems when the polarity of the ink changes. We address and visualize these issues
and propose a printing method that can overcome them. We expect that the proposed method will have suitable applicability
for coating selective areas.

Key Words: Continuous inkjet, Bidirectional deflection system, Droplet charging method, Printed electronics, Selective area
coating
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Fig. 1. Developed bidirectional CIJ printing system.
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Table 1. Physical property for experimental ink at
room temperature

Conductivity Viscosity Surface tension
(uS/em) (cPs) (dyne/cm)
16,70 2 28

= F83Jt}. olE #Jste] YAANA ARSSE EE
YA ARG B A2 SolventE ARESIAL, A Eet =
g& 7] flste A% UERS 4% A7k
o] =9 4% &4 Table 13} At

2 L
2
of!
iz
[>

|
ot
rlo
s
aa
N
©
=2
>
24
o
5
(9,]
(e
<
N
>,

SERE g2 AgE ek B

Ut 71Ae] £ e wAY S 2L 5 9oL,
AA 2 Fig 79] ZY ARt Zo] YA &
£5 520 47 Zo) 1 B s meltt. of
AAS Ash] gste] AF A AYS olVlek=
Zo} W3k A2o] Yo HHEL Fig 83} o] 7}
A3k B3 golst 4= 9lolt). 107]2] FA AYL

o

Fig. 7. Result of bidirectional linear pulse waveform
printing.

277



[UQIMHXISESX], 2023E 128, M2H 23S, pp. 273-280
Journal of Flexible & Printed Electronics, December 2023, Vol. 2, Issue 2, pp. 273-280

-,
e %\\/

— ;
o
1
¢
\
10 \
9
L] L \\
\
8 \
L] 7 ‘\
e 6 \
° f 4 3 \\
° 2 ‘\
° o 1 \
\
L] .‘
10
L4 f g 8 athe =»

9 8 7 6 5 4 3 2 1

Fig. 8. Large-volume droplet generation (Vgemu=320 V,
Vpuise=70~570 'V, Vo, =250 V, DC voltage=
5,000 V, Number of drops=10).

ko] =4 wislo] elgt Aol
FIF tiAd AFE 85 e A B o
2 waveformE F=3} &= PAFL 7|Fo2 EF
2701 A7psiint. s WHol it A AdE
Fig. 90|41 HoiF=1 Qli=H], Positive pulsedi] ]3] (-)
2 2408 ol BAV} Rt AL alg
ot FLF =g A7l= did 2 st
| 95t &= WA WAoo 2= Strobe LEDQ] Delay=
olgslo] 2z A WASKE 9IRS FAske A
ot SI= ols= &3l 54 X9 7HIS} olu|AE
g=ehe Wow 5 wA W] et Ad Aas
Fig. 1094 Hoj331 QItt Fig. 1094 Charging
plateE XU SHH HAEL Deflection plateo]] Zl
Jsb] W 2YBS BT 2 ok, Guter
Hj7] 93t Default voltageo] I3} (HE ZHE A2
T} QR (2 FHE A Aole] glEio] eJsto] o
Zo] dgEe 2 Rl A== I Fig
10914 Hep gets] & o .

(a)

+V
Gap |:” ”|
= t

(b)

+V
_Duuﬂuﬂﬂﬂqt

+V

e

Fig. 9. (a) Split waveform (Vaeu=320 V, Vpusee=70~
570 'V, Vu=250 V, DC voltage=5,000 V,
Number of drops=20), (b) Visualization image
of split waveform.

Fig. 7~Fig 1071219] 2.4 A8< wZslo] mjolst
A A7) EARE Sidsl7) gist whow Az

v} o] oA ojols Aelet gL 4ol A
1

1)

10

5=

91:
T
eRc)
oft

a=)

Sfste] Fig. 11(a)% o] 44219 &
ol Akt B0l e 3L

N
~
[00)



[UQIMHXISESX], 2023E 128, M2H 23S, pp. 273-280
Journal of Flexible & Printed Electronics, December 2023, Vol. 2, Issue 2, pp. 273-280

-,
e %\\/

C—D @ Coupling
Charging Plate N
(i: * -
2)
| | @
| | °
| = .
Deflection Plate E) . \ -
[ TRl -
.' \ : o
@ —| -

Fig. 10. Visualization image at a specific location.

Q7FSlgc ol et A Fig. 11(b)2} 2ol o
ol glo] maAYo] FFssteck. Tt %
dropQ] 74 9 Zho] 2 Aste] whakelo] ofs)
A WLk 28 HolE 4 9lck. ofeiet BREY 4
W] ke AAHoR Yo Eo mawo) o
gret gelojth gl Breka opF 54
Ao ned 29 P7Ho% BY 4 g gHow

oret &80l 880l 7 Aol

N o
N,
L)
o{n

4=

4.

& JAANAN =Y Z3 FIA7)7] flote] &
W Ty WS e A Q7 #HA, AHD
(Guttering) 4], ZUR17} ¥, St=go] 444 ¥
of gt A+= sk

opulsk e ofsto] ma 3}11 o} oﬂ;_(;]o

i

[¢]

!

| & 5 900LECHTOOORS

Fig. 11. (a) Triangular pulse waveform, (b) Visuali-
zation image of triangular pulse waveform
(Vaeraur=320 'V, Vpuse=70~570 'V, Vo, =250
V, DC=5 000 V, Number of drops=20).

She W5 Gutter Y02 BT 1] BrEA] F4
#Isb7}k #1204 Eiek. ofu] HASHE QIO 2 drop
o] 4717 Ho] B Ushe 91X} obd T 9]
<51 ek

olefet BAIE sH2sky] Sistel 42 Felel WA

Ao =Z=

ogg AtShict. chet whdele] ojgt AaiEst £
49l g Aol L lA)7] o] Mol
2 B f 9% Aol I

ACKNOWLEDGEMENTS

Author Contributions
KMW and PSH were involved in experiments,

analysis, and drafting. KKS supervised, guide experi-

279



[UQIMHXISESX], 2023E 128, M2H 23S, pp. 273-280
Journal of Flexible & Printed Electronics, December 2023, Vol. 2, Issue 2, pp. 273-280

N

ments. KKS rewrite and proofread the manuscript. All

authors read and approved the final manuscript.

Funding

This research was supported by the Basic Science
Research Program through the National Research
Foundation (NRF) of Korea, funded by the Ministry of
Education (2022R1F1A1060165).

Declarations of Competing Interests
The authors declare that they have no competing

interests.

REFERENCES

[1] Phung, T. H.; Kwon, K. S. Continuous Inkjet Prin-
ting Method for Patterning of Electronic Materials
(Doctoral Dissertation). Soonchunhyang University.
2020.

[2] Phung, T. H.; Kwon, K. S. Improved Continuous
Inkjet for Selective Area Coating Using High-
Viscosity Insulating Inks. Adv. Eng. Mater. 2022,

24 (8), 2101527.

[3] Blazdell, P. F.; Evans, J. R. G. Application of a
Continuous Ink Jet Printer to Solid Freeforming of
Ceramics. J. Mater. Proc. Technol. 2000, 99 (1),
94-102.

[4] Mei, J.; Lovell, M. R.; Mickle, M. H. Formulation
and Processing of Novel Conductive Solution Inks
in Continuous Inkjet Printing of 3-D Electric
Circuits. IEEE Trans. Electron. Packag. Manuf.
2005, 28 (3), 265-273.

[5] Derby, B. Bioprinting: Inkjet Printing Proteins and
Hybrid Cell-containing Materials and Structures. J.
Mater. Chem. 2008, 18, 5717-5721.

[6] Le, H. P. Progress and Trends in Ink-jet Printing
Technology. J. Imaging Sci. Technol. 1998, 42,
49-62.

[7] Waasdorp. R.; van den Heuvel, O.; Versluis, F;
Hajee, B.; Ghatkesar, M. K. Accessing Individual
75-micron Diameter Nozzles of a Desktop Inkjet
Printer to Dispense Picoliter Droplets on Demand.
RSC Adv. 2018, 8, 14765-14774.

280



