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Abstract The printed electronics field using ink-jet printing technology is in the spotlight as a next-generation technology,
especially ink-jet 3D printing, which can simultaneously discharge and precisely control various ink materials, has been
actively researched in recent years. In this study, complex structure of an insulating layer and a conductive layer was
fabricated with photo-curable silica ink and PVP-added Cu nano ink using ink-jet 3D printing technology. A precise photo-
cured silica insulating layer was designed by optimizing the printing conditions and the rheological properties of the ink,
and the resistance of the insulating layer was 2.43 x 10" Q-cm. On the photo-cured silica insulating layer, a Cu conductive
layer was printed by controlling droplet distance. The sintering of the PVP-added nano Cu ink was performed using an
IPL flash sintering process, and electrical and mechanical properties were confirmed according to the annealing temperature
and applied voltage. Finally, it was confirmed that the resistance of the PVP-added Cu conductive layer was very low as
29 uQ-cm under 100°C annealing temperature and 700 V of IPL applied voltage, and the adhesion to the photo-cured silica
insulating layer was very good.

Key words Ink-jet 3D printing, IPL flashing sintering, Rheological properties, Photo-curable silica ink, PVP-added nano
Cu ink
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Fig. 1. Ink-jet 3D printed insulating structure using photo-curable nano silica ink: (a) jetting behavior, (b)~(c) contact angle and 3D
image of silica ink single drop, (d) 3D image of insulating layer using ink-jet printed silica ink.
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Table 1

Rheological properties of photo-curable nano silica ink and nano Cu ink

Viscosity  Density  Surface tension ~ PVP (weight  Reynolds Weber Inverse of ohnesorge
(mPas) (g/ml) (mN/m) fraction %) number (Re)  number (We)  number (Z)
SilicaNp ink ~ 4.83 0.98 2791 0 29.23 15.17 7.50
Cu Np ink 9.21 1.23 30.22 10 21.22 19.58 4.84
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Fig. 2. Jetting behavior of nano Cu ink with PVP (a) before
optimization, (b) after single-pulse optimization, (c) after
multi-pulse optimization.
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Fig. 8. Resistivity of ink-jet printed conductive layer using PVP-

added nano Cu ink after IPL flashing sintering (irradiation voltage:
400 V to 800 V).
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Table 2
Adhesion strength results of ink-jet printed conducting layer with PVP-added nano Cu ink after IPL flashing sintering (ASTM D3359)
400 V 500 V 600 V 700 V 800 V
Cycle 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Adhesion 4B 3B 1B 4B 4B 3B 5B

5B 4B 5B 5B 5B 3B 1B 0B




182 Jae-Young Lee, Do Kyeong Lee, Sahn Nahm, Jung-Hoon Choi, Kwang-Taek Hwang and Jin-Ho Kim

HAlel =

2 =2 AR} AT A FellA] X3t
= QuIga 300 ZEAE 7S] 9A1](S2641323)
o= Zad A7 AU

References

[ 1] J. Briinahl and A.M. Grishin, “Piezoelectric shear mode
drop-on-demand inkjet actuator”, Sensors and Actua-
tors A: Physical 101 (2002) 371.

[2] A.U. Chen and O.A. Basaran, “A new method for sig-
nificantly reducing drop radius without reducing nozzle
radius in drop-on-demand drop production”, Physics of
Fluids 14 (2002) L1.

[3] C. Check, R. Chartoff and S. Chang, “Inkjet printing of
3D nano-composites formed by photopolymerization of
an acrylate monomer”, React. Funct. Polym. 97 (2015)
116.

[4] J.B. Szczech and C.M. Megaridis, “Fine-line conductor
manufacturing using drop-on demand PZT printing
technology”, IEEE Transactions on Electronics Packag-
ing Manufacturing 25 (2002) 26.

[5] H.S. Kim, J.S. Kang, J.S. Park, H.T. Hahn and H.C.
Jung, “Inkjet printed electronics for multifunctional
composite structure”, Composites Science and Technol-
ogy 69 (2009) 1256.

[6] X. Wang, M. Jiang, Z. Zhou, J. Gou and D. Hui, “3D
printing of polymer matrix composites: A review and
prospective”, Composites Part B: Engineering 110
(2017) 442.

[71 SJ. Leigh, R.J. Bradley, C.P. Purssell and D.R. Billson,
“A simple, low-cost conductive composite material for
3D printing of electronic sensors”, PloS One 7 (2012)
€49365.

[ 8] A. Martinez-Arias, M. Fernandez-Garcia and O. Galvez,
“Comparative study on redox properties and catalytic
behavior for CO oxidation of CuO/CeO, and CuO/
ZrCeQ, catalysts”, J. Catalysis 195 (2000) 207.

[9] J. Ryu, H.S. Kim and H.T. Hahn, “Reactive sintering of
copper nano particles using intense pulsed light for

printed electronics”, J. Electron. Mater 40 (2011) 42.

[10] W.S. Han, JM. Hong, H.S. Kim and Y.W. Song,
“Multi-pulsed white light sintering of printed Cu nano
inks”, Nanotechnology 22 (2011) 395.

[11] S.K. Song, J.H. Hwang and K.R. Ha, “Spectroscopic
analysis of silica nanoparticles modified with silane
coupling agent”, Korean Chem. Eng. Res. 49 (2011)
181.

[12] J.W. Lee, S. Nahm, K.T. Hwang, J.H. Kim and K.S.
Han, “The effect of silica composite properties on DLP-
stereolithography based 3D printing”, J. Korean Cryst.
Growth Cryst. Technol. 29 (2019) 54.

[13] J.Y. Lee, J.H. Lee, J.H. Park and S. Nahm, “Formula-
tion and ink-jet 3D printability of photo curable nano
silica ink”, J. Korean Cryst. Growth Cryst. Technol. 29
(2019) 345.

[14] J.H. Oh and S.Y. Lim, “Precise size control of inkjet-
printed droplets on a flexible polymer substrate using
plasma surface treatment”, J. Micromech. Microeng. 20
(2009) 015030.

[15] K.C. Wu and J.W. Halloran, “Photopolymerization mon-
itoring of ceramic stereolithography resins by FTIR
methods”, J. Mater. Sci. 40 (2005) 71.

[16] Y. Guo, H.S. Patanwala and B. Bognet, “Inkjet and ink-
jet-based 3D printing: connecting fluid properties and
printing performance”, Rapid Prototyp. J. 23 (2017)
562.

[17] E. Saleh, P. Woolliams, B. Clarke and A. Gregory, “3D
inkjet-printed UV-curable inks for multi-functional elec-
tromagnetic applications”, 3D Print Addit Manuf 13
(2017) 143.

[18] B. Derby, “Inkjet printing of functional and structural
materials: fluid property requirements, feature stability,
and resolution”, Annu. Rev. Mater. Res. 40 (2010) 395.

[19] Y. Jianfeng, Z. Guisheng and H. Anming, “Preparation
of PVP coated Cu NPs and the application for low-tem-
perature bonding”, J. Mater. Chemistry 21 (2011) 15981.

[20] K.M. Koczkur, S. Mourdikoudis and L. Polavarapu,
“Polyvinylpyrrolidone (PVP) in nanoparticle synthesis”,
Dalton Transactions 44 (2015) 17883.

[21] GH. Oh, H.J. Hwang and H.S. Kim, “Effect of copper
oxide shell thickness on flash light sintering of copper
nanoparticle ink”, Rsc Advances 7 (2017) 17724.



