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Abstract: The Microplotter system with a fluid dispensing method, sprays fluid based on ultrasonic pumping through
piezoelectric devices. This technique can possible for various materials with a wide range of viscosities to be printed in
microscale. In this paper, we introduces dispenser printing technology as well as aim to understand and apply various processes
using the equipment. In addition, we will explain how to optimize the equipment by adjusting parameters such as spray intensity,
tip height during printing, and patterning speed. By utilizing Microplotter’s advantage of being compatible with a wide range of
fluids, including metal nanoparticles, carbon nanotubes, DNA, and proteins, it is expected to be used in various fields such as
printed electronics, biotechnology, and chemical engineering.
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Fig. 1. (a) The classification of printing technologies and (b)
photograph of Microplotter pro system.
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Fig. 2. (a) Detecting process and (b) monitoring during dispenser
calibration.
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(b) Manual Controls & x
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[] Manual Controls

Fig. 3. (a) Photograph of thumbscrews on the camera mount that adjust the tip of the dispenser into focus, (b) manual controls, and (c) surface
cant calibration windows.
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Fig. 4. (a) Solution plate and (b) list of solution and solution setting windows.
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Fig. 5. (a) Schematic of capillary action. (b) Dot, (c) line, and (d) fine patterns, and (e) print pattern window.
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Manual Acceleration

Manual Velocity

Position Mode Derivative Gain 300,300,100 |[e
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Printing Velocity 1000, 1000, 10000 | [
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Surface Finding Velocity [ 001000  |[e
Reset Import... Export... Cancel
Dispenser Controls n
Dispensing: Strength I 120 V 2
Manually Dispense for |20.0 ¢ | seconds
Spraying:  Strength i 10V
Manually Spray| for |100.0 | seconds
Advanced

Current dispenser frequency: 446,0 kHz Current dispenser voltage: 12.0 V
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Fig. 6. (a) Setting editor and (b) dispenser controls windows.
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Table 1. Observations on dispensing strength change.

Driving voltage Linewidth (um)

R k
V) (Average values) emarks
1 60
2 63
3~12 80
13 97 * Fine patterns with uniform
14 97 ink dispensing process
15 97 . .Linewi.dth il?creasc.as with
increasing dispensing
16 100 strength
17 103
18 120
19 150
20 290
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| - | - | -
| - | - | -
Fig. 7. Optical images of Microplotter-printed patterns with different dispensing strengths of (a) 1 V, (b)3 V, (c) 13V, (d) 17V, (e) 19V,

) -

and (f) 20 V.
| - | | -
| -

(d)
Fig. 8. Optical images of Microplotter-printed pattern printed with different tip heights of (a) 5 micron, (b) 7 micron, (c¢) 10 micron, (d) 11
micron, and (e) 20 micron.
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- | -
- | -

Fig. 9. Optical images of Microplotter-printed patterns as a function of the operating speeds with (a) 100 um/s, (b) 200 um/s, (c) 500 pm/s,
(d) 3,800 um/s, (e) 3,900 pm/s, and (f) 4,000 pm/s.

Table 2. Observations on varying the printing speed.

Printing speed  Linewidth (um)

Remarks

(nm/s) (Average values)
100 N/A * Ink ble.:eding occurs .due. to.an
excessive amount of ink jetting
200 270 * Convulsive printing
(The printing becomes more
uniform with the spreading of
500 210 ink decreasing as the printing
speed increases)
1,000 120
1,500 83
* Form an ideal pattern with uni-
2,000 83 . . .
form ink dispensing
3,000 83 (The linewidth of the pattern
3,500 83 decreases as the printing speed
increases)
3,700 77
3,900 77
* Highly non-uniform patterns
with a maximum linewidth of
4,000 77

77 pm and a minimum lin-
ewidth of 50 um

ol
0|0

2 2 o0}(applications)

4.1 L}'=H}0| 2 (nanobio)

B Microplotter A|AE2 g AL 7HEHR&D) 24219]
Crpst me A A0A H 8 4 ek 2317123 of
&3t Microplotter A|ARI2 FH|sH RAQt 5 ohr
7] o] 24 LheAHESt ofjet he mald XA
HojA ogs2 A1 e HavtkeREY JfiHy
22 HaAANES ZHY & 4 Qo E3F DNA

U A e 2e Tl B2 o] 32 A
AL 2 o 4 ol7] theo] A3t U stetger
woFo A = FEE 1 QL.

&

A8 A 0 2 SonoPlot®o| 4] Microplotter2 0]-8-514]
nanometallic silver ink& THE st 5 ojdd] 519
Ofo] 22 A7Y A =/d traces F7J [LH 10(a)] [31]
H et o= Aeld #/2f S2tol =0 ~35 micron
5719] spote] DNA §912 FAtsto] Tl ¥ utol
32 of2o] & AAIC [1& 10(b)] [32]. EgF, Wis-
consin ©jgfwe] <AFH2 FAEY HiolZA
(newcastle disease virus, NDV)= ZtX]5}7] Y6l &4
Agr 1o SAF B M (enzyme-linked immunosorbent
Assay, ELISA) 8. & MEY XY ufo] 2= ofzfo]
= AAIS [2™ 10(c)] [33].
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Fig. 10. (a) Printing lines of nanometallic ink for conductive electronic traces, (b) spotting DNA at a high resolution for microarray fabrication,
and (c) spotting proteins for an ELISA-type microarray assay.

4.2 M E(stacking) 548
B Microplotter A|AEIS 7iThsl ZAjuby ol wh2 na) B QAMAA &2 7|54 A 3E Qalistxol & of
B &5, 127 opokst M Eo] ARjES o] &35 £ U WAoo g 7]E9 gieA] W gAZeo] Alx 37
& =7 ot g4 9 ojz] 52 A Z(stacking) & 2 Q) oA ALEE = s A &8 Blasto] A8, Al
o= A8zttt shEA&(under-layer)at S 9 &4, A8, 14 A E e RS 7hs st
R|o] A= (upper-layer)2 GojR QL owmE] + Aol ot Q1A Weiof et ookt Y 54
S E5) utul A5 9 A5t A 9l o]2]dh owmY o] Exfjst=tl, YA AT o] 7P Luts oz ARE
Bl S 2h25t 1 ofel 15 ukAlo] T AMIA A]AE] 1 it} o] mEolAE fAl gAHA ARl Mi-
[34,35]9F &1} 115 ¥HAlo] Microplotter [30,36]0]] croplotterg S7Jg}stal, Fu|o] FAF 42|, ] A
A @T ghars| RISPE] 1 QIc} Microplotters H-& & A 2] A5} g of] thsl| A 7)5FI o). Microplotter
A Holo] 9 AFRo] 7t=sto 24 7| & ok L& 71E Y3A 713 vlwsto] 10 pmo] W2 s e =
upAlo] C] ATIA A|AE] of L Hof Hol= shAFX 2] & AEARI HEH S e & 4 Qlok= Aol o &
Q1= Aol QIA|UF LA E £ Zxof 7z £9] o2 £A gk, Gt fAe 2] 7] ool Thekst ZotoflA]
& 2 gick= thAlo] 9ltt wabA Microplotter Al A g8 5 = AR 7HR| AL ol o] gy 9f FAY
goz2 oumAe S KPS 742 ofgf S o)A 7F55H < A gadxAer S B B2, ofo] 22 =l
3t PEE RS UFEojof YRS MEZ AG 4 9 o 435 29, #¥l 35 =Y st= Al BA=
[30]. o] ZojZIt}. 8 FAF Alofl= w7 MPof ot £
B ot pE YAl gAadA B 2 AH| 522 79 = o} 2h4(400~700 KHz)7t o] 8=th= 7o) ot
o] 2 FYsA £Ash= 7]50] ojA URHARI A5 A A, A Al BY =0l EAF S0 22 il
120} &2 ol &1t A2 So] wALSH owmY Hr52 246 U8 A Ag T & Qo) A=
El5tA L} o7} o2 mHo) AttaAlo g melelo] TAF &7 5SS, BAF ST LEHAE A F0]
7}5-51c} [37]. Microplotter E35F A|3HAI Q1 & 745}0]) EoUaL, AT A] Opo] 22 mj3l0] Hol7f w35
A wAteH= 120 e nYE o] 7H55tH, ojnf 4 uf S A S7tol Wt A Zo] wra A F7tsh= o] o
o]3.2 o]uo] Hetr T}y @ LEICH[30] o o7l 59 2|Astd A2 B Ao T2t



392

2z PaE 4 Uk 2
A ARLS o] 83 G

QF ool A 2] &

&3]} Microplotter
3 wpAlo] meAE)7} oo
71t gt

==

ORCID

Sunyoung Sohn https://orcid.org/0000-0002-5543-627X

A2l 2

73S AR (8] A AALR)
HNRF-2022R1F1A1074752) @ AR o st
o o]sto] a7 A Antel.

= o)
i

41
Mo re

s

o
st

2

:TL

Al

e 2 rio

REFERENCES

[1] A.Baptista, F.J.G. Silva, J. Porteiro, J. L. Miguez, G. Pinto, and
L. Fernandes, Proc. Manuf., 17, 746 (2018).
doi: https://doi.org/10.1016/j.promfg.2018.10.125

[2] S. Shahidi, B. Moazzenchi, and M. Ghoranneviss, Eur. Phys. J.
Appl. Phys., 71, 31302 (2015).
doi: https://doi.org/10.1051/epjap/2015140439

[3] W.J.Lee, W.T. Park, S. Park, S. Sung, Y. Y. Noh, and M. H.
Yoon, Adv. Mater., 27, 34 (2015).
doi: https://doi.org/10.1002/adma.201502239

[4] G.R. Bhimanapati, D. Kozuch, and J. A. Robinson, Nanoscale,
6, 11671 (2014).
doi: https://doi.org/10.1039/c4nr01816h

[S1 Z.W. Zhong, Mater. Manuf. Processes, 36, 987 (2021).
doi: https://doi.org/10.1080/10426914.2021.1885709

[6] M. A. Shah, D. G. Lee, B. Y. Lee, and S. Hur, IEEE Access, 9,
140079 (2021).
doi: https://doi.org/10.1109/ACCESS.2021.3119219

[7]1 R.Parashkov, E. Becker, T. Riedl, H. H. Johannes, and W. Kow-
alsky, Proc. IEEE, 93, 1321 (2005).
doi: https://doi.org/10.1109/JPROC.2005.850304

[8] B. Bao, J. Sun, M. Gao, X. Zhang, L. Jiang, and Y. Song, Na-
noscale, 8, 9556 (2016).
doi: https://doi.org/10.1039/C5NR09239F

[9] P. F. Moonen, 1. Yakimets, and J. Huskens, Adv. Mater., 24,
5526 (2012).
doi: https://doi.org/10.1002/adma.201202949

[10] H. Zhang, S. K. Moon, and T. H. Ngo, Int. J. Precis. Eng. Manuf.
Green Technol., 7, 511 (2020).
doi: https://doi.org/10.1007/s40684-019-00139-9

[11] A.Nathan, A. Ahnood, M. T. Cole, S. Lee, Y. Suzuki, P. Hiralal,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 4, pp. 382-393, July 2024: Kang et al.

F. Bonaccorso, T. Hasan, L. Garcia-Gancedo, A. Dyadyusha, S.
Haque, P. Andrew, S. Hofmann, J. Moultrie, D. Chu, A. J.
Flewitt, A. C. Ferrari, M. J. Kelly, J. Robertson, G.A.J. Amara-
tunga, and W. I. Milne, Proc. IEEE, 100, 1486 (2012).

doi: https://doi.org/10.1109/JPROC.2012.2190168

R. F. Pease and S. Y. Chou, Proc. IEEE, 96, 248 (2008).

doi: https://doi.org/10.1109/JPROC.2007.911853

R. R. Sendergaard, M. Hosel, and F. C. Krebs, J. Polym. Sci.,
Part B: Polym. Phys., 51, 16 (2013).

doi: https://doi.org/10.1002/polb.23192

S. Khan, L. Lorenzelli, and R. S. Dahiya, /IEEE Sens. J., 15,
3164 (2015).

doi: https://doi.org/10.1109/JSEN.2014.2375203

K.K.B. Hon, L. Li, and 1. M. Hutchings, CIRP Ann., 57, 601
(2008).

doi: https://doi.org/10.1016/j.cirp.2008.09.006

B. Derby, Annu. Rev. Mater. Res., 40, 395 (2010).

doi: https://doi.org/10.1146/annurev-matsci-070909-104502

X. Du, S. P. Wankhede, S. Prasad, A. Shehri, J. Morse, and N.
Lakal, J. Mater. Chem. C, 10, 14091 (2022).

doi: https://doi.org/10.1039/D2TC02511F

P. Calvert, Chem. Mater., 13, 3299 (2001).

doi: https://doi.org/10.1021/cm0101632

B. Panreck and M. Hild, Int. Scholarly Sci. Res. Innovation, 12,
678 (2018).

doi: https://api.semanticscholar.org/CorpusID:53647136

T. Holeman, Master’s Thesis, The Systematic Approach to Mi-
croplotter Printing of Perovskite Precursors, p. 1-96, Ohio Uni-
versity, Athens (2018).

M. Ferrari, S. Dalola, V. Ferrari, G. Cordaro, C. Cristiani, and
G. Dotelli, Procedia Eng., 168, 1196 (2016).

doi: https://doi.org/10.1016/j.proeng.2016.11.409

A. Rohit, Master’s thesis, Optimization and Characterization of
a Capillary Contact Micro-Plotter for Printed Electronic De-
vices, p. 1-105, Ohio University, Athens (2017).

Y. Fang, H. Zou, S. Peng, G. Dong, and M. M. Tentzeris, ACS
Appl. Electron. Mater., 5, 4157 (2023).

doi: https://doi.org/10.1021/acsaelm.3c00428

D. Chester, P. Theetharappan, T. Ngobili, M. Daniele, and A. C.
Brown, ACS Appl. Mater. Interface, 12, 47309 (2020).

doi: https://doi.org/10.1021/acsami.0c15056

Y. Kim, W. Sim, C. Park, Y. Yoo, J. Joung, and Y. Oh, 2006 1st
IEEE International Conference on Nano/Micro Engineered and
Molecular Systems (IEEE, Zhuhai, China, 2006) p. 826-831.
doi: https://doi.org/10.1109/NEMS.2006.334905

B. H.Kim, T. G. Kim, T. K. Lee, S. Kim, S. J. Shin, S. J. Kim,
and S. J. Lee, Sens. Actuators, A, 154, 132 (2009).

doi: https://doi.org/10.1016/j.sna.2009.05.021

A. C. Taylor, Ph.D. Thesis, Diamond for Stem Cell Biotechnol-
ogy, p. 1-200, University College London, London (2016).



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 4, pp. 382-393, July 2024: Kang et al.

(28]

[29]

[30]

(31]

(32]

[33]

B. J. Larson, S. D. Gillmor, and M. G. Lagally, Rev. Sci. In-
strum., 75, 832 (2004).

doi: https://doi.org/10.1063/1.1688436

N. P. Simonenko, N. A. Fisenko, F. S. Fedorov, T. L. Simo-
nenko, A. S. Mokrushin, E. P. Simonenko, G. Korotcenkov, V.
V. Sysoev, V. G. Sevastyanov, and N. T. Kuznetsov, Sensors,
22,3473 (2022).

doi: https://doi.org/10.3390/s22093473

Y. Ge, Ph.D. Thesis, Printed Charge Storage Capacitor, p. 1-
120, Technische Universitit, Dresden (2017).

Sonoplot®, Printing Lines of Nanometallic Ink for Conductive
Electronic Traces (2016).
https://www.sonoplot.com/nanometallic-ink

Sonoplot®, Spotting DNA at a High Resolution for Microarray
Fabrication (2016).
https://www.sonoplot.com/spotting-dna-at-a-high-resolution-
for-microarray-fabrication

Sonoplot®, Spotting Proteins for an ELISA-Type Microarray

[34]

[35]

[36]

[37]

393

Assay (2016).
https://www.sonoplot.com/spotting-proteins-for-an-elisatype-
microarray-assay

M. Wajahat, S. Lee, J. H. Kim, J. Ahn, H. H. Sim, J. H. Kim, J.
Bae, S. H. Kim, J. Pyo, and S. K. Seol, Addit. Manuf., 60,
103249 (2022).

doi: https://doi.org/10.1016/j.addma.2022.103249

J. Balaban and T. Blecha, 2022 45th International Spring Semi-
nar on Electronics Technology (ISSE) (IEEE, Vienna, Austria,
2022) p. 1-5.

doi: https://doi.org/10.1109/ISSE54558.2022.9812794

A. Molazemhosseini, L. Magagnin, P. Vena, and C. C. Liu, J.
Electroanal. Chem., 789, 50 (2017).

doi: https://doi.org/10.1016/j.jelechem.2017.01.041

L. Witczak, M. Chrzanowski, P. Sitarek, M. Lysien, and A. Pod-
horodecki, ACS Omega, 8, 39217 (2023).

doi: https://doi.org/10.1021/acsomega.3c04601



