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ABSTRACT

The Biosensor biosensor pattern was developed by via an EHD (electro-hydro-dynamics (EHD) patterning
process that was performed under atmospheric pressure at room temperature in a single step. The drop
diameter was smaller than nozzle diameter and applied high viscosity conductive ink was applied in the EHD
patterning method to provide a clear advantage over the piezo and thermal inkjet printing techniques. The
Biosensor’s biosensor’s micro electrode pattern was printed by via a continuous EHD patterning method using
3three- type types of control parameters parameter (input voltage, patterning speed, nozzle pressure). High
viscosity (1000 cps) conductive ink with 75 wt% of silver nanoparticles was used for experimentation. The
incremental result of impedance of biosensor impedance was measured between the antibody (10 ugpg/ml) to
spore (0.1 ng/ml, 10 ng/ml, and 1 ugug./ml) reaction at frequency 493 MHz frequency.

Key Words : Biosensor(H}0| 2 MlA]), EHD Patterning(& 7|2} {E{'d), Micro Electrode (B|Ml F=), High
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Fig. 1 Schematic of EHD micro electrode patter
ning system
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Fig. 2 EHD patterning mode by input voltage form,
schematic of (a) DOD mode, (b) Contin uous jet
mode and 3D images of (c) DOD dot
pattern, (d) Continuous line pattern
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A= AZE9] A3= Fig 3 (a) S0um A= €
3} (b) Hlo] AIA TR AFZ JERHATE Fig 3
(b)) HPolAIME 50um AZe] AF AIFE AL
o2 R0%PE AA 53 HEHYSIY HF FA
200um= 9% M=o=2 FASAT

2.3 Jei{ uhetm shH & 33

I vhate] 2o A~ FEE ol g A3t
Fom, Table. 13 Zo] FAZTE 1500rpm7HA|
Ramp &2 F7HA171H 2183193, Fig. 4 (a) 3%
A SHZFA (b) 22 SAHEAAR BHAFa, WA
bol ZA4ghe 143 Q/em, BT d=o HEX H
< 149.1nm=Z =AU
B =EoA AFEE &S Plarvae®2 E¥ 9| ol
TR A AAFB : American foulbrood disease)do|
o} v FEAHAFA P. larvaes EHO HA AY
W AR A7 o 7P FAR Ao,
vt A= 19501 FEAGANA As )
Aok Y fFo] 7Y s, 4 Aol &
T HAE HrIsor & whE Yol Aste] niol
AME 27 TSt WA o] 83tr] g 7%
ATEA FAFS AAHSAT

v RAAE AT HES 913 Plavaed] SYF
& FAE Agsdien dedd PBS(
Phosphate-buffer saline pH 7.2)8H 0 =2 3]s} }.

3XFE P. larvae/PBSE 0.lug/ml, 10ng/ml,
lug/mlo] 31, &A1) 3]4] F %= 10ug/mio|Th

oo

P.lavaeT

— 125 —



nAES B Y 7leS ol &3 ol eAlA sd 7E ST AVE I A, A5, Aex

Fig. 4 AFM images of graphene coating result by
(a) 3D view and (b) 2D view

Table 1 Processing value of graphene coating by

spin coater

RPM Settling Time(Second)
1 0 10
2 500 10
3 1000 10
4 1500 60
5 0 3
Fdeo] ZHe I3 €S X4 (hydrophob

ic) ZEHI T wlo]maZ FIoE uE HA T
4C/24hr=2 71Z3}31, BSA(bovine serum albumin) S
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Fig. 5 Impedance of biosensor by frequency sweep
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Fig. 6 Impedance result of biosensor at frequency
493MHz
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Table 2 95% Confidential intervals of values of impedance
at frequency 493MHZz(Significant level = 0.05)

Mean Stapda}rd Lower Upper
deviation | 95% CI | 95% CI

1 933.34 60.94 898.16 968.53
2 | 1247.88 96.81 1191.99 | 1303.78
3 | 1747.83 27.22 1732.11 1763.55
4 | 1874.54 16.65 1864.92 | 1884.15
5 | 2102.75 48.48 2074.76 | 2130.75
6 | 2370.32 24.15 2356.38 | 2384.26
7 | 3259.26 187.98 3153.61 | 3364.91

o] wstgo] PBSE AR wH3-F

AET g

%4 9ot

3= lugml 9&
vpol 2 4] ]
of g FA =

_ﬁ_
t}. Table. 29 1&
S o

M

t7te| Bk ®

~
rlo

0.Ing/ml=} 10ng/miol A e] IE ] zfol =
£300 | Z | o]3t= W3yt \uIskA| T lugmlol A&
4500 | Z | 0)Fe] zpo]E Bl B =FEA A2

Hfol oM el AAT & Yt AE b A @

o FEE lugml2 f5 & 5 Sl

€ 43 2= AAY A e ol8%
PRS0 AztE bpoledlMe] SH2 54
oA YRS FHste] FA-FA e =
AT F AWSES ZHa, FAZE gl vl kg
& Hos d& 7hfR dud s wkee Tl F
vl #dE AET 7 Y5S Bt

4. 8 £

vl @AM = M, T Sol Holuh AARte.
2 s Aue A9 5 Q) wwel] w3
A& 7HA AL Aok B3 o 3h Fopnt ozt &

[k
i
Iy
v
it
o
N
I

5o oplis B3 ¢
LS AR, AHA 1)

SAAA A 5ol N ofok

% Rl oop e

o rr O

o e
i

L o

o 9

)
Ir
=
)
b
1
o
)
N
L

=z
29

it é;—% ofd
(HU
i <&
i)

ey
9
ox ofpo ot
o
&

[>

o 2
il Ay
)
o
fu
L
XN
et

=

ox
rlo
ox
2
2
Y
N
N
N
N
o
e
IS
(L
2,
S
o
oX

:(g‘
-
o
i3
o
b
oy

bt
i1/
>
2
rr
)
N
)
Lo
)
oft
o

> to fo & ¢

K
o
o

o
— 0]

©
oy I
=
g
o M
® =
S
to
2,
>
N
N

Lo

ol oX

4o X
r

=

Mr 4

o
N
e
[‘IF mﬂ,
e = o
=
X
i
N
N
0
o
EN
HE
)
o

i)
2
oS
o

ok
o £
M 2 ok
i ot
2
- &

oy b
mfli
SN

S

o
P
)
oy
ol
N
o
e

go

8o Ay o x> oo o X fo
(L
=
N
ol
o

o] E=EL 2016U% W= A% (v =8t
B Loz FdxATAES] AL (No. NRF-20
14R1A2A1A01007699) 201495 BR(-SH)2 A
Aoz FFATFATG 7 Z2ATAYL Y& o}
38 AFA(No. 2014R1A6A3A01058628).

REFERENCES

1. “Biosensor Industry Trends”, Korea Electronics
Asso ciation, 2007

2. Cui Y, Wei Q, Park H, Lieber CM, “Nanowire

for

Nanosensors highly sensitive and selective



nAES B Y 7leS ol &3 ol eAlA sd 7E ST AVE I A, A5, Aex

detection of biological and chemical species”,
Science, Vol. 293, pp.1289-1292, 2001

3. Kim, G, Mun JH, Om AS, “Nano-particle enhanc
ed impedimetric biosensor for detection of foodb
orne pathogens”, Jorunal of Physics, Vol. 61,
pp.555-559, 2006

4. Ko, S, Grant SA, “A novel FRET-based optical
fiber biosensor for rapid detection of salmonella
typhimurium”, Biosen, Bioelectron, Vol. 21,
pp-1283-1290, 2006

5. Pal SE, Alocilja EC, Downes FP, “Nanowire
labeled direct charge trancducer biosensor for
detecting Bacillus species, Biosen”, Bioelectron,
Vol. 22, pp.2329-2336, 2007

6. K. Rahman, et. al,, “Fine-resolution patterning of
copper nanoparticles through electrohydrodynamic
jet printing”, Journal of Micromechanics and
Microengineering, Vol. 22, No. 6, 065012, 2012

7. S. Lee, D. Byun, S. J. Han, S. U. Son, Y. J.
Kim, H. S. Ko, “Electrostatic Droplet Formation
and Ejection of Colloid”, 2004 MHS, 2004

8. Rayleigh, L., “On the Equilibrium of Liquid
Conducting Masses Charged with Electricity”,
Phil. Mag., Vol 14, pp 184-186, 1882

9. Zeleny, J., “The Electrical Discharge from Liquid
Points, and a Hydrostatic Method of Measuring
the Electric Intensity at Their Surfaces”, Physical
Review, Vol. 3, Issue 2, pp. 69-91, 1914

10. Taylor, G. 1., “Disintegration of Water Drop in
an Electric Field”, Proceedings of the Royal
Society of London. Series A, Mathematical and
Physical Sciences, Vol. 280, Issue 1382, pp.
383-397, 1964

11. Lee, Dae-young, Shin, Yun-soo, Park, Sung-Eun,
Yu, Tae-U, Hwang, Jungho, “Electrohydrodynamic
Printing of Silver Nanoparticles by Using a
Focused Nanocolloid jet”, Applied Physics
Letters, Vol. 19, pp. 90-92, 2007

12. Hakiai, K. Ishida, Y. Matsuzaki, K.Baba, A,
Asano, T, “Electrostatic Droplet Ejection Using
Planar Needle Inkjet Head”, Japanese Jorunal of

Applied  Physics,
5781-5785, 2005
13. Joffre, C., Prunet-Foch, B., Berthomme, S., and
Cloupeau, M., “Deformation of Liquid Meniscus
Under the Action of an Electric Field”, Journal

of Electrostatics, Vol. 13, No. 151, 1982

14. Ko, J. B, Kim, H. C., Dang, H. W., Yang, Y.
J.,, Choi, K. H.,, Doh. Y. H., “Implementation of
High Performance Micro Electrode Pattern Using

Vol. 44, No. 7B, pp.

High Viscosity Conductive Ink Patterning
Technique”, Journal of the Korean Society for
Precision Engineering, Vol. 31, No. 1, pp.83-90

15. A. Jaworek, A. Krupa, “CLASSIFICATION OF
THE MODES OF EHD SPRAYING”, Jorunal of
Aerosol Science, Vol. 30, No. 7, pp. 873-893,

1999

— 128 —





