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Fabrication of Flexible Temperature & Humidity Sensor Using Inkjet-printing Technology

Ji Won Kye?, Dong Cheul Han', Han Jae Shin', HeonGon Kim', and Wanghoon Lee""

Abstract

This paper presents the inkjet-printed flexible temperature and humidity sensor(F-TH sensor) using PEDOT:PSS. The series, mesh
and parallel type sensing element using PEDOT:PSS ink was printed on the overhead projector(OHP) film. The fabricated sensor of
each structure has the temperature sensitivity of 140 Q/°C, 29 Q/°C and 1.4 Q”°C with linearity, respectively. Also the fabricated sensor
was not only possible to measure a temperature, but also to detect humidity. The humidity sensitivity of 400 Q/%RH, 3.4 Q/%RH and
3 Q/%RH with linearity, respectively. The fabricated F-TH sensor is expected for the various applications such as electronic devices,

bio-healthcare, industrial field.
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Fig. 1. Structure of flexible sensor. (a) Series type, (b) Mesh type, (c)
Parallel type, (d) Cross sectional view.

Fig. 2. Fabrication of flexible temperature & humidity sensor.
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Table 1. comparison of temperature characteristic of structure of
flexible sensor.
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Fig. 5. Humidity-Resistance graph of flexible sensor. (a) Series type,
(b) Mesh type, (c) Parallel type.

Table 2. comparison of humidity characteristic of structure
of flexible sensor

Type 4 A 5h=]
=24 A o= 19.5~20°C 19.5~20°C 19.5~20°C
=2 £x¥We 30~80 %RH 30~80 %RH 30~80 %RH

#] 3} 3} 1.09~1.12 MQ 4.42~447 kQ 1.06~1.24 kQ
= 400 CY/%RH 3.4 Q/%RH 3 QY/%RH
A 96.8% 94.0% 99.3%

= 4.42~4.47kQ2] B otollA 3.4 QrCY TEZ 94.0%2
APAFL 7HAH AP, HETRE 1.06~1.24 kQo] H9]
Skl 3 QrCe] AEE 99.3%2] AFAS 7Y AT
ol AEA}F oM B Baje] 520 = Q) polythiophene
Al &2k B0 & FFE IRl AL Z[21], AEA] W
& 229} HZ Al thiophene 7% 9] sulfur ¥ A= 0, YA+
7} acceptor 2] dopantZ 2H-8-3l= AL &35t} O,M=
2 JEAR] AL olF3t Ax, aEAke] 7Rt ¥l
ZHhole)o] FEA o2 A7|A =31, 2= s) H=2n] HY
CSEeE 0,9] Fo] BeldFE 7z 9] W
R O & Wolx|a 12 QIS 2w gdo] & vrol
O tS B Y A Aot AR HEE
71ekc}[23-25]. PEDOT:PSSE & ® sl tiaxx -85
Aol 7] whitel[26], FH 5o =4S 7 HHAEE
2 Al A el ol of et AawistE WA sk S8 W3
& o] 7)ol 744 % 9 (sensing area)©] Z 8. 3lt}. spA] W
Aol JAA ZHYS o]&ste] 1A FHo] mAg
3712 A= 7Fsete] el tigh A gmste] st 7Hsst
T}, Table 20| A= 2 722 A2 FAA AA Y] Fmo w

= [e] &
2 545 2ot

.

57

(Y

Moo o

o

)
SLomd off rlo ok

-

B>

A

e Rz orr o e

J. Sensor Sci. & Tech. Vol. 24, No. 2, 2015



1441
4.4 B
E AFors I Y 7HS o] 8sle] AE 9ol &

FEIA B AT Q3 fAA 2 - FEAME AFF
o} A AE A 7138S OHP &S AMgdlon, Py f7)uk
=4 A1F2] PEDOT:PSS Y=E o]gsle] &, wA] HE 7
Zo] A5 Y Y 2= B4 Ay A, 9 IddS
a3} 37] S8l "t At AME 222 Hsll wet
7} 2 E2 140 QFC, 29 QFC, 1.4 QFCY =S A= E
AL Je e, 7} 96.9%, 99.2%, 98.7%2] AHAL &H st
I Qo] LA ZA 8 FRAEAS 7Rl AL It
VS FE9) Wl 7 2 HE 400 QFC, 3.4 Q°C, 3Q,C
o] =2 X E EAS e oH, ZF 96.8%, 93.9%, 99.3%
o] AYPAF S B FRAMEANE 53 FIEAFS 7= A
< Rl 2 AME PRYAL I BYoE a8 &
£ WA Al 2heE g7 A&3 2 AR 3
g Ago] A gfo] kgt o] o], ARV, 9= - vt
o, THAF 59| gkt Rofol|2] Hgo] 7t}

REFERENCES

[1] J. H. Lee, D. Yang, S. Kim and I. Park, “Stretchable strain
sensor based on metal nanoparticle thin film for human
motion detection & flexible pressure sensing devices”, proc.
Of IEEE conf. on Solid-State Sensors, Actuators and Micro-
systems (TRANSDUCERS & EUROSENSORS XXVII), pp.
2624-2627, Barcelona, 2013.

H. Kudo, T. Sawada, E. Kazawa, H. Yoshida ,Y. Iwasaki,
and K. Mitsubayashi, “A flexible and wearable glucose sen-
sor based on functional polymers with Soft-MEMS tech-
niques”, Biosens. Bioelectron., Vol. 22, pp. 558-562, 2006.
I. Manunza, A. Sulis, and A. Bonfiglio, “Organic semi-
conductor field effect transistors for unconventional appli-
cations: flexible sensors and wearable devices”, Proc. Of
International Workshop on Wearable and Implantable Body
Sensor Networks, pp. 3-5, 2006.

H. Takao, M. Miyasak, H. Hara, A. Miyazaki, T. Kodaira,
S. W. B. Tam, S. Inoue, and T. Shimoda, “Flexible semi-
conductor devices: Fingerprint sensor and electrophoretic
display on plastic”, Proc. Of IEEE conf. on the 34" Euro-
pean Solid-State Device Research, pp. 309-312, 2004.
H. Dobrinski, M.Wilkens, W. Benecke, and J. Binder,
“Flexible microfluidic-device-stamp-system with integrated
electrical sensor for real time DNA detection”, Proc. Of
IEEE conf. on Microtechnologies in Medicine and Biology,
1st Annual International, pp. 33-35, 2000.

R. Liang and Q. M. Wang, “Pulse pressure sensor based on
flexible PZT thick-film composite device”, Proc. Of IEEE
conf. on International Ultrasonics Symposium, pp. 1559-
1562, 2014.

[7] A. Traille, A. Coustou, H. A. CNRS, LAAS, S. Kim, J.

(2]

3]

(4]

[5]

[6

—_

J. Sensor Sci. & Tech. Vol. 24, No. 2, 2015

122

Ji Won Kye, Dong Cheul Han, Han Jae Shin, HeonGon Kim and Wanghoon Lee

Kimionis, and M. M. Tentzeris, “Novel inkjet printed mod-
ules for sensing, radar and energy harvesting applications”,
Proc. Of IEEE conf. on European Microwave Conference,
pp-1-4, 2014.
S. Kim, A. Traille, H. Lee, H. Aubert, K. Yoshihiro, A.
Georgiadis, A. Collado, and M. M. Tentzeris, “Inkjet-
printed sensors on paper substrate for agricultural appli-
cations”, Proc. Of IEEE conf. on European Microwave
Conference, pp. 866-869, 2013
S. Y. Yoon, Y. Lee, G. S. Choi, S. H. Baek, and H. S. Chang,
“Electricity Pattern Print of PCB by Inkjet Print-Head”,
Proc. Of IEEE Conf. on Electrical Machines and Systems,
pp. 1729-1732, 2010.
S.Y. Yoon, G S. Choi, S. H. Baek, and K. Yong, “Ink Drop-
let Control of Piezoelectric Head Micro Pattern Printing
System of FPCB”, Proc. Of IEEE Conf. on Electrical
Machines and Systems, pp. 1708-1710, 2007.
B. T. Shao, Q. Chen, Y. Amin, J. Hllstedt, R. Liu, H. Ten-
hunen, and L.-R. Zheng, “Process-dependence of inkjet
printed folded dipole antenna for 2.45 GHz RFID tags”,
Proc. Of IEEE Conf. on Antennas and Propagation, pp.
2336-2339, 2009.
U. Kim, Y. Choi, and J. Choi, “Design of a Loop Antenna
with Stubs for RFID Tag”, Proc. Of IEEE Conf. on Anten-
nas and Propagation Society International Symposium, San
Diego, CA, 2008.
S. F. Chen, C. H. Huang, J. P. Lu, M. X. Chan, and H. P. D.
Shieh, “IER Film and inkjet printing method for full-color
transflective cholesteric LCD”, J. Display Technol., Vol. 1,
No. 2, pp. 225-229, 2005.
M. Singh, H. M. Haverinen, P. Dhagat, and G. E. Jabbour,
“Inkjet Printing-process and its applications”, Adv. Mater.,
Vol. 22, No. 6, pp. 673-685, 2010.
[15] P. Calvert, “Inkjet printing for materials and devices”,
Chem. Mater. Vol. 13, pp. 3299-3305, 2001.
[16] J. Vaillancourt, X. Lu, X. Han and D. C. Janzen, “High-
speed thin-film transistor on flexible substrate fabricated at
room temperature”, Electron. Lett, Vol. 42, No. 23, pp.
1365-1366, 2006
S. H. Ko, J. Chung, H. Pan, C. P. Grigoropoulos and D.
Poulikakos, “Fabrication of multilayer passive and active
electric components on polymer using inkjet printing and
low temperature laser processing”, Sens. Actuators, A, Vol.
134, pp. 161-168, 2007.
S. Seethamraju, A. D. Rao, P. C. Ramamurthy, and G
Madras, “Layer-by-layer assembly of nafion on surlyn with
ultrahigh water vapor barrier”, Langmuir, pp. 14606-14611,
2014.
S. Seethamraju, P. C. Ramamurthy, and G Madras,
“Organic passivation layer on flexible surlyn substrate for
encapsulation organic photovoltaics”, Appl. Phys. Lett., No.
105, pp. 104102, 2014.
G. N. Kopanati, S. Seethamraju, P. C. Ramamurthy, and G.
Madras, “Water vapor barrier material by covalent self-
assembly for organic device encapsulation”, Ind. Eng.
Chem. Res., No. 53, pp. 17894-17900, 2014.
W. A. Daoud, J. H. Xin, and Y. S. Szeto, “Polyethylene-
dioxythiophene coatings for humidity, temperature and

(8]

9]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]



Fabrication of Flexible Temperature & Humidity Sensor Using Inkjet-printing Technology 1451

strain sensing polyamide fibers”, Sens. Actuators, B, Vol.
109, pp. 329-333, 2005.

[22] A.Elschner, PEDOT : principles and applications of an
intrinsically conductive polymer, Boca Raton, FL : CRC
Press, 2011, ch.2, pp.21-30.

[23] 0. Tourlllon and F. Garnier, “Effect of Dopant on the Phys-
icochemical and Electrical Properties of Organic Conduct-
ing Polymers”, J. Phys. Chem., Vol. 87, pp. 2289-2292,
1883.

[24] S. Hoshino, M. Yoshida, S. Uemura, T. Kodzasa, N.
Takada, T. Kamata, and K. Yase, “Influence of moisture on
device characteristics of polythiophene-based field-effect

123

[25]

[26]

transistors”, J. Appl. Phys., Vol. 95, No. 9, pp. 5088-5094,
2004.

C. Lu and H. Meng, “Hole doping by molecular oxygen in
organic semiconductors: Band-structure calculations”, Phys.
Rev. B: Condens. Matter, Vol. 75, pp. 235206 , 2007.
P. C. Wang, W. K. Lin, S. Y. Hung and H.-J Lu, “Pressure-
dependent Variable Resistors Based on Porous Polymeric
Foams with Conducting Polymer Thin Films in situ Coated
on the Interior Surfaces”, proc. Of IEEE conf. on Micro-
systems, Packaging, Assembly and Circuits Technology
Conference, pp.63-66, 2011.

J. Sensor Sci. & Tech. Vol. 24, No. 2, 2015



