Polymer(Korea), Vol. 36, No. 2, pp. 169-176
http://dx.doi.org/10.7317/pk.2012.36.2.169

AMSEoZ M=

O15Ig - TN’

SR viente] @ o) st
011 79 64 H4, 2011 8¥ 17Y 44, 82 20 AjHH)

The Effect of Electrode Pattern on the Humidity-sensing Properties of the Resistive

Humidity Sensor Based on All-printing Process

Hee-Yong Ahn and Myoung-Seon Gong'
Deparment of Nanobiomedical Science and WCU Research Center of Nanobiomedical Science, Dankook University,
Chungnam 330-714, Korea
(Received July 6, 2011; Resived August 17, 2011; Accepted August 20, 2011)

AR FrAlM o] RS flste] 239 A 22 glass epoxy(GE) 714 919l 33 7 o] 29} 1 Apo] o] 71
TE oy 7k ol EF 9] 5 A S5 A xSt A5 7124 Fxe B FUF3,4 R 55 7}X]‘11 s
7—!’—]’310-‘4’460p.m°]‘:]' 1SS 2] 2o & U Ho]|2ER AF el S sty A% /_HOiCu Ni 2 Au
A =aS X8t Xﬂ_LO}"jF]- 54 2EA A A [2-(methacryloyloxy)ethyl] dimethyl benzyl
ammonium chloride(MDBAC)Z} methyl methacrylate(MMA)«] g%ghﬂ S AFgsl o 239 ol WhHo R
Au A =/GE 714 Sl A 3A . o] FA A Z2E F= AlM Y 20-95%RH P ] Fuls= ol 21 O‘J]‘ﬂ’\ I
g Zo| A F& F S BT o Ol-/lEﬂﬂ}‘]-—\_ 1.5%RH ©]st & 75%¢] $H % 3|5 L5 B3t
AFe] Fxe AR AYE FEAAM O 54 & &S nIAH A2 37—'?:%}94' A5 Aol o] &2 3t o
YA, SEEA, A, AA4 3 O]AH]E]"V\-"} 2 2554 59 Aol & Bl AL 53] o] 9] o]
st G oA B 2% o]z’ﬂoﬂ 2 TS A

i D N P
UFIOEJHII

Abstract: Based on our experience in developing resistive humidity sensor, interdigital gold electrodes with different
fingers and gaps have been fabricated on a glass epoxy (GE) substrate using screen printing techniques. The basic
structure of the electrode consisted of a 3-, 4- and 5-fingers with gaps of 310 and 460 um. Gold electrode/GE was
prepared by first printing silver nanopaste, followed by consecutive electroless plating of Cu, Ni and then Au. Copolymer
of [2-(methacryloyloxy)ethyl] dimethyl benzyl ammonium chloride (MDBAC) and methyl methacrylate (MMA) was
used as a humidity-sensing polyelectrolyte, which was fabricated by a screen printing method on the Au electrode/GE substrate.
The flexible humidity sensor showed acceptable linearity between logarithmic impedance and relative humidity in the
range of 20-95%RH, low hysteresis of 1.5%RH, good response and recovery time of 75 sec at 1 V, 1 kHz, and 25°C.
Electrode construction had a significant influence on the humidity-sensing characteristics of polymeric humidity sensors.
The activation energy between electrode and ion conducting polyelectrolyte plays an important role in explaining the
differences of humidity sensing characteristics such as temperature dependence, sensitivity, linearity and hysteresis.
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Figure 1. Photos of 6 interdigital gold electrodes with different fingers
and gap on the GE substrate prepared by silk-screen printing tech-
nique; (a) 3 fingers with 310 um of gap; (b) 4, 310; (¢) 5, 310; (d) 3,
410; (e) 4, 410; (f) 5, 410.

CHs CHs
H,C=C * He=q
/C=O Cc=0
/
O\ o\
H C/CHZ CH3
K aT
\+
/N\ CHs MMA
e
MDBAC
PG/ THMP/MECH

AIBN, 65°C, 24 h

0 o
\ \
CH, CH,
HoC -
P
—Llh3
HSC/ \CH2_©
x/'y =70/30

Scheme 1. Preparation of humidity-sensitive polyelectrolyte copoly-
mers.
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Figure 2. Impedance changes of humidity sensors obtained from

MDBAC/MMA = 70/30 polyelectrolyte ink at 25 °C, 1 kHzand 1 V;
(H) 12 um, (@) 8 um, and (A) 6 um.
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Figure 3. Relative humidity dependence of the impedance of humidity sensors obtained from an electrode with (a) 4 fingers and a gap of 310 pum;
(b) 4 fingers and a gap of 410 um at 1 kHz and 1 V.

Table 1. Performance of Flexible Humidity Sensor with Different Electrode Finger on GE Substrate

Electrode gap(um) 310 410
Properties 3 4 5 3 4 5
Temperature Coefficient(%RH/°C)* —0.53+0.01  -0.50+0.01  —0.49+0.01  —0.55+0.02  —0.53+0.02  —0.51+0.02
Linearity” —-0.990 —0.990 —0.989 -0.991 —0.991 —0.990
Sensitivity(logQ/%RH)* 0.0470 0.0466 0.0462 0.0478 0.0475 0.0468
Response time(sec) 7542 7542 T7+2 762 7542 7542
Hysteresis(%oRH)“ -1.4 -1.4 -1.5 -1.5 -1.4 -1.5
Working range 20-95%RH

“The temperature coefficient was measured between 5 and 45 °C. The standard deviation was obtained by extraction in five replicates.

*The linearity was shown as the correlation coefficient without temperature compensation.

“The sensitivity was defined as the slope of the logarithmic impedance vs. relative humidity plot in the range 20-95%RH.

“The differences between humidification and desiccation process in the range of 20-95%RH. The standard deviation was obtained by extraction
in five replicates.
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Figure 4. Temperature dependence of the impedance of humidity sen-
sors obtained from an electrode with 4 fingers and a gap of 310 um
between 10 and 65 °C at 1 kHzand 1 V.
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Table 2. Aactivation Energy for Conduction of the Sensors
Fabricated on GE Substrate with Different Finger and Gap

Activation energy(eV)

Ga
Finger P 310 410
RH (%) 3 4 5 3 4 5
30 0.537 0.512 0.482 0.551 0.580 0.521
50 0.474 0.443 0.412 0.498 0.540 0474
70 0.428 0.411 0.383 0.453 0.484 0.414
90 0.367 0.331 0.312 0.389 0.446 0.363
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Figure 5. Hysteresis characteristics of the humidity sensor obtained
from the gold electrode with 4 fingers and a gap of 310 um on the
glass epoxy substrate at 25 °C, 1 kHz, and 1 V.
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Figure 6. Response time of the humidity sensor obtained from
MDBAC/MMA = 70/30 at 25 °C on the electrode with 4 fingers and a
gap of 310 pum.
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