TRANSACTIONS ON ELECTRICAL AND ELECTRONIC MATERIALS
Vol. 18, No. 6, pp. 330-333, December 25, 2017

Regular Paper

pISSN: 1229-7607 elSSN: 2092-7592

DOI: https://doi.org/10.4313/TEEM.2017.18.6.330

OAK Central: http://central.oak.

Structural and Electrical Properties of CoMn,, O, Ceramics
for Negative Temperature Coefficient Thermistors

Kyeong-Min Kim, Sung-Gap Lee', and Min-Su Kwon

Department Materials Engineering and Convergence Technology, Engineering Research Institute,

Gyeongsang National University, JinJu 52828, Korea

Received June 9, 2017; Accepted July 21, 2017

CoMn, 0, (1.48<x<1.63) ceramics were fabricated using the solid-state reaction method. Structural and electrical

properties of specimens based on the composition ratio of Co were observed in order to investigate their applicability in
NTC thermistors. All specimens showed a single spinel phase with a homogeneous tetragonal structure. The Co, ;;Mn, ,;0,

specimen showed a maximum average grain size of approximately 6.47 pm. In all specimens, TCR properties displayed
excellent characteristics of over -4.2%/°C. The resistivity at 298 K and B-value of the Co, ;;Mn, ,,0, specimen were

approximately 418 Q-cm and 4300, respectively.
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1. INTRODUCTION

The transition metal manganite M,Mn, O, has an AB,O, spinel
structure in which a M* ion is present in the tetrahedral A-site and
a Mn*' ion is distributed in the octahedral B-site, and has been
studied for a long time as an NTCR (negative temperature coefficient
of resistance) thermistor material where resistance changes with
temperature [1]. Recently, applications of these passive components
have expanded to various fields such as temperature measurement
and circuit compensation devices in the aerospace industry, in
addition to the automobile and medical fields. The electrical
conduction phenomenon of transition metal manganite ceramics
is attributed to the hopping conduction mechanism caused by an
electron jump between Mn’* and Mn** ions located at the octahedral
sites. As some of the M** ions are located in octahedral sites, some of
the Mn”" ions are ionized to Mn** to maintain electrical neutrality [2].
Generally, electrical resistivity strongly depends on the composition
and structural characteristics of such oxides, because the electrical
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characteristics are influenced by the distribution of the cations at
the two sites, tetrahedral and octahedral, of the spinel structure. In
this study, cobalt manganite Co,Mn, O, ceramics were fabricated in
order to improve the resistivity and temperature-sensitive resistance
characteristics at approximately room temperature. The structural
and electrical properties were measured to investigate the possibility
of their application in NTC thermistor devices.

2. EXPERIMENTS

In this study, Co,Mn, 0, (1.48<x<1.63) ceramics were fabricated
by the solid-state reaction method using high-purity Co,0, (Aldrich,
99%) and Mn,0O, (Aldrich, 99%) powders as starting materials. Each
sample was weighed according to the composition formula, and
then mixed and ground with ethyl alcohol as the dispersion medium
for 24 hours using zirconia balls. The mixed powders were calcined
at 900 C for 2 hours and an organic binder (3 wt%) was added. The
specimens were sintered at 1,200 C for 12 hours, and slowly cooled
to 800C, held for 10 min, and then quenched to room temperature.
The structural properties based on the Cu ion composition ratio were
analyzed by X-ray diffraction (XRD) and field-emission scanning
electron microscopy (FE-SEM). To measure the electrical properties,
Ag electrodes were attached to the surface of the thick films by the
screen-printing method. Electrical resistance was measured with an
electrometer (Keithley 6517A, USA) from -10C to 60°C.
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PN Trans. Electr. Electron. Mater. 18(6) 330 (2017): K. M. Kim et al.

3. RESULTS AND DISCUSSION

Figure 1 shows the DTA-TG thermal analysis of Co, 4, Mn, ,,0,
powder. An exothermic peak accompanied by a mass reduction
was observed at approximately 200 C, which is attributed to the
combustion of water and organic materials. The mass changes in the
range of 400~900C are due to the oxidation and reduction of Mn*"
ions into Mn** and Mn"* and/or Co*" into Co"™ [3,4]. It is considered
that the small exothermic peak accompanied with the mass loss at
approximately 1,000 C is due to the formation of the stoichiometric
spinel phase, Co,Mn, ,0,.

Figure 2 shows the X-ray diffraction patterns of Co,Mn, O,
specimens. All specimens displayed a single phase tetragonal spinel
structure and changes in the XRD patterns based on Co composition
were not observed.

Figure 3 shows the surface microstructure of Co,Mn, O,
specimens as a function of Co composition. All specimens displayed
a relatively dense microstructure, and dependence of average grain
size on Co composition ratio was not observed. The Co, ;;Mn, ,;0,
specimen showed a maximum average grain size of approximately
6.47 pm.

Figure 4 shows the electrical resistance based on Co composi-
tion and the temperature of Co,Mn,, 0O, specimens. All specimens
displayed typical NTCR characteristics, where resistance exponen-
tially decreases with an increase in temperature, and exhibited excel-
lent NTCR properties of greater than -4.2%/ C.

Figure 5 shows the resistivity at 298K of Co,Mn, 0, specimens.
Resistivity was a constant value of approximately 450Q-cm for
Co composition ratios of 1.48 to 1.57, but increased when the Co
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Fig. 1. DTA-TG curves for Co, 42 Mn, ,,O, ceramics.
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Fig. 2. X-ray diffraction patterns of Co,Mn, 0, ceramics; (a) x=1.48, (b)
x=1.51, (c) x=1.54, (d) x=1.57, (¢) x=1.60, and (f) x=1.63.
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composition ratio was 1.60 or greater. In general, for 1<x<3, Co™*
ions are distributed in all tetrahedral sites, and some Co*" ions are
substituted with Mn** ions at octahedral sites. That is, 2Mn**,. > Co™*,,
+ Mn™__ with the creation of Mn**-Mn"* pairs. In addition, Co**-Co™
pairs (with a low spin state of t,,6,,) [5,6] are formed on the Co-rich

3000 10.0kV

Fig. 3. FE-SEM surface image of Co,Mn, 0O, ceramics. (a) x=1.48, (b)
x=1.51, (c) x=1.54, (d) x=1.57, (¢) x=1.60, and () x=1.63.

w
2
2

TCR:-4.30%/°C TCR:-4.30%/°C

~
2
2
"
~
&0
=

250 .\.\(b)

\
"

8

h

=
2
H
2
H

Resistance[Q]
2
-
Resistance[Q]
g Z

2
3

....___“.

LT T
-10 0 10 20 30 40 50 60 <10 0 10 20 30 40 50 60
Temperature [°C] Temperature [°C]

=
<

@
g
H

@

H

TCR:-4.30%/°C

~
b
2
»
2

L (©

L(d)  TCR:-4.29%/°C

— — \
G 200 \-\. Sl N\
3 ; 3 LV
£ 150 £ 150 N
z 2
& 100 3 100}
o~ e~ -,
.,
50 e, 50+ .,
""I--.--... ..""'I---n.
ol o TR b v TRy
0 0 10 20 30 40 50 60 000 10 20 30 40 50 60
Temperature [°C) Temperature [°C]

400

. (€) TCR:-4.28%/°C w ()  TCR-4.24%/°C
L .
)%

Resistance[Q]
2 H
2 5

Resistance[Q]

2
3

"
\
"

w
5
3

\.

Y\

200 \\\“
- .

2
S

50 60 100 10 20 30 40 50 60
Temperature [°C]

100 10 20 30 40
Temperature [°C]

Fig. 4. Temperature-Resistance properties of Co,Mn, 0, ceramics. (a)
x=1.48, (b) x=1.51, (c) x=1.54, (d) x=1.57, (e) x=1.60, and (f) x=1.63.
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Fig. 5. Resistivity(at RT.) of Co,Mn, 0, ceramics with varying Co content.
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Fig. 6. Inp vs 1/T plot of Co,Mn, 0O, ceramics with varying Co content.

phase and act as donors or acceptors. These manganese and cobalt
pairs contribute to hopping conduction and the resistivity character-
istics are reduced [7,8]. However, when the composition ratio of Co
increases above the critical value, the concentration of Co™ ions in
octahedral sites gradually increases, while the concentration of Co**
ions decreases. Also, as the concentration of Mn®** ions decreases,
conductivity decreases due to a decrease in Co**-Co™ and Mn*-Mn"*
pairs [9]. In this study, the threshold value of the Co composition
that increases resistivity was x=1.60 and depends on the composition
ratio, sintering temperature and time, and quenching conditions.

Figure 6 shows the In p vs 1/T relationship for Co,Mn, O, specimens.
Generally, the conductivity of transition metal oxides like spinel
manganites Mn, M,0, (M=Ni, Cu, Co...), is due to the presence of
donor/acceptor M™'/M™"* couples in the octahedral sites (such as
Mn*/Mn*") that contribute to an electronic exchange via a hopping
mechanism according to Verwey’s law [10,11]. The Co,Mn, 0,
specimens show a linear relationship between In p and 1/T over
the measured temperature range, thus indicating the typical NTC
thermistor characteristics described by the Nernst-Einstein relation
[12]. This is due to the fact that both Mn®'/Mn*" and Co®*'/Co™ pairs
on the octahedral sites act as hopping ions.

Figure 7 shows the B-value of Co,Mn, 0, specimens. The thermal
sensitivity of a material’s resistance, usually noted as B, is directly
related to the activation energy E, through the relationship B=E,/
k, where k is Boltzmann’s constant. B-value increased with an
increase in the composition ratio of Co from x=1.48 to 1.57; however,
it decreased slightly for compositions of x>1.60. For 1.48<x<1.57, as
discussed in Fig. 5, with increase in the composition ratio of Co with
its small ionic radius, Co**/Co™ pairs increased and the distance
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Fig. 7. B-value of Co,Mn, 0, ceramics with varying Co content.

between metal ions at octahedral sites decreased [13]. For x>1.60,
Co** ions decreased and Co™ concentration increased in order to
minimize tetragonal distortion in the lattice structure.

4. CONCLUSIONS

In this study, the structural and electrical properties of cobalt
manganite system ceramics were investigated for application in NTC
thermistors. All specimens displayed the single phase tetragonal
spinel structure and dependence of average grain size on the Co
composition ratio was not observed. Co,Mn, 0, specimens exhibited
a linear relationship between resistivity and temperature, thus
indicating the typical NTC thermistor characteristics. This is due
to the fact that both Mn*/Mn"* and Co**/Co" pairs at octahedral
sites act as hopping ions. In general, as the composition ratio of Co
increases, the concentration of Co* ions located in octahedral sites
increases. Mn**/Mn"* and Co**/Co™ pairs are formed to maintain
electrical neutrality. However, when the composition ratio of Co
increases above the critical value, Co* ions decrease and Co™
concentration increase in order to minimize tetragonal distortion
in the unit cell. In this study, this value was x=1.60, and it depends
on the composition ratio, sintering temperature and time, and
quenching conditions.
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