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Abstract— NTC thermistors of Y-Al-Mn-Fe-Ni-Cr-O systems 

were fabricated by using normal ceramic processing for wide 

temperature range measurement. Pt-Rh alloy as electrodes was 

inserted into the body during the forming process to increase the 

reliability of high temperature and to decrease the contact 

resistance. The properties were analyzed by XRD, SEM and 

resistance measurement. There are no distinct XRD patterns 

between Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox and Y0.2Al0.1Mn0.264Fe0.16 

Ni0.264Cr0.012Ox because of too small content of Cr2O3, as a dopant, 

to make peak difference or new phases within the XRD resolution. 

SEM images and resistance behaviors show the different 

properties. With the addition of Cr2O3 as a dopant, the 

crystallinity and the grain size were decreased and increased, 

respectively. The resistance behaviors were similar but the values 

are low with Cr2O3. The specimens show the straight line 

relationship between the electrical resistivity and the 

temperature over a wide temperature range, indicating NTC 

thermistor characteristics.  
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I. INTRODUCTION  

 

Negative temperature coefficient (NTC) thermistors are 

thermally sensitive resistors whose resistance decreases with 

increasing temperature [1-4]. They are mainly used in 

electronics for the suppression of in-rush current, for 

temperature measurement and control, and for compensation 

for other circuit elements [5-6]. 

The measurement range from low- to high-temperature is 

entirely insufficient for common ceramic thermistors because 

the coefficient of temperature sensitivity (or B constant) is 

usually high, over 4500K. Thus, the thermistors are classified 

by the room temperature applications below 100
o
C and the 

medium temperature applications between 100 
o
C and 300 

o
C.  

Especially in the application of automobile and spaceship, 

it is necessary to measure a wide range from room temperature 

to very high temperature. Thermistors for these applications 

have to the value of hundreds of kΩ at room temperature and 

several decades of Ω at 900 
o
C. To purpose these goals, the 

researches have to focus to find a materials which has the low 

B constant, the linearity in the wide temperature range and the 

stable property and phase at high temperature. 

Previously, the researches on NTC thermistors were 

predominantly focused on spinel or spinel-like structure. 

Those most used in practice are based on solid solutions of 

transition metal oxides, such as Mn3O4, Co3O4, and NiO, with 

the general formula AB2O4. However, their application is 

commonly limited to temperatures below 200 
o
C [7-12]. Feltz 

and Polzl have proposed a system of compositions 

FexNiyMn3−x−yO4 based on the spinel structure for high 

temperature applications [13]. Yet B constants are not stable 

for temperatures below 400 
o
C, which limits the temperature 

range for applications. In the special application, ZrO2 and 

Y2O3 thermistor could be used only at high temperature above 

500 
o
C because of too high resistance below 300 

o
C.   

  Oxide ceramic semiconductors based on the perovskite type 

structure are expected to be more available to measure wide 

temperature range from low- to high-temperature [14-15]. 

Relatively high conductivity values and low activation 

energies or even metallic behavior are often found for 

perovskites. PTC ceramics based on acceptor doping, e.g. by 

substitution of Fe
3+

 for Ti
4+

 in the composition of SrTi1-xFexO3 

perovskite structure provide a low or zero B constant over 550 
o
C [16-18]. LaCoO3 has a room-temperature conductivity with 

metallic behavior above 330 
o
C [19-20].  

Y2O3 and Al2O3 are well known refractory material and 

have high resistance at high temperature. The transition metal 

oxides like MnO2, Fe2O3, NiO and Cr2O3 are known the 

composition for room temperature thermistor. Thus, it could 

be possible to establish a wide range thermistor by the mixture 

of transition metal oxides and refractory material like Al2O3 

and Y2O3.  It is thus required to expand the selection of 

suitable composition with the desired electrical properties for 

wide temperature range measurement. In the present study, the 

microstructure and electrical properties of Y-Al-Mn-Fe-Ni-Cr-

O system were studied on NTC thermistor for wide 

temperature applications. 

 

II. EXPERIMENTS 

 

Y2O3, Al2O3, MnO2, Fe2O3, NiO, and Cr2O3 powders with 

high-purity (≥ 99.5%) were used as the chemical reagents to 

establish a wide range thermistors. These powders were 

weighed for the composition of Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox 

and Y0.2Al0.1Mn0.264Fe0.16Ni0.264Cr0.012Ox. 



 

Figure 1. Specimen size and the structure of electrodes 

inserted into the specimen. 

 

The wet-blending was performed by ball-milling of the 

mixtures of weighed powders for 12 h. The wet-blended 

mixtures were dried at 120 
o
C for 24 h. The mixture was 

subsequently calcined at 1200 
o
C with a heating rate of 5 

o
C/min for dwell time of 2 h.  

The sintered mass was again crushed and pulverized to 

obtain the fine powder. Subsequently, the fine powders were 

pressed at 120 MPa into q rectangular mold. The size of green 

pellet is 2 mm x 1.5 mm x 2 mm and it has a pair of inserted 

Pt-Rh (13%) wires as electrodes as shown in Fig. 1. The 

diameter of Pt-Rh electrode is 0.30 mm. The distance between 

2 wires and the inserting depth into the pellet are 1 mm. 

The pellets were co-sintered, ceramic body and Pt-Rh 

metals, at 1400
o
C for 1 h in air atmosphere. The crystal 

structure of the as-sintered specimens was analyzed with X-

ray diffraction (XRD) (Rigaku DMAX 2500) using Cu Kα 

(0.15406 nm) radiation at 40 kV and 25 mA. The XRD 

patterns were obtained over the range of 10 ~ 70° 2θ. The 

changes in microstructures of the as-sintered specimens were 

investigated by using a field emission scanning electron 

microscope (FESEM; Hitachi S-4700). The electrical 

resistance as a function of temperature for the as-sintered 

specimens was measured by using a digital multi-meter 

(hp34401B). 
 

III. RESULTS AND DISCUSSION 

The XRD patterns of Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox with or 

without 0.012mol Cr2O3 as a dopant were shown in Figure.2. 

The new phases were formed after sintering at 1400 
o
C for 1 h. 

Compared to the each unit powder after sintering, the similar 

XRD peaks were detected and it is known the perovskite 

phase and others. There are no peak differences between them 

because the amount of Cr2O3 is too small to make peak 

differences or new phases within the XRD resolution. 

The SEM images obtained from the cross section of 

Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox and Y0.2Al0.1Mn0.264Fe0.16Ni0.264 

Cr0.012Ox were shown in Fig.3. Although it is difficult to find a 

difference of XRD peaks as shown Figure 2, the SEM image 

clearly different from the addition of small content of 0.01mol 

Cr2O3. The SEM image shows a sharp crystal plane in the case 

of non doped Cr2O3, Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox. However, it 

is difficult to find a sharp crystal plane for Y0.2Al0.1Mn0.264 

Fe0.16Ni0.264Cr0.012Ox with the dopant of 0.013mol Cr2O3. The 

grain sizes of non doped Cr2O3 as shown in Figure 3(a) is 

smaller than those of doped Cr2O3 as shown in Figure 3(b). 
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Figure 2. The XRD patterns of (a) Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox 

and (b) Y0.2Al0.1Mn0.264Fe0.16Ni0.264Cr0.012Ox. 

 

 
 

 

Figure 3. SEM images of cross section of (a) Y0.2Al0.1Mn0.27 -

Fe0.16 Ni0.27Ox and (b) Y0.2Al0.1Mn0.264Fe0.16Ni0.264Cr0.012Ox. 
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Figure 4. Resistance behaviors with the reciprocal of the 

absolute temperature. 

 

The microstructures without pores grain boundaries or within 

grains show the best sintering effect for high densification to 

each. 

Fig.4 shows plots of the resistance against the reciprocal of 

the absolute temperature (1/T) for the system Y-Al-Mn-Fe-Ni-

O NTC thermistors with or without Cr2O3 content. The 

resistance decreases exponentially with temperature. It is 

found that the NTC thermistors operate steadily with the 

straight line relationship between the electrical resistance and 

the temperature over a wide temperature range, indicating 

NTC thermistor characteristics. 

The slope of resistivity versus 1/T curve is taken generally 

as a measure of the activation energy of conductivity. In the 

case of thermistor, the slop of resistance versus 1/T is the B 

constant, sometimes called the called the coefficient of 

temperature sensitivity.  

 

)1(
/1/1

)/ln(

21

21
/ 21 TT

RR
B TT


  

 

 Where R1 and R2 are the resistances measured at the 

absolute temperature of T1 and T2, respectively.  

The B constant between 0
o
C and 600

o
C is 3636K for 

Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox and 3876K for Y0.2Al0.1Mn0.264 

Fe0.16Ni0.264 Cr0.012Ox. The resistance at 0
o
C and 600

o
C is 

measured 100kΩ and 9 Ω for Y0.2Al0.1Mn0.27Fe0.16 Ni0.27Ox and 

300kΩ and 12 Ω for Y0.2Al0.1Mn0.27Fe0.16 Ni0.27Cr0.01Ox, 

respectively. The mixture of refractory oxides and transition 

metal oxides extend the measure range from 0
o
C to 600

o
C and 

the addition of Cr2O3 increase the resistance and the B 

constant.  

These phenomena could be explained to the change of 

microstructure and activation energy of conduction carriers. 

Generally, the resistance is increased with the size decrement 

of grains for a sintered ceramics because the grain boundaries 

could be the scattering centers of the conduction carriers. The 

grain size and the total length of grain boundaries for a 

sintered ceramics are in inverse proportion to each other, as 

shown in Figure 3. Although the grain sizes of Y0.2Al0.1 

Mn0.264Fe0.16Ni0.264Cr0.012Ox.are bigger than those of Y0.2Al0.1 

Mn0.27Fe0.16Ni0.27Ox, the resistance of the former is high. It 

means that the resistance difference could not relate to the 

scattering effect at the grain boundaries for the conduction 

carriers. 

The reason for the dependence of the B constant on these 

Y-Al-Mn-Fe-Ni-Cr-O systems is not still clear at present. To 

elucidate the properties of the B constant and the electrical 

behaviors, further investigation will be necessary, i.e., exact 

carrier type and concentration, the analysis of micro- and 

crystal-structure, and the consideration of defect chemistry 

and structure of the samples. 

The further analyses for the difference of the electrical 

resistance and the B constant will be reported at the 

conference.  
 

IV. CONCLUSION 

 

The mixtures of refractory oxides like Y2O3, Al2O3, and 

transition metal oxides like MnO2, Fe2O3, NiO, and Cr2O3 

powders were prepared by normal ceramic processing for the 

composition of Y0.2Al0.1Mn0.27Fe0.16Ni0.27Ox and Y0.2Al0.1 

Mn0.264Fe0.16Ni0.264Cr0.012Ox. The sintered specimens have high 

densification and good properties of NTC thermistors. With 

the addition of Cr2O3 as a dopant, the crystallinity and the 

grain size were decreased and increased, respectively. The 

resistance decreases exponentially with temperature. The 

specimens show the straight line relationship between the 

electrical resistance and the temperature over a wide 

temperature range, indicating NTC thermistor characteristics. 

Additionally, these systems extend the measurement range of 

NTC thermistor from 0
o
C to 600

o
C. 
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