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NTC Thermistor Element
BACKGROUND OF THE INVENT;ON
Field of the Invention

The present invention relates to an NTC thermistor ele-
ment, and more particularly, it relates to an NTC thermistor
element having an improved composition of a thermistor
element assembly for providing the characteristics of the
NTC thermistor and an improved electrode material.
Description of the Background Art

In a switching source, for example, an overcurrent
flows immediately upon activation. Therefore, an NTC therm-
istor element is generally employed for absorbing the ini-
tial overcurrent, i.e., a rush current. The NTC thermistor
element has such a property that its resistance.is at a high
level under the room temperature and reduced as the tempera-
ture is increased. Therefore, an NTC thermistor element
which is applied to a switching source, for example, can
suppress the aforementioned rush current due to its high
initial resistance value. Thereéfter.the NTC thermistor
element enters a low resistance state due to a temperature
rise by self heating, wheregy it is possible to reduce power
consumption in the switching source in a stationary state.
A material for forming such an NTC thermistor element is

generally prepared from a transition element oxide having a

e e -1 =

heet Has Been Replaced

T




»

10

15

20

25

THIS SHEET HAS BEEN

REPLACED

spinel structure.

As hereinabove déscribed, the resistance value of the
NTC thermistor is reduced as the temperature is increased,
and this property is indicated by a B constant. The B
constant indicates resistance'change caused by temperature
change, such that the rate of reduction of the resistance
value cauéed by a temperature rise is increased as the
numerical value of the B constant is increased.

An NTC thermistor element which is employed for pre-
venting a rush current must be at a small resistance value

when its temperature is increased by self heating, in order

+to reduce power consumption in a stationary state. In the

conventional NTC thermistor element, however, the B constant
is generally reduced as the specific resistance is reduced.
In an NTC thermistor element having a small resistance value
in a temperature rise state, therefore, it is impossible to
sufficiently suppress the rush current in an initial state.
When an NTC thermistor element having a large B constant is
selected, on the ofher hand, the resistance value cannot be
sufficiently reduced in a temperature rise state due to high

specific resistance and hence power consumption is increased

in a stationary state, although this element can effectively

suppress the rush current.
Further, the conventional NTC thermistor element is

remarkably dispersed in initial resistance value due to
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change in outside air temperature, particularly at a low
temperature of not more than 0°C. Consequently, effectua-
tion of its function is disadvantageously retarded at a low
temperature.

In order to solve the aforementioned problems, the B
constant must be small in the ordinary temperature range of
~-50°C to +50°C and increased in a high temperature area of
about 140°C.

Japanese Patent Publication No. 48-6352 (1973) disclos-

es an NTC thermistor element having a composition prepared

‘by adding 20 percent by weight of Li,CO, to BaTiO,, as an

element whose B constant is abruptly increased at the phase
transition point. In this NTC thermistor element, however,

power is excessively consumed in a stationary state due to
high specific resistance of at least 10° Q-cm at 140°C.

On the other hand, an element of VO, exhibiting sudden
change thermistor (CTR) characteristics is known as an
element which has an excellent effect of preventing an

initial rush current in a switching source, for example. 1In

the CTR element of VO,, the specific resistance is reduced
from 10 to 0.01 Q-cm at a temperature of 80°C. Such a

property of éhis element is excellent for preventing an

initial rush current, as compared with the conventional NTC

thermistor. However, VO, is so instable that the same must
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be rapidly quenched after reduction. Therefore, the element

of VO, is restricted to a bead shape. Further, this element
cannot be applied to a switching source for feeding a heavy
current of several A, since its allowable current value is
merely about several 10 mA.

On the other hand, literature by V. G. Bhide and D. S.
Rajoria (Phys. Rev. B6, [3] 1021 (1972)) describes that a
rare earth element-Co-oxide based porcelain exhibits such
negative temperature characteristics of resistance that its

B constant i5 increased and the resistance value is reduced

" by a temperature rise.

The characteristics described in the aforementioned
literature have been confirmed by forming Pt or Ag elec-
trodes on surfaces of an element assémbly consisting of the
rare earth element-Co-oxide based porcelain. However, the'
Pt electrodes are so high-priced that the cost is extremely
increased when the same are employed for forming an NTC
thermistor element. On the other hand, it has been recog-
nized that the resistance value of an NTC thermistor élement
which is formed by Ag electrodes is extremely changed when
the same is allowed to stand in the wet or the like, due to
migration or oxidation of the electrodes. /.

SUMMARY OF THE INVENTION
An object of the present invention is to provide an NTC

thermistor element having a small resistance value in a
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temperature rise state for reducing power consumption in
this state, small dispersion in resisténce value at the room
temperature, and a quick rise speed, which is applicable to
a heavy current use, at a low cost with excellent reliabili-
ty.

The NTC thermistor element according to the present
invention comprises an NTC thermistor element assembly

consisting of a rare earth element-transition element based

oxide, and electrodes, mainly composed of Ag, ,Pd, (0.0l < X =
1), which are formed on both major surfaces of the element
assembly.

Due to the electrodes which are composed of Ag, (Pdy, it
is possible to provide the inventive NTC thermistor element
at a lower cost than an element provided with Pd electrodes.
Further, the electrodes of the inventive NTC thermistor
element hardly cause oxidation or migration which is caused
in an element employing Ag electrodes when the same is
allowed to stand in the wet.

In addition, the NTC thermistor element assembly con-
sists of the rare earth element-transition element based
oxide, whereby it is possible to attain resistance stability
under a low temperature and -a sufficiently small resistance
value under a high temperature, as clearly understood from
Example described later. Further, the inventive NTC therm-
istor element has such a large allowable current value that
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the same is applicable to a heaﬁy current use.

Thus, the NTC thermistor element according to the
present invention is effectively employable as an element
for preventing a rush current in a switching.source, for
example. Further, the inventive NTC thermistor element is
widely applicable to various uses for protecting a general
electronic circuit or electric lamp which is supplied with a
heavy current in an initial state of current application,
for serving as an element for retarding starting of a motor,
for protecting a drum of a laser printer, for profecting a
halogen lamp or the like.

According to the present invention, the rare earth
element-transition element based oxide is prepared from an
oxide of a rare earth element such as La, Ce, Y or Sc and a
transition metal element such as Co or Mn, for example, and
preferably prepared from a rare earth element-Co oxide.
More preferably, La is employed as the rare earth element.

The aforementioned NTC thermistor element assembly
consisting of the rare earth element-transition element
based oxide is generally prepared by the following method:
First, rare earth element oxide powder and transition metal
element powdqr are blended with each other at a specific
ratio. In general, the rare earth element and the transi-
tion metal element are blended to be in a molar ratio of

about 3:5 to 11:10. Then, the mixed powder as obtained is
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wet-blended, dried and thereafter calcined. The calcined
powder is again wet-blended and crushed, to obtain raw
material powder. Binder resin such as vinyl acetate is
added to the raw material powder in a prescribed ratio, so
that the mixture is granulated and thereafter press-molded
into a prescribed shape. The compact as obtained is main-
tained at a prescribed temperature to be sintered, thereby
obtaining an NTC thermistor element assembly. |

In the present invention, the NTC thermistor element
assembly is pfepared through the aforementioned pfess-mold—
ing step. Thus, it is possible to readily obtain an NTC-
thermistor element assembly having a desired shape such as a
discoidal shape or an angular plate shape.

According to the present invention, the electrodes
which are formed on both major surfaces of the NTC thermis-

tor element assembly consist of the material mainly composed

of Ag, yPd,, as hereinabove described. The electrodes having
such a composition are formed by blending Ag powder and Pd
powder in a prescribed rétio, kneading the mixture wifh a
binder and a solvent for preparing conductive paste, apply-
ing the conductive paste onto the major surfaces of the

element assembly, and baking the same. Alternatively, the

electrodes mainly composed of Ag,  Pd, may be prepared by
another method such as wvapor deposition or sputtering.
The foregoing and other objects, features, aspects and
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advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates temperature characteristics of
resistance of NTC thermistor elements according to Example
and comparative example; and

Fig. 2 illustrates current/voltage characteristics of
the NTC thermistor elements according to Example énd compar-
ative example.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Non-restrictive Example of the present invention is now

described with reference to the drawings.
Co;0, powder and La,0; powder were weighed to be in a
mole ratio La/Co of 0.95. The Co;0, powder and the La,0,

powder as weighed were wet-blended with each other by a ball
mill with pure water, and the mixed powder as obtained was
dried. The dried mixed powder was calcined at 1000°C for 2
hours. The calcined powder was again wet-blended by a ball
mill with pure water for 16 hours, and thereafter crushed to
obtain raw mdterial powder. —3 percent by weigﬁt of vinyl
acetate for serving as a binder was added to the raw materi-
al powder, and the mixture was granulated. The granulated

powder was press-molded into discoidal compacts each having

- 8 -

This Sheet Has Been Replaced

A




10

15

20

25

THIS SHEET HAS BEEN
REPLACED

a resistance value of 6 Q across both major surfaces at the
room temperature. These compacts were fired in the atmo-
sphere at a temperature of 1350°C for 2 hours, to obtain NTC
thermistor element assemblies.

Then, Ag-Pd conductive paste materials containing Ag
and Pd in various ratios shown in Table 1 were applied to
both major surfaces of the NTC thermistor element assemblies
as obtained, and baked in the atmosphere at a temperature of
1000°C for 2 hours for forming electrodes, thereby preparing
various NTC thermistor elements.

In order to compare characteristics provided by the
electrode materials, Pt paste was applied to both major
surfaces of an NTC thermistor element assembly which was
prepared similarly to the above and baked to prepare an NTC
thermistor element of comparative example 1. Further, In-Ga
conductive paste was applied to both major surfaces of an
NTC thermistor element assembly which was prepared similarly
to the above and baked to prepare an NTC thermistor element
of comparative example 2.

As to the various NTC thermistor elements prepared in
the aforementioned manner, specific resistance values were
measured at temperatures 25:? and 140°C. The results are
shown in Table 1. Table 1 also shows rates of resistance
change, i.e., B constants, calculated from the specific

resistance values. Fig. 1 illustrates temperature charac-
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teristics of resistance of the NTC thermistor elements
according to Example (solid line A) and comparative example
2 (solid line B).

Referring to Fig. 1, it has been confirmed that the NTC
thermistor elements according to Example exhibited the
characteristics shown by the solid line A regardless of the
ratios of Ag and Pd. It has also been confirmed that the
NTC thermistor element according to comparative example 1
also exhibited the temperature characteristics of resistance
shown by the‘solid line A.

It is clearly understood from Table 1 and Fig. 1 that
the electrodes consisting of Aébedx, Ag and Pd exhibited the
same temperature characteristics of resistance as the elec-
trodes of Pt. It is also understood from the solid line B
in Fig. 1 and Table 1 that the NTC thermistor element ac-
cording to comparative example 2 employing the In-Ga elec-
trodes exhibited temperature characteristics of resistance
which were absolutely different from those of the NTC therm-
istor element employing the Pt electrodes.

Fig. 2 shows current/voltage characteristics at the
temperature of 25°C. It is understood from this graph that
ohmic contact can be attained when the current.and the
voltage are in proportional relation to each other. Namely,

it is clearly understood from Fig. 2 that the electrodes

consisting of Ag,,Pd, and the Pt electrodes attained ohmic
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contact while the In-Ga electrodes attained no ohmic con-
tact.
Table 2 shows results of wet and high temperature shelf

tests which were made on the NTC thermistor elements accord-
ing to Example employing the electrodes consisting of Ag, yPdy

(0 £ X £ 1) and the NTC thermistor element according to
comparative example 1 having the electrodes mainly composed
of Pt respectively. The wet shelf test was made by measur-
ing specific resistance values of the NTC thermistor ele-
ments after gllowing the same to stand in an atmosphere of
40°C with relative humidity of 95 %. The high temperature
shelf test was made by measuring specific resistance wvalues
after allowing the elements to stand under a temperature of
200°C for 1000 hours.

In the NTC thermistor elements employing the Pt elec-

trodes (comparative example 1) and the Ag,  Pd; electrodes
(0.01 £ X) (Example), the characteristics remained unchanged
after the wet and high temperature shelf tests. Also in the
NTC thermistor element employing the 100 % Pd electrodes,
i.e., X = 1, the characteristics remained unchanged after
the wet and high température shelf tests.

On the other hand, it is understood that %he resistance
value of the NTC.thermistor element employing the Ag elec-
trodes was extremely increased after the wet and high tem-

perature shelf tests, conceivably because of oxidation of
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the electrodes. It has also been recognized that the resis-
tance was increased in an NTC thermistor element having
electrodes of Ag, ,Pd, where X was less than 0.0l conceivably
because of oxidation of the electrodes. Thus, the value of
X must be at least 0.01, in order to improve reliability.

Assuming that p(T,) and p(T,) represent specific resis-
tance values at T,°C and T,°C respectively, it is possible to
define the B constant, which is a constant indicating resis-
tance change caused by temperature change, as follows:

log, A(T,) - log, A(T,)
1 1

T, + 273.15 T, + 273.15

B constant =

The rate of reduction of resistance caused by a temperature
rise is increased as the numerical value of the B constant
is increased. On the basis of this fact, constants B(-10,
25) and B(25, 140) employed this time are respectively set

as the following equations (1) and (2):

log, P(T;) - log., P(T;)

B (-10,25) = ,

( ) : - (2)
-10 + 278.15 25 + 273.15

B (25,140) = log. 2(T;) - log. P(T,) (3)

1 1

140 + 273.15 25 + 273.15
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Dispersion in resistance depending on the outside air
temperature is reduced as the constant B(-10, 25) is re-
duced, while it is possible to reduce power consumption at
an ordinary temperature as the constant B(25, 140) is in-

5 creased. Thus, the inventive NTC thermistor element is
excellent as an element for preventing an initial rush
current in a switching source, for example.

{ Although the present_invention has been described and
illustrated in detail, it is clearly understood that the
10. same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of the

appended claims.

Table 1
15 Type of 0 0 /@ B B
Electrode (25C) | (120C) (-10,25) | (25,140)
) Qecm | Q-cm K K
— Major Amount ) ® .
{ - Element | of X
Ag 0.000 10.7 0.374 | 28.6 2700 3600
20 Ag-Pd 0.005 10.7 0.374 | 28.6 2700 3600
Ag-Pd 0.010 10.7 0.374 | 28.6 2700 3600
Ag-Pd 0.999 10.7 0.374 | 28.6 2700 3600 |
Pa 1.000 10.7 | 0.374 | 28.6 2700 3600
Pt S 10.7 | 0.374 |28.6| 2700 3600
25 - In-Ga —_— 50.0 10.0 5.0 1000 0.0
[ — - 13 -
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Table 2
Type of Initial | Specific |®@/® | specific ®/0
Electrode Specific | Resis- Resistance
Resis- tance after
tance after Standing
] Q-cm Standing in High
Major | Amoun ) in the Tempera-
Ele- t of Wet ture
ment X Q *em Q- cm
@ ®
Ag 0.000 10.7 120.0 11.2 25.1 2.3
Ag-Pd | 0.005 10.7 15.1 1.4 12.1 1.1
Ag-Pd | 0.010 10.7 10.7 1.0 10.7 1.0
Ag-Pd | 0.999 10.7 10.7 1.0 10.7 1.0
Pd 1.000 10.7 10.7 1.0 10.7 1.0
Pt  — 10.7 10.7 1.0 10.7 1.0
heet Has Been Replaced
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WHAT IS CLAIMED 1S:

1. An NTC thermistor element comprising:

an NTC thermistor element assembly consisting of a rare
earth element-transition element based oxide; and

electrodes being mainly composed of Ag,.,Pd,, where 0.01
< X £ 1, said electrodes being formed on both major surfaces

of said NTC thermistor element assembly.

2. The NTC thermistor element in accordance with claim
1, wherein said rare earth element-transition element based

oxide is a rare earth element-Co oxide.

3. The NTC thermistor element in accordance with claim

1l or 2, wherein said rare earth element is La.
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