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Description

FIELD OF THE INVENTION

This invention relates to a resistive paste which can be baked in aneutral or reducing atmosphere and has improved
temperature coefficient of resistivity.

BACKGROUND OF THE INVENTION

A circuit pattern composed of electrodes, resistors, etc., on which various electronic parts are mounted, has been
generally formed on a ceramic base made of alumina, etc., and the electrodes are generally formed by screen printing
a paste comprising a noble metal, e.g., silver or a silver-palladium alloy, on the ceramic base followed by baking in air.

However, because not only of expensiveness of the noble metallic paste but also of the demand for sufficient
migration resistance of a resistive paste to cope with the decreasing electrode distance due to size reduction of elec-
tronic equipment and parts, the noble metallic paste has recently been displaced with a paste of a base metal, e.g.,
copper, nickel or aluminum. Such a base metallic paste is screen-printed on a ceramic base and baked in a neutral or
reducing atmosphere to form an inexpensive electrode pattern having excellent characteristics.

When electrodes are formed by using such a base metallic paste, resistors which are arranged to bridge over the
electrodes should also be formed by using a resistive paste which can be baked in a neutral or reducing atmosphere.
Examples of known resistive pastes which can be baked in a neutral or reducing atmosphere include LaBg-based
pastes (as described in JP-B-59-6481, the term "JP-B" as used herein means an "examined published Japanese patent
application"), NbB,-based pastes (as described in JP-A-63-224301, the term "JP-A" as used herein means an "unex-
amined published Japanese patent application"), and Nb-La-B-based pastes (as described in JP-A-2-249203).

A desired surface resistivity over a broad range has been obtained by varying the mixing ratio of a resistive material
and glass frit. In using the LaBg-based or NbB,-based resistive pastes, however, the surface resistivity suffers drastic
changes with a slight variation in glass frit amount due to poor affinity between the resistive material and glass frit.
Therefore, the range of surface resistivity in which satisfactory reproducibility can be assured has been limited.

On the other hand, resistors formed of the Nb,La,_,Bg_4,-based paste show a milder increase in surface resistivity
than with those formed of the LaB6-based pastes or NbB,-based pastes. Accordingly, the Nb,La,_,Bg 4.-based paste
has an advantage of a broadened surface resistivity range of from 10 {Q/square to 10 M{/square by varying the mixing
ratio of resistive material to glass frit. However, the resistors formed of the Nb,La,_,Bg 4-based paste, particularly
those adjusted to have a low surface resistivity (e.g., from about 10 C/square to 100 C/square), show a tendency that
the temperature coefficient of resistivity (hereinafter abbreviated as "TCR") shifts to the plus (+) direction with its ab-
solute value getting far from zero. In this point, they do not always satisfy the characteristics required for practical use.

Attempts have been made in the art to shift the TCR to the minus (-) direction ; for instance, the PATENT ABSTRACT
of JAPAN, vol. 18 no. 158 (E - 1525), 16 March 1994 & JP-A-05 335 106 discloses a resistive paste with a composition
according to the preamble of claim 1.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an Nb,lLa,_.Bg 4,-based resistive paste which can be baked in a
neutral or reducing atmosphere and whose TCR in a low surface resistivity range can be shifted to the minus (-) direction
s0 as 1o get close to zero in its absolute value.

Other objects and effects of the present invention will be apparent from the following description.

The present invention relates to a resistive paste comprising:

a) a solid content comprising (al) a resistive material having a composition of Nb,La,_,Bg_4,, Wherein x is from
0.1 to 0.9 mol, and (a2) non-reducing glass frit,

(b) from 1 to 10% by weight, based on the total amount of the solid content, of TiO, as a first additive,

(c) from 1 to 10% by weight, based on the total amount of the solid content, of at least one second additive selected
from the group consisting of CogO,4, CoO, and Fe,Og, and

(d) an organic vehicle.

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, Nb,La;_,Bg_45, Wherein x is from 0.1 to 0.9 mol, preferably from 0.2 to 0.8 mol, is used as
a resistive material (a1). If x is less than 0.1 mol, it tends to be difficult to gradually increase the surface resistivity,
while if x is more than 0.9 mol, the change rate of surface resistivity with the content of glass frit tends to become large,
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thus making it difficult to improve the reproducibility of the surface resistivity.

The grain size of the resistive material is generally from 0.1 to 5 um. If the grain size is less than 0.1 um, a prolonged
period of grinding time is required to prepare the resistive material, and impurities introduced during the grinding tend
to adversely affect the properties of the resistive material. If the grain size is more than 5 um, it tends to be difficult to
obtain a constant resistivity in a stable manner.

The resistive material can be prepared in any conventional manners, such as those described in U.S. Patent
5,036,027.

Examples of the non-reduced glass frit (a2) used in the present invention include alkali earth borosilicate, boroa-
luminosilicate, etc. The grain size of the non-reduced glass frit is generally from 1 to 10 um. If the grain size is less
than 1 um, the change rate of surface resistivity tends to be too large, while if it is more than 10 um, it tends to be
difficult to obtain uniform resistors in a stable manner. The non-reduced glass frit can be prepared in any conventional
manners, such as by mixing appropriate oxides followed by being fused.

The weight ratio of the resistive material (a1) to the non-reduced glass frit (a2) in the solid content (a) can be widely
varied depending on the desired surface resistivity and the like, and is generally from 5/100 to 70/100 by weight in the
present invention.

TiO, as the first additive (b) is added to the solid content comprising resistive material and glass frit in an amount
of from 1 to 10% by weight, preferably from 2 to 7% by weight, based on the total amount of the solid content. At least
one member selected from the group consisting of Co;0,4, CoO, and Fe,O4 as the second additive (c) is also added
to the solid content in an amount of from 1 to 10% by weight, preferably from 2 to 5% by weight, based on the total
amount of the solid content. If the amount of at least one of the first and second additives is less than 1% by weight,
the resulting resistor will have a TCR insufficiently shifted to the minus (-) direction. If the amount of at least one of the
first and second additives is more than 10% by weight, the resulting resistor will have a TCR too largely shifted to the
minus (-) direction.

In the present invention, it is preferred to use (1) a combination of from 2 to 7% by weight (particularly 5% by
weight) of TiO, and from 2 to 5% by weight (particularly 5% by weight) of CogO,4 or (2) a combination of from 2 to 7%
by weight (particularly 5% by weight) of TiO, and from 1 to 3% by weight (particularly 3% by weight) of Fe;O,.

An organic vehicle (d) is used for forming the resistive paste according to the present invention. Examples thereof
include an acrylic resin and an ethylcellulose diluted with terpenes such as o-terpineol, B-terpineol or a mixture thereof
with other solvents such as kerosine, butyl carbitol, butyl carbitol acetate and high boiling alcohols and alcohol esters.
The organic vehicle should be thixotropic in order that it set up rapidly after being screened, thereby giving good
resolution.

In the resistive paste of the present invention, the ratio of the amount of the organic vehicle (d) to the total amount
of the solid content (a) and the additives (b) and (c) is generally from 20/80 to 60/40 by weight, and preferably from
30/70 to 50/50 by weight.

The resistive paste of the present invention can be produced in any conventional manner for preparing resistive
pastes. For example, a resistive material and a glass frit, which have been separately prepared, are mixed with the
first and second additives, and the resulting mixture is kneaded with an organic vehicle to form a resistive paste ac-
cording to the present invention.

The resistive paste of the present invention can be used in the similar manner as in conventional resistive pastes.
For example, the resistive paste can be printed on a suitable base, such as a ceramic base, by screen printing, dried
at 150°C for 10 minutes, and then baked at a peak temperature at 900°C for 10 minutes in a nitrogen atmosphere.

The surface resistivity of the resistor, which is formed from the resistive paste of the present invention, is not
particularly limited and is generally from 10 (/square to 200 C)/square, and preferably from 20 {¥/square to 100 €/
square.

The present invention will be illustrated in greater detail with reference to Example, but it should be understood
that the present invention is not construed as being limited thereto. All the percents are by weight unless otherwise
indicated.

EXAMPLE

Preparation of Electrodes:

A conductive paste containing Cu as a base metal was screen printed on an alumina ceramic base and baked in
a nitrogen atmosphere to form electrodes.

Preparation of Resistive Paste:

Powdered NbB, and LaBg were weighed and mixed to provide a composition of Nb,La,_,Bg_4x, With x being varied
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between 0.1 mol and 0.9 mol as shown in Table 1 below. The mixture was calcined in a nitrogen atmosphere for 2
hours at a temperature increase rate of 3°C/min with the peak temperature set at 1,000°C to prepare a solid solution
of LaBg in NbB,. The resulting mixture was ground in a vibration mill to an average particle size of 1 um and dried to
obtain a resistive material having a composition of Nb,La,_,Bg 4 (Where x is 0.1 to 0.9 mol).

Separately, B,O; SiO,, BaO, CaO, Nb,Og;, and KO were mixed at a molar ratio of
35.56/31.24/17.78/10.04/2.41/2.97 and fused at a temperature of from 1,200 to 1,350°C to prepare fused glass. The
fused glass was quenched in pure water and ground in a vibration mill to an average particle size of 5 um or smaller
to prepare non-reducing glass frit.

The resulting mixture was kneaded with an organic vehicle composed of an acrylic resin diluted with a-terpineol
to prepare a resistive paste.
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TABLE 1
Resis- First Second
Sample tive Glass Additive Additive (wt$'?)
No. xt Material Frit (Ti0,) Co0 Co0,0, Fe,0,
(mol) (WES) (Wt%) (wts™?)
1" 0.50 40 60 0 5 0 0
2 0.50 40 60 2 5 0 0
3 0.50 40 60 5 5 0 0
4 0.50 40 60 9 5 0 0
5 0.50 40 60 11 5 0 0
62 0.25 40 60 0 0 0 0
773 0.25 40 60 5 0 0 0
8 0.25 40 60 5 2 0 0
9 0.25 40 60 5 5 o 0
10 0.25 40 60 5 ) 0 0
113 0.25 40 60 5 11 0 0
12 0.25 40 60 5 | 0 2 0
13 0.25 40 60 5 0 5 0
14 0.25 40 60 5 0 9 0
157 0.25 40 60 5 0 11 0
16 0.25 40 60 5 0 0 2
17 0.25 40 60 5 0 0 5
18 0.25 40 60 5 0 0 9
197° 0.25 40 60 5 0 0 11
207 0.75 40 60 0 0 0 0
217 0.75 40 60 5 0 0 0

(continued)
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TABLE 1 (continued)

Sample
No x*!
(mol)
22 0.75
23 0.75
24 0.75
25" 0.75
26 0.75
27 0.75
28 0.75
2973 0.75
30 0.75
31 0.75
32 0.75
337 0.75
34 0.50
35 0.50
36 0.50
37 0.50

Note: *1:

*2:

*3:

Fe 0,

Resis- First Second
tive Glass Additive Additive (wt%'?%)
Materjal Frit (TiQ2) Co0 Co.0,
(Wt$) (Wt$) (wt%™%)
40 60 5 2 0
40 60 5 5 0
40 60 5 9 0
40 60 5 11 0
4Q 60 5 0 2
40 60 5 0 5
40 60 5 0 9
40 60 5 0 11
40 60 5 0 0
40 €0 5 0 0
40 60 5 0 0
40 60 5 0 0
40 60 5 3 3
40 60 5 0 3
40 60 5 3 0
40 60 5 2 2

X in Nbeau__st-;x

Based on the resistive material/glass frit mixture.

Sample out of the scope of the present invention.

Preparation of Resistor:

Each of the resistive pastes of Table 1 was screen printed on the alumina base in a size of 1.5 mm long, 1.5 mm
wide, and 20 um thick (dry thickness), inclusive of a part of the electrodes, dried at 150°C for 10 minutes, and baked

in a nitrogen atmosphere with its peak temperature set at 900°C for 10 minutes to form a resistor.

Evaluation:

The surface resistivity and TCR of each sample thus prepared were measured. The results obtained are shown
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11

12

13

14
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TABLE 2
Surface TCR (ppm/°C)
Resistivity -55°C +150°C
(R/square)
17 +478 +468
20 +216 +233
22 +157 +242
38 +121 +159
78 -377 -414
24 +488 +490
34 +420 +367
32 +242 +157
35 +205 +201
40 +137 +105
72 -240 -265
33 +107 -2
36 -197 -83
42 -398 -133
86 -450 -511
40 +126 +13
46 -50 -48
51 -210 -254
145 -450 -463
140 +430 +390
182 +355 +341

(continued)
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TABLE 2 (continued)

Sample Surface TCR _(ppm/°C)
No. Resistivity -55°C +150°C
(kQ/square)

22 : 170 +150 +121
23 183 +63 +55
24 192 -142 -127
257 255 -387 -368
26 172 +200 +187
27 179 +177 +150
28 189 +33 +21
29" 268 -391 -389
30 201 +125 +103
31 234 +58 +27 :
32 256 -154 -160
33" 305 -405 . -413
34 115 +75 +81
35 122 +52 +59
36 128 +49 +55
37 108 +72 +83

Note: *: Samples out of the scope of the present invention.

It can be seen from Table 2 that Sample No. 1 (x=0.50 mol) containing only 5% CoO as a second additive with no
first additive had a TCR of +478 ppm/°C at -55°C and +468 ppm/°C at +150°C, while samples containing 1 to 10% of
TiO, as a first additive and 5% of CoO as a second additive had a TCR shifted to the minus (-) direction as compared
with Sample No. 1. It is noted that Sample No. 5 containing more than 10% of the first additive (TiO,) shows too a
great shift of the TCR to the minus (-) direction, failing to exhibit satisfactory characteristics as a resistor.

It is also seen that Sample No. 7 containing only the first additive but no second additive had a TCR of +420 ppm/
°C at -55°C and +367 ppm/°C at +150°C, whereas samples additionally containing from 1 to 10% of a second additive
selected from CoO, Co50, and Fe,O4 had a TCR shifted to the minus (-) direction as compared with that of Sample
No. 7, with the surface resistivity being substantially equal. To the contrary, Sample Nos. 11, 15, and 19 containing
more than 10% of a second additive had a TCR too largely shifted to the minus (-) direction, thus failing to exhibit

satisfactory characteristics as a resistor.
Similarly, Sample No. 21 (x=0.75 mol) containing only a first additive but no second additive showed a TCR of
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+355 ppm/°C at -55°C and +341 ppm/°C at +150°C, while the samples additionally containing from 1 to 10% of a
second additive selected from CoO, Coz0,, and Fe,O3 showed a shift of TCR to the minus (-) direction as compared
with Sample No. 21, with the surface resistivity being substantially equal. Note that Sample Nos. 25, 29, and 33 con-
taining more than 10% of a second additive showed too large a shift of TCR to the minus (-) direction, failing to exhibit
satisfactory characteristics as a resistor.

Samples containing, in addition to a first additive, second additives in a total amount of 6% (Sample Nos. 34, 35,
36, and 37) also exhibit satisfactory characteristics as having a TCR of +49 to +75 ppm/°C at -55°C and +55 to +83
ppm/°C at +150°C.

In short, addition of the above-mentioned first and second additives to an Nb,La,_,Bg 4,-based resistive paste (x
is from 0.1 10 0.9) is effective to make the TCR of the resistor formed of that resistive paste get closer to zero, shifting
the TCR to the minus (-) direction, without causing a substantial change in surface resistivity. If the amount either of
first or second additive exceeds 10%, the surface resistivity increases, and the TCR is shifted to the minus direction
too largely.

Incidentally, where x in an Nb,La,_,Bg 4-based paste is less than 0.1, the resistivity is significantly reduced, and
if it exceeds 0.9, the resistivity markedly increases. In either case, such a resistive material cannot exhibit satisfactory
performance as a resistor at any mixing ratio with glass frit.

As described and demonstrated above, the resistive paste according to the present invention comprises a solid
content of a resistive material having a composition of Nb,La;_,Bg 4, (x=0.1 to 0.9 mol) and non-reducing glass frit,
from 1 to 10% by weight, based on the solid content, of TiO, as a first additive, and from 1 to 10% by weight, based
on the solid content, of at least one second additive selected from the group consisting of CosO,4, CoO, and Fe,Oa.
According to the present invention, it is possible to shift the temperature coefficient of surface resistivity in a low resis-
tivity range of a resistor formed by baking an Nb,La,_,Bg 4,-based resistive paste to the minus (-) direction so that the
resistive paste of the present invention sufficiently satisfies the characteristics required for a resistive paste to be baked
in a neutral or reducing atmosphere.

Claims

1. Aresistive paste comprising:
(a) a solid content comprising (a1) a resistive material having a composition of Nb,La,_,Bg 4,, Wherein x is
from 0.1 to 0.9 mol, and (a2) non-reducing glass frit,
(b) from 1 to 10% by weight, based on the solid content, of TiO, as a first additive,

characterized in that it further comprises :

(c) from 1 to 10% by weight, based on the solid content, of at least one second additive selected from the
group consisting of Co;04, CoO, and Fe,Og, and (d) an organic vehicle.

2. A resistive paste as claimed in claim 1, wherein the amount of said first additive (b) is from 2 to 7% by weight,
based on the solid content, and the amount of said second additive (c) is from 2 to 5% by weight, based on the

solid content.

3. Aresistive paste as claimed in claim 2, wherein said first additive (b) is from 2 to 7% by weight, based on the solid
content, of TiO, and said second additive (c) is from 2 to 5% by weight, based on the solid content, of Cog04.

4. Aresistive paste as claimed in claim 2, wherein said first additive (b) is from 2 to 7% by weight, based on the solid
content, of TiO, and said second additive (c) is from 1 to 3% by weight, based on the solid content, of Fe;O4.
Patentanspriiche
1. Widerstandspaste, die folgendes aufweist:
(a) einen festen Bestandteil, der (a1) ein Widerstandsmaterial, das eine Zusammensetzung aus Nb,La,_,Bg 45

hat, worin x von 0.1 bis 0.9 mol ist, und (a2) nicht reduzierende Glasmasse umfaft,
(b) von 1 bis 10 Gew%, bezogen auf den festen Bestandteil, an TiO, als einen ersten Zusatz,
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gekennzeichnet dadurch, daB sie weiterhin aufweist:

(c) von 1 bis 10 Gew%, bezogen auf den festen Bestandteil, mindestens eines zweiten Zusatzes, der aus der
Gruppe, die aus Cogz0O,, CoO, und Fe,O4 besteht, ausgewahlt wird und
(d) ein organisches Bindemittel.

2. Widerstandspaste nach Anspruch 1, worin der Betrag des ersten Zusatzes (b) zwischen 2 bis 7 Gew% liegt, be-
zogen auf den festen Bestandteil, und der Betrag des zweiten Zusatzes (c) von 2 bis 5 Gew% ist, bezogen auf
den festen Bestanditeil.

3. Widerstandspaste nach Anspruch 2, worin der erste Zusatz (b) von 2 bis 7 Gew%, bezogen auf den festen Be-
standteil, an TiO, ist und der zweite Zusatz (c) von 2 bis 5 Gew%, bezogen auf den festen Bestandteil, an Co0, ist.

4. Widerstandspaste nach Anspruch 2, worin der erste Zusatz (b) von 2 bis 7 Gew%, bezogen auf den festen Be-
standteil an TiO, ist und der zweite Zusatz (c) von 1 bis 3 Gew%, bezogen auf den festen Bestandteil, an Fe,O4 ist.

Revendications
1. Péte résistive comprenant :

(a) une teneur en matiéres solides comprenant (al) un matériau résistif ayant une composition de
Nb,La, Lg4y dans lequel x est de 0,1 & 0,9 mole, et (a2) du verre pilé non réducteur,
(b) de 1 & 10 % en poids, rapportés & la teneur en matiéres solides, de TiO, comme premier additif,

caractérisé en ce qu'elle comprend de plus :

(c) de 1 & 10 % en poids, rapportés a la teneur en matiéres solides, d'au moins un second additif choisi dans
le groupe constitué par Co;0,, CoO et Fe,Og, et
(d) un véhicule organique.

2. Paéte résistive selon la revendication 1, dans laquelle la quantité du premier additif (b) est de 2 & 7 % en poids,
rapportés a la teneur en matiéres solides, et la quantité du second additif (c) est de 2 a 5 % en poids, rapportés
a la teneur en matiéres solides.

3. Péte résistive selon la revendication 2, dans laquelle le premier additif (b) est de 2 & 7 % en poids, rapportés a la
teneur en matiéres solides, de TiO, et le second additif (c) est de 2 & 5 % en poids, rapportés a la teneur en
matiéres solides, de COZ0,.

4. Pate résistive selon la revendication 2, dans laquelle le premier additif (b) est de 2 & 7 % en poids, rapportés a la

teneur en matiéres solides, de TiO, et le second additif (c) est de 1 & 3 % en poids, rapportés & la teneur en
matiéres solides, de Fe,O4.
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