
United States Patent [191 
Boollstra et til. 

[1 l] E 

[45] Reissued 

Re. 31,437 
Nov. 1, 1983 

[54] RESISTANCE MATERIAL 

[751 Inventors: Alexander H, Boomtra; Cor-elk A. 
IL A. Mntsaers; N. G. R. 
van tlet ‘was, all of Eindhoven, 
Netherlands 

[73] Assignee: U.S. Philips Corporation, New York, 
N.Y. 

[21] Appl. N0.: 399,052 

[22] Filed: Jul. 16, 1902 

Related US. Patent Documents 

Reissue of: 
[64] Patent No.: 4,277,542 

Issued: Jul. 7, 1981 
Appl. No.: 74,598 
Filed: Sep. 12, 1979 

[30] Foreign Application Priority Data 
sep. 20, 1913 [NL] Netherlands ....................... .. 1ao9ss4 

[51] Int. Cl.3 ............................................ .. 1332B 15/00 

[52} US. Cl. . ..... .. 338/308; 156/89; 

252/518; 423/593; 428 432; 428/471; 428/697 
[58} Field of Search ..................... .. 428/432, 471, 697; 

252/ 5 1 8; 423/593; 156/89; 338/ 308 

[56} Ref Cited 
1.1.5. PATENT DOCUMENTS 

3,374,185 3/1968 Nitta et a]. 423/593 X 
3,553,109 1/1971 Ho?'man ., 423/593 X 
3,68L262 8/1972 Bouchard .. 252/521 X 
4,019,168 4/1977 Collins ............ .. ., 428/539 X 

4,107,387 8/1978 Boonstra et a], . ., 428/539 X 

4,145,470 3/1979 Matsuura 427/102 

Primary Examiner-George F. Lesmes 
Asistant Examiner—E. Rollins Huffalow 
Attorney, Agent, or Firm-‘Norman N. Spain 

[Resistance material consisting of a mixture of metal 
oxidic compounds, metal oxides, a permanent binder 
and a temporary binder, the resistance-determining 
component consisting of barium-rhodate BaRh6O11.] 
Resistance material consirting essentially ofa mixture of a 
permanent binder, a temporary binder and, as a resistance 
determining component, a barium-rhodate of the formula 
BaRh6O1z. This component has a linear positive tem 
perature coefficient of the resistance (T CR) and enables 
the production of a resistor having a very low TCR by 
combining the material with a material having a nega 
tive TCR. The resistor is obtained by ?ring this resis 
tance material after it has been applied onto a substrate. 
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RESISTANCE MATERIAL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to a resistance material consist 
ing essentially of a mixture of [one or more metal oxidic 
compounds,] a permanent and a temporary binder, 
[one or more metal oxides and, possibly. a metal, the 
material containing] a metal-rhodate as the resistance 
dctermining component, and to a resistor Consisting of 
the resistance material providing onto a substrate and 
from which the temporary binder has been removed by 
heating and provided with leads. 
US. Pat. No. 4,107,387 describes such a resistance 

material in which the resistance-determining compo 
nent is a metal-rhodate de?ned by the composition 
M3Rh7O15, M preferably being Pb or Se. 
The advantage of this compound relative to many 

previously suggested oxidic compounds for use as the 
resistance-determining component in resistance mate 
rial is that it is a completed-reaction product which, 
with a permanent binder and, possibly, together with a 
different resistance-determining component having a 
different temperature dependency can be assembled in a 
simple manner on a suitable substrate to form a resistor 
body. Prior to that resistance pastes were in common 
usage from which the resistance-determining compo 
nent was not obtained until ?ring thereof on a substrate 
and by reaction with a vitreous binder, for example a 
lead oxide glass. This required rather long ?ring times 
(for example half an hour) at a relatively high tempera 
ture (approximately 800° C.). 
A further advantage is the linear negative tempera 

ture coefficient of the resistance (TCR) of this material, 
which temperature behaviour is rare. Combining this 
material with the much commoner material having a 
linear positive temperature coefficient enables the pro 
duction of resistors having a very low TCR 
(/TCR/< l00>< 1041/“ C. temperature range-400° to 
+ 200° C.). 
The invention furnishes a resistance-determining ma 

terial having a linear positive TCR, also of the rhodate 
type, which can be assembled together with material 
having a linear negative TCR into resistors having a 
low TCR (/TCR/<l00>< l0"6/° C.). 
According to the invention the resistance material is 

characterized in that the resistance-determining compo 
nent consists ofbarium rhodate defined by the composi 
tion BaRhgOg. 

Surprisingly, it was found that whereas it was impos 
sible to prepare the barium rhodate in conformity with 
the composition and the properties stated in the above 
mentioned US. Pat. No, there is a barium rhodate 
de?ned by the composition BaRhgOn which has a posi 
tive, linear TCR and a totally different crystal structure 
and an elementary cell of a totally different structure 
than the known rhodate. 
As mentioned above it is possible to assemble resis 

tance bodies having a low TCR value and having a 
component with a negative linear TCR as the second 
resistancc-detcrmining componcnt. 

in accordance with a furthcr elaboration of the inven 
tion a metal rhodatc MyRhyOys. whcrcin M is prefera 
bly Pb or Sr in accordance with the nbovomcntioncd 
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2 
U.S.-Speci?cation, is used for the component with the 
negative linear TCR. 
The resistance body is produced with material in 

accordance with the invention by mixing the resistance 
determining component(s) with a permanent binder and 
an organic temporary binder which can be removed by 
means of?ring. After this mixture has been applied onto 
a substrate, the temporary binder is volatilized and/or 
decomposed by heating, the permanent binder ensuring 
cohesion by melting, softening or sintering. The perma 
nent binder, is preferably, a low-melting glass but may 
also be a synthetic resin material. 
The invention will now be further explained with 

reference to the following examples. 
Barium-rhodate and lead-rhodate are prepared by 

heating a mixture of B210 and Rh203 in a molar ratio 1:3, 
and PhD and Rl1203 in a molar ratio 6:7, respectively, in 
air for 1 hour at 1000“ C. and 3 hours at a temperature 
of 700° C., respectively, cooling the reaction product 
out aimed and grinding it to an average grain size of 0.2 

urn. 
Mixtures of these powders are mixed in different 

ratios with glass powder having an average particle size 
of 1 pm and thereafter processed into a paste by means 
of benzylbenzoate and ethyl cellulose, 
The glass powders employed had the following com 

positions, expressed in a percentage per weight: 

I 2 J 

PbO 74.0 53.5 - 

BaO — 18.3 42.1 

SiOZ [8.6 20.2 ‘ 

8203 5.0 5.4 57,0 
M203 2.4 2.0 » 

The pastes are spread on alundum plates which are 
dried in the air and thereafter tired in air for 15 minutes. 
The layer obtained is 15 pm thick. 
The following table shows some mixing ratios and the 

results obtained therewith. Herein m represents the 
weight ratio BaRh6O12:Pb3Rh7O|5 and n the glass con 
tent of the total oxidic mixture (without temporary 
binder) in a percentage by weight. 

R/Et TCR 
glass type In n(wt. %) (kn) (l0 b/"Cl 

1 1=1 50 0.85 l 80 
1 2:1 as 1.1 +10 
1 5:1 so 45 ~70 
2 1:1 as 0.1» n 
2 211 75 2.2 so 
2 7.1 B5 23 + 111 
3 5:2 50 1,2 + so 
3 4:1 66 2.; .1 2n 
3 5:1 85 310 . so 

What is claimed is: 
l. A resistance material consisting essentially of a 

mixture of [at least one metal oxidic compound], a 
permanent binder and a temporary binder. [at least one 
metal Oxide] and, as a resistance determining compo 
nent, a barium-rhodate of the formula linRln, ()1), 

2. The resistance nintcrial ofclnim l \i‘hcrcin in addi 
tion there is present 11 metal rhodate liming ‘.1 ncgilthc 
temperature coefficient of thc resistance t'l‘CRl in such 
11 qunntily that El tlcsirctl in cl of v['(‘R 1s nchitwctl 
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3. A material as claimed in claim 2, characterized in 
that the component having a negative TCR is a metal 
rhodate of the formula M3Rh7O15, where M=Pb or St. 

4. A resistor formed by applying the resistance mate 
rial of claim 1 to a substrate, heating said resistance 
material to a temperature sufficiently high to remove 
said temporary binder and to cause said permanent 
binder to adhere to said substrate thereby uniting said 
substrate and said resistance material into a coherent 
body and providing said coherent body with electri 
cally conductive leads. 

5. A novel compound having the formula BaRhéOn, 
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6. A resistance body comprising a coherent mixture of a 

resistance determining component and a permanent binder 
provided with electrically conductive leads characterized in 
that the resistance determining component is a barium 
rhodate of the formula Ba Rhb 012. 

7. The resistance body of claim 6 characterized in that in 
addition there is present a metal rhodate having a negative 
temperature coe?icient of the resistance (TCR), in such a 
quantity that a desired level of TCR is achieved. 

8. The resistance body of claim 7 characterized in that 
the component having a negative TCR is a metal rhodate 
oftheformula M3Rh1O15 where M=Pb or Sr. 
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