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COMPLETE SPECIFICATION

An Electrical Resistor Composition cdnta,ining'
' Thallium and Rathenium Oxides E

We, AIrR REDUCTION COMPANY, INCORPOR-

" ATED, a corporation of the State of New York,
‘United States of America, of 150, East 42nd

Street, New York, 17, New York, United.

‘States of ‘America, do hereby declare -the in-

vention, for which we pray that a patent may
be granted to us, and the method by which

" it is"to be. performed, to be particularly de-

scribed in and by the following statement: —
This application relates to electrical resistor
manufacture and more particularly to conduc-,
tive compositions suitable for resistors. The
term “resistor” is used in a broad sense to
designate 1) flat films or coatings applied to
a substrate by screen printing, spraying, or

- by dipping the insulator; 2) applications to
- .cylindrical substrates in spiral fashion or with

subsequent mechanical spiraling; and 3) volu-
metric resistors.

This - application is an improvement over
the invention disclosed in our Patent ‘Applica-

tion 22775/64 (Serial No. 1,033,624) for
. “Manufacture of Electrical Resistors” which -
- " basically discleses oxides of thallium dispersed

25

in a glassy matrix to form a novel resistive
composition. The “thallium oxide” used in, this
prior invention is preferably thallic oxide

' (T10;), -but may also include up to 50%,
- by weight of thallous oxide (T1.0), the balance
‘being thallic oxide. Moreover, other thallium

compounds, such as thallium hydroxide TIOH,
which. decompose on firing to the oxide, may

‘be used therein. “Thallium oxide” in the
- present ‘specification has the same meaning,

and this term is therefore intended to embrace
all  thallium  oxides, not  necessarily

-stoichiometric, in which more than 509, of

the ions are in the TI*+ oxidation state. Said

-specification also discloses that smal additions

of powdered metal such as gold, silver, plati-

' . num, and palladium, in mixture or singly, may

-[Pﬁce 45.6d.]

Pﬂce 5. od.

be included in the resistive mix to achieve
lower resistance values.

‘While the thallium oxide dispersed in glass
composition disclosed in our Specification No.
1,033,624 produces higher resistance valué re-
sistors (in the approximate range of 100

ohms/sq. to 10 megohms/sq.) which have ex-

cellent physical and electrical qualities, this
composition has not beeen entirely suitable for
resistors below -100 ohms/sq. such low resist-
ance value resistors having low moisture resist-
ance and unsatisfactory thermal stability. We
have discovered that an addition of ruthenium
oxide to the resistor composition disclosed in
our prior application substantially improves
both the moisture resistance and the thermal
stability of resistors formed from such compo-
sitions. In acdition, the ruthenium additive
substantially lowers the. current noise of the
prior art resistors. o

It is therefore an object of this invention
to provide an improved resistor. It is a further
object of the invention to provide an improved
composition for the uses indicated. It is still
another ‘object of the invention to provide a
novel electric resistor wherein the resistor com-
position, consists essentially of thallium oxide,
ruthenium oxide, and small quantities, singly
or in mixture, of powdered gold, silver, palla-
dium, or platinum, or oxides of these metals
dispersed in glass. '

It should be understood that all percentages

- of compositions referred to in this application

are percentages by weight of the total composi-
tion. It should also be understood that when
we refer herein to “films” we intend to include
deposits such as glaze coatings. The film
preferably has a.thickness of 0.2 to 2 mils,
although -our novel composition may be used
in coatings of other. thicknesses. . :
The exact nature of this invention, as well
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I ncreased the noisture ide, ruthenium oxide and
glassy matrix are resi stance and i rrproved the thermal
stahility.-w thin the range-20=75%—ttattTomoxrder """ 1D hwe
charact eristics of the resistor. 0. 1-20% rut heni um oxi de and
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gi ntain the desired resistor charact eri s- to 20% finely divided silver,
gdl d, platinum: Constituent 30 tics. W have wepindet Bat a resistor
crrpOs'i tion -or palladt e+ | - 3
i - PbO 45— 85 5
Si0, 7 — 4 5
. - 10
: ALO; 0—3 :
;  Na,0 . 05
h Metal earth oxides 0—10 15
1 (CaO, MgO, SrO, BaO) :
i ZnO 0— 10
; . _ _ o 20
An example of 2 commercial glass binder we intend to include conventional glass compo-
‘which is suitable for the composition is a lead. sitions as set forth above which have been
‘borosilicate glass sold by Harshaw Company modified to contain up to 10%, zinc oxide.
40 wunder the label Q—12. In addition to Jead A finished resistor may be produced by ap- 55
: borosilicate glass, the glass used in the resistor plying the resistor composition to a ceramic .
composition may be any conventional borosili- dielectric and firing the same at a temperature
cate or phosphate glass. It has also been found that will fuse the composition to the dielectric
“that any of these glasses may be modified surface. Further, by the use of suitable filler
45 by including in the glass up to 10% zinc materials, the composition may be moulded 60
- oxide in the composition thereof as shown by into a volumetric resistor. The mnorganic resis- :
_ the composition set forth above. The zinc ox- tor composition of this invention consists of
; ide modified glass binder provides certain use- thallium oxide, ruthenium oxide, with or with-
4 ful coefficient of thermal expansion charac- out silver, gold, platinam, palladium, and filler
A 50 teristics. Consequently, when we speak of glass, mixed with finely divided glass frit in the 65 45
E . glass frit, and glass matfix in thlS application, = following proportions: - '
3 50
3
55




consisting of 65% to 75% thallium oxide,

in claim6 0.1% to 5%
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zi nc oxi de. As will be seen from the above composition, -

‘the essential ingredients are thallium oxide,
ruthenium oxide, and glass, "As. shown by the

5 proportions, noble metals such as silver, gold,
platinum, and palladium, or their oxides, may
-be added to vary the resistance value of the:
composition, or they may be omitted, and filler
materials may be added to change the consist-
ency of the mix for such applications as
moulding inorganic volumetric resistors, or
they may be omitted. .
Filler materials may also be used in printed
circuit applications where jt is necessary to

10

‘composition above. Such fillers are to be re-.

garded as diluents in the mixture.

‘Although the glass is the binder in the com-
position of this invention (after the mix has
been fired) a temporary binder can be used
in the mix when desired; for example, when

- a printing process is to be used such as by

the screen printing of the composition in a

coat upon, a printed circuit substrate, the vis-
_cosity of the mix can be varied and the resist-
~ance can be increased in value with increases

in the thickness of -the coat or its- width, or
both, as printed.

15 obtain resistance in the higher ranges. For - The particle size of the ruthenium oxide
other applications such as flat and cylindrical powder is submicron in diameter and the parti-
coatings on rods, or applications by dipping, - cle size of the fiiler is less than -- 325 meshes.
spraying, or the like, fillers may be used to When temporary binders are employed as

: increase the resistance of the composition and ‘in instances of making the composition for

20 the 3-dimensional rigidity. Examples of suit-- printing, the following organic mixtures are

s compo- " able morgamc fillers are as set forth in the suitable for use as the temporary binder:
ive been
ide. Weight per cen
d by ap- . 55 Weight per cent
Ceramic Ethyl cellulose 0—15
1perature of the
dielectric Butyl carbitol 10 — 45 organics -
ble filler o e : used
moulded 60 ' o Synosol ' 20 — 45
nic resis- :
msists of
or with- - . - ]
and filler The temporary binder is volatilized and all including the affixing of terminals, is given
t in the 65 of it is driven off by the firing. operation in only 1o illustrate the differences and not by
o 45 the formation of the resistor. “Synasol” is a way of illustration on ‘the terminals or the
proprietary solvent available from the Union over-all resistor manufacture.
Carbide and Carbon, Corporation, and consists EXAMPLE
3 of 100 parts by volume of cthanol denatured In the manufacture of a printed type resis-
3 .. With 1 part of methyl isobutyl ketone, 1 part tor, an intimate mix containing the " desired
] 50 of ethyl acetate, and 1 part of aviation gaso- proportions of thallium oxide, ruthenium ox-
: line. ide, lead borosilicate glass, and metal powder
j Resistor terminals which can consist s1mp1y is ground in a mortar and pestle for 30 to
i of a noble metal powder that is suspended in 120 minutes; then about 15 weight per “cent
a flux painted on in suitable spots ‘and then of ethyl cellulose and butyl alcohol is added -
to the ground mix and allowed to set for

fired are applied to our resistive composi-
tion in different ways, depending upon the
form of the resistor. The following example,

i 55

‘1 hour and then homogenized in a three roll
painter roller for about ‘10 minutes. The result-

o -+ he surface
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Patent No. 1,033,624 may be greatly inproved 12. An electrical resistor
conposition as for low resistance, value resistors by
adding clained in claim 1 and substantrally as herein ’ T B e
rut henium oxide to the conmposition. It should described. '

ge poi nted out that while the conposition of 13. A printed resi storm'

‘gont ajning - on the sur- 110 . v t he present disclosure is
particularly:useful for face thereof a resistor conposition as clained

~Fow resisttance_value resistors, it P88#%0 equally in claim ‘1 and :-
“gubstant i alhy ,Rs is RRECHIEE a flat ceramic. 1 hour; thenURETbhted Phstchialark£sl Stance .
“Yal ue T esi squbiEte sklhghy tfoRfilep@thg a conven- - a semiauthibatic adndiekihed:s b Snwe60 .
gonpo ﬁft i Om@nﬁaye@@rimezpit: The size of a stanfQ pnmgppec'lgpé? opcthe temperature 500°C to .
. Table

. . . o . i
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_ Hun NGU QrmBraldS $ntd lresistors in acc bel GHuE Gh gt

Agent s, . which can be obtainableOfidzefu Podt|@m- | Rxdntp. resi stor m x. .

24 Sout hanpraoncsBbE prfjtesips the substrate before the The current noise (dbs) was measured using

‘EFhancer Vol sfe printing, 1f desired. The printed pastes the Quan-Tech Model 2136 resistor noise test - . ye dbs.

gjezthen.dned in a drying oven at 150°C. for . : ) . ek
. 2. Leam ngton Spa: Printed for Her

jesty's Stationery Ofice, by theggpuri er Press.

41967. Published by. The, Patent gfi,f;e 25 Sout hanpt on ui | di ngs, London,:
C 2 _ Composition eat Tredt esistance fr o9%hi ch copi es na ;
be i ned S (Wt %) (°C./min.) (chms/sq.) bs)” pres nay 15 .«
o 36% T1,0, | of
o X . ) . fi'.‘.
; 4%, Ru0Q, _ - - aci
. ) ' . OXY
60% Glass = 560,11 55 ~21.4 _ : - the
. | | | 1 po
; S o 0!
18% RuO, : _ ' . 28 e
E : ' _ L xo
; 7% Ag o o : ' e is
' : - ’ T
60% Glass 530/11 50 —36.3 : L it
o _ . - . .30 i
409% TI,0, : &
5% RuQ, | - gl
e ) - _ - e
5% Ag ' . ' e 35 «x
50%, Glass oS0/l 126 ~19.7 1
: bt
. i
- As can be secen from Table I, resistors Patent No. 1,033,624 Table II below illu- 25 40 1
formed by the compasition of this inventiou strates the shown resistor compositions without 2
have a very low noise level. For purposes of ruthenium oxide and certain of -the electrical : I
- comparison with the resistors of our British characteristics of the composition. _ 3
Tasie JI | o _ -8 ;
1 Composition Heat Treat.  Resistance Noise
' (w't,.. %) (°C./min.) {ohms/sq.) (dbs) !
40% TLO, 540/11 60.9 1+2.6 - _ ;
_ : : 50
60%, Glass , ) - _ : _ o
50% T1,0, -
' - : C . 85
509, Glass - s40/11 - .43 2.1 ‘ -
- 40% T1,0,
10% Ag
_. 50% Glass 560/11 161.0 -~ 8.8

et i e et St 4 Ee % m e SmETt epmeier oo




15

25

-~

;
!
&
¢

16

15

20

25

35

40

45

50

55

t ‘1,088,882

Ln

"the balance glass.

Table I and II clearly indicate the improve-
ments in noise level created when ruthenium
oxide is added to the imorganic composition
mix. For example, it will be noted that the
noise level for a resistive composition mix of
407 thallium oxide and 60 ’,’._ glass was found
to be + 2.6 dbs, whereas 367, thallium oxide,
4"/° ruthenium oxide, and 60% glass result
in the noise level being reduced to —21.4
'dbs. Other percentages “of ruthenium oxide
than those specifically shown will produce

similar effects. In addition, the ruthenium ox-.

ide modified resistors increased the moisture
resistance and improved the thermal stability
characteristics of the resistor.

As previously pointed out, the pre;erred range
of consiituents of the resistor composition
from the stand-point of desirable resistor char-
acteristics is basically 20%, to 759, thallium
oxide, 0.1%, to 20% ruthenium oxide, and
Various fillers or metal
powders may obviously be added for reasons
as pointed out hereinabove. Due to the high
cost of ruthenium oxide in comparison to the
remaining basic constituents of the resistor
composition, i.e. thallium oxide and glass, it
is desirable to use as small an amount of
ruthenium oxide as possible and at the same
time maintain the desired resistor characteris-
tics. We have found that a resistor composition
consisting of 65%, to 75% thallium oxide,

0.1%, to 5%, ruthenium oxide, and balance
glass, can be very satisfactory in producncr
resistors which have low current noise, high
moisture resistance, and good thermal stabxlity.

It should be understood that our novel resis-
tor composition and finished resistor can be
made from methods other than disclosed here-
in; for example, the finished resistor can be
made from . the methods disclosed in our
above-identified co-pending patent application,
including the recrystallisation process, -by
merely changing the proportions of the con-
stituents disclosed in the co-pending applica-
tion and adding ruthenium oxide to the com-
position.

We have disclosed that the resistive compo-
sition disclosed and claimed in or British
Patent No. 1,033,624 may be greatly improved
for low resistance value resistors by adding
ruthenium oxide to the composition. It should
be pointed out that while the composition of
the present disclosure is particularly useful for
dow resistance value resistors, it is also equally
useful for high resistance value resistors. High

walue resistance compositions may be made

by simply reducing the amount of conductive
metal and increasing the amount of glass or
other filler in the resistor mix. :

WHAT WE CLAIM IS: —

1. A resistor composition comprising a mix-
ture of thallium oxide and ruthenium oxide
intimately dispersed in a glassy matrix.

2. A composition as claimed in clhim 1,
wherein -the proportions of thallium o'nde,
ruthenium oxide, and glassy matrix are within
the range 5——90%, thallium oxide, 0.05—80%,

ruthenium oxide and 90-—9.95%, glassy ma-_

trix.

3. A composition as claimed in claim 1
or 2 in which the proportions of thallium ox-
ide, ruthenium oxide and glassy matrix are
within the range 20—759%, thalliun oxide,
0.1—20%, ruthenium oxide and 20-—75%,
glassy matrix.

4. A composition as claimed in claim 1, 2
or 3 in which the proportions of thallium ox-
ide, ruthenium oxide and glassy matrix are
in the range 65--75% thallium
0.1-~5%, ruthenium oxide and 34.9-—20%
glassy matrix.

S. A composition as claimed in any one

of the preceding claims in combination with
a temporary liquid binder to form a paste
with said composition components.

6. A composition as claimed in any one
of the preceding claims and comprising up
to 20%, fnely divided silver, gold, platinam
or palladium or their oxides.

7. A composition as claimed in claim 6.
svherein the proportion of gold, silver, plati-
num or palladium or their oxides does not
exceed 10%,.

8. A composition as claimed in any of the .

preceding claims and comprising up to 509,
filler of TiC., MgO, Ca0, $:0, BaQ, ALO,,
or ZrQ,.

9. A composition as claimed -in claim 8
Wén;rexn the proportion of filler does not exceed
30%. -

10. An electrical resistor comprising a
ceramic di-clectric containing. on the surface

“thereof a resistor composition as claimed in

any onc of claims 1 t0 9.
11. An elecirical resistor as claimed in c}aun

110, wherein the resistor composition mcludes

ap to 109 zinc oxide.

12. An electrical resistor compos ition as’

claimed in claim 1 and substantially as herein
described.

13. A printed resistor containing on the sur-
face thereof a resistor composition as claimed
in <claim 1 and substantially as hercin de-
scribed.

‘For the Applicants,
CARPMAELS & RANSFORD,
«Chartered Patent Agents,

24 Southampton Buildings,

" «Chancery Lane,
London, W.C.2.

Jeamington Spa:

Printed for Her Majesty’s Stationery Office, by the Courier Press.

—1967. Published by The Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be cbrained,
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in S Table I and II clearly indicate the improve- WHAT WE CLAIM IS: —
0 L, ments in noise level created when ruthenium 1. A resistor composition comprising a mix- 60
© B oxide is added to the inorganic composition ture of thallium oxide and ruthenium oxide
od 1 mix. For example, it will be noted that the intimately dispersed in a glassy matrix. )
ed 15 f 5 moise level for a resistive composition mix of A composition as claimed in claim 1,
e E 40%, thallium oxide and 60%, glass was found wherein the proportions of thallium oxide,
3 to be + 2.6 dbs, whereas 36%, thallium oxide, Tuthenium -oxide, and glassy matrix are within 65 .
1 ' ¥ 4% ruthenium oxide, and 60%, glass tesult the range 5-—90%, thallium oxide, 0.05—80%,
°s% . in the noise level being -reduced to -21.4 ruthenium oxide and 90—9.95%, glassy ma-_
v ; 16 dbs. Other percentages of ‘ruthenium oxide trix. : :
% - than those specifically shown will produce’ 3. A composition as claimed in claim 1 .
similar effects. In addition, the ruthenium ox- wor 2 in which the proportions of thallium .ox- 7
ide modified resistors increased the moisture ide, ruthenjum oxide and glassy matrix are
- wesistance and improved the thermal stability within the range 20—75%, thallium oxide,
15 characteristics of the resistor. - 0.1—20%, ruthenium oxide and  20--75%,
As previously pointed out, the preferredrange  glassy matrix. '
of ‘constituents of the resistor composition -~ 4. A composition as claimed in claim 1, 2 75
from the stand-point of desirable resistor char- or 3 in which the proportions of thallium ox-
. acteristics is basically 20%, to 75% thallium jde, ruthenium oxide and glassy matrix are
- 20 oxide, 0.1% to 20% ruthenium oxide, and in the range. 65—-75%  thallium “oxide, .
' “the balance: glass. Various fillers or metal 0.1—5%, ruthenium oxide and 34.9—-20%,
powders may obviously be added for reasons. glassy matrix. ' 80
as pointed out hereinabove: Due to the high 5. A composition as claimed in any one
. Sost of ruthenium oxide in comparison to the of the preceding: claims in combination with
25 wemaining basic constituents -of the resistor 4 temporary liquid binder to form a paste
. Komposition, i.e. thallium oxide and glass, it  with said composition components.
is desirable to use as small an amount of 6. A ‘composition as claimed in any one 85
. ruthenium oxide as possible and at the same of the preceding claims ‘and comprising up
. time maintain the desired resistor characteris- o 20%, finely divided silver, gold, platinum
50. tics. We have found that a resistor composition  or-palladium or their oxides, .
consisting of 65% to 75% thallium oxide, - 7. A composition as claimed in claia 6.
0.1% to 5% ruthenium oxide, and balance wherein the proportion of gold, silver, plati- gp
glass, can be very satisfactory in producing mum or palladium or their oxides does not
‘resistors which have low current noise, high exceed 10%,. : .
35 " moisture resistance, and. good thermal stability. 8. A composition as claimed in any of the
It should be understood that our novel resis- preceding claims and comprising up to 50%, -
tor composition and finished resistor can ‘be filler of TiC,, MgO, Ca0, Sr0, BaO, ALO,, 95 -
made from methods other than disclosed here-  or ZrO,. : -
in; for example, the finished Tesistor can be ..9. A composition as claimed ‘in claim 8,
- 25 40 made from. the methods disclosed in our wherein the proportion of filler does not exceed
ut : - above-identified co-pending patent: application, 30%,. . o :
al - including the recrystallisation process, by 10. An electrical resistor comprising a Jgo _
merely changing the proportions of the con- ceramic di-electric containing. on the surface
stituents disclosed in the co-pending applica- - thereof a resistor composition as claimed in
45 tion and adding ruthenium oxide to the com- -any one of claims 1 to 9, . o
- position. : .11, An electrical resistor as claimed in claim
We have disclosed that the resistive CQmpO- . 10, wherein the resistor composition” includes 105
sition disclosed and claimed in or British apto 10%, zinc oxide. ) '
WPatent No. 1,033,624 may be greatly. improved 12. An electrical resistor composition as’
. for .low resistance. value resistors by adding «lajmed in claim 1 and substantially as herein
30 ruthenium oxide to the composition. It should described.
. be pointed out that while the composition of . 13, A printed resistor containing on the sur- 110 .
‘the present disclosure is particularly usefui for - face thereof a resistor composition as claimed
low resistance value resistors, it is also equally in .claim 1 and -substantially as herein de-
- useful for high resistance value resistors. High scribed. ' '
55 . walue resistance compositions may be made - . For the Applicants, .
by simply reducing the amount of conductive - CARPMAELS & RANSFORD, -
metal and increasing the amount of glass or 1Chartered Patent Agents,
other filler in the resistor mix. - 24 Southampton Buildings,
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