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This invention relates to a new and improved metal 
?lm resistor, and more particularly to a preclous metal 
?lm resistor having a thin resistive ?lm of metal formed 
'on a surface in a monolithic sandwich con?guration. 

Thin metallic ?lms used as resistances may be produced 
by ?ring from metallo-organic formulations. The resistive . 
?lms produced possess numerous advantageous charac 
teristics such as lower temperature coef?cient of resistance, 
wide range of resistivity, ability to be produced on a mass 
scale, resistance to chemical action and other advantage 
ous electrical properties. The incorporation of such de 
posited ?lms into a useful resistor is thus desirable. 
The thin resistive ?lm, however, must be incorporated 

' into a structure which will permit it to be used in normal 
electronic and electrical usages. The thin resistive ?lm 
must be supported on a base. It must be suitably protected 
against mechanical damage, and it must receive electrodes 
which complement the properties of the ?lm. It is also 
advantageous to incorporate the thin ?lm in a single com 
posite structure which contains more than one individual 
electrical component. For example, it is desirable to 
mount the resistive ?lm on a rigid base material carrying 
layers including as an active component a resistive metal 
?lm. 
Although they are advantageous, the resistor construc 

tions made up of layers on an inert base and carrying a 
metal resistive ?lm suffer from several distinct disadvan 
tages. The layers do not adhere satisfactorily to the inert 
base material. The plurality of coatings have a tendency 
to separate from the base and from each other. 

It is an object of this invention to provide a resistor 
construction having a resistive ?lm contained within lay 
ers on an inert base and having superior mechanical and 
electrical stability. ~ 

It is another object of this invention to produce a pre~ 
cious metal ?lm resistor with high resistivity and good elec 
trical properties. ' 

Still other objects of this invention will become appar 
ent when read in conjunction with the following descrip 
tion and accompanying drawings in which: 
FIGURE 1 is a plan view of a resistor construction of 

this invention greatly enlarged; 
FIGURE 2 is a sectional view of a build-up of the resis 

tor construction taken on lines II-II of FIGURE 1 in the 
direction of the arrows, and 
FIGURE 3 is a sectional view of a higher resistance 

buildup of alternate layers of vitreous glaze and resistive 
?lm greatly enlarged. 

In general this invention involves a resistor structure 
made up of a thin resistive ?lm deposited from a metallo 
organic composition on a fused inorganic non-conducting‘ 
layer. After the organic resinate is burned out of this com 
position the remaining metal resistive ?lm becomes the 
electrically active portion of the resistor. Finally, over this 
resistive ?lm is lain an overcoat of a glaze similar to the 
under layer and having substantially the same or a slightly 
lower coe?icient. The resistive ?lm is provided with suit 
able electrodes. In a further general aspect, an inert base 
carries the fused inorganic non-conducting layer which 
has a lower coei?cient of expansion under thermal change 
than the inert ceramic base. 

Referring to the invention as illustrated in FIGURE 1, 
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a ?at ceramic substrate 10 such as barium titanate in a 
suitable form has applied to a surface thereof an under 
coat 11 composed of a vitreous glaze. The glaze of under 
coat 11 is made up of a suitable mixture of vitreous mate 
rials such as boro-silicates mixed with Pyrex glass to have 
a coe?'icient of linear expansion with temperature lower 
than the ceramic of the substrate 10 in the temperature 
range of from room temperature to 1100° C. Suitable 
electrodes 12 composed of a non-diffusing material such 
as platinum-gold alloy are spaced apart in narrow strips 
on the undercoat 11. A thin resistive ?lm 13 composed of 
an alloy of precious metals and basemetal extends across 
the undercoat 11 from one electrode 12 to the other. An 
overcoat 15 of vitreous glaze covers the resistive ?lm 13 
and adjacent portions of electrodes 12. Suitable leads 14 
are attached to the uncovered portions of electrodes 12. 
The vitreous glaze compositions of the undercoat 11 and 
the overcoat 15 may be of substantially the same com 
position with the composition of the overcoat 15 prefer 
ably having a slightly lower coefficient of expansion and 
a lower ?ring temperature. 
FIGURE 2 shows the arrangement of the layers in sec 

tion taken on line II-II of FIGURE 1. FIGURE 2 illus 
trates the relationship between the electrodes 12 ‘which 
placed on the undercoat 11 are partially overlain by the 
resistive ?lm 13 and also the overcoat 15. The overcoat 
15, extends laterally across the resistive ?lm 13 to contact 
the undercoat 11 adjacent the resistive ?lm 13 as well as 
elsewhere on the substrate 10. 

Before applying undercoat 11, resistive ?lm 13, and 
overcoat 15, the surface of substrate 10 is suitably cleaned 
and prepared for the reception of the layers thereon. The 
undercoat 11 is preferably of a ?nely divided material 
such as a mixture of borosilicate with powdered Pyrex 
glass. Suitable other inorganic non-conducting materials 
may be used. These may be applied by mixing with a suit 
able carrier or binder; the combination being applied 
either across the entire substrate surface or in a desired 
pattern by any desired process such as printing, screening, 
painting or rolling. For the purpose of the description 
screening is preferred. The preferred material of this 
embodiment is a borosilicate of a general formula NaaO, 
BaO, B203, A1203, SiO2 mixed with equal parts of Pyrex 
glass. A suitable carrier may consist of 5% ethyl cellulose 
and 95 % pine oil. The overall mixture may be 25% car 
rier and 75% ?nely divided inorganic material depend 
ing upon the consistency desired for the method of the 
application being employed. All elements of the carrier 
are evaporated or burned out during subsequent opera 
tions. The undercoat 11 should provide a continuous lay 
er for the resistive ?lm 13 and the adjacent portions of 
the electrodes 12. 
The frit or mixture of carrier and inorganic material is 

applied to the surface of substrate 10, as by screening. 
The preferred frit fuses at temperatures of approximate 
ly 1800-1900° F. As described at greater length below, 
the frit is selected to provide an undercoat 11 having a 
lower temperature coe?icient of expansion than the sub 
strate 10. The applied frit is ?red on the substrate 10 at 
a temperature capable of forming a continuous ?lm by 
fusion (1800-1900° F.). 

One, two or three applications may be made to build 
up the desired coating. An undercoat 11 for the resistive 
?lm 13 is thus produced on the ceramic base 10. 

In the preferred embodiment of this invention, the sub 
strate 10 is composed of a barium titanate base material 
having a suitable temperature cce?icient of expansion. The 
following table sets forth the coei?cients for four typical 
barium titanate ceramic base materials, but is not intended 
to be limitative. 
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TABLE I 
Range of expansion 

Temperature range coef?cient in 10—6/ 
in ° C.: cm./cm./° C. 

Ceramic: 
(1) 27 to 1100 _______________ __ 8.6 to 13.1 

(2) 30 to 1100 _______________ __ 6.6 to 12.7 
(3) 25 to1100 _______________ __ 9.1 to 11.6 
(4) 25 to 1100 _______________ __ 6.9 to 13.2 

A suitable vitreous glaze for the undercoat 11 is com 
posed of one half borosilicate and one half Pyrex glass 
and has an expansion coe?'icient of 5 x10‘6 cm./cm./ ‘’ C.; 
thus, an undercoat 11 having a lower coefficient of ex 
pansion is provided. , 

The electrodes 12 of platinum-gold alloy are applied by 
screen printing in a suitable manner. The electrodes are 
selected to minimize diffusion into the resistive ?lm. Suit 
able platinum~gold formulations which ?re in a tempera 
ture range of 1300°—l400° F. are next applied and ?red 
in that temperature range to form the electrodes 12. Any 
suitable pattern capable of providing termination of resist 
ance ?lm 13 may be employed for electrodes 12. However, 
the dumbbell-like con?guration shown in FIGURE 1 offers 
the advantage of economy of the costly electrode material. 
Then a thin coating of an organic metallic compound 

is suitably applied to the undercoat 11 across the electrodes 
12 for the production of the resistive ?lm 13. The organic 
metallic compound is made up of an organic resinate of 
the alloy of the resistive ?lm. Firing of the alloy provides 
a resistive ?lm having desired electrical characteristics 
including preferably a zero temperature coe?’icient of 
resistivity and is capable of providing a ?lm in the order 
of 2 X 10*6 inches thick. 
The organic resinate compound is applied to the under 

coat 11 in an appropriate vehicle by dipping, brushing, 
spraying, or screening. The resinate in the vehicle is ap 
plied as thinly as is necessary to give to the deposited 
metal ?lm the desired thickness and ohmic value of resist 
ance. The vehicle functions as a medium for carrying the 
resinate so that the resinate is evenly distributed upon the 
undercoat 11. That is to say, the organic metallic resinate 
is evenly dispersed in the vehicle, and when ?red to the 
undercoat gives a good thin metal ?lm. The resinates may 
include as constituents natural occurring resinates, resins 
and synthetic preparations. The resinates are precious 
metal compounds with natural or synthetic resins or simple 
reactive organic compounds. The metal resinate is suitably 
prepared for use in the production of the resistive ?lm 13 
by known methods as for example by simple solution of 
resin in a base followed by addition of the precious metal 
salt. 

After the coating comprising the metal resinate com 
pound and its vehicle is applied to the glaze underlayer 
11, the base 10 and underlayer 11, and the coating are 
given the ?rst stage of heat treatment to decompose by 
pyrolysis the binder and organic portion of the metal com 
pound. Deposition of the metal from the resinate starts at 
temperatures ranging anywhere from approximately 200 
to 400° C. Crystal formation of the precipitated metal 
occurs at a temperature in this range and progresses with 
time until approximately 100% metallic deposit results. 
The time was found to vary anywhere from 15 to 30 min~ 
utes. Accompanying the precipitation of the metal is the 
deposition of some carbon and base metal oxide ash from 
the binder and ?ux or frit respectively. 
The second stage heating is to completely oxidize the 

ash or residue and to ensure a thorough precipitation of 
the precious metal ?lm. The second stage heating may 
range from 400 to 750° C. for about one hour. FIGURES 
1 and 2 show the deposit thoroughly oxidized leaving the 
thin metal ?lm 13 which may be characterized as the basic 
resistance. While metal ?lm 13 is shown in FIGURES 1 
and 2 as having a straight-line pattern between electrodes 
12, other patterns, such as zig-zag paths, are utilized when 
increased resistance is required. The metallic ?lm 13 pos 
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4 
sesses good bonding properties so that the underlayer 11 
and the deposited metal are virtually integral. 

Other well-known techniques for using metal resinates 
are similarly satisfactory. The metal resinate ?lm is ?red 
at about 1300° F. to produce a resistive ?lm. The organic 
portion of the resinate and the vehicle are driven 011. 
The metal composition is made up of a relatively large 

proportion of an alloy of precious metals and a relatively 
small proportion (up to 20% of the precious metals) of 
a base metal, such as bismuth oxide. This invention is 
described in connection with a series of precious metal 
combinations containing gold or iridium, platinum and 
rhodium, but it is understood that it includes their equiv 
alents. Palladium may be included in the previous metal 
alloy to increase the resistivity of the alloy. 
To illustrate the resistive ?lms the following propor 

tions are ‘given for desirable organo-metallic formulations, 
but as exempli?cations only. The percentages in these 
examples are by weight. 
The precious metal component of Formulation I is com 

posed of 76.8% ‘gold, 19.2% platinum and 4% rhodium. 
A modi?cation may be made in the gold content by re 
placement by an alloy of from 70-90% gold and 10—30% 
palladium. About 5.1% of the total resinate composition 
is precious metal. Base metal oxide is present in a minor 
proportion that is about 19.6% of the precious ‘metal. 

The precious metal component of Formulation II may 
be 69% platinum, 29.8% iridium and 1.2% rhodium. The 
precious metal is about 2% of the total composition, and 
base metal oxide is present to the extent of about 10.5% 
of the precious metal. 
The overcoat 15 of vitreous glaze is applied over the 

resistive ?lm 13 and adjacent portions of electrodes 12 to 
come into contact with the undercoat 11. The overcoat 
glaze is selected to ?re at a temperature of about 1100° F. 
In the ?nal step the overcoat 15 is ?red at about 1100° F. 
and the glazes of the undercoat 11 and overcoat 15 tend 
to react to produce the monolithic sandwich structure of 
this invention. 
Among other features of this invention the vitreous 

glaze of: the undercoat remains relatively hard at the 
temperature of 1300-1400° C. during the ?ring of the 
resistive material. Further, the undercoat and overcoat 
are under compression and it has been found that this 
provides improved mechanical stability in the metal ?lm 
resistor structure. The resistance has a temperature co 
et?cient of resistivity which is close to zero. 
FIGURE 3 illustrates a modi?cation of this invention. 

In FIGURE 3, a layered structure is made up of glaze 
layers 15 and resistive ?lms 13 on an underlayer 11. The 
resistive structure is made up by ?rst applying the under 
layer 11 to the substrate 10. The underlayer 11 is then 
?red on the base as described above. The layered sub 
strate base is then removed from the oven and an elec 
trode 12 (as in FIGURE 2) is applied adjacent the left 
side as seen in FIGURE 3. Electrode 12’ is applied ad 
jacent the right side of layer 11 and does not extend 
onto substrate 10, inasmuch as 12' is not a terminal elec 
trode. The electrodes are suitably ?red as described 
above. In the next step, the metal resinate is applied 
overlying the electrodes 12 and 12' and is ?red to form 
resistive ?lm 13. Overglaze 15 is then applied to cover 
?lm 13 and adjacent portions of electrodes 12 and 12'. 
Another electrode 12" is applied over a part of glaze 15 
to provide another intermediate electrode permitting the 
continued build-up of the serpentine resistance path. The 
layers and ?lms 15’ and 15" and 13’ and 13" are then 
applied and ?red successively in the manner described 
above. Suitable electrodes 12" and 12"’ are also laid 
down and ?red and receive the respective resistive ?lms 
13' and 13". The resistive ?lms 13’ and 13" are sand 
wiched between the overcoats 15, 15' and 15" and each 
resistive ?lm extends from its respective electrode 12, 
12’ and 12" to the opposite side in a continuous zig-zag 
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path. Conventional leads 14 are attached to the electrodes 
12 and 12"’. , 

The invention has been described with particular refer 
ence to speci?c embodiments thereof including modi? 
cation; however, it will be understood that it is susceptible 
to embodiment in a large number of forms still within 
the spirit of this invention. For example, the arrange 
ment of the resistive ?lms and their electrodes may be 
rearranged and the application of the resistive ?lm need 
not be through evaporation of a solvent from the metal 
resinate, but may be produced by other techniques. Other 
ceramic substrates such as alumina may also be used. 
Accordingly, the scope of this invention is limited by the 
appended claims. ‘ 

What is claimed is: 
1. In an electrical resistor, an inert electrically non 

conductive base having a coef?cient of expansion of over 
6>< l0—6 cm./cm./ ° C. over a temperature range of from 
27° C. to 1100° C., a ?red-on continuous inorganic 
homogeneous electrical non-conducting ?rst layer on a 
surface of said base having a lower temperature co 
e?icient of expansion than said base, a ?red-on electri 
cally resistive metal ?lm on said ?rst layer having a 
?ring temperature not greater than said ?rst layerwith 
spaced electrodes in electrical connection with said ?lm, 
and a ?red-on continuous inorganic homogeneous elec 
trically non-conducting second layer overlying said ?lm 
and adjacent portions of said electrodes and joined to 
said ?rst layer in areas of contiguity, said second layer 
having a ?ring temperature not greater than said ?lm 
and a temperature coefficient expansion not greater than 
?rst layer and said base. 

2. An electrical resistor as claimed in claim 1 wherein 
said ?rst layer and said second layer are comprised of 
borosilicate. 
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3. In an electrical resistor as claimed in claim 1, said 

?lm being between continuous portions of said ?rst 
layer and said second layer. 

4. An electrical resistor as claimed in claim 1 wherein 
said inert base is comprised of barium titanate. 

5. An electrical resistor as claimed in claim 1 wherein 
said spaced electrode connections are comprised essen 
tially of platinum-gold alloy. 
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