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poration of Missouri 
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17 Claims.‘ ' (Cl. 117—217) 

This application is a continuation-in-part of my copend 
ing application Serial No. 779,605, “Precision Electrical 
Circuit Elements,” ?led December 11, 1958, which in 
turn is a continuation-in-part of application Serial No. 
618,728, “Precision Electrical Circuit Elements,” ?led 
October 29, 1956, now abandoned. 
The present invention relates generally to electrical re 

sistors and, more particularly, to an improved ?lmLtype 
resistor and a method of producing the same. 

Heretofore, a great variety of different ?lm-type resis 
tors have been proposed. In general, these resistors are 
formed by depositing thin metal ?lms on electrically in 
sulating base materials, such as by cathode sputtering, 
vacuum evaporation, or electrodeposition processes. 
More vrecently, it has been proposed to form such resis 
tors of various metal-glass ?lms, withthe glass serving 
as a binder for the electrically conductive metal particles. 
However, the metal-glass ?lms developed thus far have 
exhibited a number of serious‘ shortcomings. For ex 
ample, the rnetal-glass ?lms previously proposed are gen 
erally of non-uniform‘ composition through the ?lm thick 
ness so that abrading of the ?lm surface, either during 
manufacture or during wear, changes the characteristics 
of the ?lm. Moreover, it has been found that heating 
of the metal-glass ?lm to the temperature required to 
fuse the glass increases the resistance of the ?lm con 
siderably, so that the ?lm must either be made relatively 
thick or made with a relatively high percentage of metal. 
Also, perhaps more important than any of the other 
shortcomings is the fact that .di?iculties have been en~ 
countered in producing ?lmsv with properties which are 
predictable and stable. ’ 

It is a primary object of the present invention to pro 
vide an improved metal-glass ?lm resistor which is capa 
ble of being reproduced with accurately predictable elec 
trical resistance, temperature coe?icient of thermal ex 
pansion, and’ other characteristics. A related object of 
the invention is to provide a resistor of the foregoing 
type which is stable electrically, chemically and physical 
ly. Thus, it is an object to provide such a resistor which 
is characterized by high load life stability and good 
voltage coe?‘icient of-electrical resistivity, i.e., the resist 
ance remains constant regardless of the magnitude of the 
voltage applied, assuming no self heating. 

It is another object of the present invention to provide 
an improved metal-glass ?lm resistor which is of sub 
stantially uniform composition through its thickness. In 
this connection, it is a particular object of the invention 
to provide a metal-glass ?lm resistor which can be abrad 
ed without changing its characteristics,' other than the 
change in resistance due to the decrease in cross section 
al area. _ 

. A- further object of the invention is to provide an im 
proved method of producing a metal-glass ?lm resistor 
of the foregoing type whereby the glass component of 
the ?lm may be fused without increasing the resistance 
of the ?lm. A related object is to provide such a method 
which permits the attainment of any given resistance 
with a thinner ?lm and/ or a lower percentage of metal 
than the methods of the prior art. 

It is still another object of the invention to provide an 
improved metal-glass ?lm resistor which can ‘be manu‘ 
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factured in a wide range of electrical resistance values, 
and at a low cost. Yet another object of the invention is 
to provide such a resistor which is characterized by very 
low noise, and which is ideally suited for use as the resis 
tor element in a potentiometer. 

Other objects and ‘advantages of the invention Will 
become apparentupon reading the following description 
and appended claims and upon reference to the drawings, 
in which: 
FIGURE 1 is a plan view of a ?lm-type electrical re 

sistor embodying the present invention; ' 
FIG. 2 is a section taken along line 2—2 in FIG. 1; 
FIG. 3 is a temperature-resistivity curve showing the 

variations in electrical resistivity with changes in tem 
perature during the manufacture ‘of a metal-glass ?lm re 
sistor according to the methods of the prior art; 
FIG. 4 is a temperature-resistivity curve showing the 

variations in electrical resistivity with changes in tem 
perature during the manufacture of a metal-glass ?lm 
resistor according to the method of this invention; 

FIG. 5 is a plan view of a linear potentiometer made 
in accordance with this invention; and 
FIG. 6 is a plan view of a nonlinear‘ potentiometer ' 

made in accordance with the invention. 
While the invention will be decribed in connection 

with a preferred embodiment, it is to be understood that 
the invention is not to be limited to the disclosed em 
bodiment but, on the contrary, it is intended to cover the 
various modi?cations and equivalent arrangements in 
cluded within the spirit and scope of the appended claims. 
Turning now to the drawings, in FIGURE 1 there is 

shown a ?lm-type electrical resistor including a substrate 
10 formed of an electrically insulating material which is 
resistant to high temperatures, and a thin ?lm 11 of an 
electrical resistance material comprising at least one noble 
metal and a low melting glass bonded to the surface of 
the substrate 10. As used herein, the term “noble metal” 
includes gold, silver, palladium, platinum, rhodium, and 
‘iridium. The substrate 10 may be made of any suitable 
thermally stable substrate material such as, for example, 
alumina, steatite, fosterite, glass, porcelain, mica and 
other ceramic materials having the necessary physical, 
chemical, and electrical properties for‘the particular use 
intended. The substrate must, of course, be capable of 
withstanding the action of any chemicals used in the de 
position of the ?lm 11, as well as any changes in temper 

- ‘ature encountered both'during the manufacturing process 
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and during use of the ?nal product. For the purpose of 
connecting the resistor element into the desired circuit, a 
pair of highly‘ conductive metal terminals 13 are depos 
ited on the substrate 10 in electrical'contact with opposite 
ends of the ?lm 11'.‘ The terminals 13 may be made of 
any suitable metal, such as silver for example, 

In forming the metal-glass ?lm 11.1, a ?nely divided 
' metal-glass mixture of the desired composition is deposited 

on the surface ‘of the substrate and then ?red to a tem 
perature sufficiently high to fuse the ‘glass component of 
the mixture, but below the melting point 'of the metal 
component. The metal-glass system is then ‘held at that 
temperature for a period su?’icient to form a continuous 
glassy ?lm which is bonded. ?rmly to the substrate. As 
the metal-glass system is ?red, its electrical resistance has 
been found to follow a general pattern. Thus, atypical 
"metal-glass system hasi'a temperature-resistance curve as 
illustrated in FIG. 3. The electrical resistance of the 
metal-glass system as initially deposited on the insulat 
ing substrate, i.e., at.‘ temperature To, is essentially in?nite, 
especially where a relatively 'high percentage of glass is 
employed. ' As, the temperature ‘of. the metal-glass system 
is increased, its electrical resistance decreases rather rapid 
ly until the curve becomes-asymptotic to the temperature 



r 

axis, as at temperature T1. This represents the minimum ' 
resistance value of the metal-glass system, and ‘further 
increases in temperature cause the resistance to increase 
at a rather rapid rate. 

In order. .to form a continuous glassy ?lm from the 
metal-glass system, it must be heated at least to the fusion 
point of the glass component of the system, which is tem 
perature T2 in FIG, 3. However, as can be seen from 
the curve, if the temperature is increased from T1 to T2 
at the same rate as from To to T1, the resistance in 

‘ creases to a level considerably above the minimum value 
attained at T1. The resistance dips somewhat at the glass 
fusion point, but it is still well above the resistance value 
at T1. Consequently, the thickness of the ?nal ?lm must 
be considerably greater than the thickness which would be 
required with‘ the resistance value attained at T1. Since 
one of the main objects of ?lm-type resistors is to mini 
mize the size of the resistor, it would naturally be de 
sirable to produce a ?lm in which the glass component 
has been fused at temperature T2, but which still hasthe 
relatively low resistance value attained at T1. Moreover, 
it has been found that the results of such a heating treat 
ment are unpredictable in that the characteristics of the 
?nal resistor are largely indeterminate. 

‘In accordance with the present invention, it has been 
unexpectedly discovered that the objectionable increase 
in resistance of the metal-glass ?lm. between T1 and T2 
can be substantially avoided by initially increasing the 
temperature of the system at a relatively slow rate from 
To to T1, increasing the temperature from T1 to T2 at 
a relatively rapid rate, and then maintaining the system 
at T2 for a period just suf?cient to complete the fusion of 
the glass component without degrading the system. Thus, 
it has been surprisingly found that by carrying out the ?r 
ing process in two stages, with a relatively rapid heating 
rate being used in the second stage, the glass component 
of the system can be completely fused without increasing 
the electrical resistance of the system. ‘Indeed, if the 
heating rate in the second stage is properly controlled, 
the resistance of the ?lm may actually be decreased be 
low the resistance value attained‘ ‘at T1. Furthermore, 
the characteristics of- resistors produced‘ by this two-stage 
process are accurately predictable so that any given re 
sistor can. be faithfully reproduced time. after time. 

Referring to FIG. 4, which illustrates a temperature 
resistance curve for a typical metal-glass ?lm produced 
by the method of this invention, it canv be seenv that the 
?rst ‘stage of the ?ring process, i.e., from To to. T1, is 
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similar to the corresponding portion of the curve of FIG. ‘ 
3. From T1 to T2, ‘however, the tempera-tureis increased 
at such avr-apid rate that the resistance remains the same 
as, or even drops: below, the resistance. value at T1. It 
will be understood that’ theexact temperatures represented 
by T1 and T2, and. also the, exact heating: rates employed 
in the two stages, will vary with the‘ composition of‘ the 
metal-glass ?lm. .Forexample, in the case of a metal~ 
glass system comprising a. glass component of lead-boro 
silicate glass and, a ternary metal component of silver, 
gold, and platinum resinates, a‘ suitable, procedure for they 
?rst stage of the process is to. place.v a. substrate coated 
with the metal-glass mixture in an ovenv at 250° F. and 
then increase the temperature: to about 720° 'F. in about 
?fteen minnes. This decomposes the. metal resinates, de 
positing the three noble metals on. the substrate and driv 
ing offthe volatile decomposition products, and produces 
a metal-glass ?lm. having the minimum electrical resist 
ance for this particular system. 1 
For the second stage of the process, the resistor ele 

ment: is removed from the ?rst oven and transferredto a 
second ovenlwhich has been. preheated to ab;out:1020° R, 
which is slightly above the, fusing point-0f the lead-boro 
silicate glass but below, thev melting, points of the three 
noble metals. Since the mass of» the resistor element is 
small, the temperature of- the metal~glass ?lm is, increased 

' to the temperature of the second furnace in a- matter of 
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seconds, thereby fusing the glass component with practi 
cally no increase in the electrical resistance of-rthe sys 
tem. The resist-or element is allowed to remain in'the 
second furnace for about 4 to 6 minutes, which is suf 
?cient to insure complete fusion of the glass 'Without 
changing the resistance or ‘other electrical properties of 
the ?lm. Below four minutes, the' ?lm‘ does not mature, 
i.e., there may be inadequate fusion. Above six minutes, 
there is an increase in the noise level of the resistor ele 
ment, probably because the conductive metal phase of the 
?lm begins to become discontinuous. 

In order to achieve the desired glassy coating, the 
metal-glass system must be ?red at least to its fusing 
point. However, over?ring may cause bubbling or blister 
ing of the glass component of the system and, therefore, 
is to be avoided. The fusion temperature must also be 
‘below the melting point of the metal component of the 
system. The ?ring temperature employed in any given 
case depends on the particular composition used, and it 
will be understood that different ?ring procedures may 
be devised according to the teachings of this invention. 

In accordance with one aspect of this invention, the 
metal component of the metal-glass system comprises a 
ternary system’of silver, platinum, and gold, either alone 
or in combination with one or more metal oxides such 
as the oxides of iridium, ruthenium, palladium, rhodium, 
nickel, cobalt, iron, manganese, chromium, vanadium, 
and titanium. The preferred ternary systems are those - 
containing about 25 to ‘65% by weight silver, 20 to-45% 
by weight platinum,-and 5 to 35% by weight gold. The 
silver-platinum-gold ternary system ‘has been found to 
produce a highly conductive ?lm with accurately pre 
dictable and reproducible characteristics. By contrast, it 
‘has. been found that silver and ‘gold, when used alone, 
are practically non-conductors, and platinum when used 
alone is a poor conductor. Similarly, most binary sys 
tems are also unsuitable for use in this invention; thus, 
a silver-gold system is not sut?ciently conductive and a 
platinum-silver system is dif?-cult to reproduce with uni 
form properties. One binary system which may be used 
is a platinum~gold system, with the major portion gold, 
but this is still inferior to the ternary system. . ' 

In addition to the high degree of predictability‘, the 
metal-glass resistors made from the preferred silver 
platinum-gold system‘ according to this invention have 
been found to be extremely stable electrically, chemical 
ly, and physically. Thus, these ?lms have high load- life 
stability and good voltage coef?cient of electrical resistiv 
ity, i.e., the resistance remains constant regardless of 
the magnitude of the voltage applied (assuming no self 
heating). Moreover, the temperature coe?cient of elec 
trical resistivity is always positive and predictable, being 
200 parts per million positive, plus or minus only about 
20 parts per million. These preferred‘ ?lms also, exhibit 
.low noise (too low to measure in the low resistance 
values), are. physically strong, and chemically inert. 

Although the explanation of the vastly superior per 
formance of the silve‘r-platinum-gold system is not com 
pletely understood, it is believed. that one or two metals ' 
existing alone in the metal-glass matrix tend -to' coalesce 
or cohere so that instead of having a large number of 
tiny metal particles evenly spaced, there are produced 
large irregularly shaped' masses of conductive material 
surrounded by the insulating glass. In the preferred 
ternary system, however, each metal seems to prevent 
the others from coalescing so that the metal- particles 
tend to remain separated and‘eve'nly distributed, thereby 
forming a continuous phase metal-glass alloy. Thus, the 
resulting metal-glass ?lm, isuniformly'conductive through‘ 
out and may be faithfully duplicated in mass production 
with exactly the desired characteristics. Moreover, it 
has been surprisingly found that silver, platinum, and gold ‘ 
are the only noble metals which are non‘oxidizable in 
the method of this invention. 



- lead oxide (PbO). 
,borate glasses have been found to produce non-uniform 
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_ ’ As mentioned above, the preferred silver-platinurn-gold 
ternary system may be modi?ed with certain additives._ 
Especially valuable additives are the oxides of nickel, 
cobalt, and copper. Although these oxides are highly 
soluble in the glass matrix, they have unexpectedly been 
found to reduce the temperature coe?icient of electrical 
resistivity of the metal-glass ?lm, to increase the electrical, 
resistance of the ?lm, and to improve its abrasion re 

’ sistance. 
In order to {avoid melting of the metal component of 

the metal-glass system during the ?ring procedure, it is 
important that the glass component have a fusing 
point below the melting point of the metal component. 
The glass component should also have a fusing point 
below that of the substrate. Thus, the preferred material 
for the glass component is a low melting lead-boro-silicate 
glass, such as a glass composed of 75% PhD, 15% B203, 
and 10% SiOg. This glass melts at 900° E, which is 
below the melting points of the noble metals, and remains 
stable over extended periods of operation at elevated 
temperatures. In general, the preferred lead-bor-o-silicate 
glasses are those containing at least about ‘75% by weight 

Both‘the lead-silicate and the lead 

results, while the boro-silicate glasses are generally too 
high'in melting point and viscosity. . 
For the purpose of preventing cracking and crazing of 

the metal-glass ?lm during alternate heating and cooling 
of the resistor either in the process of manufacture or in’ 
use, the coe?icient of thermal expansion of the glass com 
ponent should be adjusted to correspond with the coet? 
cient of thermal expansion of the substrate to which the 
?lm is bonded. For example, in the case of the pre 
ferred lead-boro-silicate glass, the coefficient of thermal 
expansion may be adjusted by the addition of zirconium 
oxide (ZrO). 
the coef?cient of thermal expansion, but also produces a 
mechanical matrix for the glass so that the glass becomes 
less ?uid and thus less likely to flow. The glass may also 
be modi?ed to improve its acid and alkali resistance, such 
as by the addition of zirconium oxide or titanium oxide 
(TiOZ) to lead-boro-silicate glass. The addition of these 
modifying agents is usually accomplished by the addition 
of active ?uxes, such as alkali metal oxides or ?uorides,v 
to the boric glass composition. 
The electrical resistivity of the metal-glass ?lm of this 

invention depends not only on the ?ring procedure, but 
also on the particular proportions of metal and glass em 
ployed, the dimensions of the ?lm, and the composition 
of the particular metal and glass components employed. 
It is generally preferred to use less than about 80% by 
weight glass, suitably about 50% by weight, but higher 
percentages may be used for certain applications. The 
exact thickness of the metal-glass ?lm will, of course, 
vary with different resistors, but the thickness will gen 
erally be less than ?ve mils, preferably within the range 
of 0.0001 to 0.005 inch. 
Although the metal-glass ?lms are resistant to moisture, 

nevertheless it is often desirable to provide a protective 
coating over the resistor ?lm. In this connection, the 
metal-glass ?lms of this invention because of their inert 
ness are capable of tolerating a wider range of protective 
coatings than other types of resistors. Typical coating 
materials include glass of the same composition as the 
matrix and certain lacquers. The coating material should 
not include any catalysts, such as ‘epoxy resins and 
silicones with a drier or polymerizing agent. 

In order to deposit a uniform and accurately reproduc 
ible metal-glass ?lm, it is preferred to intimately mix the 
metal and glass components in a liquid vehicle which is 
then applied to the substrate. One particularly preferred 
method is to mix the ?nely ground glass component with 
the appropriate metals in the forms of soluble metal 
resinates which are thermally decomposable. The metal 
resinates'are dissolved in a suitable solvent and intimately 

The zirconium oxide not only corrects 

6 
mixed with the ?nely ground glass to form a uniform 
mixture which can be easily applied to the desired sub 
strate by a suitable stencilling technique, such as silk 
screening for example, or by the application of ordinary 
printing, engraving, and lithographing techniques and 
the like. The metal resinates and the glass ?ux shouldbe 
thoroughly mixed, such as in a conventional three-roll 
paint mill for example. In order to provide proper screen 
printing consistency and to improve the ignition prop 
erties of the resinates, a plasticizer such as hydroabietyl 
alcohol or the like may be added to the mixture. 

After. the mixture has been deposited on the substrate, 
the coated substrate is then placed in an oven and ?red to 
the decomposition temperature of the metal resinates. 
In this particular method, the ?ring procedure should be 
carried out in an oxygen-containing atmosphere so that 
the carbonaceous decomposition products are oxidized to 
form carbon oxides which may pass off in gaseous form 
rather than being left on the resistor element. This also 
eliminates any possibility of the carbon reducing a portion 
of the‘ glass component to a metallic phase, such as lead 
oxide to the metal lead for example. 

It will be understood that the thermal decomposition 
of the metal resinates represents only the ?rst stage of the 
two-stage method of this invention, and‘the resist-or must 
still be heated to the fusing temperature of the glass com 
ponent of the ?lm at a relatively high heating rate as de— 
scribed above. In order to determine the actual termina 
tion temperature of the ?rst stage of the process, it has 
been found convenient to monitor a resistor element con 
sisting of a mixture of resinates of the same noble metals 
and in the same proportions as in the resistors under treat 
ment, but without the glass component. This glass-free 

_ mixture provides the lowest possible resistance for a given 
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' system and thus gives a more sensitive indication of 
changes in the monitored- resistance value. The re 

, sistance starts out at a high level and then drops rapidly 
as the resinates are decomposed and the organic material 
driven off. When the monitored resistance levels'otf at 
the bottom of the curve, the ?rst stage of the heat treat 
ment is terminated and the ‘resistor is ready for the sec-v 
ond stage treatment. - 

It will be appreciated that other thermally decom 
posable organo-metallic compounds may be used as 
sources of the noble metals. 
such compound decompose completely at a temperature 
below the fusion point of the particular glass employed, 
and that it produce decomposition products which are 
easily volatilized or otherwise disposed of without leav 
ing any deleterious residue. Also, to facilitate liquid 
application, the compound should be readily soluble in 
a solvent which can be evaporated to leave a stable 
mechanical con?guration. Typical compounds which 
meet these requirements include not only the resinates, 
but also octoates, palmatates, oleates, and many other 
salts of organic acids. It will be understood that the 
commercial forms of the resinates and other compounds 
normally include various ?uxes, such as a small amount 
of bismuth, to render them more adherent. However, the 
bismuth or other ?ux forms no part of the present reac 
tion and is promptly absorbed by the glass component. 
For the purpose of avoiding unpredictable‘ variations 

in the resistivity, noise level, and other characteristics of 
the resistor element, the metal-glass system should be ?red 
in a puri?ed atmosphere and under controlled humidity 
conditions. Thus, when the ?lms are ?red in an'oven, 
for example, the air which is fed to the oven is prefer 
ably fed through a bed of charcoal to remove various 
organic gaseous impurities. Moreover, the relative hu 
midity is preferably controlled to stay within. the range 
of about 40 to 60% at 75° F., or the preferred moisture 
content is between about 5 and 6 grains per cubic foot, 
regardless of temperature. I . 1 r‘ 

' In a- series of examples of the present invention, a 
number of different metal-glass ?lms were deposited from 

It is important that any 
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various mixtures of lead-boro-silicate glass (75% PbO, 
15% B203, 10% SiO2) and silver platinum, and gold 
resinates. Each mixture contained about 50% by weight 
glass and the followingvpercentages by weight of the 
various metal resinates: 

Example Silver Rcsinate Platinum Gold Resinate 
No. _ _ Resinate 

100 0 0 
0 100 0 

30 50 2t) 
30 40 30 
30 (i0 10 
20 40 40 
20 50 ' 30 
20 60 20 
10 50 40 
10‘ 70 20 
40 ll) 50 
0 ' 90 10 
0 (i0 40 
0 20 _ so 
0 30 60 

In each example, the mixture was deposited on an 
alumina substrate, placed in a ?rst oven at 250° F., and 
heated to 720° F. in about 15 minutes. The resistor was 
then removed from the ?rst oven and placed in a second 
oven which had been preheated to 1020“ F. After about 
4 to 6 minutes, the resistor was removed from the second 
oven, allowed to cool ‘to room temperature, and tested 
for electrical resistance temperature coefficient of elec 
trical resistivity, and other properties. 
The compositions of Examples 1 and 2 produced ?lms 

which were practically non-conductive and therefore use 
less as resistors. Examples 3 through 9 produced ?lms 
with the desired combination of properties and were dis 
tinguished from each other only by small differences in 
resistance and temperature coe?icient of electrical re 
sistivity. All these ?lms had low noise levels and were 
not subject to change with variations in the ?ring condi 
tions. Moreover, the temperature coe?icient of electri 
cal resistivity of all these ?lms was stable. The ?lm of 
Example 10 exhibited relatively large changes in both 
resistance and temperature'coef?cient of electrical re 
sistivity, while Example 11 was stable and reproducible 
but too high in temperature coe?icient for most practical 
applications. Examples 12 and 13 produced ?lms with 
extremely high resistance values and high and variable 
temperature ooei?cients of electrical resistivity, and were 
not stable under electrical load. The last two Examples, 
14 and 15, were lower in resistance than 12 and 13 and 
were relatively stable with a comparatively good com 
bination of properties. 
The metal-glass ?lms of this invention have smooth 

glassy surfaces which are especially useful in potenti 
ometer. Thus, in FIG. 5, a linear potentiometer is 
formed by depositing a circular metal-glass ?lm 20 of 
uniform width and cross section on an insulating substrate 

' 21. For the purpose of connecting the ?lm 20 into the 
desired circuit, a pair of highly conductive metal. tab-s 22 
are deposited on the substrate 21 at the ends of the ?lm 
20. The usual potentiometer slide (not shown) may be 
supported rotatably to contact the resistance ?lm 20 at 
any desired point along ts length. To improve the wear 
and noise qualities of the potentiometer, the slide pref 
erably has its ‘contact surface made of a conductive metal 
glass ?lm. 
The potentiometer of ‘FIG. 6 is similar to that of FIG. 

5-_except that the metal-glass resistance ?lm 20a gradually 
increases in width around its circumference so as to 
form_,_a nonlinear potentiometer. The substrate 21, the 
terminals 22, and the slide arrangement may be the same 
as described about for FIG. 5'. 
; In accordance with one aspect of this invention, a 
metal-glass ?lm which is especially useful in potenti 
ometer application is produced by coating the__ substrate 
withythe glass to be used in the metal-glass ?lm, fusing 
the “glass coating. to, form a smooth continuous glass 

15 

‘composite ?lm which is ideal 

8 ' . 

?lm bonded to the substrate, and then-depositing th 
metal-glass ?lm in the manner described above. During 
?ring of the metal-glass ?lm, it sinks into the previously 
deposited glass coating so as to form an extremely smooth 

for use as a miniaturized 
potentiometer. ' ' 

While various speci?c forms of the present invention 
have been illustrated and describe-d herein in some de 
tail, it will be apparent that the same are susceptible of 
numerous modi?cations within the spirit and scope of the 
invention. For example, instead of proceeding directly 
from the ?rst stage of the ?ring process to the second 
stage, the metal-glass ?lm may be allowed to cool to room 
temperature or some other intermediate temperature be 
tween the two stages without any appreciable effect on 
the ?nal result. Also, more than one layer of the metal 

_ glass ?lm may be deposited on a single substrate, and in 
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any desired con?guration; 
I claim as my invention: 
1. A method of producing a ?lm-type electrical re 

sistor comprising the steps of providing an electrically 
insulating substrate which is resistant to high tempera 
tures, depositing a mixture of ?nely divided glass and 
thermally decomposable organic compounds of the metals 
silver, platinum, and gold as a thin coating on the surface -‘ 
of said substrate, said glass having a fusing point below 
the melting points of said metals, increasim7 the tempera 
ture of said coating at a relatively slow rate until the 
electrical resistance of the metal-glass system is reduced 
to substantially its minimum value, increasing the tem~ 
perature of said coating at least to the fusing point of 
said glass, but below the melting point of said metals, ‘at 
a relatively rapid rate sufficient to avoid any substantial 
increase in the electrical resistance of the metal-glass sys 
tem, maintaining the coating at the fusing temperature for 
a period sufficient to completely fuse the glass without 
substantially increasing the electrical resistance of the 
metal-glass system, and cooling the resulting glassy coating. 
to solidify the glass and form a continuous impervious 
metal-glass ?lm bonded to the surface of the substrate. 

2. The method of claim 1 Whereinthe glass component 
of said metal-glass ?lm has a coe?icient of thermal ex 
pansion compatible with. the coefficient of thermal expan 
sion ‘of said electrically insulating substrate. _ ‘ 

3. The method of claim 1 wherein the glass component 
of said metal-glass ?lm is a lead-boro-silicate glass. 

4. A method of producing a ?lm-type electrical resistor 
comprising the steps of providing an electrically insulating 
substrate which has a. smooth surface and is resistant 
to high temperatures, depositing a. mixture of ?nely di 
vided glass and a ‘thermally decomposable organic com 
pound of a noble metal in a liquid vehicle as a thin coating 
on the smooth surface of the substrate, said glass having 
a ‘fusing point below the melting point of the noble metal, 
heating the coating at a relatively slow rate in an oxidiz 
ing atmosphere so as to decompose said organic com- I 
pound and reduce the electrical resistance of the metal 
glass system to substantially its minimum vlaue, heating 
the metal-glass system at least to the fusing point of the 
glass component, but below the melting point of the noble 
metal, at a relatively rapid rate sut?cient to avoid any 
substantial increase in the electrical resistance of the 
metal-glass system, maintaining the coating at the fusing 
temperature fora period su?icient to completely fuse the 
glass without substantially increasing the .electrical re 
sistance of the metal-glass system, and cooling the result 
ing iglassy coating to ‘solidify the glass and form a continu 
ous impervious metai-glass ?lm bonded to the surface of 
the substrate. 

5.' The method of claim 4 wherein said heating steps 
are carried out in a puri?ed atmosphere having a relative 
humidity of about 40‘ to 60% at 75° F. v ' 
-6. A method of producing a ?lm-type electrical re 

sistor comprising the steps of providing an electrically 
insulating substrate which has a smooth surface and is 
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resistant to high temperatures, depositing a ‘mixture of 
?nely divided glass and a ternary noble metal resinate 
system consisting essentially of silver resinate, platinum‘ 
resinate, and gold resinate in a liquid vehicle as a thin 
coating on the smooth surface of the substrate, said glass 
having a fusing point below the melting point of the noble 
metal, heating the coating at a relatively slow rate in an 
oxidizing atmosphere so as to decompose the metal 
resinates and reduce the electrical resistance of the metal 
glass system to substantially its minimum value, heating 
the metal-glass system at least to the fusing point of the 
glass component, but below the melting points of the 
metal-s, at 'a relatively rapid rate sufficient to avoid any 
substantial increase‘ in the electrical resistance of the 
metal-glass system, maintaining the coating at the fusing 
temperature for a period sufficient to completely fuse 
the glass without substantially increasing the electrical 
resistance of the metal-glass system, and cooling the re 
sulting glassy coating to solidify the glass and form a 
continuous impervious metal-glass ?lm bonded to the sur 
face of the substrate. 

7. A method of producing a ?lm-type electrical resistor~ 
comprising the steps of providing an electrically insulating 
substrate which has a smooth surface that isv resistant to 
high temperatures, depositing a mixture of about equal 
parts by weight of a ?nely divided lead-iboro-silicate glass 
and a ternary noble metal resinate system consisting es 
sentially of the resinates of silver, platinum, and gold 
as a thin coating on the surface of said substrate, heating 
said coating to about 720° F. in about 15 minutes so as 
to decompose the metal resinates and reduce the electri 
cal resistance of the metal-glass system to substantially 
its minimum value, the heating being carried out in an 
oxidizing atmosphere so as to oxidize the volatile decom 
position products from the resinates, heating the resulting 
metal-glass coating to about 1020” F. substantially instan 
taneously so asto fuse the lead~boro~silicate glass without 
increasing the electrical resistance of the metal-glass sys 

' tem, maintaining the metal-glass coating at about 1020° 
F. for about 4 to 6 minutes to completely fuse the glass 
Without increasing the electrical resistance of the metal 
glass system, and cooling the resulting ‘glass coating to 
solidify the glass and ‘form a continuous impervious metal 
glass ?lm bonded to the surface of the substrate. 

8. A?lm-type electrical resistor comprising the com 
bination of an electrically insulating substrate which is 
resistant to high temperat ires, ‘and a metal~glass ?lm de 
posited on the surface of : aid substrate and having a glass 
component with a ‘fusing _;oint below the melting point of 
the metal component, sa d ‘glass component having been 
fused to form a contim ous impervious metal-glass ?lm 
bonded to the surface of the substrate, and a metal com 
ponent consisting essentially of silver, platinum, and gold. 

9. A ?lm-type electrical resistor comprising the com 
bination of an electrically insulating substrate which is 
resistant to high temperatures, and a metal-glass ?lm 
deposited on the surface of said substrate and having a 
glass component with a fusing point below the melting 
point of the metal component, said glass component 
having been fused to form a continuous impervious metal 
-glass ?lm bonded to the surface of the substrate, and a 
metal component consisting essentially of about 25 to 
65% by Weight silver, about 20 to 45% by weight plati 
num, and about 5 to 35% by Weight gold. - 

10. The ?lm-type electrical resistor of claim 9 wherein 
the glass component of said metal-glass ?lm is lead-boro 
silicate glass. 

11. A method of producing a ?lm-type electrical re 
sistor comprising the steps of providing an electrically 
insulating substrate which is resistant to high tempera 
tures, depositing a thin zglass coating on the surface of said 
substrate and fusing the glass coating so as to form a 
smooth continuous glass ?lm bonded to the substrate, 
solidifying the glass coating, depositing a mixture of ?ne 
ly divided glass and thermally decomposable organic com 
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pounds of the metals silver, platinum, and‘ gold as a thin 
coating on the surface of the solidi?ed glass coating, said 
?nely divided glass having substantially the same com 
position as the initial glass coating and also having a fus 
ing point below the melting point of said metals, increas 
ing the temperature of said metal-glass mixture to at least 
the fusing point of theglass, but below the melting point 
of said metals, so that the metal-glass mixture penetrates 
into the initial glass coating forming a smooth surfaced 
composite metal-glass film, and cooling said composite 
?lm to solidify the glass and form a continuous im 
pervious metal-glass ?lm. 

12. A method of producing a ?lm-type electrical re 
sistor comprising the steps of providing an electrically in 
sulating substrate which is resistant to high temperatures, 
depositing an initial glass coating on the surface of the 
substrate and fusing said glass to form a continuous glass 
?lm, solidifying the fused glass, depositing a mixture of 
?nely divided glass and thermally decomposable organic 
compounds of the metals silver, platinum, and gold as a 
thin coating of the surface of the initial glass ?lm, said 
?nely divided glass having a composition substantially 
the same as that of the initial glass ?lm and also having 
a fusing point below the melting point of said metals, in 
creasing the temperature of said coating at a relatively 
slow rate until the electrical resistance of the metal-glass 
system is reduced to substantially its minimum value, in 
creasing the temperature of the metal-glass coating to at 
least the fusing point of the glass, but below the melting 
point of said metals, at a relatively rapid rate suf?cient to 
avoid any substantial‘ increase in the electrical resistance 
of the metal-glass system, whereby said metal-glass sys 
tem penetrates into the initial glass ?lm, maintaining the 
metal-glass coating at the fusing temperature for a period 
sut?cient to completely fuse the glass without substan 
tially increasing the electrical resistance of the metal-glass 
system, and cooling the resulting glassy coating to solidify 
:the glass and form a continuous impervious composite 
metal-glass ?lm bonded to the substrate. 

13. A ?lm-type electrical resistor comprising the com 
bination of an electrically insulating substrate which is 
resistant to high temperatures, a glass coating deposited 
on the surface of said substrate and bonded thereto, and 
a metal-glass ?lm integral with the upper portion of said 
glass coating and having a glass component of substantial 
ly the same composition as said glass coating and with a 
fusing point below the melting point of the metal com 
ponent, said glass component having been fused to form 
a continuous impervious metal-glass ?lm integral with 
said glass coating, said metal component consisting essen 
tially of silver, platinum, and gold. 

14. A method of producing a ‘?lm-type electrical re 
sistor comprising the steps of providing an electrically 
insulating substrate which is resistant to high tempera 
tures, depositing a mixture of :?nely divided glass and 
thermally decomposable organic compounds of the metals 
gold and platinum as a thin coating on the surface of 
said substrate, said glass having a fusing point below the 
melting point of said metal, increasing the temperature 
of said coating at a relatively slow rate until the electrical 
resistance of the metal-glass system is reduced to sub 
stantially its minimum value, increasing the temperature 
of said coating at least to the fusing point of said glass, 
but below the melting point of said metals, at a relatively 
rapid rate su?icient to avoid ‘any substantial increase in 
the electrical resistance of the metal-glass system, main 
taining the coating at the fusing temperature for a period 
su?icient to completely ‘fuse the glass without substan 
tially increasing the electrical resistance of the metal-glass 
system, and cooling the resulting glassy coating to solidify 
the glass and form a continuous impervious metal-glass 
?lm bonded to the surface of the substrate. 

15. A ?lm-type electrical resistor comprising the com 
bination of an electrically insulating substrate which is 
resistant to high temperatures, and a metal-glass ?lm de 
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posited on the surface of said substrate and having a glass 
component with a fusing point below the melting point 
of the ‘metal component, said glas component having been 
fused to form a continuous impervious metal-glass ?lm 
bonded to the surface of the substrate, and a metal com 
ponent consisting essentially of gold and platinum“ 

16. A ?lm-type electrical resistor comprising the com 
bination of an electrically insulating substrate which is 
resistant to high temperatures, a glass coating deposited 
on the surface of said substrate and bonded thereto, and 
a metal-glass ?lm integral with the upper portion of said 
glass coating and having a glass component of substan 
tially the same composition as said glass coating and with 
a fusing point below the melting point of the metal com 
ponent, said glass component having ‘been fused to form 
a continuous impervious metal-glass ?lm integral with 
said glass coating, said metal component consisting essen 
tially of gold and platinum. 

17. A method .of producing a ?lm-type electrical re 
sistor' comprising the steps of providing an electrically 
insulating substrate which is resistant to high tempera 
tures, depositing a thin glass coating on the surface of 
said substrate and fusing .the glass coating 50 as to form 
a smooth continuous glass ?lm bonded to the substrate, 
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solidifying the glass coating, depositing a‘ mixture of ?nely 
divided glass and thermally decomposable organic com- ' 
pounds of the metals gold and platinum as a thin coat 
ing on the surface of the solidi?ed glass coating, said ?nely 
divided glass having substantially the same composition 
as the inital‘glass coating and also having a‘ fusing point 
below the melting point of said metals, increasing the 
temperature of said metal-glass mixture to at least the 
fusing point of the glass, but below the melting point of 
said metals, so that the metal-glass mixture penetrates into 
the initial glass coating forming a smooth surfaced com 
posite metal-glass ?lm, and cooling said composite ?lm to 
solidify the glass and form a continuous impervious metal 
glass ?lm. - - ‘ 
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