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ABSTRACT OF THE DISCLOSURE 

» Our invention relates to a metal film resistor compris 
ing evaporated thin films of small specific resistance and 
temperature coefiicient of resistance. The metal film re 
sistor comprises a first evaporated thin film including 
nickel, chromium and gold and, when necessary, other 
metals and an electrically stable second evaporated thin 
film provided on said first evaporated thin film. The 
second film prevents diffusion and precipitation of gold 
in the first evaporated thin film and protects the first 
evaporated thin film. 

`Our invention relates to a metal film resistor compris 
ing evaporated thin films of small specific resistance and 
temperature coefficient of resistance. 

In general, an alloy of large specific resistance can 
constitute an electrically stable resistor with a small tem 
perature coefficient. Therefore, an electrically stable low 
resistor with a small temperature coefficient has hereto 
fore been fabricated by the evaporation of such alloy. =In 
order, however, to fabricate a low resistor using an alloy 
of large specific resistance, it is necessary to utilize a 
thick film, consequently prolonging the time required for 
the evaporation, during which time the ratio between com 
position readily changes by the difference between the 
vapor pressure of components and the temperature tends 
to become large. 11n order to eliminate this defect, the 
evaporation is conventionally stopped before the ratio 
between composition of the evaporated film obtained is 
greatly varied. The evaporation is repeated many times 
until a low resistance metal film resistor comprising multi 
layer evaporated films is obtained. It is, however, eX 
tremely difficult to obtain a metal film resistor of uniform 
characteristics since the ratio between composition of the 
evaporated film varies greatly in accordance with the 
length of time for the evaporation as a result of differ 
ences between the vapor pressure of the metals constitut 
ing the alloy. This difficulty is increased by the necessity 
for multilayer evaporation. It is thus completely impos 
sible to make the evaporation conditions, such as the 
material of the evaporation source and the heating tem 
perature of the evaporation source, constant throughout 
the evaporation process. Consequently, the lack of uni 
formity of the characteristics of films on base bodies is 
greatly increased. In the practical evaporation process, 
it is troublesome and undesirable to repeat evaporation 
many times. , . ì 

It is» the object of our invention to eliminate the 
troublesome and difficult evaporation process in the con 
ventional method and to provide an electrically stable 
metal film resistor of small specific resistance and tem 
perature coefficient of resistance. In order to achieve said 
object, we provide a metal film resistor by first evaporat 
ing a thin film including nickel, chromium, gold or other 
additive lmetals and provide an electrically stable second 
evaporated thin film on vsaid first evaporated thin film. 
This second film prevents diffusion and precipitation of 

.10 

20 

25 

3,578,420 
Patented May 11, 1971 CC 

2 
gold in the first evaporated thin film and protects the 
first evaporated thin film. 
The invention will now be described in greater detail. 

According to our invention, the first evaporated thin film 
is fundamentally constituted of nickel, chromium and 
gold and can include other additives such as, for example, 
aluminum and copper. The gold content of the first 
evaporated thin film is not so intimately related to the 
ratio of nickel and chromium and constitutes Á60 to 95% 
by weight. Consequently, the temperature coefiicient of 
resistance of the ffirst evaporated thin film becomes small 
and the specific resistance also becomes very small. The 
time required for evaporation of the first evaporated thin 
film can, therefore, be shortened and the influence of the 
ratio between compositions during evaporation can be 
reduced. As described above, gold is the chief constituent 
of the resistor thin film. However, the temperature coef 
ficient of resistance can be greatly reduced because the 
rate of nickel and chromium is regulated. The crystal 
state of the first evaporated thin film immediately after 
evaporation has many defects and lacks stability and 
therefore requires a heat treatment. It was found, how 
ever that this heat treatment causes gold, Which is the 
chief constituent of the first evaporated thin film, to 
diffuse and precipitate on the surface. Consequently, the 
great temperature coefiicient of resistance of the gold 

- causes the temperature coefficient of resistance of the 
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rfirst evaporated thin film to become relatively large Within 
the range of the desired specific resistance. 

In view of the above, we further provide, on the first 
evaporated thin film, a second evaporated thin film for 
impeding or damping the diffusion and precipitation of 
gold. An object of the second evaporated thin film in 
addition to the above objects is to protect the ñrst 
evaporated thin film from air. The second evaporated thin 
film must not disturb the electrical characteristic of the 
first evaporated thin film. The thickness of the film is 
at least the minimum possible thickness capable of realiz 
ing said effect. In order to achieve this object, the second 
evaporated thin film will be of the metals constituting the 
`first evaporated thin film, except for gold. This constitu 
tion will further simplify the manufacture of the metal 
film resistor, because the second film can be formed by 
evaporating only the molecules of a nickel chromium 
alloy by stopping the evaporation of ̀ gold or impeding the 
evaporated gold molecules by a shutter after the forma 
tion of the first film. This method is simpler than one of 
forming the second evaporated thin film by using an 
additional evaporation source. It will be evident in view 
of the aforementioned that the second thin film need not 
only be a nickel chromium alloy but may also contain 
metals as can be used as the first thin film. 
The first and second evaporated thin films are formed 

on an insulating base body. Any material used in the con 
ventional evaporation technique, such as, for example, 
glass or ceramic, can be used as said base body. As de 
scribed above, the metal film resistor of this invention can 
be manufactured by the use of the well known vacuum 
evaporation apparatus. Evaporation sources, i.e., gold, 
nickel chromium alloy, nickel chromium gold alloy or 
alloys containing other metals, for constituting the evapo 
rated thin films are evaporated by thermionic beam heat 
ing or resistance heating. Evaporation and accumulation 
can also be accomplished by ion bombardment. 
As described above, in accordance with this invention, 

a resistance film of small temperature coefiicient of re 
sistance and specific resistance can be obtained. Further, 
the period of time for evaporation can be greatly short 
ened compared to the conventional manufacturing method 

Y and therefore the ratio between composition of the re 
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sistance thin film is not greatly varied and a metal film 
resistor of uniform characteristics can be obtained. 
An embodiment of the invention will be described 

with respect to the drawing, in which: 
FIG. 1 shows at A and B the constitution of the resistor 

of the invention; 
FIG. 2 shows the arrangement of an evaporation source 

in vacuum evaporation apparatus to obtain a thin film 
constituting the resistor of this invention; 
FIG. 3 shows the relationship ybetween the gold content 

and the temperature coefficient of resistance in an ex 
ampleJof this invention; 

lFIG. 4 shows the relationship between temperature and 
resistance in an example of this invention; and 

FIG. 5 shows the relationship between the gold con 
tent of a thin film and the sheet resistivity in an example 
of this invention. 
As shown in FIG. 1A, a first evaporated thin film 2 of 

nickel, chromium and gold was formed on a ceramic base 
body 1. The thin film 2 can be formed as shown in FIG. 
2. A crucible containing a Nichrome alloy block 4 in which 
the ratio of nickel to chromium is 80 to 20 by weight 
and a Crucible containing gold 5 are provided in a single 
vacuum chamber. The temperatures, that is the vapor 
pressure of materials in the two` crucibles, are adjusted 
independently one from the other. In this embodiment, 
the crucible containing the Nichrome alloy block was kept 
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coefficient of resistance has been eliminated by this in 
vention by forming the second evaporated thin film 3 on 
the first evaporated thin film 2 as shown in FIG. 1B. This 
second layer creates the possibility that a conductive gold 
layer formed on the surface by diffusion and precipitation 
in the heat treatment is eliminated while the favorable 
electrcial characteristics of the first evaporated thin film 
are maintained. A nickel chromium alloy or a metal the 
temperature coefficient of resistance of which is not very 
large can be used as the metal for the second thin film. 
For example, a single metal of chromium, titanium or 
nickel can be used. After the first and second evaporated 
thin films have been formed, the two films are heated to 
stabilize the characteristics. Here the thickness of the 
second thin film is selected depending upon the material 
therefor, so that the diffusion of gold may be impeded or 
preventedV during said heat treatment. In evaporating a 

, nickel chromium alloy as the second thin film to a thick 
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at about l350° C. by resistance heating and the crucible ì 
containing gold was also kept at about 1350° C. by re 
sistance heating. The percentage of gold Iby weight in the 
first evaporated thin film is determined by the tempera 
ture of the evaporation source, the mass of the metal 
added from said evaporation source and the distance be 
tween said evaporation source and the base body. There 
fore, by previously measuring the amount of attachment 
by evaporation of gold, nickel and chromium on the base 
body separately from each other under a certain condition 
of. evaporation, it becomes possible to know indirectly 
the «percentage by weight of gold under the condition of 
evaporation. In the instant embodiment, the evaporation 
conditions were varied in order to obtain the relationship 
between the gold content and the temperature coefficient 
of resistance. The vacuum chamber of the vacuum evapo 
ration apparatus was held to a vacuum of 5><105 torr 
and the thin film was evaporated on the base body 1 
from the two evaporation sources to a thickness of 300 
A. over 40 to 150 seconds. In the instant embodiment, 
the temperature of the base body was kept at the room 
temperature. The thin film thus obtained was heated to 
stabilize the electrical characteristic. The heating tem 
perature is correlated to the duration of the heat treat 
ment and can be l50° C. to 350° C. 

After the first evaporated thin film, the chief constitu 
ent of which is gold, is heated for l0 hours at 250° C., 
the temperature coefficient of resistance is varied as shown 
by curve a in FIG. 3. In this figure, the abscissa R indi 
cates the gold content (percent by weight) of the thin 
film and the ordinate `C indicates the temperature coef 
ficient of resistance (p.p.m./ ° C.). As is evident from this 
figure, in order for the temperature coefiicient of resist 
ance of the thin film to be set at a value required in an 
ordinary resistor, for example a value within $50 
p.p.m./° C., the gold content must be about 60% by 
weight. This value must be controlled correctly. Now, 
with the gold content set at about 60% by weight, the 
sheet resistivity of the thin film can be varied as shown in 
FIG. 5. This lFIG. 5 shows the relationship between the 
gold content R (percent by weight) and the area resist 
ance Rs Q/sq. when the thin film is 300 A. thick. The 
sheet resistivity is 57 .Q/sq. for a 300 A. thick film. This 
means that a resistor satisfying the invention, i.e., a metal 
film resistor in which the temperature coefficient of re 
sistance and sheet resistivity and, accordingly, specific re 
sistance are all small, cannot be obtained. 

This defect, however, of the increase of the temperature 
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ness of about several hundreds A., the heating tempera 
ture can be selected at 20D-300° C. and the heating can 
continue for a period of time of from several hours to 
over ten hours. Since the heating period can be varied 
arbitrarily, the heating temperature range can be further 
widened to 15G-350° C. The second evaporated thin -film 
must be evaporated to a thickness that will not disturb the 
electrical characteristic of the first evaporated thin film. 
The thickness can be varied arbitrarily by one skilled in 
this field depending on the material used. 

'Curve b of FIG. 3 shows the temperature coefiicient of 
resistance of a metal film obtained by evaporating the 
second evaporated thin film comprising nickel and chro 
mium to a thickness of 200 A. on the first evaporated thin 

" film comprising nickel, chromium and gold. The gold 

35 
content of said first film is variable. The two thin films 
are then heated at a temperature of 250° C. for 10 hours. 

In FIG. 4, lcurves c, d, e and f show the relation be 
tween temperature T (° C.) and resistance change 

„ AR/R (%) when gold contents are 62%, 75%, 83% and 
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90%, respectively. These resistance changes are computed 
based on the resistance values available when the ambient 
temperature is 30° C. It is seen from the above that in a 
thin film, the gold content of which is about 80%, the 
temperature coefficient of resistance is approximately zero 
and the variation of the resistance to the temperature is 
a minimum when the temperature is near the room tem 
perature. It must be noted here that the gold content of 
the first evaporated thin film of the resistor of which the 
temperature »coefficient of resistance is approximately 
zero, is higher by about 20% than the gold content of the 
resistor obtained by heating the first evaporated thin film 
only of which the temperature coefficient of resistance 
is approximately zero and that the slope of the curve is 

v gentle. When the gold content is 80%, the temperature 
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coefficient of resistance is very small and the sheet re 
sistivity is 30 fì/sq. These two values well satisfy the ob 
ject of this invention. 

According to this invention, the gold content of the 
first evaporated thin film is selected between 60% and 
95%. As a consequence, the temperature coefficient of 
resistance is varied approximately between -50 p.p.m./ ° 
C. and ̀ |-100 p.p.m./ ° C. Also, the sheet resistivity is less 
than 60 Q/sq. 

Various modified embodiments of this invention can be 
obtained based on an example of experiment described 
above by varying the gold content of the first evaporated 
thin film within a range of (S0-95% by varying the metals 
for constituting the second evaporated thin film within 
the range of the metals described in this invention and 
further varying the thicknesses of said thin films. 

Next, an embodiment of this invention will be described 
wherein each of the first and second evaporated thin 
films comprises a mixture of nickel, chromium and other 

~ additive metals such as, for example, aluminum and 

75 
copper. A first evaporated thin film comprising nickel, 
chromium, aluminum, copper and gold, of which the gold 
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content is 33% by weight was formed on a ceramic base 
body by evaporating an evaporation source of gold and 
another evaporation source of a nickel chromium alloy 
in which the ratio by weight of nickel to chromium, alu 
minum and copper is 75:20:2.5:2.5, and the second evap 
orated thin film comprising nickel, chromium, aluminum 
and copper was further formed on said first evaporated 
thin film by evaporating an evaporation source of an alloy 
in which the ratio by weight of nickel to chromium, alu 
minum and copper is 75:20:2.5:2.5. The first evaporated 
thin film of the metal film resistor was evaporated to a 
thickness of about 300 A. Following the formation of said 
first film, the second evaporated thin film was evaporated 
to a thickness of 150 A. After the evaporation was 
finished, the two films were heated for 10 hours at 250° 
C. This metal film resistor has a resistance of about 309 
and a temperature coefficient of resistance of within 10 

10 

p.p.m./° C. The resistance change of this resistor in rela- ' 
tion to temperature is as shown by curve e’ in FIG. 4. 
We claim: 
1. A metal film resistor consisting essentially of a first 

evaporated thin film of nickel, chromium and gold and 
an electrically stable second evaporated thin film selected 
from nickel chromium alloys, chromium, titanium and 
nickel on said first evaporated thin film to prevent dif 
fusion and precipitation of gold in said first evaporated 
thin film and protect said first evaporated thin film. 
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2. The metal film resistor of claim 1, wherein the first 
evaporated thin film has a gold content of 60-95% by 
weight and is evaporated on a base body of nonconduc 
tive material from an evaporation source of a nickel chro 
mium alloy and another evaporation source of gold, the 
evaporation from said two evaporation sources being 
made simultaneously, and a second evaporated thin film 
consisting essentially of a nickel chromium alloy. 
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