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[57] ABSTRACT 
An alloy especially useful for high precision resistor 
material consists essentially of about 8 to about 14% 
(by weight) of manganese, about 6 to about 10% (by 
weight) of gallium, and the balance being copper. 
Small amounts of germanium, indium, nickel and/or 
aluminum may be present. The alloy is characterized 
by having in combination extremely low ?rst and sec 
ond temperature coefficients of resistivity, extremely 
low thermal EMF vs. copper, extremely high time sta 
bility of all properties, excellent workability and high 
corrosion resistance. 

8 Claims, N0 Drawings 
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, COPPER-BASEALLOY FOR HIGH PRECISION 
RESISTORS 

CROSS-RELATED APPLICATION 
This application is a continuation-in-part of our ear 

lier application, Ser. No. 77,014 ?led Sept. 30, 1970 
now abandoned. 

BACKGROUND OF THE INVENTION 
The present invention relates to copper-base alloys 

and more particularly to alloys which are especially 
useful as high precision resistor material. 
Such an alloy shall meet the following requirements: 

1. Its resistivity shall be sufficiently high (not substan 
tially lower than 30-35 11. Ohm-cm); 
. .2. Its ?rst and second temperature coef?cients of re 
sistivity (i.e. ?rst and second derivatives of resistivity 
with respect to temperature) shall be as low as possible; 

3. its resistivity shall remain constant over a pro 
longed period of time; '. 

4. Its thermal electromotive force (EMF) versus cop 
per shall be as low as possible; 

5. It shall possess ‘a high degree of corrosion resis 
tance in the operating temperature range; 

6. Its workability shall be good enough to produce 
readily suf?ciently ?ne wires, strips, ribbons etc. 
Among the copper-base alloys known in the art the 

most suitable for use as a high precision resistor mate~ 
rial are the following alloys: ' 

(the symbol “%" below and throughout the speci?ca 
tion and the claims means “weight %” unless otherwise 
speci?ed) ' . 

a. Alloys known under the trademark “Manganin.” 
Such alloys contain 2 to 4 percent nickel and 10 to 13 
percent manganese, the remainder being copper. Man 
ganin type alloys are disclosed e.g. in the “Alloy Di 
gest,” Filing Code Cu-l26 and in US. Pat. No. 
3,451,808 to Thielmann, lines 26 to 53 in the col. 1 and 
No. 1 ,alloy in'the table on col. 3-4; 

b. “Therlo” alloy comprising 5.5% aluminum, 9.5% 
manganese, the remainder being copper. This alloy is 
disclosed eg in NBS Circular 470, p. 4 (reprinted in 
vol. 3 of NBS Special publication300, see p. 155), see 
also the above-mentioned U.S. Pat. to Thielmann, lines 
54-63 in the col. 1; ' 
1 c. Copper-manganese-germanium alloys comprising 
6 to 22% manganese and 0.1 to 8% germanium option 
ally also small amounts of some other metals (tin to 3%, 
antimony to 1%, arsenic to 0.5%, gallium to 5%, indium 
to 1%, aluminum to 5%, zinc to 5%, nickel to 5%, all 
these metals together should not exceed about 10%), 
the remainder being copper. Such alloys are disclosed 
by Thielmann (U.S. Pat. No. 3,451,808, British patent 
speci?cation No. 1,155,051 etc.) and by I-Iirayama 
(Japanese patent speci?cations No. 34-2407 and No. 
37-11404 as well as his monograph published as No. 
618 of the “Researches of the Electrotechnical labora 
tory” series, Tokyo, Oct. 1961, see especially p. 5 of 
the English “Synopsis” attached to this monograph). 
However, none of the alloys known in the art do fully 

meet the above cited requirements. 
The disadvantages of the previously known “Manga 

' nin” and “Therlo” alloys are described e.g. in the 
above-mentioned US. patent to Thielmann. 

2 
Copper-manganese-germanium alloys disclosed by 

Thielmannand by I-Iirayama also have appreciable dis 
. advantages. 
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Such alloys with high germanium content (over 3 
percent) while having ‘good values of temperature sta 
bility of resistance, do not possess suf?cient stability of 
electrical properties in time. Their thermal EMF vs. 
copper is relatively high. And — last but not least — 
such alloys cannot be readily worked, they are fragile, 
and forging of ingots to make rods etc. is inherently tied 
with considerable amount of waste. Nos. 3 and 4 alloys 
of the Thielmann patent, containing 6 and 8% of ger 
manium respectively, are exemplary for such alloys. As 
maybe seen from the table on col. 3-4 of the Thiel 
mann patent, thermal EMF vs. copper is for each of 
these alloys about 2.5 times as high as that for “Manga 
nin.” Such relatively high values of thermal EMF vs. 
copper preclude the possibility of performing highest 
precision measurements with employment of resistors 
made from these alloys. It is worth noting also that if 
copper-base alloys have high thermal EMF vs. copper 
(as is the case for the alloys Nos. 3 and 4 of Thielmann 
patent) this indicates the appreciable discrepancy of 
Fermi levels (chemical potentials) for the alloy and for 
copper which in turn causes the instability of the alloy 
copper system (e.g., instability of resistance of the 
whole resistor _— leads — terminals system). A high 
germanium content in a copper-base alloy necessarily 
implies a relatively high thermal EMF of such alloy vs. 
copper (as is stated e.g. by Thielmann in the above 
mentioned British patent speci?cation No. 1,155,051, 
page 2, lines 5 to 9). 1n the above-mentioned Japanese 
patent speci?cation No. 34-2407 it is explained (see 
page 2, left column, lines 1 to 3 and also page 2, right 
column, lines 7 to 13) that copper-manganese alloys 
with a germanium content higher than 3 percent show 
decomposition of solid solution, and, as a corollary, 
time instability and insufficient ductility. Therefore, the 
alloys with high germanium content, despite good tem 
perature stability of their resistance, are apparently not 
very useful for making resistors of highest precision. 
On the other hand, the resistivity of the copper-man 

ganese-germanium alloys with low (under 3 percent) 
germanium content (eg of alloys Nos. 5 to 14 of the 
Thielmann patent and of the alloys disclosed in the 
above-mentioned Hirayama publications) is dependent 
in a much higher degree on the temperature. As may 
be seen from the drawing in the Thielmann patent, the 
resistivity variations in the temperature range 20° to 
50°C are for alloys Nos. 5-14 within the limits 0.0025 
to 0.008 percent. These limits are nearly 10 times 
worse than those for Thielmann alloys Nos. 3 and 4, 
while nearly 4 to 1.5 times better than those for “Man 
ganin”. The ?rst temperature coef?cient of resistivity 
a, for the alloys disclosed in the above-mentioned Jap 
anese patent speci?cation No. 34-2407 and in the 
Hirayama monograph is practically equal‘ to zero, but 
the second temperature coefficient of resistivity B isv 
not suf?ciently low. a, and [3 are coefficients in the 
equation: 

Rt = Ro(l + 01011 - to) +8 (1* 10)’) 
where 

to is a standard or reference temperature (usually 2,, 
= 20°C or z‘o = 25°C) 

R,J is resistivity at temperature to, and 
R, is resistivity at temperature 2. 
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As stated by Hirayama, the [3 values for his alloys vary 
from —0.35'l0_6 °C_2 to —0.6-l0'6 °C“2. It is highly de 
sirable to reduce the ,8 values even more. The lower the 
[3 value, the lessthe variation of resistivity in the same 
temperature range. Moreover, increasing the [3 values 
hardens- the requirements for thermal treatment of 
alloy because variations in the thermal treatment result 
in shifting of the position of the upper point of the R-t ' 
curve, and the more ?attened the curve, the less the ef 
fect of 'this'shifting on the resistivity of the alloy at stan 
dard temperature t,,. 
The resistance to corrosion and‘ time stability for all 

the mentioned copper-manganese-germanium alloys 
are not fully satisfactory. 

SUMMARY OF THE INVENTION 
The present invention aims to avoid the above listed 

disadvantages of thealloys known in the art and to pro 
vide an alloy for highest precision resistors which will 
more fully meet the requirements for alloys of such a 

a kind. 

We have found that this aim may be achieved by pro 
viding copper-base alloys with manganese and gallium 
as two other main components. Most satisfactory prop 
erties are found in the copper-manganese-gallium al 
loys with 6% gallium or more. 

lnvestigating'the properties of ternary copper-man 
ganese-‘gallium alloys has proved that the ?rst tempera 
ture coefficient is equal to zero or'very near it for alloys 
havingv a manganese content of 8.2 to 9 percent, the 
content of gallium being within the limits of about 3 to 
10 ‘percent. The temperature coef?cient [3 is equal to 

x 0 or very close to 0 for alloys having a manganese con 
tent of about 6 percent, the gallium content being equal 
to about 3 to 5 percent. If the gallium content is in 
creased to exceed 5 m6 percent, the amount of manga 
nese required to obtain [3 = 0 is gradually increased, 
and thus approaches the amount of manganese re 
quired to obtain a = 0.'This may be explained by the 
fact that exactly when the gallium content exceeds 5 to 
6 percent in the alloy, a ternary intermetallic com 
pound of copper, manganese, and gallium begins to be 
formed. 
Small amounts of germanium, indium, nickel and/or 

aluminum (which will be referred to hereafter as secon 
dary alloying metals) may be added. Most of the pre 
ferred embodiments of the proposed alloy may be de 
scribed as an alloy substantially conforming to the stoi 
chiometric formula CusMn with part of the manganese 
atoms (preferably not less than one third and not more 
than'one half of the manganese atoms) substituted by 

’ gallium atoms or by gallium atoms and atoms of the 
mentioned secondary alloying metals (the amount of 
gallium atoms shall be not lower than the amount of 
atoms of the secondary alloying metals). In other 
words, the copper content shall be about 83.3 atomic 
percent, manganese content 8.3 to 11.1 atomic per 
cent, gallium content 2.8 to 8.4 atomic percent, and the 
content of secondary alloying metals -~ up to 4.2 
atomic percent. As we have found the copper content . 
in such alloys does not exceed substantially 83-84 
atomic percent if highest stability is required. However, 
the copper content may be a little lower, e.g. between 
80 and 83 atomic percent. Both of the . above 
mentioned temperature coefficients of resistivity are 
very close to zero for the alloys according to the pres 
entinvention. - 
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The secondary alloying metals do not substantially 
affect the properties of the ‘alloy. Germanium in an 
amount not exceeding 0.5'percent (by weight) serves 
as a deoxidizing agent and facilitates producing of 
sound castings and obtaining of desired component 
proportions. An addition of indium (not more than 1.5 
percent) accelerates the process of alloy stabilization 
and enhances its corrosion resistance. Substituting a 
portion of gallium by aluminum reduces the cost of the 
alloy and increases its ultimatetensile strength. The ad 
dition of nickel further improves the corrosion resis 
tance and also raises the tensile strength of the alloy, 
adding of aluminum and/or nickel do not cause appre 
ciable worsening of the electrical properties of the alloy 
providing that the total amount of secondary alloying 
metals is not invexcess of 5 percent. 

It is therefore one object of the present inventionto I 
provide an improved alloy which is especially useful for 
highest precision resistors and possesses in coinbina-' 
tion the extremely low ?rst and second temperature co 
efficients of resistivity, the extremely low_ thermal EMF 
vs. copper, high time stability, high corrosion resistance 
and good workability. ' ' 

Another object of the present invention is to provide 
copper-base alloys for precision resistors containing 8 
to 14 percent manganese, 6 to 10 percent gallium. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS - , ' - 

Other objects of the present invention anda'dvanta 
geous features thereof will become apparent‘from the 
description. . ‘ I g - . Y 

The proposed alloy may preferably be ‘produced by 
fusing the initial constituents in a crucible placed in va 1 
high frequency electric furnace under a protective 
layer of borax or in vacuum, or else, in an inert gas at- , 
mo'sphere, said-crucible being made of alumina, with 
the subsequent casting of the product into copper 
molds. Wire and strip are produced from this alloy by 
plastic deformation. The alloy constituents preferably 
may be so selected as to correspond to stoichiometric 
formula of Kurnakov compound CugMn, wherein part 
of manganese is substituted by gallium or by gallium I 
and at least one of the following secondary alloyingv - 
metals: germanium (till 0.5% by weight), indium (till 
1.5%), aluminum (till 5%) and nickel (till 5%). The 
total amount of the secondary alloying metals should 
not be in excess of 5 percent. 
To make the present invention more'fully apparent 

four alloy compositions are described below which are 
exemplary for our alloys. 
The chemical composition of the alloys in Examplesv 

1-3 is presented following the chemical analysis of the 
melt or a fresh cast ingot. The chemical composition of 
the alloy of Example 4 is presented following the chem 
ical analysis of a wire made of the alloy. The chemical ‘ .1 
composition of the wire may slightly differ from that of __ 
the ingot it is made of, namely: the proportion of man- ' ' 
ganese in the wire may be by 0.2 to 0.5 percent lower f _ 
than in the ingot, the content of the other elements ' 
being accordingly higher. 
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EXAMPLE 1 

An alloy containing 12% manganese, 6% gallium, 1% 
indium, 0.5% germanium, 80.5% copper (or, in atomic 
%, l3.9—5.5—0.5-0.4—79.7% respectively). The resistiv 
ity of this alloy is p = 50 )1. Ohm 'cm, ?rst and second 
temperature coef?cients of resistivity are: 

01,, = —6.10-6 "C -1, p = -0.04-10-6 °c-2; 

thermal EMF vs. copper (in the 15° — 40°C temperature 
range) 

AE/Az = -0.23 p v/°c 

EXAMPLE 2 , 

An alloy containing 9% manganese, 6.6% gallium, 
84.4% copper (or, in atomic %, l0.3-6.0-83.7% re 
spectively) has the following electrical properties: 

EXAMPLE 3 
An alloy containing 9.2% manganese, 6.6% gallium, 

0.2% germanium, 84% copper (or, in atomic %, 10.5 
— 6.0 - 0.2 - 83.3% respectively). Electrical properties 
of this alloy are as follows: p = 37 Ohm-cm, 0:20 = 
0.2'l0_6 "C", B=—0.27'l0'6 °C, AE/At=—0.3 p. V/°C. 

EXAMPLE 4 

An alloy containing 8.4% manganese, 9.8% gallium, 
81.8% copper (in atomic % 9.7 - 8.9 — 81.4% respec 
tively). This alloy has the following properties: 

p = 40 [L Ohm-cm, 0120 = 0.210“6 °C“, [3 = 00910‘6 
T”, AE/At = -0.3 p. V/°C. 

Thus the resistivity of our alloys is substantially the 
same as that of the known alloys. Temperature stability 
of resistance is as good as that for alloys with high ger 
manium content (Nos. 3 and 4 alloys of Thielmann pa 
tent; the disadvantages of these alloys are discussed 
above). The value of thermal EMF vs. copper is for our 
alloys considerably lower than that for these alloys and 
even than for all known in the art precision resistor al 
loys except “Therlo.” 

‘ The resistivity of our alloys does not vary more than 
by 1 10'“ per year (by 1'10‘4 percent) providing proper 
thermal treatment and arti?cial aging are carried out as 
is well known in the art. 
Our alloys have good mechanical and technological 

properties and excellent workability. They may be 
readily forged without signi?cant amount of waste. 
From these alloys may be readily produced the ?nest 
wires, ribbons, strips etc. Ultimate tensile strength is 

' 6 

440-460 N/lmmz. Elongation of wire made from our al 
' loys equals for 0.5 mm diameter wire 34 to 45%, for 25 
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microns diameter —— 23-28 percent (for Manganin 30 
and 15 percent respectively, for alloys with high germa 
nium content not more than 10 percent for 25 microns 
diameter wire). 
Corrosion resistance of our alloys is not lower than 

that of “Therlo" and considerably higher than corro 
sion resistance of “Manganin” and copper-manganese 
germanium alloys. 
We claim: 
1. An alloy especially useful as material for precision 

resistors, said alloy consisting essentially of between 
about 8% and about 14% of manganese, between about 
6% and about 10% of gallium, and the remainder being 
copper. 

2. An alloy according to claim 1 wherein the copper 
content is about 84.4%, themanganese content about 

- 9% and the gallium content about 6.6%. 
3. An alloy according to claim 1 wherein the copper 

content is about 81.8%, the manganese content about 
8.4% and the gallium content about 9.8%. I 

4. An alloy especially useful as material for precision 
resistors, said alloy containing between about 8% and 
about 14% manganese, between about 6% and about 
10% gallium, and at least one of the following addi 
tional secondary alloying metals in the amounts as 
given: 

up to about (percent) 

Germanium 0.5 
Indium l.5 
Aluminum 5 
Nickel S 

the total amounts of said secondary alloying metals not 
substantially exceeding 5 percent, and the remainder 
being copper. 

5. An alloy according to claim 4, wherein the copper 
content is about 80.5%, the manganese content about 
12%, the gallium content about 6%, the indium content 
about 1%, and the germanium content about 0.5%. 

6. An alloy according to claim 4, wherein the copper 
content is about 84%, the manganese content about 
9.2%, the gallium content about 6.6%, and the germa 
nium content about 0.2%. . 

7. An alloy especially useful as material for precision 
resistors, said alloy conforming to the stoichiometric 
formula CusMn with not less than one third and not , 
more than one half of the manganese atoms substituted 
by gallium atoms. 

8. An alloy according to claim 7, wherein not more 
than one half of the gallium atoms are substituted by 
atoms of at least one of the following metals: germa 
nium, indium, aluminum and nickel. 

* * * * * 
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