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This invention relates to carbon-coated elec 
trical resistors and to methods of making them. 

Electrical resistance elements are commonly 
formed either of a carbon coating on a non-con 
ducting base, such as a ceramic base, or of a 
metallic resistance wire, usually wound helically 
on a non-conducting base. The carbon resistors 
are ordinarily considerably less expensive than 
the wire wound resistors, are available at much 
higher resistance values, and are free of the in 
ductive properties of the wire wound resistors. 
The wire wound resistors, on the other hand, 
possess among certain other advantages a sub 
stantially lower temperature ‘coef?cient of resist 
ance than the previously available carbon-coated 
resistors. 

Thus, the more temperature-stable carbon 
coated resistors have possessed temperature co— 
efficients of resistance at room temperature aver 
aging, over the range of resistance values, in the 
vincinity of 300 parts per million per degree cen 
tigrade (p. p. m./° C.), whereas wire wound re 
sistors have been available, over a more limited 
range of resistance values, with temperature co 
efficients averaging in the vicinity of 100 p. p. 
m./° C. Therefore, in electrical circuits requiring 
a high stability of resistance values over a con 
siderable temperature range, it is often necessary 
to employ the more expensive Wire wound re 
sistors. 
With the trend toward the use of increasingly 

higher frequencies, the limitations of previously 
available resistors have become more apparent. 
As the frequency increases, the inductive effect of 
wire wound resistors coupled with their skin 
effect make their use less and less desirable and 
ultimately impossible. It is, therefore, necessary 
to use carbon-coated resistors in circuits designed 
to carry these higher frequencies. Stability of 
resistance values over a temperature range in 
such circuits can be achieved only by providing 
carbon-coated resistors having lower temperature 
coei?cients of resistance than previously available. 
The resistors of the present invention are 

coated with a layer of carbon containing a pro 
portion of boron, both constituents being de 
posited simultaneously at an elevated tempera 
ture on a non-conducting base from a gas or gas 
mixture containing both boron and carbon. 
These resistors possess lower temperature coeffi 
cients of resistance than do similar carbon-coated 
resistors which are free of boron and which pos 
sess comparable resistance values. With proper 
proportioning of the boron and carbon and with 
proper control of the conditions of deposition, 
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2 
resistors are produced which have temperature 
coefficients of resistance comparable to or lower 
than the average values obtainable with wire 
wound resistors, namely, coe?icients of 100 p. p. 
m./° C. or less. Moreover, by introducing rela 
tively- high boron contents in the carbon layer, 
it is possible to produce, for given dimensions, re 
sistors having considerably higher resistance 
values than are obtainable with other-carbon 
coated resistors. 
The accompanying drawing is a front elevation, 

partly in section, of one form of a resistor of the 
present invention. A 

The resistor shown in the drawing is made up 
of a non-conducting base I, commonly formed of 
a ceramic, on the surface of which is a layer 2 of 
the deposited carbon and boron. Metal terminals 
4 are fastened to each end of the resistor and pro 
vide electrical contact with the carbon layer. 
Good contact between the terminals and the car 
bon layer is usually insured by forming a metal 
lized ?lm on top of the carbon layer before the 
terminals are applied. This metallized ?lm can 
be formed by means of any conventional metal 
lizing composition, such as the common‘ silver 
plates. In the form of resistor shown in the 
drawing, a helical groove 3 is cut in the base 
through the carbon layer 2 so as to lengthen the 
electrical path through the carbon layer and in 
crease the resistance of the resistor. 

As a base for the resistor, any non-conducting 
material can be used which can withstand the 
conditions under which the deposition of the car 
bon layer takes place. Ceramic materials, 
whether vitreous materials such as glass or fused 
silica, porcelain like materials such as may be 
formed by the ?ring of a mass of particles of a 
refractory oxide such as silica, alumina, mag 
nesia, calcium oxide, baria, strontia, titania, zir 
conia, or mixtures of these or similar refractory 
oxides with each other or with other oxides such 
as lithia or sodium oxide, or crystalline bodies 
such as a crystal of quartz, ruby, sapphire, or zir 
con, are the materials most suited for forming 
bases for these carbon-coated resistors. 

Particularly suitable ceramic materials are 
those described and claimed in United States Pat 
ent 2,386,633, issued October 9, 1945, to M. D. 
Rigterink. The ceramic bodies described in that 
patent have an extremely non-porous surface re 
sulting from a substantial glass content in the 
ceramic. They are formed from clay, silica, and 
a calcined mixture of at least three alkaline earth 
metal oxides in proportions yielding a product 
containing between 60 and 68 mol per cent S102, 
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between 17 and 23 mol per cent A1203, and the 
remainder the alkaline earth metal oxides, each 
of which is present in an amount of at least one 
mol per cent. A superior body of this type is 
formed by ?rst forming a calcine of 60 parts 
kaolin by weight, 10 parts MgCOs, 10 parts CaCOs, 
10 parts SI‘COs, and 10 parts BaCOz, ?red to 1200° 
C. and subsequently ground to 325 mesh. To 35 
parts of this calcine are added 50 parts kaolin 
and 15 parts of 325 mesh ?int. The resulting mix 
ture is mixed with water, shaped, dried, and 
?red at 1250° C. 
As indicated above, the layer of carbon and 
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boron is deposited on the base by means of heat ‘ 
in the presence of a gas containing boron and 
carbon. As an example of the manner in which 
such a deposition can be carried out, carbon and 
boron were deposited on a ceramic base from a 
gaseous mixture of hydrogen, benzene vapor, and 
boron trichloride vapor. The apparatus used for 
this co-deposition comprised a resistance heated 
furnace with a center cylindrical core four inches 
in diameter and ten inches long. In the center of 
this core was placed a rotating fused silica bottle 
having an outside diameter of three inches and a 
length of four inches. To one end of the bottle 
was fused a long neck, and to the other end was 
fused a short, small diameter tube for the ex 
haust gases. 
The bottle was loaded through the long neck 

with 30 cylindrical ceramic cores 1A; inch in di 
ameter and % inch long. These cores were 
formed of the ceramic referred to speci?cally 
above. In addition, 30 cc. of 60 to 80 mesh quartz 
particles and 20 alumina balls 1/; inch in diam 
eter were placed in the bottle. The ?ne mesh 
particles were added to give a burnishing action 
to the carbon-boron deposit as it was formed, 
and the alumina pellets were used to provide ad 
ditional agitation in order to obtain a suf?cient 
degree of uniformity in the coated cores. 
The bottle with its charge was rotated within 

the furnace and about the axis of the furnace 
core, which was horizontal, at a rate of 40 
R. P. M. The gas mixture of hydrogen, benzene 
vapor, and boron trichloride were continuously 
fed into the center of the rotating bottle through 
a small bore fused silica tube inserted through 
the long neck attached to the bottle. Surround 
ing this small bore tube was a tube of somewhat 
larger diameter which extended a portion of the 
way into the neck and through which, hydrogen 
was continuously introduced in order to prevent 
entry of air into the bottle. ‘ 

It was necessary that the hydrogen used be 
substantially completely free of oxygen and 
water vapor, and for this reason, the commercial 
tank hydrogen which was used was ?rst passed 
over palladinized alumina pellets to convert to 
water vapor any free oxygen present and was 
then dried by passage through calcium hydride. 
The gas mixture was formed by bubbling the 
puri?ed hydrogen separately through benzene 
maintained at 35° C. in a controlled oil bath and 
through boron trichloride maintained at -78° C. 
in a Dry Ice acetone bath. The two gas streams‘, ‘ 
one ‘containing benzene, the other containing 
boron trichloride, were combined in the proper 
proportions and introduced into the furnace. 
The total gas ?ow into the furnace was main 

tained at 1000 cc. per minute, and a coating time 
of one hour was used. Batches of resistors were 
formed at various temperatures, with various 
proportions of boron trichloride and benzene, and 
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4 
with various dilutions of these gases with hydro 
gen. 
Under the different conditions of deposition, 

the deposited ?lms had varying proportions of 
boron in the carbon deposit, were of varying 
thickness, and had varying resistance character 
istics. The deposited ?lm was, in each case, 
homogeneous, adherent, continuous, hard, and 
durable. 
Under conditions of ?xed total gas ?ow and 

?xed furnace geometry, the boron content of the 
deposited ?lms increases with increasing relative 
proportion of boron-containing gas to carbon 
aceous gas and also increases with decreasing 
temperature of deposition. However, as will be 
more fully discussed below, even with ?xed boron 
to carbon ratio in the gas and with ?xed tem 
perature of deposition, the proportion of boron 
in the deposited ?lm will vary with the size, 
shape, and type of furnace, with the nature of 
the carbonaceous gas, the boron-containing gas, 
and the diluent gas, with the rate of gas ?ow, 
and with the nature of the gas path through the 
treating chamber. 

It is the boron content of the deposited car 
bon ?lm, together with the temperature of de 
position of the ?lm and the ?lm thickness, which 
determine the resistance characteristics of the 
?lm. The effects of other conditions of deposi 
tion are less signi?cant. 
Regardless of the temperature of deposition, 

the temperature coe?icient of resistance has a 
minimum value when the boron content of the 
deposited ?lm of carbon and boron is between 
about 3 per cent and 4 per cent by weight and 
the ?lm thickness is such that the resistance per 
unit square is 200 ohms or less. With thinner 
?lms, the minimum value of temperature coe?‘l 
cient of resistance occurs at higher boron con 
tents. As the boron content of the ?lm decreases 
from this value, the absolute value of the tem 
perature coe?icient increases relatively rapidly, 
and when the boron content increases from this 
value, the coe?icient increases less sharply. With 
boron contents between 1 per cent and 6 per 
cent, it is possible to obtain close to the mini 
mum temperature coei?cient. 
With an optimum ?lm thickness and with a 

deposition temperature of 1200° C., the value of 
temperature coe?icient of resistance at this min 
imum point may be of the order of —l5 
P. P. M./° C. When the boron content of a ?lm 
of comparable thickness and deposited at the 
same temperature is decreased to about 0.25 per 
cent, the temperature coei?cient is increased to 
a value of the order of —350 P. P. M./° C. With 
an increase of boron content to about 8 per cent, 
the temperature coe?icient is increased to values 
of the order of ——100 P. P. M./° C.' 
At lower temperatures of deposition, the min 

imum values of temperature coe?icient which 
also occur at a boron content of about 3 per cent 
to 4 per cent in the ?lm are somewhat higher. 
Thus, at a deposition temperature of 1100° C., a 
minimum value of temperature coe?icient of the 
order of —50 P. P. M./‘’ C. may be obtained. 
With a boron content in the deposited ?lm be 

tween 0.35 per cent and 20 per cent and deposi 
tion temperatures between 10000 C. and 1300” C. 
and particularly with deposition temperatures 
between 1100° C. and 1250? C., it is possible to 
obtain temperature coe?icients below about —150 
P. P. M./° C. By limiting the boron content to 
between 0.5 per cent and 10 per cent at these 
temperatures of deposition, it is possible to ob 
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tain temperature coefficients below about 100 
P. P. M./° C. 
In the speci?c deposition procedure described 

above using a gaseous mixture of hydrogen, ben 
zene Vapor, and boron trichloride vapor and using 
deposition temperatures of 1200° C. and 11000 
C., a ?lm having a boron content of between 3 
per cent and 4 per cent, corresponding to a min 
imum value of temperature coe?icient, was ob 
tained when the concentration of boron in the 
gaseous mixture was in the vicinity of 5 atomic 
per cent of the total boron and carbon in the 
gas. 
However, when a similar deposition procedure 

was followed using methane as the carbonaceous 
gas in place of benzene, a boron content of be 
tween 3 per cent and 4 per cent was obtained in 
the deposited ?lm when the boron concentration 
in the gas was between about 3 per cent and 
about 5 per cent for a deposition temperature 
of 1200" C., between about 1 per cent and about > 
2 per cent for a deposition temperature of 1100° 
C., and less than about 0.1 per cent for a deposi 
tion temperature of 1000’ C. Similarly, when 
other variations are made in the sources of boron 
or carbon in the gas or in the other conditions 
of deposition, such as furnace geometry or rate 
of gas flow, the ratio of boron to carbon in the 
gas must be altered to furnish the required ratio 
of boron to carbon in the deposited ?lm, 
Although the point of minimum temperature 

coef?cient occurs in the vicinity of 3 per cent to 
4 per cent boron content in the deposited ?lm 
regardless of the conditions of deposition except 
with relatively thin ?lms, the value of the tem 
perature coef?cient at this minimum (as well as 
at other boron contents) varies somewhat with 
variations in the conditions of deposition. Thus, 
as has been indicated above, higher temperature 
coe?icients are obtained with lower deposition 
temperatures. Similarly, lower temperature co 
e?icients are obtained when the source of carbon 
in the gas introduced into the furnace is a nor 
mally gaseous alkane,’such as methane, ethane, 
propane or butane, than when it is an aromatic 
hydrocarbon such as benzene. 
The resistivity of the material of the deposited 

?lm does not appear to be substantially sensitive 
to the conditions of deposition and can be said 
to be essentially a function of the boron content 
of the ?lm. The resistivity of the deposited 
material, like its temperature coef?cient, exhibits 
a minimum value as the boron content of the ?lm 
varies. This minimum value, as determined on 
a cylindrical ceramic rod of the type speci?cally " 
described above, appears to be of the order of 
1.25 x 10-3 ohm-cm. and occurs at a boron con 
tent in the ?lm of about 4 per cent. The resis 
tivity increases as the boron content is raised 
or lowered, reaching a value of the order of 
5 x 10*3 ohm-cm. at a boron content of about 
0.5 per cent and a value of the order of 0.7 
ohm-cm. at a boron content of about 20 per cent. 
As the boron content is increased, a value of 
resistivity is reached, in the vicinity of 45 per 
cent or 50 per cent boron, beyond which it is 
not advantageous to go since the resistivity begins 
to approach that of an insulator rather than 
semiconductor and since, at the present time at 
least, such high resistivities are neither accu 
rately measurable nor capable of useful applica 
tion. 
values will boron contents of about 35 per cent 
be exceeded and, for most practical applications, 

Only for exceptionally high resistance’ 
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boron contents of 20 per cent or less will most 
commonly be used. 
As is true of all deposited carbon resistors, the 

temperature coe?icient of resistance of the boron 
.containing carbon ?lms increases markedly as 
the thickness of the deposited ?lm decreases. It 
is, however, an advantage of the boron-carbon 
resistors of the present invention that, regard 
less of how high a resistance is required, it is 
possible to form the ?lm with a thickness as 
great as is desired for mechanical or other rea 
sons. Therefore the increase of temperature 
coe?icient with decreasing ?lm thickness need 

In contrast, the resist 
ance of the common deposited carbon ?lms can 
be varied only by varying the thickness of the 
deposited ?lm since the resistivity of the depos 
ited material is relatively ?xed. This means that, 
for high values of resistance, thin carbon ?lms 
must be used, resulting not only in higher tem 
perature coe?icients but also in increased diili 
culty of obtaining stable and continuous ?lms. 
It also follows that, since a minimum ?lm thick 
ness exists below which, for mechanical reasons, 
a continuous carbon deposit cannot be formed, 
there is a limit to the resistance values which can 
be obtained with an ordinary carbon deposit. 
With the resistors of the present invention, on 

the other hand, the resistance of the deposited 
?lm can be increased, substantially without limit, 
by increasing the boron content and with it the 
resistivity of the ?lm. rIherefore the optimum 
thickness of deposited film, from the standpoint 
of mechanical properties and temperature coef? 
cient, can be employed. It is obvious, however, 
that if thereis any desirability for doing so, thin 
ner ?lms may be used. Even with the thinner 
?lms, lower temperature coef?cients are obtained 
than with ordinary deposited carbon ?lms of 
comparable resistance values. Moreover, it is 
possible to obtain temperature coe?‘lcients not 
substantially in excess of 100 p. p. m./°C. if the 
resistance of the deposited ?lm is maintained, 
by control of ?lm thickness or boron content or 
both, at a value not in excess of 500 ohms per 
unit square. 
With ordinary deposited carbon resistors, it is 

not ordinarily feasible to form carbon ?lms hav 
ing a resistance per unit square greater than 
10,000 ohms. With the carbon-boron resistors 
of the present invention, resistances greater than 
this value can be obtained, with ?lms of optimum 
thickness from a mechanical standpoint, with 
boron contents of about 18 per cent and greater, 
corresponding to resistivities of the order of 10 -2 
ohm-cm. or greater. 
The ?lm thickness on the resistors of the pres 

ent invention, as calculated from the total weight 
of the deposit, the area of deposition and the 
estimated density of the material, is preferably 
of the order of 10*4 to 10—5 cm. since at these 
thicknesses the best mechanical properties are 
obtained. As the ?lm thickness is increased 
beyond these values it becomes increasingly diffi 
cult to form a mechanically stable ?lm which 
will not split off from the base. With the best 
type of ceramic bases, it is possible in some 
instances to obtain ?lm thicknesses of the order 
of 5 x 10-3 cm. without undue sacri?ce of mechan 
ical properties. Ordinarily, however, ?lm thick~ 
nesses between 10*4 and 10*6 cm. will be used. 
The lower limit of ?lm thickness which will form 
suitable ?lms is of the order of 5 x 10-'7 cm. 
although this will also depend upon the nature 
of the surface upon‘ which the deposit is made. 
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A speci?c method of deposition of the carbon 
and boron ?lm has been described above. There 
may be considerable variation in this procedure 
so long as the ?lm is deposited on a non-conduc 
tor at elevated temperatures from a boron-con 
taining and carbonaceous gas. 
As the source of carbon in the gas, any carbon 

compound capable of being introduced as a gas 
or vapor into the furnace and capable of being 
decomposed within the furnace to deposit car 
bon may be used. The most suitable of such car 
bon sources are the hydrocarbons, both paraf 
?nic and aromatic, such as methane, ethane, 
propane, butane, benzene, toluene and xylene, 
and the halogenated hydrocarbons such as the 
chlorinated methanes, CC14, CHCla, CHzClz, 
CHaCl, and the corresponding ‘brominated and 
iodinated methanes. Fluorine and its compounds 
are ordinarily to be avoided because of their at 
tack on ceramic resistor bases and on common 
furnace materials. However, if the bases and 
the furnace materials were of such nature as to 
resist attack by fluorine, this substance would 
not be objectionable from the standpoint of 
either the process operation or the quality of the 
product. 
Any boron compound capable of being intro 

duced into the furnace as a gas or vapor can be 
used as a boron source. This includes borane, 
(BH3)2, as well as the partially or completely 
halogenated boranes or borines, BHzCI, BHzBr, 
BHzI, BHClz, BHBrz, BHIz, B013, BBl‘s and B13. 
Again a restriction is placed on the use of the 
corresponding ?uorine compounds only because 
of the presence of materials susceptible to at 
tack by ?uorine. 
Both the carbon and the boron may be intro 

duced as components of a single compound as in 
borines substituted with hydrocarbon radicals, 
namely compounds of the structure 

wherein R1, R2 and R3 are either hydrogen or 
a monovalent hydrocarbon radical. Examples of 
suitable compounds of this type are propyl allyl 
borine and tripropyl borine. The borine may 
also be partially substituted with hydrocarbon 
radicals and partially substituted with halogens, 
as in phenyl dichloro borine. Where the boron 
to carbon ratio in the substituted borine is not 
the proper one for the desired boron content of 
the deposited ?lm, the proper ratio in the gas 
may be obtained by adding the required amount 
of either a carbon-free boron compound or a 
boron-free carbon compound. 
In the process described above, hydrogen was 

used as a diluent for the boron-containing and 
carbon-containing gases. This diluent gas serves 
as a medium for controlling the relative propor 
tions of the boron and carbon in the gas since 
it can be bubbled through the source compounds 
of these elements while they are at a tempera 
ture at which they are in a liquid state and have 
a de?nite vapor pressure. The rate of deposi 
tion of the ?lm, and hence the ?lm thickness, 
can also be controlled by controlling the degree 
of dilution of the boron and carbon gases. 
Hydrogen is preferred as the diluent gas since 

its presence tends to suppress formation of car 
bon in the gas before it contacts the surface on 
which the deposit is to be formed and since it 
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8 
can readily ‘be freed of traces of oxygen which 
would interfere with the operation of the proc 
ess. Any other gas which is inert to the reac 
tion occurring during deposition and which can 
be rendered su?iciently free of oxygen and water 
vapor can be employed, such as helium and car 
bon monoxide. 

It is theoretically possible to use a gas for depo 
sition which contains no diluent. However, as 
a practical matter, in order to reduce the rate 
of deposition to a practical value, it is not ordi 
narily desirable to use a gas for deposition more 
than 50 per cent of which is made up of the car 
bon-containing gas, the remainder being the 
diluent and boron-containing gas. Similarly, 
it is not ordinarily desirable that the carbon-con 
taining gas constitute less than 5 per cent of the 
total gas and it is preferable that it constitute 
at least 10 per cent of the total gas. 
Deposition proceeds more readily in the pres 

ence of halogens, free or chemically combined, 
and it is therefore desirable, but not necessary, 
that chlorine, bromine or iodine be present in 
the depositing gas. The halogen may be present 
in the boron-containing gas, as when boron tri 
chloride or phenyl dichloro borine is used, or in 
the carbon-containing gas, as when carbontetra 
chloride is used, or it may be present as a part 
of the diluent gas. 
As indicated above, to obtain temperature co 

e?icients below 100 P. P. M./_° C., the deposition 
temperature should not be below 1000° C. and 
preferably not below 1100° C. The most suitable 
temperature of deposition is 1200° C. Higher 
temperatures may be used but it is not ordinarily 
feasible to operate at temperatures substantially 
above 1250“ C. or 1300-“ C. since at these higher 
temperatures most of the available suitable resis 
tor bases become chemically or physically un 
stable and since the design of furnaces to oper 
ate at these higher temperatures becomes in 
creasingly di?icult. However, with resistor bases 
and furnaces capable of withstanding the higher 
temperatures, these temperatures up to perhaps 
1400" C. can be employed and will yield resistors 
of low temperature coe?icients. 
Where resistors of high resistance values are 

desired and low temperature coe?icients are not 
so important, lower deposition temperatures may 
‘be used. It is necessary only that this tempera 
ture be suf?cient to cause a deposit to be formed. 
The boron compound has a catalytic effect on 
the deposition and it is possible to obtain a, de 
posit at even lower temperatures than in ordi 
nary carbon deposition. Ordinarily temperatures 
lower than 900° C. or 950° C. will not be used 
but it is possible with proper choice of carbona 
ceous gas to obtain deposits at temperatures as 
low as 650° C. 
The invention has been described in terms of 

its speci?c embodiments and, since certain mod 
i?cations and equivalents may be apparent to 
those skilled in the art, this description is in 
tended to be illustrative of and not necessarily 
to constitute a limitation upon the scope of the 
invention. 
What is claimed is: 
1. An electrical resistor having a temperature 

coef?cient of resistance not greater than 150 
parts per million per degree centigrade com 
prising a ceramic core having on its surface an 
adherent, continuous, homogeneous ?lm of car 
bon containing between 0.35 per cent and 20 per 
cent by weight of boron, deposited at a tempera 
ture between 1000° C. and 1300° C. from a gas 
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containing boron in the form of a compound 
selected from the group consisting of boron 
hydrides, boron halides and boron hydrohalides 
and carbon in the form of a compound selected 
from the group consisting of hydrocarbons and 
halogenated hydrocarbons. 

2. An electrical resistor having a temperature 
ooe?icient of resistance not greater than 100 
parts per million4_.-per degree centigrade compris 
ing a ceramic/‘core having on‘ its surface an 
adherent, continuous, homogeneous ?lm of car 
bon containing between 0.5 per cent and 10 per 
cent by weight of boron, deposited at a tempera 
ture between 1000° C. and 1300° C. from a gas 
containing carbon in the form of methane and 
boron in the form of boron trichloride. 

3. A resistor as described in claim 2 wherein 
the resistance of the ?lm per unit square is not 
greater than 500 ohms. 

4. A resistor as described in claim 2 wherein 
the boron content is between 1 per cent and 6 
per 'cent and the temperature of deposition is 
between 1100° C‘. and 1300° C‘. 

5. A resistor as described in claim 2 wherein 
the boron content is between 3 per cent and 4 
per cent and the temperature of deposition is 
about 1200° C. 

6. An electrical resistor comprising a non-‘con; 
dnoting'base having thereon a ?lm having a 
resistance greater than 10,000 ohms per unit 
square and formed of carbon containing between 
18 per cent and 50 per cent boron, said ?lm hav 
ing been deposited at a; temperature between 
650° C. and 1300° C. from a gas containing boron 
in the form of a compound selected from the 
group consisting of boron hydrides, boron hal 
ides and boron hydrohalides and carbon in the 
form of a compound selected from the group 
consisting of hydrocarbons and halogenated 
hydrocarbons. 

'7. A process of forming electrical resistors 
comprising heating a plurality of ceramic bodies 
in a closed rotatable container partially ?lled 
with granules of a hard inert material, continu 
ously passing therethrough a dry, oxygen-free 
gas containing carbon in the form of a hydro 
carbon and boron in the form of a halogenated 
borine, maintaining the temperature within said 
container at between 1000” C. and 1300° C. and 
continuously rotating said container, the boron 
and carbon in said gas being so proportioned 
that a deposit of carbon is formed on said 
ceramic bodies which contains between 0.5 per 
cent and 10 per cent boron by weight. 

8. The process of forming an electrical re 
sistor comprising passing a dry, oxygen-free gas 
consisting of hydrogen, hydrocarbon and boron 
halide over the surface of a non-conductive 
refractory base maintained at a temperature 
between 1100° C. and 1250° C. until a deposit of 
carbon and boron is formed on said surface, the 
hydrocarbon constituting between 5 per cent and 
50 per cent of said gas, the boron halide being 
present in a proportion relative to said hydro 
carbon such that the said deposit contains be 
tween .35 per cent and 20 per cent boron by 
weight. 

9. An electrical resistor having a temperature 
coefficient of resistance not greater than 100 
parts per million per degree centigrade compris 
ing a ceramic core having on its surface an 
adherent, continuous, homogeneous ?lm of car 
bon containing between .5 per cent and 10 per 
cent by weight of boron deposited from the 
gaseous mixture of a hydrocarbon and a boron 
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10 
halide at a temperature between 1000° C. and 
1300° C. ' 

10. The process of forming aneIectrical re 
sistor comprising passing a dry, oxygen-free gas 
containing carbon in the form of methane and 
boron in the form of boron trichloride over the 
surface of a ceramic base maintained at a tem-. 
perature between 1000° C. and 1300° C. until a 
deposit of carbon and boron is formed on said 
surface, the boron trichloride being present in a 
proportion relative to the methane such that the 
said deposit contains between 1 per cent‘and 6‘ 
per cent boron by weight. 

11. A process as de?ned in claim 10 wherein 
the methane and boron trichloride are so pro 
portioned that the boron content of the depos 
ited ?lm is between 3 per cent and 4 per cent. 

12. The process of forming electrical resistors 
comprising heating a body of non-conducting, 
refractory material in a furnace, continuously 
passing through the furnace a dry, oxygen-free 
gas containing carbon in theform of a com 
pound selected from the group consisting of 
hydrocarbons and halogenated hydrocarbons 
and containing boron in the form of a compound 
selected from the group consisting of boron 
hydrides, boron halides and boron hydrohalides 
and maintaining the temperature in said furnace 
between 900° C. and 1300° C., the boron-contain 
ing and carbon-containing constituents of said 
gas being so proportioned that the deposit con 
tains between .35 per cent and 50 per cent boron 
by weight. 

13. The process as de?ned in claim 12 wherein 
the chemically-combined carbon in the gas is 
present in the form of a hydrocarbon and the 
chemically-combined boron in the gas is present 
in the form of boron triohloride. 

14. The process as de?ned in claim 13 wherein 
the hydrocarbon is methane. 

15. An electrical resistor comprising a refrac 
tory, no - ' chase having on its surface 

an adherent, continuous film of Cannon contain 
ing between 0.35 per cent and 50 per cent by 
weight of boron deposited from a gas containing 
chemically-combined carbon and chemically 
combined boron, the chemically-combined car 
bon being present in said gas in the form of a 
hydrocarbon and the* chemically-combined 
boron being present in said gas in the form of 
boron trichloride. 

16. The process of forming electrical resistors 
comprising heating a body of non-conducting, 
refractory material in a furnace, continuously 
passing through the furnace a dry, oxygen-free 
gas containing chemically-combined carbon and 
chemically-combined boron in the form of a 
borine partially substituted with hydrocarbon 
radicals and partially substituted with a halo 
gen, and maintaining the temperature in said 
furnace between 650° C. and 1300'0 C., said boron 
and carbon being so proportioned in said gas 
that a deposit of carbon is formed on said body 
which contains between 0.35 per cent and 50 per 
cent boron by weight. 

1'7. The process of forming electrical resistors 
comprising heating a body of non-conducting, 
refractory material in a furnace, continuously 
passing through the furnace a dry, oxygen-free 
gas containing chemically-combined carbon and 
chemically-combined boron in the form of a 
borine substituted with hydrocarbon radicals, 
and maintaining the temperature in said fur 
nace between 650° C‘. and 1300” C., said boron 
and carbon being so proportioned in said gas 



2,671,735 
11 

that a deposit of carbon is formed on said body Number 
which contains between 0.35 per cent and 50 per 1,019,568 
cent boron by weight. 2,161,950 
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