May 18, 1948 K. H. STORKS ET AL 2,441,603
ELECTRIGAL TRANSLATING MATERIALS AND METHOD OF MAKING THEM
Filed July 23, 1943 2 Sheets—-Sheet 1

 Fl6. 2
T . ~O-i—
2 51 7! 3
/
s FIG. 3
FIG. 4

m\é n
~ 45 43 42 ==
K.H. STORKS

INVENTORS C K TEAL

TWED H,M



May 18, 1948, K. H. STORKS ET AL 2,441,603
BLECTRICAL TRANSLATING MATERIALS AND METHOD OF MAKING THEM
Filed July 28, 1943 2 Sheets—Sheet 2
T

e o
LARE

” 7]

3
T A TRy

35 - & L e
.{ B
CPPER
T:;E.f ;r—"a 3 ]
/ 30, 38«(}%-
&i =SS L e o) mallen IMMM = AY
w ¥ 3/ 2/
a5 _ —
T 29
#6 e ) iame —. {
FIG. 8 20f S
- 22
27 20

5

K.H. STORKS
INVENTORS C.K. TEAL

S %V?%%/wwl

ATTORNEY



Patented May 18,.1948

2,441,603

UNITED STATES PATENT OFFICE

2,441,603

ELECTRICAL

G MATERIALS

TRANSLATIN
AND METHOD OF MAKING THEM
Kelth H. Storks, Ba.sklng Ridge, and Gordon K.
ummit,

Teal, &

N. J., nasigniors to Bell '.{‘elephone

Laboeratories, Incorporated, New York, N. Y.
corporation of New York

- Applicatlon July 28, 1943, Serlal No. 496,414
10 Clalms, (Cl. 175366}

This invention relates to elecirical translat-
ing materials and devices and to methods of
making them.

‘The objects of the invention are to realize the
optimum electrical characteristics for rectifying
and other translating devices, insluding an in-
creased electrical efficlency; to obtain an im-
proved and a more uniform rectification mate-
rial for use in these devices; io Improve the
process by which this material 15 produced; and
to effect other improvements in materials and
devices of this charaster and in the methods by
which they are manufactured,

With - the extension of signaling freguencies
in the radio and allied arts into the ultra-high
frequency range where waves of a few centi-
mefers in length are employed for signaling pur-
poses it hag become necessary to develop new
types of apparatus for recelving, translating and
utilizing the signal energy at these extreme fre-
quencies, One of the problems has been to de-
vise & satisfactory translating device which Is
capable of detecting, converting or otherwise
translating signal waves having freguencles of
the order mentioned. Up f{c the present time
the most promising solution of this problem has
been a transiating or rectifying device of the
point-contact type. In one form g fine tung-
sten wire is mounted so that its free end en-
gages the surface of an element having suitable
rectifying properties, such as & crystal of ele-
mental silicon, More specifically the silicon
crystal elements of these pror rectifiers have
been prepered by melling powdered silicon of
relatively high purity In s furnace and cutting
the resulting ingot into small wafers of suitable
diameter and thickness. The crystal wafer is
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heated to a predetermined temperature in a re-
action chamber, and s vaporous mixture of all-
icon tetrachloride and hydrogen is introduced
into the chamber under closely regulated con-
ditions. By caretully controlling the manufac-
turing parameters, that is, the concentration of
the vapor mixture admitted to the chamber, the
temperature of the filament, the temperature of
the chamher walls and filament terminals dur-
ing the depositlon process snd the duration and
sequence of the deposition processes ard. heat
treatments applicants have found that marked
improvements may be realized iIn the electrical
performance of the transmitiing devices made
from the material thus produced.

Accordingly, a feature of the Invention is a
method of depositing silicon on metal strips for
use as translators in which a vapor mixture in-
cluding silicon tetrachloride of predefermined
concentration 1s administered to a reastion
chagmber containing a stspended metallic fila-
ment, in which the Slament Is heated to a pre-
determined temperature and maintalned uni-
formly at this temperature during the decompo-
sition of the silicon tetrachloride, and in which
the walls of the reaction chamber and the fer-

. minals on which the fillaments are suspended

are maintained st a relatively low temperature
by a cooling system to prevent the formation of

¥ reaction products which otherwise tend to con~

a6

then mournted on g terminal block, and the fine -

tungsten wire is adjusted so that its end makes
a point contact with the surface of the erystal.
In accordance with the present invention it is
possible to increase the efficlency and useful-
ness of these translating devices by means of a
translating element made by an jmproved proc-
ess of depositing elemental silfcon on metallic
flaments and of causing the fllament material
to alloy withh the silicon in a prescribed way.
The translating element made by this Improved
process conslsts of crystallized layers of a multi-
phase system of thermally deposited silicon and
a suitable metal such as tantalum, which may
be supported on a backing strip of some suitable
metal, which may also be tanfalum. In the
process by which these rectifying elements are
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taminate the deposited silicon and to impair its
usefulness. More specifically, the vapor admin-
istered to the reaction chamber is a mixture of
silicon tetrachloride and hydrogen, and the con-
ceniration of this mixture is controlled by a con-
denser associated with the cooling system of the
reaction chamber in such a way that the partial
pressure of the silicon tetrachioride in the reac-
tion chamber 15 always below the pressure of
saturation. In this manner the silicon tetra- -
chloride is prevenied from condensing on the
cool walls of the reaction chamber during the
deposition process.

Angther feature of the deposition process Is
the method of cooling the remction chamber in
which the cooling liquid, after being raised to a
temperature above that required for the con-
denser, Is passed in succession through & Jacket
surrounding the reaction chamber and through
conduits forming the suspension terminals of
the metallic filament on which the depnsltion is
taking place.

Another feature of the Invention is the method
of preparing the rectifier materjal in which sue-

prepared & strip or fillament of tantalum is 58 cessive layers of silicon are deposited on g metal-
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lic filament &nd in which each layer thus de-
bosited is fused and crystallized before the suc-
ceeding layer is deposited.

" Another feature of the invention is the meth-
od of preparing rectifier material in which the
silicon is alloyed with the filament material in a
controlled manner to give a chemical system of
a preferred composition, a preferred phase struc-
ture and & smooth surface contributing to low
noise output. This end is greatly alded by the
controlled quenching of the alloy in flowing hy-
“drogen gas.

Another feature of the invention is a method
whereby the thermal deposit of the silicon is con-
fined to one gside of the metal filament or strip,
This end i3 achieved by folding the strip so that

only one side thereof 1s exposed within the reac- .

tion chamber, ) :

Other featutes and advantages of the lnvention
will be discussed more fully in the following de-
tailed specification.

In the drawings accompanying the specifica-
tion: ) :

Fig, 1 llustrates a filament or strip (greatly
enlarged) of backing metal for the rectifying ele-
_ments;’

Fig. 2 shows the folded metal strip with sup-
porting terminal springs secured thereto;

Fig. 3 i3 & cross-section of a folded strip:

Fig. 4 is a side view of the metal strip illustrat-
ing a deposited layer of silicon:

Figs. 5 and 6 {llustrate units cut from the pre-
pated strip and ready for assembly;

Fig. T is a view partly In cross-section of a
translating device Including one of the rectifier
clements; and .

Fig. 8 lllustrates the apparatus used for deposit-
ing the silicon on the metal backing strips,

Different methods have been employed hereto-

fore for obtaining silicon in suitable form for rec- ,

tifleation elements having the physical ahd elec-
trical characteristics essential to good perform-
ance in, the ultra-high frequency range. One of
the obstacles comimonly encouniered in these
prior methods has been the difficulty of attain-
ing the high degree of silicon purity necessary for
best results. Experience shows that where metal-
lurgical methods are used to derive the silicon
material it should have a purity close to 100 per~
cent. But the character and amounts of the
small percentage of impurities are important and
very difficult to control, The strong affinity which
silicon in its elemental state has for other ele-
ments makes it extremely difficult to obtain it in
crystdlline form in bodies of substantial size and
to exclude the presence of impurities in varying
and uncontrolled amounts.

Applicants’ method overcomes the difficulties
above ouilined by deriving the elemental silicon
from one of 1ts compounds which can be read-

10

15

4
the vapors within the chember and the materials
‘of which the chamber walls and fixtures are com-
posed, resulting in products which deposit as
impurities on the filament along with the Hber-
ated silicon. In applicants’ process these objec-
tionable reactions are prevented by a novel meth-
od of controlling the temperature of the reac-
tlon chamber walls and fixtures in conjunction
with the pressure of the vapor mixture admin-
istered to the chamber. To this end a vapor
mixture of hydrogen and sllicon tetrachloride
having & high saturation of the tetrachloride is
prepared in apparatus external to the reaction
chamber, and this mixture 1s passed through a
reflux condenser on its way to the reaction cham-
ber. A cooling liquld at a predetermined tem-
perature passes through the condenser to reduce
the saturation of the vapor mixture to a definite
value before the mixture is permitted to enter
the chamber, The cooling lquid after leaving
the reflux condenser is ralsed fo & higher tem-
perature gnd is then eirculated through the walls
and terminal fixtures of the reaction chamber to
maintain them at the corresponding temperature
during the decomposition of the tetrachloride
vapor. This increment between the temperature

. at which the saturation of the vapor mixzture is
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ily purified, depositing it in the form reguived ¥

and fusing the deposit to crystallization under
conditions which inswre the desired degrees of
purlty and of alloying with & metal to give suit-
able eléctrical impedance and rectification char-
acteristics. More particularly, silicon tetrachlo~
ride vapor mixed with hydrogen is administered to
a reaction chamber where it is decomposed ther-
mally to liberate the elemental silicon which then
deposits on a filament of metal, such as tantalum,
However, experience shows that other reactions
are likely to take place within the chamber when
the temperature is raised to a value suffielent to
canse decomposition of the silicon tetrachloride

fixed before its introduction into the chamber
and the temperature of the chamber walls insures
thet the partisl pressure of the tetrachloride
vapor within the chamber 15 always less than the
pressure of saturation. By this arrangement,
therefore, it is possible to maintain the tempera-
ture of the chamber walls and terminal fixtures
sufficlently low to prevent reactions taking place
which would contaminate the silicon deposition
and vet sufficlently high ta prevent condensation
of the tetrachloride vapor within the chamber.

In the drawings Figs. 1 to 3 lllustrate the metal-
lic filament or ribbon which is used as the base
for the thermal deposit of silicon. Tt will be un-
derstood, of course, that the inventfon 1s not Iim-
ited to a partioular metal for the fllament: the
particular metal or combination of metals found

“to give the results desired may be chosen. Ex-

Perintents have been made with such metals such
as tantalaum, platinum, tungsien and molyb-
denum, and of these it iz found that tantajum
has theleast tendency to enter into solution with
the silicon layer. This metal, therefore, gives ex-
cellent results where & high degree of silicon purity
is desired and where the alloying is subjected to
control, : R

The filament | of the desiréd metal, such as
tantalum, is formed with the requistte dimensions
and is then prepared for the reaction chamber
shown in Fig. 8. This preparation. consists in
folding the ribbon along the middle, as indicated
by the dotied line In Fig, 1, turning over and spot-
welding the ends to form loops, and attaching
thereto o pair of TetTactile Springs 2 and 3 as -
lustrated in Pig. 2, The purpose of folding the
ripbon upon itself 1s to restriet the deposite of
the silicon to only one of the ribbon surfaces. Af.
ter the ribhon is thus prepared the head & of the
reaction chamber § i unscrewed and removed,
the cireulating hose 6 being Arst detached.
molded or otherwise fixed in the head 4 are the
terminal and cooling fixtures for suspending the
filament 1. These fixtures comprise a large U-
shaped tube 1 and a smaller U-shaped tube 8,
These tubes are preferably of copper, and they
serve to conduct the cooling liquid through the
heat distributing terminals 8 and I8, between

vapor, For example, reactions may oceur betweenr 75 which the filament { 1s suspended by the retractile
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springs 2 and 3. Following the suspension of the
flament between the terminals 8 and 10 the head

. # 15 screwed back in place, closing the open end
of the chamber 5. The cooling bipe 8, the pur-
pose of which will be explained herefnafter, is also
attached as shown in the drawing.

The remaining apparatus shown in Fig, 8 is for
the purpose of administering the vapor mixture
to the reaction chamber ang for heating the
chamber to bring about the vapor decomposition.
The hydtogen is derived from & supply tank 11
which 1s connected by way of valve 12 and feed
pipe (3 to a flow meter 14. The purpose of the
meter il is to maintain 8 uniform flow of gas
under varying external conditions, The hydrogen
gas after passing through the regulating flow
meter I8 enters a trap 15 having liquid nitrogen
therein for the purpose of trapping any mercury
vapor that may escape from the mefer 4. Fol-
lowing the trap 15, the gas enters a deoxidizing
furnace 16 for the purpose of removing any
traces of free oxygen that may be mixed with
the hydrogen gas. On leaving the furmace {6 the
hydrogen and any water vapor thai may be
formed in the furnace enter the drying towers (T
and I8, These towers may be provided with phos-
phorous pentoxide for remowing all {races of
water vapar, thus permitting only pure hydrogen
to flow into the outlet pipe 19.

The silicon tetrachloride vapor is derived from
the vesse! 20 where it is first mixed with the hy-
drogen gas under conditions that give the mixture
a high degree of saturation, The mixture s ef-
fected by leading the pure hydrogen gas through
the inlet pipe 21 into the llquid tetrachloride.
The hydrogen gas, after bubbling through the lig-
uid tetrachloride, escapes through the ouflet pipe
22 into the reflux condenser 23. After leaving the
condenser the vapor mixture passes threugh the
intake pipe 24 and thence into the reaction cham-
ber 5. A hy-pass pipe 26 is also provided with &
valve 26 for diluting the vapor mixture, if desired,
by passltg some of the hydrogen directly into
the reaction chamber, :

The water for the cooling system is taken from
a source 21 and raised to & predetermined tem-
peratyre, preferably a few degrees below room
temperature, by means of a heater 28. After
passing through the thermometer chamber. 29,
which gives o continuous indication of the tem-
perature, the Hquid enters the reflux condenser
23 to fix the concentration of the vapor emerging
from the Vessel 20, After leaving the condenser
23 the liquid passes through a second heater 3B
which raises its temperature to a predetermined
‘value, preferably about room temperature. From
the heater 30 the liguid passes through thermom-
eter chamber 31 and thence into the cooling jacket
32 surrounding the walls of the reaction chamber
§. After passing through the cooling facket 32
the liquid emerges into the pipe or hose 6. The
purpose of the pipe § is to reduce the temperature
of the liguid which has been heated in the Jacket
32 by radiating or otherwise exfracting some of
the heat therefrom. After passing through the
pipe b the liquid reenters the reaction chamber
fAows through the copper tube T, through the ter-
minal 9 and thence out of the chamher inta a sec-
ond cooling tube 33, From the tube 23 the lguid
reenters the chamber a second time and flows in
the copper tube 8 through the terminal 19 and
finally out by way of the waste pipe 34. i

The necessary heat for producing the vapor de~
composition within the chamber is derlved from
g source of current 35, and a suitable regulator
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38 serves to maintain the voltage necessary to
produce the required temperature within the
chamber, The erergy from the source 38 is sup-
plied to the susbended filament | within the
chamber by copnecting the secondary winding of
the transformer 37 to the circulating pipes ¥ and
8, thus causing current to fSow through the fila-
ment by way of terminals 9 and 10 and suspension
springs 2and 3.

The sequential steps of the process will now be
described in detail, assuming specific tempera-
tures values and ether factors which have been
found io give good resuits. A strip | of annealed
tantalum is cut to suitable length and folded as
seen in Figs. 2 and 3. Before folding, the strip
may be washed if necessary in acefone to remove
any grease that may be present. Alse 3 matte
finish may be given the surface of the strip by
blasting it with fine mesh silicon carbide. After
thereugh cleaning, the strip is folded as above ex-~
plained, and springs 2 and 8 are attached either
by welding or as indieated in the drawing. The
prepared Alament § is then mounted within the
reactlon chamber as shown in Fig, 8.

Dry tank hydrogen is now passed over the fila-
ment for several minutes, To this end the valves

12 and 26 are opened and valves 38 and 39 are

closed. Hydrogen from the tank il passes
through the flow meter (4, through the liquid
trap 15, furnace 16 and thence through the dry-
ing towers IT and {8 into the supply pipe 19.
From thence it flows through the by-pass pipe
2§ Into the reaction chamber and out through
the waste pipe 40, While hydrogen is flowing
through the chamber, the switch &1 is closed and
the fllament, | is raised to a temperature of 1200°
C., where it is maintained for a period of about
thirty seconds. ‘Thereupon the fllament is given
a, flash to the melting point of silicon, following
which it is permitted to cool rapidly to room
temperature. The temperafure of the filament
within the chamber is determined by any weli-
known means, such as an optical pyrometer.

The filament is now ready for the depostiion

_process which consists in depositing a plurality,

preferably three, sepatrate layers of silicon, each
layer being fused before the succeeding layer is
deposited. Preparatory to the first step in the
deposition process the valve 39 is opened and the
openings of valves 26 and 38 are adjusted to give
the desired ratio between the amount of hydrogen
flowing through the by-pass pipe 25 and the
amount flowing through the pipe 21 into the
tetrachloride vessel 20. This ratie, which may
be of the order of 1:1, may be determined hy any
suitable method, one of which is to cohserve the
rate at which bubbles emerge from the liguid
tetrachloride in the vessel 20, The flow of hy-
drogen in the meter (4 is fixed at 35 millimeters
pressure of mercury across the capillary. The
heater 28 is adjusted to maintain the water en-
tering the condenser 23 at z temperature about
3 or 4 degrees below room femperafure, which
may be assumed io be 67° P., and the heater 38
is sdjusted to maintain the Hquid emerging from
the condenser at 67° F.

After several minutes of flow to establish the
equilibrium of the vapor mixture of hydrogen
and silicon tetrachloride the temperature of the
filament is raised to 935° C., and is maintained
at that value for abouf ten minutes. During this
period the silicon tetrachloride vepor is decom-
posed thermally, the liherated silicon is deposited
on. the surface of the filament |, and the un-
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wanted products of the reaction are discherged
through the waste pipe 40.

It it is assumeqd that the hydrogen gas emerg-
ing from the vessel 20 is highly saturated, possibly
super-saturated, with stlicon teirachloride, the
condensation occurring within the condenser 23
will reduce the concentration of tetrachloride to
the saturation value corresponding to the tem-
perature within the condenser, When, there-
fore, ‘the mixture enters the reactlon chamber,
it encounters a chamber wall temperature which
is somewhat higher than that of the condenser,
This differential increases the saturation pressure
of the vapor ta a polat which is safely above the
partial pressure of the tetrachloride and thereby
prevents condensation of the tetrachloride on
the walls of the chamher, The same differential
temperature relation is maintained between the
condenser and the termingl fixtures within the
chamber § by means of {he cooling pipes 7 snd 8
and the external cooling tubes § and 33 through
which the liqmid is circulated before it finally
emerges from the waste pipe 34.

After deposition has proceeded for a period of
about ten minutes ag described, the flow of tetra-
chiloride vapor s stopped by closing the valves
38 and 39, permitting the continued flow of hy-
drogen into the deposition chamber, After about
three minutes the filament temperature is raised
to 1200° C,, and maintained there for two min-
utes. Thereupon the temperature is tulckly
raised to the melting point of silicon, following
~which it is quenched in the hydrogen, which is
a goad hest conductor, to about 895° (., forcing
the fused silicon to repidly crystallize.

The second and third Iayers of siicon are de-
posited, fused and quenched under conditions the

same as those above described for the deposition

of the first layer.

By this method pure silicon is deposited on the
tantalum, a diffusion of the tantalum into the
silicon takes place to form 2 polyphese structure,
and the degree of the alloying action is closely
controlled by quenching the fused structure in
hydrogen gas. In this way a superior rectifying
material is obiained,

The filament is now reinoved from the chamber
and is cut into rectangles or discs as illustrated
in Figs. 5 and 6 for use in the rectifler assemblies.
The assembled rectifier, greatly enlarged, is llus-
trated in Fig, 7. OCne of the silicon units 42 is
incihaded in the assembled devieé and is mounted
on the threaded metallic siud 43. The mounting
of the silicon unit on the stud 43 may be sccom-
plished by any suitable method. Far example,
the tantalum side of the unit 42 may be welded
to the surface of the stud 43. Following the
attachment of the sflicon ynit 42 to the stud 43,
which is integral with the metallic base member
44, the stud is serewed into one end of the ceramic
insulating cylinder 43, In like mammer the
threaded stud 46, which is infegral with the me-
tallic cap 47, screws into the opposite end of the
cylinder 45. The cap member 47 contains a cen-
trzl bore for receiving the cylindrical! metallic
cohtact holder #883; and this holder s adjusted
withiy the hore until the tip end of the fungsten
contact wire 49, the epposite end of which is
soldered in the holder 48, makes contact with
the silicon surface of the element 43. When the
desired degree of force is applled to the contact
engagement of the wire 49 with the silicon ele-
ment 43, the set serews 58 are tightened to seize
the halder 48,

The vessels and interconnecting pipes forming
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the systern shown in Pig. 8 are of glass. The
unions between sections of pipe are preferably of
copper, the valves are of hronze, snd the valve
packing i protected from the vapors in the sys-
tem by lead washers on the valve stem, These
precautions are taken to eliminate any source of
comtamination and te prevent any unwanted sub-
stance from finding its wsy into the reaction
chambher,

The tank 51 contalns nitrogen which may be
used for flushing the system fo clean out impurl-
ties ahd to prevent the entry of oxygen, water
vapor, or other substances,

What is clalmed i5:

1. The method of making an electrical trans-
lating element which comprizses suspending & me-
tallic filament In a reaction chamber, admin-
istering & vapor mixture ihcluding silicon tetra-
chlorjde to sald chamber, heating sald filament
to 5 predetermined temperature for effecting the
decomposition of the sillcon tetrachloride and the
deposition. of & layer of silicon on said filament,
cooling said reaction chamber to a predetermined
temperature to prevent the contamination of zald
silicon layer by the formation of undesired reac-
tlon products, and controlling the pressure of the
vapor mixture before It enters the reaction cham-
ber to prevent the condensation of the silicon
tetrachloride within said chamber,

2. The method of making an electrical trans-
lating element which comprises suspending a me-
tallic filament in a reaction chamber, admin-
Istering a vapor mixture including silicon tetra-
chloride to sald chamber, heating sai@ fllament
te a predetermined temperature for effecting the
decomposition of the silicon tetrachloride and the
deposition of a layer of silicon on said fllament,
cooling said reaction chamber to a predetermined
temperaiure to prevent the contamination of said
silicon layer by the formation of undesired reac-
tlon products, and establishing a differential be-
tween the saturation pressure of the vapor mix-
ture before and after it enters the reaction cham-
ber to prevent the condensation of the silicon
tetrachloride within said chamber.

3. The methed of making an electrical trans-
lating element which comprises suspending s me-
tallic filament inn a reaction chamber, passing a
vapor mixture including silicon f{etrachloride
through a condenser and thence into said cham-
her, heating said fllament to effect the decompost-
tion of the silicon tetrachloride and the deposi-
tion of a layer of siticon on sald filament, passing
8, stream of liguid first Lo said condenser and then
to the walls of said reaction chamber, controlling
the temperature of sald liguid at a given value as
it passes to said condenser for fixing the con-
centration of seld vapor mixture, snd controlling
the temperature of said liquid at a higher value
a3 it passes to the walls of said reaction chamber
in order to increase the saturation pressure of
sald vapor mixture above the partial pressure of
the silicon tetrachloride,

4, The method of making an electrical trans-
lating element which comprises fixing & metallic
filament In & reactlon chamber, administering a
vapor mixture of silicon tetrachloride and hydro-
gen fo said reaction chamber, electrically heating
sald metallic filament for effecting the decompo-
sition of the silicon tetrachloride in said mixture
and the deposition of a layer on said fllament,
cooling sald reaction chamber to a predetermined
temperature to prevent reaction between the sili-
con tetrachloride and the walls of said chamber
and the censeguent formatlon of contaminating



2,441,608

producets, and controlling the concentration of
the silicon tetrachloride in sald vapor mixture
before it enters the reaction chamber to prevent
the eondensation of the silicon tetrachloride with-
in said chamber,

5. The methed of making an electrical trans-
lating element which comprises suspending 8 me-
talllc filament between two terminals in a reac-
tion chamber, passing a vapor mixture including
a silcon compound and a gas through a con-
denser and into sald chamber, applying a voltage
to said terminals for heating sald Alament o a
predetermined temperature for effecting the de-
composition of the gilicon compound and the
deposition of & layer of silicon on said fllament,
passing a stream of cooling liguid Airst to said
condenser gnd thence in series through the cogl-
ing jacket of sald reaction chamber and through
said suspending terminals, controlling the tem-
perature of sald liquid at a given value as it
passes t0 said condenser tp fix the concentration
of said vapor mixture, and controlling the tem-
perature of sald Hguid at a higher vaiue as it
passes to sald cooling jacket and terminals for
increasing the saturation pressure of sald vapor
mixture and preventing the condensation of the
silicon compound on the walls of sald.reaction
chamber and on said suspending terminals. :

6. The method of making an electrical trans-

lating element Which comprises suspending a me- 30

tallic fllament in & reaction chamber, adminis-
tering a vapor mixture including & compound of
silicon to szid reaction chamber, heating said
filament to a predefermined temperature a num-
ber of times in succession for effecting the decom-
position of the silicon compound ang the deposl-
tion of a corresponding number of separate layers
of sillcon on sald fllament, heating said filament
to & higher temperature, fellowing the deposition
of edch layer, to fuse, crystallize, and to quench
the deposited layer to give a desired phase struc-
ture and smooth surface, and cocling said reac-
tion chamber to g predetermined temperature to
prevent the contamination of said silicon layers

by the formation of undesired reaction products. 4

7. The method of making an eleetrical trans-
latitig element which comprises folding a metallic
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strip at its middle to conceul one of its surfaces

and to leave the other surface exposed, suspend-

ing sald folded strip ! a reaction chamber, ad-
minjstering to said reaction chamber a vapor
mixture including a compound of silicon, heating
said metgllic strip to a predetermined tempera-
ture to effect the thermal decomposition of said
silicon compound and the deposition of a layer
of silicony on the exposed surface of said metallic
strip, cutiing said strip with the deposited silicon
thereon into units, and utilizing the metallic sut~
face of said units for mounting them.

8. The methed of making rectifier material
which comprises fusing silicon in the presence of
tantalum to cause a diffusion of the tantaium inte
the silicon and the formation of a polyphase
structuite, and quenching said structurs to control
the degree of diffnsion,

9 The method of making rectifier material
which comprises fusing silicon in the presence of
a body of tantalum to form a polyphase structure
of silicon and diffused tantalum on said tanéalum
body, and quenching the fused structure in hy-
drogen.

.10, The method of making rectifier material
which comprises depositing a plurality of succes-
sive layers of silicon on a body of taniaium, fus-
ing each successive layer to effect s diffusion of
the tantalum into the deposited slicon, and
quenching each fused layer In stuceession to crys-
tallize the silicon and to control the degree of

diffusion, )
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