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To ali whom it may concern: - ;
Be it known that I, Wirraam D. CooLIDgE,
a citizen of the United States, residing at

Schenectady, in the county of Schenectady,
State of New York, have invented certain .

new and useful Improvements in. Methods
of Producing and Maintaining Vacuums, of
which the following is.a specification.

The present invention relates to the auto-.

matic maintenance of g desired high vacuum
in an electric apparatus operating with an
electron discharge, such for example, as an
X-ray tube, to '
ionization of gas. : :

- In a device c&perating with a substantially
pure electron discharge, such, for example,
as the X-ray tube described in the Physical
Review for December, 1913, it is necessary
to maintain the pressure of ‘residual gas
below a low limiting value in order that
positive ionization will be negligible. The
complete removal of gas_from the space

within the envelop alone is not sufficient to-

insure freedom from gas ionization during
the operation of the device, for as soon as
the anode and other parts of the apparatus

is evolved. In some cases substantially all

~ disengageable gas is removed during the
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* harm is done.

evacuating’ process. from parts of the appa-
ratus subject to electron bombardment but
the complete removal of gas is. not always
practicable. - . e :
In accordance . with ‘my invention the
requisite vacuum is maintained during the

operation of an electron discharge device by
automatically disintegrating or sputtering ,

electrically a metal within the container in
response to incipient positive ionization of
evolved gas, thereby. fixing the gas before

My invention in one of its aspects incfudes
a cathode of novel construction comprising

. an incandescent filament and soft metal
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which is easily sputtered electrically. o
In the accompanying drawing I have

shown an X-ray device as illustrative of one
form of apparatus to which my invention is

applicable. Figure 1 is a somewhat dia-

grammatic perspective view of an X-ray
tube; Figs. 2 and 8 are enlarged detail views.

taken: at 'ri%?t angles. to each other of a
- form of - cat

ode construction, snd Fig, 4
is a diagram showing ‘an X-ray tube sup-
plied with direct current. - g

prevent harmful positive

The device which has beén shown in con-
nection with my invention is an X-ray tube
with' a water-cooled anode.
the drawing, the X-ray tube comprises an
evacuated
positely located a cathode 2 and an anode 3.
The cathode, shown with greater detail in

‘Figs. 2 and 3, comprises a spiral filament 4

consisting preferably of tungsten, and a sur-
rounding tube 5 consisting of a’ refractory
metal such as molybdenum. Electrical con-
nections are made to the cathode filament by
a tungsten wire 6 connected directly to_the

spiral, and a tungsten wire 7 connected to -

the ring 5 which is in turn welded to the
opposite end of the cathode spiral 4, as indi-

cated at 8. The wires 6 and 7 are sealed into'
. a glass stem 9. Connected to the tube 5% a

flange 10 extending at right angles to*the
tube 5, and consisting preferably also of
molybdenum or other highly refractory
metal: To the outer periphery of the flange
10- in ‘some cases is riveted, or otherwise
fastened, a ring 11 of copper, silver, gold,
or other metal which may be readily sput-

Referring to:

glass envelop 1 in which are_op--
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tered electrically by positive ion bombard- - .

ment. It is the function of the tube 5 to so. _

modify the electrostatic field about the cath- ’

ode as to concentrate the cathode rays upon
a small spot on the anode. The rings 10
and 11 intercept positive ions which are at-
tracted to the negative terminal of the:de-
vice.

more fully explained.
The anode of the

13 of tungsten. The tube 12 is fastened into

a tube 14 of iron which is in turn sealed ixto-

the arm 15 of the X-ray bulb; the glass ring

X-'ré,y tube coinpf_is‘e_s a
“tube 12 of copper to which is welded a disk

85

The impact of positive ions on-the
flange 11 sputters or vaporizes metal and .
- improves the vacuum, as will be, hereinafter
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16 serves to center and support the .iron =

tube. A cooling fluid, such as water, may

be introduced through a _sup;l)]ly tube 17 and -

conducted away by a discharge tube 18
through & connection box 19.  The location
of the tube 17 is indicated by dotted lines.

“The cathode filament is heated by any
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convenient means, such as a battery 20, and

the main operating current is supplied by a
high potential source of current, as for -ex-
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ample, ‘a transformer 21 connected to the -

' terminals of the tube by the conductors 22,
23, As shown in Fig. 4, a source of unidi-.

Tectional current may be ‘used when the

110
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cathode consists in part of electrically sput--.
tering metal. In this figure an X-ray tube .

94 is connected to a suitable source of high
potential direct current as represented by a
battery 25, the negative terminal of the bat-
tery being connected to the cathode 2, and
the positive terminal to the anode 3.

The X-ray tube is exhausted to the high-
est attainable vacuum, the last stages of ex-
haust preferably being completed by the
Gaede molecular pump, or any. other ex-
hausting device capable of producing a
vacuum below about 0.00005 mm. of mer-

.cury. The tube is operated during the last

stages of operation on the pump until the

anode is heated to a just visible dull redness.’

The tube is then sealed off and may be oper-
ated without further treatment by a high

potential current with the cathode at in-.

candescence. -

- Assume the cathode to consist entirely of
difficultly sputtering metal and the anode to
consist in part of copper or. other readily
sputtering metal and gas to be evolved in
some way in the tube and this gas to be
ionized by the discharge. The target 3 in

- a device operated with alternating current
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as shown in Fig. 1, when negative in poten-
tia]l will attract the positive ions and some
of the coppeér, silver, gold or the like, will
be sputtered, thereby electrically precipitat-
ing the ionized gas, and restoring the high
vacuum.

‘When the cathode consists in part of cop-
per, or other electrically sputterable metal,
the same effect will be obtained on direct
current. (Gas ionization will cause positive

_ions to be attracted to the negative terminal

and the impact of the positive ions on the
ring 11, or whatever part of the cathode
consists of easily sputtered metal, will dis-
integrate some of the metal and thereby

_electrically precipitate or fix the gas.

Prefera'bly. both the cathode and the
anode comprise in part a metal readily sput-

“tered in devices intended for operation with

alternating current, as the tube is then al-
ways ready to respond to incipient positive
ionization with electrical vaporization of
metal.

What I claim as new and desire to secure
by Letters Patent of the United States, is:—

1. A cathode for an electrical discharge
device comprising a conductor adapted to
be heated by passage of current, and a mem-
ber having the same polarity as the cathode
and consisting of metal readily sputtered by
positive ion bombardment.
_ 2. An electrical discharge device compris-
ing a filament of tungsten adapted to be
heated, a member of metal readily sput-

tered by positive ion bombardment, an anode .

and-an inclosing envelop, the space within
said envelop being evacuated to a pressure so
low that conduction of electricity may oceur

1,280,672

substantially independent of positive gas
ionization. :

‘8. A cathode for an electrical discharge -

device comprising a filament of highly re-
fractory metal and a copper member located
about said:filament and electrically con-
nected thereto;.

4. A cathode for an X-ray tube compris-
ing a filament of tungsten adapted to be in-
dependently heated, and a member of metal
readily sputtered by positive ion bombard-
ment connected to have the same polarity as
said filament.

- 5. An electrical discharge device compris-
ing an evacuated envelop, an electrode there-
in which is adapted to emit electrons inde-
pendently of gas ionization, and a codperat-

-1ng electrode, one of said electrodes consist-

ing in part at least of metal readily sput-
tered by positive ion bombardment, and
a source of energy connected to said device
having a polarity negative during at least
intervals of time with respect to the elec-
trode containing sputterable metal, whereby
gas may be electrically precipitated.

6. The process of fixing gas in an ex-
hausted envelop containing a cathode com-
prising a member adapted to be heated in-
dependently to incandescence, and a codper-
ating anode, one of said electrodes consist-
ing in part at least of metal readily sput-
tered electrically, which consists in pro-
ducing a discharge between said electrodes
while the member adapted to be heated is
at incandescence, the polarity of the dis-
charge being at least for intervals negative

with respect to the electrode containing

metal readily sputtered.
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7. The process of completing the gas re- -

moval in an envelop containing an electrode
comprising in part at least metallic copper,
and a cooperating electrode of refractory
material adapted to be heated by passage

106

of current, which consists in producing an -

alternating current discharge between said

electrodes while the copper electrode is-
.maintained below the temperature of sub-

stantial thermal vaporization, and the co-
operating electrode is heated to incandes-
cence.
. 8. The process of creating and maintain-
ing a high vacuum in an inclosed receptacle
provided with electrodes, one of which is
adapted to be independently heated to in-

candescence and one of which comprises a

metal which may be electrically sputtered,
which’ consists in subjecting said receptacle
to a preliminary exhaust to a pressure at

which a discharge occurs with difficulty

from an unheated cathode, then sealing the

receptacle, and finally impressing on the

electrodes while the cathode is heated an
alternating current of a potential high
enough to sputter metal from the unheated
electrode. - '
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. 9. An electrical discharge device compris-
ing a sealed envelop, the space within said
envelop being evacuated to a pressure so
low that an electron discharge can occur
therein independently of gas lonization, a
cathode therein adapfed to emit electrons in-
dependently of gas lonization, and an anode,
both of said electrodes consisting in part of
metal readily sputtered electrically.

10. A thermionic device comprising a
sealed envelop, the space within said en-
velop being evacuated to a pressure so low
that a discharge may occur therein inde-
pendently of gas ionization, a cathode com-
prising a filament of tungsten and a copper
member, and an anode consisting in part at
least of copper.

11. An X-ray tube comprising a sealed
the space within said envelop be-
ing evacuated to a pressure so low that an
electron discharge may occur therein with-
out substantial gas ionization, a cathode
comprising a filament. of refractory metal,
an anode, a plate of copper extending about
said cathode substantially at right angles to
an axis passing between cathode and anode.

12. An X-ray tube comprising the com-
bination of an envelo s & cathode of refrac-
tory material adapted to be rendered incan-
descent, an anode, means for fluid-cooling
said anode, and plate of copper within said

‘tube connected to have the same polarity as
-said cathode. ,

13. An X-ray device comprising the com-
bination of a filamentary cathode consisting
of refractory material, means for heat.
ing said cathode, an anode comprising a
copper member, and a discharge-receiving
plate of refractory metal, means for cireu.
lating a cooling fluid in contact with said
anode, a plate of copper electrically con-
nected to said cathode, an inclosing ‘evacu-
ated envelop, and a source of - alternating
cutr)-rent connected to supply energy to said
tube. . :

14. A ‘cathode for an X-ray device oper-
ating by electron conduction comprising a
filament of refractory metal -adapted to be
rendered incandescent by passage of current,
a surrounding tube consisting of refractory
metal and a flange of copper connected to
and extending substantially at right angles
to the tube of refractory metal.

15. A cathode for X-ray devices compris-
ing a flanged tube of refractory metal,-
spiral filament of refractory metal located
near the mouth of said tube and a ring of
metal, such as copper, which is readily sput-
tered by positive ion bombardment, fas-
tened. to the flange of said tube, and con-
ductors for conveying a heating current to
said spiral. : .

. In witness whereof, I have hereunto- set

my hand this 2pd day of February 1916.

' WILLIAM D. COOLIDGE,
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