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7.Claims.

The present invention relates in general to
electronics and has more particular reference to
X-ray generators,

An important object of the invention is to pro-
vide an X-ray generator comprising ‘a cathode
and ‘co-operating anode enclosed within a sealed
evacuated envelope of suitable material and hav-
ing window means substantially transparent to
X-rays formed in the envelope for the transmis-

sion of X-rays outwardly of the envelope with-.

out material absorption.

Another important object is to provide a low
absorption' window structure for use in X-ray
generators; a further object being to utilize a
plate of beryllium in a low absorption X-ray win-
dow.

_Another important object is to provide an
X-ray generator having a glass envelope fitted
with a window comprising a beryllium plate
sealed in the'glass envelope as a low absorption
X-ray window; a further object being to fit the
window on the envelope by sealing it in a metal
mounting ring of nickel, Monel metal, or other
alloy containing a relatively large proportion of
nickel to wet or seal with: beryllium, and then
sealing the mounting to the glass envelope.

These and numerous other important objects,
advantages, and inherent functions of the inven-
tion will be fully understood from the following
description which, taken in connection with the
accompanying-drawing, discloses a preferred em-
bodiment of the invention.

Referring to the drawing:

Figure 1 is a sectional view taken through a
high voltage X-ray generator fitted with & win-
dow structure embodying the present invention,
thereby making possible the operation of the gen-
erator-at low voltage;

Figure 2 is g sectional view along the line 2—2
in Pigure 1;

Figure 3 is a sectional view taken through a
high voltage self-rectifying X-ray generator em-
bodying a hooded anode construction and fitted
with a low absorption window structure embody-
ing the present invention; and )

Figure 4 is a sectional view along the line §—4
in Figure 3.

To illustrate the invention, the drawing shows
two types of high voltage generators, each of
which comprises a cathode 11 and a co-operating
anode 13 mounted in spaced facing relationship
within -an' envelope 15 of any suitable: envelope
material such as glass.. It will: be understood,
however, that the invention .is not necessarily
restricted to.any.particular type of X-ray gen-
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erator but may be employed wherever it is desir-
able to provide a low absorption X-ray window.

It should be understood, of course, that an X-
ray generator functions for the production of X-
rays at the anode by the impingement thereon of
electrons emitted at the cathode and directed to-
ward the anode, the anode and cathode perform-
ing their functions under : vacuum- conditions
maintained in‘the envelope -15 which: comprises
an hermetically sealed container,

When the window construction of the present
Invention is used in a generator designed for high
voltage operation, it makes possible the produc-
tion of usable X-rays at low operating voltages
applied on the tube, the same being of value, for
example, - where so-called “soft” -X-rays are
needed, as in showing the more delicate, rela-
tively transparent portions of a body or object be-
Ing examined, as distinguishedfrom the body
portions which are relatively opagque to X-rays.
For example, in making X-ray pictures of bony
body structures, it is necessary to employ X-rays

rof high intensity, whereas to picture tissue and

the structure thereof, relatively soft X-rays, such
as may be produced by low voltage operation of
the “generator, are frequently necessary. In a
generator built: for high voltage operation, the
envelope 15 comprises material capable of ab-
sorbing X-rays to an appreciable extent which,
of course, impairs efficiency of the generator even
when operating at high voltage, and which ren-
ders-the high vcltage generator very inefficient
when producing X-rays of low intensity, because
of substantially complete absorption thereof by
the envelope. By utilizing the window structure
of the present invention, however, the generator
is constituted as a highly eflicient source of X-
rays, whether operated at high voltage or at low
voltage to produce soft rays of low intensity.

In each of the generators illustrated, the cath-
ode |1 constitutes an -electron emission source
which may comprise a filament mounteq in the
cathode ‘and adabpted to be electrically energized
from a suifable source of filament energy, located
outwardly of the envelope, through conductors
connected with the filament and extending out
through- the envelope at one end thereof, said
end being formed with a suitable seal which serves
also to support the cathode structure. - The cath-
ode is positioned in the envelope in position to
direct a stream: of electrons from the cathode
upon the facing end of the anode which forms
an electron target 17, X.rays being generated
at the target as a result of electron impinge-
ment thereon and traveling from- the target in
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a direction radially of the axis of the generator.
In order to penetrate outwardly of the envelope
for - effective use, the X-rays necessarily must
pass through the wall of the envelope opposite
the target 17,

The envelope may, of course, be of any pre-
ferred, usually sleeve-like configuration, includ-
ing a preferably cylindrical portion 19 surround-
ing the anode opposite the target; and the en-
velope may comprise any suitable or preferred
envelope material, the envelope, in the illustrated
embodiment, comprising a hard glass of the boro-

silicate type, such as Corning No. 705 A. J., which

is particularly well suited for use as an envelope
material for various considerations. Glass, how-
ever, as well as other suitable envelope mate-
rials, absorbs X-rays to an appreciable extent,
thus materially reducing the intensity and amount
of X-rays which may pass outwardly through the
envelope from the source or target {7. In order
“to improve the over-all efficiency of the genera-
tors, the envelope wall 18 opposite the target 17
is formed with an opening 2! at the place where
the emission of usable X-rays from the enve-
"lope is desired. This opening is fitted with a pane
of material 23 which is- substantially transpar-
“ent- to X-rays and which is hermetically sealed
i the opening 21 in g fashion preserving the vac-
tum-tight condition of the envelope. The Win-
dow-pane 23, sccording to the present invention,
comprises a disk of suitable X-ray transparent
material, such as beryllium, which, however, is
difficultly sealable to glass. Beryllium, however,
‘may be hermetically sealed with metal contain-
“ing & high proportion of nickel which, in turn,
may be sealed to glass. Fernico, an alloy. of
nickel and iron containing about 42% nickel, may
be readily sealed to glass. Beryllium also may be
sealed directly to Fernico but is more easily sealed
to Monel metal, a copper alloy containing about
67% nickel. In applying the pane 23 .to the
envelope, therefore, it is first sealed in a prefer-
ably annular mounting member formed of metal
containing nickel in substantial quantities, the
mounting member being then sealed. in the en-
velope. . 'The mounting preferably comprises &
short sleeve 25 of Monel metal having an annu-
lar recess 27 at oneé end for receiving the edges
of the disk 23, which is scalingly secured in the

recess as by soldering the edges of the disk to*

-the mounting. The opposite end of the mount-
ing sleeve 25 is formed with a recess to fit a cor-
responding recess in a short sleeve 26 of Fernico.
the sleeves 25 and 26 being secured together at
a butt joint 28 by brazing or soldering.
opposite end of the sleeve 26 forms an annular
tapered edge which is sealed to the glass envelope
by means of a glass-to-metal seal 29 at the edges
of the ‘envelope defining the opening 2I, said

edges being preferably turned ouﬁwardly of the

envelope to form a short neck.
The beryllium window is sealed in the mount-
“ing, and the mounting sleeves 25 and 26 are se-

cured together by means of an improved solder-

ing or brazing material, preferably -comprising
an alloy of copper-and silver, containing gold as
an alloy ingredient, together with. lithinm, cal-
cium or silicon as a flux. The proportions of the
ingredients in the soldering alloy are not criti-
cal. The copper constituent may vary between
959% and 50%; the silver between 30% and 60%;
the gold between 10% and 35%; and the flux-
ing medium (lithium, calcium, or silicon, or com-
- binations of lithium, calcium and silicon) .in any
' proportions not exceeding 1%. '

The" *
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The following examples illustrate the propor-
tions of constituents successfully used as solder-
ing material:

Examples of soldering
alloys
Constituents

1213 14/|5])6
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60
30
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33
33
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Where the -soldering . alloy is used without
fluxing material'in the alloy itself, it is necessary
to use. s separate fluxing material even where
the brazing is done in a hydrogen furnace or
other reducing atmosphere. For this purpose,
the halide salts of sodium, potassium, lithium,
beryllium, magnesium, barium and similar sub-
stances may be used; and a highly satisfactory
fluxing material for use with silver alloy solder
is a mixture comprising one part lithium- chlo-
ride and two parts lithium fiuoride. :

‘The foregoing window construction affords a

. substantially transparent route for the egress of

usable X-rays outwardly of the envelope with-
out, however, impairing the -essential vacuum-
tight condition of the envelope. The window
construction is preferably applied to the en-
velope prior to the assembly therein of the anode
and cathode and prior to the evacuation of the
envelope, which comprises a final step in the
fabrication of the generator and the condition-
ing thereof for service.

As shown in Figure 1, illustrating a high volt-
age therapy generator; the anode:is of the plain
open stationary type supported on.a stem 31
which is supported at-and which extends.out-
wardly of the envelope: through -a suitable seal
at the end of the envelope opposite the cathode
carrying end thereof. . : :

The generator shown. in: Figure 3 comprises
a high voltage self-rectified therapy tube. hav-
ing a hooded anode-in.which the target IT is
disposed at -the bottom of a cavity 33 which
opens toward the cathode, the anode walls de-
fining the cavity 33 being formed with an open-
ing 35 forming an anode window opposite the

target 17, which opening is fitted with a pane

of material 31, such as graphite, beryllium, or
other suitable material substantially transparent
to X-rays, whereby to obtain the benefits of a

‘hooded ancde construction without, however, im--

peding the exit of X-rays from the target IT
through the ancde and envelope windows. . The
hooded anode is supported in the envelope on a
suitable seal at the end thereof remote from the
cathode carrying end of the envelope, the anode
having an extension 39 extending outwardly of
the envelope at the anode mounting end thereof,

It is thought that the invention and its nu-
metrous attendant advantages will be fully un-

_derstood. from the foregoing description, and it
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5 is obvious that numerous changes may be made

in the form, construction and arrangement of
the several parts without departing from the
spirit or scope of the invention, or sacrificing
any of its attendant advantages, the form here-
in disclosed being a preferred embodiment for
the purpose of illustrating the invention.

The invention is hereby claimed as follows:

1. An X-ray generator comprising an en-
velope, anode and cathode means sealed in said
envelope, said envelope including a.glass en-
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velope portion surrounding said anode, said por-
tion having an opening opposite the anode,
sleeve-like mounting means comprising  a
Fernico ring sealed on. said envelope at said
‘opening, s mounting  section comprising g ring
of Monel metal sealed on said Fernico ring, and
a pane of beryllium sealed in said ring of Monel
metal.

2. An X-ray generator comprising an envelope
of material substantially opaque to X-rays,
anode and cathode means sealed in said enve-
lope, said envelope including a glass envelope
portion surrounding said anode, said portion
having an opening opposite the anode, an annu-
lar metallic mounting member sealed on said
envelope at said opening in glass-to-metal seal-
ing relation, and a pane of material substantial-
ly transparent to X-rays sealingly secured on
shaid mounting member, said pane being brazed
to the mounting member by means of solder
comprising a substantial proportion of silver.

3. An X-ray generator comprising an envelope
of material substantially opaque to X-rays,
anode and cathode means sealed in said en-
velope, said envelope including a glass envelope
portion surrounding said anode, said portion
having an opening opposite the anode, an an-
nular metallic mounting member sealed on said
envelope at said opening in glass-to-metal seal-
ing relation, and a pane of material substan-
* Hally transparent to X-rays sealingly secured on
said mounting member, said pane being brazed
to the mounting member by means of solder
comprising a silver alloy containing copper as an
alloy ingredient. ‘

4. An X-ray generator comprising an envelope
of material substantially opaque to ' X-rays,
snode and cathode means sealed in said enve-
lope, said envelope including a glass envelope
portion surrounding said anode, said portion
having an opening opposite the ahode, an an-
nular metallic mounting member sealed on said
envelope at said opening in glass-to-metal seal-
ing relation, and a pane of material substantigl-
ly transparent to X-rays sealingly secured on
said mounting member, said pane being brazed
to the mounting member by means of solder
comprising a silver alloy containing gold as an
alloy ingredient.
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5. An X-ray generator comprising an enve-
lope of material substantially opaque to X-rays,
ancde and cathode means sealed in said efnve-
lope, said envelope including a glass envelope
portion surrounding said anode, said portion
having an opening opposite the anode, an annu-
lar metallic mounting member sealed on said en-
velope at said opening in glass-to-metal sealing
relation, and a pane of material substantially
transparent to X-rays sealingly secured on said
mounting member, said pane being brazed to
the mounting member by means of solder com-
prising g silver alloy containing gold and copper
as alloy ingredients.

6. An X-ray generator comprising an eve-
lope of material substantially opagque to X-rays,.
anode and cathode means sealed in ‘said enve-
lope, said envelope including s glass envelope
portion surrounding -said -anode, said portion
having an opening opposite the anode, an an-
nular metallic mounting member sealed on said
envelope at said opening in glass-to-metal seal-
ing relation, and a pane of material substantial-
ly transparent to X-rays sealingly secured on
said mounting member, said pane being brazed
to the mounting member by means of solder
comprising a silver-copper alloy containing a
substance from the group consisting of calcium,
lithjum and silicon as a fluxing medium.

7. An X-ray generator comprising an enve-
lope of material substantially opaque to X-rays,
anode and cathode means sealed in said enve-
lope, said envelope including a glass envelope
portion surrounding said anode, said portion
having an opening opposite the anode, an annu-
lar metallic mounting member sealed on said en-
velope ab said opening in glass-t0-metal sealing
relation, and a pane of material substantially
transparent to X-rays sealingly secured on said
mounting member, said pane being brazed to the
mounting member by means of solder compris-
ing a silver-copper alloy containing gold as an
alloy ingredient, together with a fluxing sub-
stance comprising a material or materials from
the group consisting of calcium, lithium and
silicon in -quantities not exceeding 1% of the
alloy. )
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