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1 +ANODE FOR AN X- RAY TUBE, A METHOD OF MANUFACTURI NG THE ANCDE, AND A

STATI ONARY ANODE X- RAY TUBE BACKGROUND OF THE | NVENTION (1) Field of the |

| nvention 5 This invention relates to an X-ray tube having a
stationary anode (hereinafter referred to as a station- ary anode X-ray
tube), and nore particularly to an anode for use in the stationary anode
X-r<ay tube and a nethod of manufacturing the anode, and to the station- 10
ary anode X-ray tube. (2) Description of the Related Art A stationary anode
X-ray tube has no anode revolv- ing meghanismas included in a revolving
anode X-ray tube, and therefore has a relatively large heat capaci- 15ty
for its small size. Generally, X-ray tubes are used for medical purposes
such as radi ographic diagnosis. In surgical operations, -however, stationary

anode "X-ray tupRBDR ORSAN KLRAY TOBY,aRewBFRbD GROMANGFACTORFNEOPRE

conveni ent -for transport.
ANODE, AND A STATIONARY ANODE X-RAY TUBE

BACKGROUND OF THE INVENTION
(1) Field of the Invention _

5 This invention relates to an X-ray tube having a
stationary anode (herginafter referred to as a station-
ary anode X-ray tube), and more particularly to an
anode for use in the stationary anode X-ray tube and a
method of mahufacturing the anode, and to the station-

10 ary anode X-ray tube.

(2) Description of the Related Art

A stationary anode X-ray tube has no anode revolv-
ing mechanism as included in a revolving anode X-ray
tube, and therefore has a relatively large heat capaci-

15 ty for its small size. Generally, X-ray tubes are used
for medical purposes such as radiographic diagnosis.

In surgical operations, however, stationary anode X-ray
tubes are used since they are small and light, and
“hence convenient for transport.

20 Electrical energy is supplied to a target in order
‘to produce X rays, but only 1% of the electrical energy
is converted.into X~-ray energy. The remaining 99% is
converted into undesirable heat which brings about a

marked temperature increase of the target. Generally,
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26 Electrical energy is supplied to a target in order to produce X
rays, but only 1% of the electrical energy is converted into X-ray energy.
The remaining 99%is converted into undesirabl e heat which brings about a
mar ked tenperature increase of the target. Generally, 2 an anode in a
stationary anode X-ray tube includes a cylindrical copper anode base having
hi gh heat conduc- tivity, and a di sk-shaped anode target enbedded in an
inclined surface at one end of the anode base. 5 Two met hods have
been practiced heretofore for nanufacturin% such anodes. These are "casting
met*hod” and "brazing nethod". Fig. 1 shows<“a section of an anode
manuf actured by the casting nethod. Fig. 2 shows a section of an anode
manuf actured by the brazing 10 met hod. In the Casting Method, an anode

target 2 formed of
an anode in a stationary anode X-ray tube includes a
cylindrical copper anode base having high heat conduc-
tivity, and a disk-shaped anode target embedded in an
inclined surxface at one end of the anode base.

5 Two methods have been practiced heretofore for
manufacturing such anodes. These are "casting wmethod"
and “brazing methed". Fig. 1 shows a section of an
anode manufactured by the casting method. ¥Fig. 2 shows
a section of an anode manufactured by the brazing

10 method.

‘In the Casting Method, an anode target 2 formed of
molybdenum (Mo) or tungsten (W) is placed in the bottom
of an anode base forming crucible. Then, molten copper
is poured into the crucible to form an anode base 1.

15 In this way, the target 2 and base 1 are integrated.

In the Brazing Method, an anode bhase 1 is prepared
in advance, with a recess 3 formed in an inclined
surface thereof for receiving an anbde target 2. Then,
an appropriate solder 4 is applied to the bottom

20 surface of recess 3, and the target 2 is fitted in the
recess 3. Subsequeﬁtly; the anode is heated to joih
the target 2 to the base 1 through the solder 4.
The above conventional methods have the following

drawbacks.

25 In the Casting Method, copper to form the anode



nmel ybdenum (Mb) or tungsten (W is placed in the bottomof an anode base
formng crucible. Then, nolten copper is poured into the crucible to form
an anode base 1. 15 In this way, the target 2 and base 1 are integrated.
In the Brazing Method, an anode base 1 is prepared in advance, with a
recess 3 fornmed in an inclined surface thereof for receiving an anode
target 2. Then, an appropriate solder 4 is applied to the bottom 20
surface of recess 3, and the target 2 is fitted in the recess 3.
Subsequently, the anode is heated to join the target 2 to the base 1

t hrrough the sol der 4. The above conventional nethods have the foll ow ng

dr awbacks. 25 In the Casting Method, copper to formthe anode 3
base 1 is heated above a nelting point by high frequen- cy heating, with a
burner, or thebaseel His beatedeabove a wmelting point by high frequen-

cy heating, with a burner, or the like. This process
requires a large amount of energy and results in high
cost. Further, this method needs a crucible and the

5 1like for forming the anode base 1, and these devices
have poor durability to increase the cost of anode base
manufacturing. Moreover, the worst drawback of this
method is that the cohesion between base 1 and target 2
is weak and unstable, resulting in low heat conductivi-

10 ty. This is due to a low degree of metal-to-metal
confqrmability between base 1 formed of copper and
target 2 formed of a metal of high melting point (e.q.
tungsten). That is, copper and tungsten, essentially,
have low wettability, and do not form an alloy layer

15 when combined together. With an X-ray tube prepared in
such a condition, a slight overload causes cracks or
fusion in the target surface, and in an extreme case
peeling of the target.

In the Brazing Method, bubbles are formed between

20 target 2 and base 1 in time of brazing. These bubbles
are mainly responsible for peeling of the target under
a thermal stress of repeated load or for cracks or
fusion in the target surface due to reduced heat
conductivity. Further, the melting point of the

25 solder, essentially, determines a maximum use



requires a | arge anmount of energy and results in high cost. Further, this
met hod needs a crucible and the 5 like for form ng the anode base 1, and
t hese devices have poor durability to increase the cost of anode base
manuf act uri ng. Moreover, the worst drawback of this nmethod is that the
cohesi on between base 1 and target 2 is weak and unstable, resulting in | ow
heat conductivi- 10 ty. This is due to a | ow degree of netal-to-netal
conformability between base 1 formed of copper and target 2 forned of a
metal of high nelting point (e.g. tungsten). That is, copper and tungsten,
essentially, have low wettability, and do not forman alloy layer 15 when
conbi ned together. Wth an X-ray tube $repared in such a condition, a
slight overload causes cracks or fusion in the target surface, and in an
extrerne case peeling of the target. In the Brazing Method, bubbles are
formed bet weentemperatugetol the anedei which mesnlis ain @y lowmgiese bubbl es
are mainly resgonslble for geeling of the target under a thermal stress of
repeat ed | oad Fitiral use tepperature than where target 2 and base 1

are directly joined together. In addition, a low with-

standing voltage is caused by impurities having mixed

5 into gaps between target 2 and base 1 or by a field

c¢oncentration occurring in such gaps.

SUMMARY OF THE INVENTION

This invention intends to provide an anode for an
X-ray tube, a method of manufacturing the anode, and a

10 stationary anode X-ray tube, which eliminate the
drawbacks noted above.

The above object is fulfilled, in one aspect of
this invention, by an anode for use in a stationary
anode X-ray tube, comprising:

15 an anode base with a recess formed in an end
surface thereof and having an upwardly diverging inner
peripheral wall; and |

an anode target formed in the recess by directly
fixing therein an anode target material by chemical

20 wvapor deposition (CVD).

gccording to this invention, an angde target is
formed by directly fixing an anode target material by
chemical vapor deposition in a recess formed in an end

surface of an anode base. The target thus Fformed has



fusion in the target surface due to reduced heat conductivity. Further, the
melting point of the 25 solder, essentially, determ nes a maxi num use 4
tenperature of the anode, which results in a lower critical use tenperature
than where target 2 and base 1 are directly joined together. In addition, a
Iow wi th- standing voltage is caused by inpurities having m xed 5 into
gaps between target 2 and base 1 or by a field concentration occurring in
such gaps. SUMVARY OF THE | NVENTION This invention intends to provide an
anode-for an X-ray tube, a nmethod of magufacturing the anode, and a 10
stationary anode X-ray tube, which elimnate the drawbacks noted above. The
above object is fulfilled, in one aspect of this invention, by an anode for

use in a stationar
; str&%g adherence to the anode base. Consequently, heat

conductivity from the target to the anode base is
enhanced, and the target is highly durable against
intense thermal loads.

5 In the case of an anode for an X-ray tube obtained
in the conventional “"casting method™ or "brazing
method", as shown in Figs. 1 and 2, an end surface of
anode base 1 must define a recess (which may inevitably
be formed) fof enmbedding anode target 2. However,

10 where an anode target is formed by a method according
to tgis invention, i.e. by chemical vapor deposipion,
it is not absolutely necessary to form a recess in the
end surface of the anode base. This is because an
anode target may be formed by depositing an anode

15 target material over an entire leveled end surface of
the anode base. However, according to this inventioﬁ,
a recess is formed in the end surface of the anode base
and the anodé.target is formed in the recess by chemi-
cal vapor deposition for the following reasons.

20 The first reason is that a relatively thick anode
target is efficiently formed. That is, an anode target
for use in a stationary anode X-ray tube need to be
formed thicker than an anode target for use in a
revolving anode X-ray tube. For example, a revolving

25 anode target has a thickness in the order of 200 to



anode X-ray tube, conprising: 15 an anode base with a recess forned
in an end surface thereof and having an upwardly diverging inner peripheral
wal | ; and an anode target formed in.the recess by directly fixing therein
an anode target material by chem cal 20 vapor deposition (CVD). According
to this invention, an anode target is forned by directly fixing an anode
target material by chem cal vapor deposition in a recess fornmed in an end
surface of an anode base. The target thfs formed has 5 strong adherence
to the anode base. Consequently, heat conductivity fromthe target to the
anode base is enhanced, and the target is highly durabl e against intense

thernmal |oads. 390um, whereadshe AR iPhady anede targad Kakah tHbekebt ai ned
ness of approximately 0.5 to 3mm. The position (focal
point) of the revolving anode target struck hy
thermions released from the cathode is shiftable with
5 revolution of the target. With the stationary anode
target, this focal point does not shift so that the
target itself must have a large heat capacity. For
this reason, a stationary anode target of increased
thickness is desired. It would be time-~consuming and
10 greatly impair manufacturing efficiency if a thick
target is formed by depositing the anode target materi-
al by chemical vapor deposition on a flat end surface
of the anode base. To secure a high manufacturing
efficiency, according to this invention, a recess is
15 formed in the end surface of the anode base for allow-
ing the anode target material.to be deposited therein
effectively. That is, target material reaction gases
supplied during a chemical vapor deposition process
tend to remain in the recess formed in the end surface
20 of the anode base. chsequently, the anode target
material is deposited at a higher rate in the recess
than in otﬁér flat regions, thereby forming the anode
target in the recess efficiently.
The second reasan is to facilitate a machining

25 process after the anode target material is deposited on



5 .
I R the conventional ™casting nethod" or "brazing nethod", as shown in Figs.
1 and 2, an end surface of anode base 1 nust define.a recess (which may
i nevitably be fornmed) for enbeddi ng anode target 2. However, 10 where an
anode target is forned by-a nmethod according to this invention, i.e. by
chem cal vapor deposition, it is not absolutely necessary to forma recess
i n<the end surface of the anode base. This is because an anode target may
be formed by depositing an anode 15 target material over an entire
I evel ed end surface of the anode base. However, according to this
invention, a recessis formed in the end surface of the anode base and the
anode target is forped in the recess by chem - cal vapor deposition for the
foll ow ng reasons. 20 The first reason is that a relatively thick
anode target is _efficiently fornmed. That is, an anode target for use in a
stationary anoddexend, ackeod thepanpdenbasehi cWbent the anodeode tar get

PSR TR Ty e SR A L ST
recess formed in the end surface of the anode base, the
anode target material is deposited iﬁ a thin layer also

5 in regions of the end surface other than the recess.
Such thin target portions could peel off when subjected
to a high temperature during use of the X-ray tube or
during manufacture thereof, thereby causing malfunc-
tioning of the X~ray tube. It is therefore necessary

10 to scrape off such thin target portions after the anode
target material is deposited on the end surface of the
anode base. According to .this invention, the end
surface of the anode base is polished with a polishing
machine or the like to remove with ease the anode

15 target material deposited in the regions of the end
surface other than the recess. At this time, the anode
target proper formed in the recess is not scraped off
in an excessive amount.

The third reason is to enhance heat conductivity

20 from the anode target to the anode bhase. Where the
anode target is formed in the recess of the anode base,
a large area of contact is secured between the anode
target and the anode base to enhance heat conductivity,
compared with the case of forming an anode target in

25 elevation on a flat end surface of the anode base.



6.300[err], whereas a stationary anode target has a thick- ness of
approximately 0.5 to 3mm The position (focal point) of the revolving anode
target struck by therm ons released fromthe cathode is. shiftable with 5
revolution of the target. Wth the stationary anode target, this focal
poi nt does not shift so that the target itself nust have a | arge heat
capacity. For this reason, a stationary anode target of increased thickness
is desired. It would be tinme-consum ng and 10 greatly inpair

manuf acturing efficiency if a thick target is forned by depositing the
anode target materi- al by chem cal vapo? deposition on a flat end surface
of the anode base. To secure a high manufacturing efficiency, according to
this invention, a recess is 15 formed in the end surface of the anode
base for allow ingatheraindetbathes inventhbhp tiee depmsss efbrnwed eim

the end surface of the anode base to have an upwardly
diverging inner peripheral wall‘for the following
reason.

S If the inner peripheral wall of the recess extend-
ed perpendicular to the bottom surface or converged so
as to overhang the bottom surface, the reaction gases
would not flow in sufficient amounts to the cormers of
the bottom surface of the recess when depositing the

10 anode target material by chemical vapor deposition in
the recess. As a result, the anode target material
would not be deposited in the corners, tending to leave
spaces (gaps) therein. Such gaps present between the
anode target and ancde base are detrimental to heat

15 conductivity, and could cause cracks in the anode
target during use of the X-ray tube, or a concentration
of electric fields, thexeby lowering withst;nding
voltage. Further, during the chemical vapo& deposgition
process, the anode target material begins to accumulate

20 in directions perpendicular to thg_bottom surface and
inner peripheral wall of the recéss. As the accumula-
tion progresses, the anode target material extends
vertically upward. Conseguently, where the corners of
the bottom surface of the recess have an acute angle,

25 an interference would occur in the vicinity of the



efkfectively. That is, target material reaction gases supplied during a
chem cal vapor deposition process tend to remain in the recess fornmed in
the end surface 20 of the anode base. Consequently, the anode target
material is deposited at a higher rate in the recess than in other flat
regions, thereby form ng the anode target in the recess efficiently. The
second reason is to facilitate a machining 25 process after the anode
target material is deposited on 7 the end surface of the anode base.
When the anode target is forned by ch2m cal vapor deposition in the recess
formed in the end surface of the anode base, the anode target material is
deposited in a thin layer also 5 in regions of the end surface other than
the recess. Such thin target portions could peel off when subjected to a
hi gh t'enper at uFEXBEFFniet¥eeB PPEEignE9ft the anode target material

growing perpendicular to the inner peripheral wall and

bottom surface, respectively. This interference tends

to cause turbulence in crystallization of the anode

5 target formed adjacent the corners of the bottom

surface of the recess. Such turbulence in crystalliza-

tion results in cracks and peeling of the anode target.
According to this invention, therefore, the inner

peripheral wall of the recess is shaped to diverge

10 upward for allowing the anode target to be deposited in
the recess. This configuration allows no gaps to be
left between the anode target and anode base, whereby
the anode target formed has an excellent crystal
structure.

15 Preferably, the upwardly diverging inner peripher-
al wall has an inclination angle of at least 30 degrees
but less than 90 degrees. It is still more advanta~
geous if the inclination angle is in the range of 30 to
70 degrees. If the inclination angle were 90 degreés

20 or larger, the corners of the bottom surface of the
recess form an acdute or near-acute angle to allow
formation of gaps in the corners when the targét

- material is deposited as noted above. If the inclina-
tion angle of the inner peripheral wall were less than

25 30 degrees, the anode target would be formed too thin



during manuf acture thereof, thereby causing mal func- tioning of the X-ray
tube. It is therefore necessary 10 to scrape off such thin target
portions after the anode target material is deposited on the end surface of
t he anode base. According to this invention, the end surface of the anode
base is polished with a polishing machine or the like to renove with ease
t he anode 15 target material deposited in the regions of the end surface
other than the recess. At this tinme, the anode target proper fornmed in the
recess is not scraped off in an excessgigve amount. The third reason is to
enhance heat conductivity 20 fromthe anode target to the anode base.
VWiere the anode target is forned in the recess of the anode base, a |large
area of contact is secured between the anode target and the anode base to
enhance heat c@&HFGENS; ©lgesopfathe Kecrsshe Such bhinopetrhpheraknode

target in 25 el evati on a flat end syrface of the anode base.
9 portions ofo%he targe% could easigy @ cracked or

peeled off when‘an intense thermal load is applied
thereto, or under a thermal stress due to a difference

5 in thermal expansion coefficient between fhe anode base
(e.g. copper) and a metal of high melting point forming
the anode target which occurs at a step of brazing
glass-sealing covar (i.e. heating to 800 to 850°C) in
manufacture of the X-ray tube.

10 It is preferred, according to this invention, that
the qpode_base is formed of copper which has high heat
conductivity, and that the anode target material is a
metal of high melting point such as tungsten (W),
molybdenum (Mo), an alloy of tungsten (W) and molybde-

15 num (Mo), an alloy of tungsten (W) and rhenium (Re), dr
an alloy of molybdenum (Mo) and rhenium (Re).

In another aspect of the invention, a method of
manufacturing an anode for use in an X-ray tube is
provided which comprises the steps of:

20 covering, with a masking material, an outer
peripheral wall of an anode base with a recess formed
in an end surface thereof and having an upwardly

~ diverging inner peripheral wall;
depositing an anode target material by chemical

25 vapor deposition directly on the end surface: and



8s+According to this invention, the recess forned in the end surface of the
anode base to have an upwardly diverging inner peripheral wall for the
foll owing reason. 5 I f the inner peripheral wall of the recess
extend- ed perpendicular to the bottom surface or converged so as to

over hang the bottom surface, the reaction gases would not flow in
suf:ficient anounts to the corners of the bottom surface of the recess when
depositing the 10 anode target ;material by chem cal vapor deposition in
the recess. As a result, the anode target material would not be deposited
in<the corners, tending to | eave spaces (gaps) thereirn. Such gaps present
bet ween the anode target and anode base are detrinental to heat 15
conductivity, and could cause cracks in the anode target during use of the

W L het andi ng-vol t age AR e i sindade b aApd i Y, g s e

the end surface where the anode target material is

’

fixed, to remove the anode target from end surface
regions other than the recess.

5 According to this method, the anode target materi-
al is deposited by chemical vapor deposition, with the
outer peripheral wall of the anode base covered with a
masking material. Thus, the outer peripheral wall of
the anode base remains free from adhesion of the anode

10 target material, thereby to lighten the load of the
subsequent machining process. After the anode target
is deposited on the end surface of the anode base, the
end surface is mechanically polished to remove unwanted
portions of the anode target material, leaving the

15 anode target formed in the recess.

In the above method, the masking material, prefer-
ably, comprises the same metallic material used for
forming the anode base. When exposed to a hot atmo-
sphere during chemical vapor deposition of the anode

20 target material, the masking materiai—readily joins the
outer peripheréi wall of the anode base, leaying little
or no gaps therebetween. This is effective to avoid
adhesion of the anodé target material to the outer
peripheral wall of the anode base. Where the anode

25 base is formed of copper, for example, the masking



pyocess, the anode target material begins to accunulate 20 -in directions
perpendi cul ar to the bottom surface and i nner peripheral wall of the
recess. As the accunul a- tion progresses, the anode target material extends
vertically upward. Consequently, where the corners of the bottom surface of
the recess have an acute angle, 25 an interference would occur in the

vieinity of the

9 corners between portions of the anode target materi al

growi ng perpendi cular to the inner pertizpheral wall and bottom surface,
respectively. This interference tends to cause turbul ence in
crystallization of the anode 5 target forned adjacent the corners of the
.bottom surface of, the.recess.

: Such turbul ence in cr %taELiza- tion results
in cracks and PESTHRIoMav,&dy g Y Rcé’é’lpm’% d*thi s invention,
therefore, “the innefp RFd AR iR lralledd'dd $ethRd 10°1RRCEnRO di Verge

surface before an opposite, proximal end of the anode

base is machined, the proximal end being machined with

5 a surface of an anode target formed in the recess

acting as a dimensional reference. According to this

method, after the anode target is formed on the end

surface of the anode base, the ptoximal end is machined

using the surface of the anode target as a reference.

10 Thus, a length from the target surface to the proximal

end may be established with high precision. If the

proximal end of the ancde base were machined before the

anode target material is deposited, variations in the

thickness of the anode target formed would affect the

15 precision of the length from the target surface to the

proximal end. This dimensional precision is relevant

to the precision of a focal position of the X-ray tube

into which the anode is incorporated. Therefore, the

method according to this invention which provides Lhe

20 dimension from the Largel surfave Lu the proximal end

of the anode base with_high precision is of practical

advantage.

In a further aspect of the invention, a stationary

anode X-ray tube is provided which comprises:

25

a cathode for releasing thermions;



100 upward for allowing the anode target to be deposited in the recess.
This configuration allows no gaps to be left between the anode target and
anode base, whereby the anode target formed has an excel |l ent -crystal

structure. 15 Preferably, the upwardly diverging inner peripher- al
wal | has an inclination angle of at |east 30 degrees but |ess than 90
degrees. It is still nore advanta- geous if the inclination angle is in the

range of 30 to 70 degrees. If the inclination angle were 90 degrees 20 or
| arger, the corners of the bottom su¥ace of the recess forman acute or
near-acute angle to allow formati on of gaps in the corners when the target
material is deposited as noted above. If the inclina- tion angle of the

i nner peripheral wahl stetéohasry thade2for géndegting, Xtheyarwient ar get

woul d be fornmed too thin 10
irradiated with the thermions; and
a vacuum envelope containing the cathode and the
anode;
5 wherein the anode includes an anode base with a
recess formed in an end surface thereof and having an
upwardly diverging inner peripheral wall, and an anode

target formed in the recess by directly fixing therein

an anode target material by chemical vapor deposition.

10 BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention,
there are shown in the drawings several forms which are
presently preferred, it being understood, however, that
the invention is not limited to the precise arrange-
15 ments and instrumentalities shown.

Fig. 1 is a fragmentary sectjonal view of an X-ray

tube anode manufactured by a conventional casting
method;
Fig. 2 is a fragmentary sectional view of an H-ray
20 tube anode manufactured by a conventional brazing

method:

Fig. 3 is a sectional view showing an outline of a

stationary anode X-ray tube according to this inven-

tion;



adj acent edges of the recess. Such thin peripheral portions of the target
could easily be cracked or peeled off when an intense thernal load is
applied thereto, or under a thermal stress due to a difference 5-in thernmal
expansi on coefficient between the anode base (e.g. copper) and a netal of
“high nelting point form ng the anode target which occurs at a step of
brazi ng gl ass-sealing covar (i.e. heating to 800 to 850[err]C) in

manuf acture of the X-ray tube. 10 It is preferred, according to this
invention, that the anode base is forfdd of copper which has high heat
conductivity, and that the anode target material is a nmetal of high nelting
poi nt such as tungsten (Vv nol ybdenum (Mo), an alloy of tungsten (W and

mol ybde- 15 num ( %lhﬁﬁeeElB?ﬁﬂs%ﬁaw(M% 8Rdahbeei o (FRe, Or an

al I oy” of nol ybdenum ) eni um I'n anot her aspect of the :
invention, a nglhgg th&ﬁ&é&éﬁaihgnﬂoa&haaoiﬁvéﬁuuﬁe in an X-ray tube is

provi ded mhlch conpri ses the steps of; 20 coverlng w th a maski ng
material, an outer Pig., 5 is a fragmentary sectional view of an anode
for an X-ray tube in a different embodiment of the
5 invention;
Figs. 6A through 6F are explanatory views of an
anode manufacturing method according to this invention;
Fig. 7 is an explanatory view of a CVD method
employed in this invention; and
10 Fig. 8 is a view showing characteristics of a

plane of interface between an anode target and an anode

base provided by this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A preférred embodiment of this inventionAwill be
15 described in detail hereinafter with reference to the
| drawings.
Referring to Fig. 3, a stationary anode x—raj tube
includes a cathode 10 for reléasing thermions, a
stationary anode 20 opposed to the cathode 10 for
20 generating X rays when irradiated with the thermions,
and a glass vacuum envelope 30 containing the cathode
10 and anode 20. The cathode 10 has a single or a
plurality of filamehts 11 which release thermions when

electrified.



peri pheral wall of an anode base with a recess forned in an end surface

t hereof and having an upwardly diverging inner peripheral wall; depositing
an anode target nmaterial by chem cal 25 vapor deposition directly on the
end surface; and shaping the end surface by nechanically polishing the
end surface where the anode target material is fixed, to renove the anode
tarrget fromend surface regions other than the recess. 5 Accor di ng
to this nethod, the anode target materi- al is deposited by chenical vapor
deposition, with the outer peripheralhswall of the anode base covered with a
maski ng material. Thus, the outer peripheral wall of the anode base renains
free from adhesi on of the anode 10 target material, thereby to lighten

depositi ed on the end SuAPRs op( KHSeH SRS Lt  flb)dfe WbEEeL S 1°
this invention, has an approximately cylindrical anode
base 21, and an anode target 22 directly deposited by
chemical vapor deposition or CVD to an inclined end
5 surface of the base 21 opposed to the cathode 10. The
anode 20 is mounted in sealed condition, at a proximal
end thereof remote from the inclined end surface where
the target 22 is formed, in the vacuum envelope 30
through a metal element (e.g. covar element) 31 brazed
10 in place. A cooling device 32 is attached to the
proximal end of the anode 20. The cathode 10 has a
cablé 33 connected thereto for supplying power to the
filament or filaments 11,
Details of the anode 20 will be described with
15. reference to Fig. 4.
The dnode base 21 is formed of a metal having high
heat conductivity, such as copper. The anode base 21
defines in the inclined end surface a recess 23 which
is circular in plan view. The target 22 is directly
20 deposited by CVD inside the recess 23. The recess 23
has a depth in the order of 4mm which substantially
corresponds to a thickness of target 22. The recess
has an inner peripheral wall 23a diverging upward. The
diverging wall 23a has an angle of inclination © of 30

25 degrees or larger but less than 90 degrees, preferably



end surface is nmechanically polished to renove unwanted portions of the
anode target material, |eaving the 15 anode target formed in the recess.
In the above nethod, the masking material, prefer- ably, conprises the sane
metallic material used for form ng the anode base. Wen exposed to a hot

at no- sphere during chem cal vapor deposition of the anode 20 t ar get
mat-erial, the masking material readily joins the outer peripheral wall of

t he anode base, leaving little or no gaps therebetween. This is effective
to avoi d adhesion of the anode target material to the outer peripheral wall
of 't he anode base. Vhere t he anode 25 base is fornmed of copper, for

exanpl e, the maskin 12 material may advantageously be copper foi
Preferably, the® é'(?@ssrar‘yq SEAP it (0 degxess f 286 petsdcharedpposite,

roxi mal end of_ the an
P egbr O'(¥3the angle of inclination 8 were 90 degrees

or larger, reactlon gases supplied when the target 22
is formed by CVD would not flow smoothly to corners of
5 the bottom surface of recess 23. Gaps could thereby be
formed in the corners, or turbulence would tend to
occur in crystallization of portions of target 22
deposited adjacent the corners of the bottom surface of
recess 23. If the angle of inclination © were less

10 than 30 degrees, peripheral portions of target 22 would
be formed too thin. Such thin peripheral portions of
target 22 could easily be cracked when an intense
thermal load is applied thereto during use of the X-ray
tube or when heat is applied at a brazing step in

15 manufacture of the X-ray tube.

The diverging inner peripheral wall 23a need not
define linear inc¢lined surfaces as shown in Fig. 4, but
may define, for example, arcuate inclined surfaces 23a
as shown in Fig. 5.

20 A metal of high melting point is used as materjal
for the anode target 22 formed by CVD. A preferred
material is tungsten (W), molybdenum {Mo), an alloy of
tungsten (W) and molybdenum (Mo), an alloy of tungsten
(W) and rhenium (Re), or an alloy of molybdenum (Mo)

25 and rhenium (Re).



base is machi ned, the proximal end being machined with 5

surface to the proximl end nay be est abl i shed with hi gh
proxi mal end of the anode base were nachi ned before the

a surface of an
anode target formed in the recess acting as a di nensional reference.
According to this nethod, after the anode target is formed on the end
surface of the anode base, the proxinmal end is nachined using the surface
of the anode target as a reference. 10 Thus, a length fromthe target

preci si on.
anode target

If the

material is deposited, variations in. the thickness of the anode target

formed woul d affect the 15 precision of the length fro

m t he target

surface to the proxi Bt prdximal sendnefisanndé basei 21 oremste efwmrthe o t he
precision of a focal pgsition of the X-ray tube into which the anode is

i ncor por at ed. ThBFLLBPE, epfesHEince WoeBedthRg ERrests2? ntenkemmredin

Phe anode base SPEROREQR Brserapd RoLeoedckat Poffeattay

R ot Ty

aspect of the i gugebho8p 8oSkRL! QHBAY base 21 (see Fig. 3).

5 A method of manufacturing the anode 20 for the

ich

end of
urt her

stationary anode X-ray tube having the above construc-

tion will be described next.

A cylindrical copper blank 2la for the anode base

21 as shown in Fig. 6A is machined into a shaped blank

* 10 21b as shown in Fig. 6B. The shaped blank 21b has the

inelined end surface and recess 23 of anode base 21,

butqpot the distal end of anode base 21 processed yet.

In this example, the inner peripheral wall 23a of

recess 23 has inclination angle 0 set to 45 degrees.

15 Then, as shown in Fig. 6C, the outer

peripheral

20

25

wall of shaped blank 21b is ¢overed with copper foil 25
acting as a masking material. The masking copper foil
25 may be shaped in varied ways according to quantities
of production. For a small guantity, copper foil 25
may be shaped with a cutting tool with ease. For a
large quantity, copper foil 25.méy be press worked with
dies. The copper foil 25 is bound with copper wire to
be immovable. It is of course possible to c¢lamp and
fix the copper foil 25 in;peripheral positions thereof

with repeatedly usable jigs. However, parts of the



anode X-ray tube is provided which conprises: 25 a cat hode for

rel easi ng t hernions; 13 a stationary anode for generating X rays when
irradiated with the therm ons; and a vacuum envel ope containing the cathode
and the anode; 5 wherein the anode includes an anode base with a
recess formed in an end surface theregf and having an upwardly diverging

I nmer peripheral wall, and an anode target fornmed in the recess by directly
fixing therein an anode target material by chem cal vapor deposition. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS For the purpose of illustrating the

i nvention, thert@Xget Madariad and deppeny£aidy @oalldf adherehtohthee

presently preferred, it being understood, however, that the invention is
not limted to A4Ee &&&%%%_hfe. It is advantageous to fix

the copper foil with an inexpénsive, disposable materi-
al such as copper wire.

S It is preferable, as in this embodiment, that the
masking material is the same metal as the anode base
21. However, stainless steel foil or fluororesin sheet
may be used instead. Preferably, the copper foil 25
has a thickness of 30 to 100um. If the copper foil 25

10 were less than 30um thick, it would be difficult to
separate the copper foil 25 from the anode base 21
after the target material is deposited by CVD. If the
thickness of copper foil 25 exceeds 100um, it would be
difficult to wrap the copper foil 25 around the anode

15 base 21 with no gaps therebetween.

After the outer peripheral wall of shaped blank
21b is covered with the coppexr foil 25, the shaped
blank 21b is set, as shown in Fig. 7, in a reaction
tube 41 of a CVD device. The reaction tube 41 has a

20 heater 42 mounted therein for supporting shaped blanks
21b, and reaction gas supply pipes 43a and 43b extend-
ing thereinto. Where the anode target is formed of
tungsten, a mixture of tungsten fluoride ?WFG) gas and
hydrogen ( HZ) gas 1is supplied through each of the

25 reaction gas supply pipes 43a and 43b. Thus, tungsten



15 nents and instrunentalities shown. Fig. 1 is a fragnentary sectional

view of an X-ray tube anode manufactured by a conventional casting nethod;
Fig. 2 is a fragnentary sectional view of an X-ray 20 tube anode

manuf actured by a conventional brazing method; Fig. 3 is a sectional view
showi ng an outline of a stationary anode X-ray tube according to this

I nven- tion; 14 Fig. 4 is a sectional view of an anode for the X-ray
tube according to this invention; Fig. 5 is a fragnentary sectional view of
an anode for an X-ray tube in a different enbodinent of the 5 i nventi on;
Fi gs. 6A through 6F are explanatory views. of an

(W) is deposited on the inclined end surface of each
shaped blank 21b by reducing tungsten fluoride with |
hydrogen in a hot atmosphere. The depositing condi-
tions are, for example, that the temperature is 300 to
5 800°C, tuhgsten fluoride.is supplied at a rate of 100
to 300cc/min. hydrogen at a rate of 300 to 1000cc/min.
and the total pressure is 0.5 to 760 torr.
Siﬁce-the recess 23 is formed in the inclined end
surface of shaped blank 21b, a tungsten layer (anode
10 target) is deposited more quickly (i.e. thicker) in the
recess 23 than in other regions of the inclined end
surface. This is considered due to the fact that the
reaction gases (_WF6 and Hz) supplied into the reaction
tube 41 remain in the recess 23 for a relatively long
15 time. Further, since the inner peripheral wall of
recess 23 is inclined (at 45 degrees), the tungsten
layer is reliably deposited on the inner peripheral
wall of recess 23 as well. The heat df CVD process
causés the copper foil 25 covering the outer peripheral
20 surface of anode base 21 to fit tight on the anode base
21, eliminating gaps therebetween. Consequently, no
tungéten layer is formed on the outer peripheral
surface of anode base 21, Fig. 6D shows how the
tungsten layer (anode target 22) has been deposited on

- 25 the inclined end surface of shaped blank 21b.



anode manufacturi.ng nethod according to this invention; Fig. 7 is an

expl anatory view of a CVD nethod enployed in this invention; and 10

Fig. 8 is a view showi ng characteristics of a plane of interface between an
anode target and an anode base provided by this invention. DESCRI PTI ON OF
THE PREFERRED EMODI MENTS A preferred enbodi nent of this invention wll be

15- described in detail hereinafter with reference to the draw ngs.
Referring to Fig. 3, a stationary anode X-ray tube includes a cathode 10 .
for releasing thermons, a stationary gpode 20 opposed to the cathode 10
for 20 generating X rays when irradiated with the thermons, and a gl ass
vacuum envel ope 30 containing the cathode 10 and anode 20. The cat hode 10
has a single or a plurality of filanments 11 which rel ease therm ons when

el ectrified. After formation of the tungsten layer, the shaped

blank 21b is allowed to cool in the reaction tube 41 of
CVD device 40 to a temperature at which the blank 21b
may be removed from the reaction tube 41. A tungsten

5 layer is formed in a certain amount also on the copperx
foil 25 in tight contact with the outer peripheral wall
of shaped blank 21b. A difference in thermal expansion
coefficient between the tungsten-layér and shaped blank
(copper) 21b results in a force acting in a direction

10 to separate the copper foil 25 from the shaped biank
21b.in the course of cooling after the layer formation;
Thus, the copper foil 25 may be separated with facility
after cooling. However, if the copper foil 25 is too
thin, the foil 25 adheres firmly to the shaped blank

15 21b and would not readily peel off. |

After the copper foil 25 is separated from the

outer peripheral wall of shaped blank 21b, the inclined
end surface of shaped blank 21b is mechanically pol-
ished as shown in Fig. 6E, to remove portions of the

20 tungsten layer deposited in régions of the inclined end
surface other than the recess 23. These po;tions of
the tungsten layer are thin and, if left in such
regions, would tend to crack or peel off when subjected
to a high brazing temperature duriﬂg an X-ray tube

25 manufacturing process or under an intense thermal load



15 The anode 20, which forns the subject matter of this invention, has an
approximately cylindrical anode base 21, and an anode target 22 directly
deposi téd by cheni cal vapor deposition or CVD to an inclined end 5 surface
of the base 21 opposed to the cathode 10. The anode 20 is nmounted in seal ed
condition, at a proximal end thereof renote fromthe inclined end surface
where the target 22 is fornmed, in the vacuum envel ope 30 through a netal

el enent (e.g. covar elenent) 31 brazed 10 in place. A cooling device 32
is attached to the proximal end of the amode 20. The cathode 10 has a cable
33 -connected thereto for supplying power to the filanment or filaments 11.
Details of the anode 20 will be described with 15. reference to Fig. 4. The

anode base 21 ig fornmed of g Eﬁt haviE&Phigh heat conductivity, such as
copper .. The ano®B*$BEecu5% Qbf FREs*TRY he™PRcli ned end surface a recess 23

whi ch After the inclined end surface of shaped blank 21b
is treated, the entirety of anode 20 is completgd by
machining the proximal end of shaped blank 21b (anode
5 base 21), with the surface of anode target 22 in the
recess 23 acting as a dimensional reference (see Fig.
6F). By machining the proximal end of anode base 21 at
the final step as noted aboVe; any variations in the
thickness of énode target 22 may be absorbed and

10 adjusted. This provides improvement in the precision
of length L (F;g. 4) from the surface of target 22 to
the~proximal end, i.e. the precision of a focal posi-
tion of the X-ray tube. If the proximal end of anode
base 21 were machined before the anode target 22 is

15 formed by CVD, the target 22 having a less thickness
than a predetermined value would require an additional
step of depositing the target material again to secure
a standard length from the target surface to the

' proximal end.

20 | Fig. 8 shows 5 photograph taken with a scanning
electron microécope (SEM) of a plane of interface
between tungsten (anode target 22) and copper (anode
base 21) obtained by the above methoed, and results of
elemental analysis (EPMA analysis) of the plane of

25 interface. It is seen that the method of this



I's circular in plan view. The target 22 is directly 20 deposited by CVD
I nside the recess 23. The recess 23 has a depth in the order of 4nm which
substantially corresponds to a thickness of target 22. The recess has an

i nner peripheral wall 23a diverging upward. The diverging wall 23a has an
angle of inclination [err] of 30 25 degrees or larger but |ess than 90
degrees, preferably 16 in the range of 30 to 70 degrees. As noted
herei n- before, if the angle of inclination [err] were 90 degrees or

| arger, reaction gases supplied when the target 22 is forned by CvD woul d
not* fl ow snmoothly to corners of 5 t hé2bot t om surface of recess 23. Gaps
could thereby be forned in the corners, or turbulence would tend to occur
in crystallization of portions of target 22 deposited ad]jacent the corners

|O]; L he bottom six{aseith pREEEdedan |éxddLLanY! folit INtwd WithdRidd vere.
and copper, with no gap in the plane of interface
therebetween. Further, no impure elements are found in
the plane of interface-which would impair heat conduc-
5 tivity and long-term reliability.

To confirm validity of this invention, a test was
conducted in which anodes obtained by the above CVD -
method and those prepared by the known casting method
were sealed in X-ray tubes, respectively.

10 As test conditions, a long input was made (expo-
sure to X rays for one minute) assuming X-ray fluoros-
copy, and a comparison was made of maximum load inputs
occurring when tungsten in the focal position of anode
target 22 began to melt. The following results were

15 obtained from the test:

maximum load input

(1) X-ray tube A by CVD: 70KV - 6.2mA (434W)
X-ray tube B by CVD: 71KV - 6.0mA {426W)
X-ray tube C by CVD: 70kvV - 5.8mA (406W)

20 (2) X-ray tube by casﬁing: 72kV - 5.0mA (360W)
As seen from the abové results, X-ray tubes A, B
and C according to this invention showed an average of
maxihum load inputs at 422w, 'This.confirms an improve-
ment in maximum load input of about 17% over the

25 conventional X-ray tube. A comparison was made also of



10 than 30 degrees; peripheral portions of target 22 would be fornmed too
thin. Such thin peripheral portions of target 22 could €asily be cracked
when an intense thermal load is applied thereto during use of the X-ray
tube or when heat is applied at a brazing step in 15. manufacture of the
X-ray tube. The diverging inner peripheral wall 23a need not define |inear
i.nclined -surfaces as shown in Fig. 4, but may define, for exanple, arcuate
i.nclined surfaces 23a as shown in Fig. 5. 20 A netal of high nelting
point is used as material for the anode target 22 forned by CVD. A '
preferred material is tungsten (W, nolybdenum (M), an alloy of tungsten
(W and nol ybdenum (Md), an alloy of tungsten (W and rhenium (Re), or an
al I oy of nol ybdenum (M) 25 and rheni um (Re). 17 '

23

short~term maximum rating {condition for X-ray photog-
raphy) for reference, but no difference was found
betwegn the two types of X-ray tubes.

As described above, a statiohary anode X-ray tube

5 according to this invention allows increased input for
X~ray fluoroscopy to realize a correspondingly improved
radiographic image quality. Such a stationary anode
X-ray tube may be used also in operationg including
larée-dose fluoroscopy of 660W and 20sec. exposure, for

10 example, and simple DSA (Digital Subtraction
Angiography) requiring a s#milar, high output.

The present invention may be embodied in other
specific forms without departing from the spirit or
essential attributes thereof and, accordingly, refer-

15 ence should be made to the appended claims, rather than
to the foregoing specification, as indicating the scope

of the invention.



The proximal “end of anode base 21 renote fromthe Th . _ ??a@ﬁHASBEEN
where the target 22 is fornmed defines a threaded ho H ecti agsthe
cooling device 32 to the anode base 21 (see Fig. 3) t hod=ot
manuf acturing the anode 20 for the stationary anode X-ray tube having the

above construc- tion will be described next. A cylindrical copper blank 21a

for, the anode base 21 as shown in Fig2 6A i s nachi ' ﬂ qﬂm bl ank
10 21b as shown in Fig. 6B. The shaped bl ank ZMH"'“I(“IHM mi d end
surface and recess 23 of anode base 21, but not the*dista &ndsof*anode
base 21 processed yet. In this exanple, - the inner peripheral wall 23a of
recess 23 has i 6ol i 2t iamedengise definkedsdn tdadfi dggwhereinsSsaid anodeen, as
shown in Fig. 6C, the outer peripheral wall of shaped blank 21b is covered
wi th copper foi ltaagedcmatgrdala hsaami adlent ofi sungstea (HIkENG woeppbr foil
25 may be shaped in varied ways according to quantities of production. For

a smal | quantit @e¥pd#od-0i| 25 20 may be shaped with a cutting tool
with ease. For a _

7. An anode as defined in claim 3, wherein said anode
target material is an alloy of tungsten (W) and rhenium

(Re).

8. An anode as defined in claim 3, wherein said anode
target material is an alloy of molybdenum (Mo) and
rhenium (Rej).
9. A method of manufacturing an anode for use in a
stationary anode X-ray.tube, comprising the steps of:
. covering, with a masking material, an outer
peripheral wall of an anode base with a recess_formed
5 in an end surface thereof and having an upwardly
diverging inner peripheral wall;
depositing an anode target material by chemical
vapor deposition directly on said end surface; and
shaping said end surface by mechanically polishing
10 said end surface where said anode target material is
fixed, to remove sald anode target from end surface

regions other than said recess.



Erge quantlty, copper foil 25 may be press worked \Mth?:]'ss}'ee d.g BEEN
flpil 25 is bound with copper wire to be i movable. ||s |b|b
to clanp and fix the copper foil 25 in. peripheral p05|t| o

with repeatedly usable jigs. ~However, parts of the target mat eri al and
copper foil could adhere to the jigs to limt their life. It is

advant ageous to fix the copper foil wth an inexpensi veII] mlw &m ri-
al such as copper wire. 5 It is preferable, as i II " Hﬂ'mm

that the masking material is the sane ggtal as the anode ‘base 21." HoweVer,
stainless steel foil or fluororesin shéet may be used instead. Preferably,
the copper foil 25 has a thickness of 30 to 100[err]. If the copper foil 25
10 were less than 30[err] thick, it would be difficult to separate the
copper foil 25 frHa% Hes e D1 after the target material is
deposited by CVD. If the

1. An anode for .use in a stationary anode X-ray tube,
comprising: '
an anode base with a recess formed in an end
surface thereof and having an upwardlf diverging inner
5 peripheral wall;.and'
an anode target formed in said recess by directly
fixing therein an anode target material by chémical

vapor deposition.

2. An anode as defined in claim 1, wherein said
upwardly diverging inner peripheral wall has an incli-~

nation angle of at least 30 degrees but less than 90

degrees.

3. An anode as defined in claim 1, wherein said anode

base is formed of copper.

4. An anode as defined in ¢laim 3, wherein said anode

target material is tungsten (W).

5. An anode as defined in claim 3, wherein said anode

target material is molybdenum (Mo).



t hi ckness of copper foil 25 exceeds 100[err]; |tT#¥§4&I 1] CulESSdEWWE&EHEH

After the outer peripheral wall of shaped blank 2 W tFthe——— 7
copper foil 25, the shaped blank 21b is set, as s ; 5, in a

reacti on tube 41 of a.CvD device. The reaction tube 41 has a 20 heater 42
nmounted therein for supporting shaped bl anks 21b, and reaction gas supply

pi pes 43a and 43b extend- ing thereint@® Were t f or med

of tungsten, a mxture of tungsten fluoride [errﬂﬂmﬂ(ﬂgﬂ“mmwﬂm [err]

gas i s supplied through each of the 25 reaction *gas suppty 91 pes 43a and

the copper foil 25 around.the anode 15 base ImseB H‘F‘f@rebﬂtmrh

43b. Thus, tungsten 19 ( I s deposited on the inclined end surface of
each shaped bl arilk°'21tﬁ B@P'ﬁ'l&%gj&sﬁ qgﬁ'ﬁ?ﬂe‘@ﬂ%‘ﬂ@e wheredydsddsh in a hot
at mospher e. Thelﬂf ) é¥¥g£ comprises the same metallic material

used for forming said anode base.

11. A method as defined in claim 10, wherein said

anode base and said masking material are formed of

copper.

12. A method as defined in claim 9, wherein said
recess is formed in said end surface before an oﬁpo-
site, proximal end of said anode base is machined, said
proximal end being machined with a surface of an anode

5 target formed in said recess acting as a dimensional

reference.

13. A stationary anode X-ray tube comprising:

a cathode for releasing thermions;

a stationary anode for generating X rays when
irradiated with said thermions; and

5 a vacuum envelope containing said cathode and said

anode;

wherein said anode includes an anode base with a
-recess formed in an end surface thereof and having an
upwardly diverging inner peripheral wall, and an anode

10 target formed in said recess by directly fixing therein



tions are, for exanple, that the tenperatuﬁe is'36
tungsten fluoride is supplied at a rate of 100 to

rate of 300 to 1000cc/mn. and the total pressure

the recess 23 is formed in the inclined end surface of shaped blank 21b, a-
tungsten | ayer (anode 10 target) is deposited nore quickly (i.e. thicker)

in,the recess 23 than in other regions of the inclji This is
considered due to the fact that the ﬁ.pacti on gasesmﬂmﬁmgmmwg@mnto th
reaction tube 41 remain in the recess 23 for a relaftively ['angsl5." tine.
Furt her, since the inner peripheral wall of recess 23 is inclined (at 45
degrees), the tungsten layer is reliably deposited on the inner peripheral
wal | of recess 23 _as . well e : D) sdbpessepent foil-
25 covering thénoﬁpggengFgégrQP%§81Q&sgyfg@%ﬁggagngﬁgéﬁaggﬁ21 to fit tight
on the anode base 21, elimnating gaps therebetween. Consequently, no .
tungsten layer is formed on the outer peripheral surface of anode base 21.
Fig. 6D shows how t he



tungsten |ayer (anode target 22) has been deposited-on 25 -tﬂit'gﬁkéﬂ& wm&;;}
end surface of shaped blank 21b. - 20 After formation of _1'
| ayer, the shaped blank 21b is allowed to cool in the reac\;Tﬁl‘il 1! a‘mll
CVD device 40 to a tenperature at which the blank 21b may b -

the reaction tube 41. A tungsten 5 layer is.formed in a ¢tertain amount al so

on the copper foil 25 in tight contact with the outer peripheral wall of
shaped bl ank 21b. A difference in thernmal expansion coefficient between the
tungsten | ayer and shaped bl ank (copper) 21b results in a force acting in a
direction 10 to separate the copper foil 25 fromthe shaped bl ank 21b in

t he course of cooling after the |l ayer formation. Thus, the copper foil 25 °

may be separated with facility after coolagng. However, if the copper foi

25 istoo thin, the foil 25 adheres firmy to the shaped bl ank

L.

NMIE-HXQAN}GRAYfKEE,ZXMEHDD(K‘MNME%CHHENGﬂﬂE
ANODE, AND A STATIONARY ANODE X-RAY TUBE

ABSTRACT OF THE DISCLOSURE
This invention relates to an anode for use in an

X-ray tube and a method of manufacturing the anode, and

to a stationary anode X-ray tube. an anode base formed
5 of copper or the like includes a recess formed in an

end surface thereof and having an upwardly diverging

inner peripheral wall. An anode target material such

as_tungsten is directly deposited in the recess by

chemical vapor deposition.



15 21b and would not readily peel off. After the copper foil 25 is
separated fromthe outer peripheral wall of shaped blank 21b, the inclined
end surface of shaped blank 21b is nmechanically pol- ished as shown in Fig.
6E, to renove portions of the 20 tungﬁtgn | ayer deposited in regions of
the inclined end surface other than the f2cess 23. These portions of the
tungsten layer are thin and, if left in such regions, would tend to crack
or peel off when subjected to aghi gh,brazing tenperature during an X-ray
tube 25 manufacturing pr ocess#(;u'r&uﬂdépﬁfaﬁté%'ﬁglt her mal | oad 21
during use of the X-ray tube. After the inclined end surface of shaped

bl ank 21b is treated, the entirety of anode 20 is conpleted by machi ni ng
the proximal end of shaped bl ank 21b (anode 5 base 21), with the surface
of anode target 22 in the

2

Fig.2 (PRIOR ART)




recess 23 acting as a dinensional reference (see Fig. 6F). By machining the
proxi mal end of anode base 21 at the final step as noted above, any
variations in the thickness of anode target 22 may be absorbed and 10
adjusted. This provides inprovenent in the precision of length L (Fig, 4)
fromthe surface of target 22 to the proxinmal end, i.e. the precision of a
focal posi- tion of the X-ray tube. If %? proxi mal end of anode base 21
were machi ned before the anode target 2 s 15 formed by CVD, the target
22 having a |l ess thickness than a predeterm ned val ue would require an
additional step of depositing the target material again to secure a
standard length fromthe target deﬁ e 30 the proxi mal end. 20 Fig.
8 shows a photograph taken with a scafning el ectron m croscope (SEM of a
pl ane of interface between tungsten (aggde target 22) and copper (anode
base 21) obtained by the above ¥®thod;7and regDlts of elenental analysis

( EPMVA analysis)sgf t he pl ane of {25 ifterface. It is33een that the nethod
of this

32
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22 invention provi des an excellent joint between tungsten and copper, with
no gap in the plane of interface therebgetween. Further, no inpure elenents
are found in the plane of interface which would inpair heat conduc- 5
tivity and long-termreliability. To confirmvalidity of this invention, a
test was conducted in which anodes obtained by the above CVD net hod and

t hose prepared by qﬁqung$¢\casting nmet hod were Fﬁibe iED X-ray tubes,
respectively. 10 est conditions, a lon npYt—was nade (expo-
sure to X rays for one mnute) assum ng X-ray quoz, pQpy, and a
conpari son was ngge0f mexj num | oad i nputs occurri fi en tungsten in the
focal position off~anqode tef get 22 began to nelt gfhexfe
15 obtained frgmthe tes}: maxi mum | oad input

—21a

Fig.6F
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(1) X-ray tube A by CVD: 70kV - 6.2mA (434W X-ray tube B by CVD:

71kV - 6. 0mA (426W X-ray tube C by CVD: 70kV - 5.8mA (406W 20

(2) X-ray tube by casting: 72kV - 5.0mA (360W As seen fromthe above
results, X-ray tubes A, B and C according to this invention showed an
average of maximum |l oad inputs at 422W This confirns an inprove- nent in
maxi mum | oad i nput of about 17% over the 25 conventional X-ray tube. A
conpari son was made al so of 23 short4/berm maxi numrating (condition for
X-ray photog- raphy) for reference, but no difference was found between the
two types of X-ray tubes. As described above, a stationary anode X-ray tube
5 according to this invention allows increased input for X-ray
fluoroscopy to realize a correspondingly inproved radi ographic image
quality. Such a stationary anode

WFG} 43? .?0
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X-ray tube nay be used also in operations including |arge-dose fluoroscopy
of . 660W and 20sec. exposure, for 10 exanpl e, and sinple DSA (D gital

Subt racti on Angi ography) requiring a simlar, high output. The present /
i nvention may be enbodied in other specific fornms without departing from
the spirit or essential attributes th®eof and, accordingly, refer- 15

ence should be made to the appended clains, rather than to the foregoing
specification, as indicating the scope of the invention. 24 conpri sing:
an anode base with a recess fornmed in an enf surface thereof and having an
upwardly diver ng inner 5 peri pheﬁrpwﬁl; and an anode target forned in
said rec s by directly fixing there arr anode target materi by chem cal

—=




=

vapor deposition. 2. An anode as.- defined in cl ai m 1, - wherlpimersaidvipiar Y
di vergi ng inner peripheral wall has an incli- nation anglelof atgl
degrees but | ess than 90 degrees. 3..An anode as defined i H-
wherei n sai d anode base is formed f copper. 4. An anode-as i
3, wherein said anode target materi'al is tungsten (W. 5. An anode as
defined in claim 3, wherein said anode 25 target material is an alloy of
tungsten (W and nol yb- denum (Md). 7. An anode as defined in claim 3,
wherein said anode target material is an alloy of tungsten (W and rhenium
(Re). 8. An anode as defined in claim3, wherein said anode
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ANODE FOR AN X-RAY TUBE, A METHOD OF MANUFACTURING THE
- ANODE, AND A STATIONARY ANODE X-RAY TUBE

ABSTRACT OF THE DISCLOSURE
This invention relates to an anode for use in an

X-ray tube and a method of manufacturing the anode, and

y to a stationary anode X-ray tube. An anbde base formed
5 of copper or the like includes a recess formed in an

end surface thereof and having an upwardly diverging

inner peripheral wall. An anode target material such

as_tungsten is directly deposited in the recess by

-

chemical vapor deposition.




ﬁfr‘-ﬁ_‘_}“ -‘% \,‘ .f;h..:.

ﬁgrge material is an alloy of molybdenum (M) and 9. A netPod.of, e, mfmmjf“;
t

nuf act utri ng an anode for use in a stationary anode X-rayijtube; nﬁr|5|n?

e steps of:-covering, with a masking material, an outer pe tQh A&L@Q _____
of an anode base with a recess forned 5 in an end surfacg Lhersof g
havi ng an upwardly diverging inner peripheral wall; depositing an anode

target material by chem cal vapor deposition directly on said end surface;
and shapi ng said end surface by nechanically polishing 10 said end
surface where said anode target material is fixed, to renove said anode
target fromend surface regions other t?fn said recess. -
as defined in claim9, wherein said masking material conpri
metallic material used for form ng said anode base. Iflilil”ﬂﬁlﬂﬁ"ﬁll”“l
What is c¢laimed is:

) 5 peripheral wall; and

an anode target formed in said receés by directly

fixing therein an anode target materizl by chemical

vapor deposition.

2. An anode as defined in claim 1, wherein said

wall has an incli-

but less than 90

1, wherein said anode

3, wherein said anode

3, vwherein said anode



|
EMENT SH £T
ll A'met hod -as defined in claim 10, wherein said anode basﬁ TRHASRHENT SHEST )

naskl__ng material are formed of copper. 12. A nethod as defij iﬁ m[]:TMARi §997 \
wherein said recess is forned in said end surface before anjopj of"EFFE """"""""
proxi mal end of said anode base is machined, said proxinal end bei ng

machined with a surface of an anode 5 target forned in said recess acting

as a dinensional reference. 13. A statjonary anode X-ray
cathode for releasing thermons; a st £Oi onary anode for: l; H m“)mnuﬂ”ml!

when irradiated with said thermons; and 5 a vacuum epvet ope S
containining said cathode and sald anode mhereln sai d anode I ncl udes an
anode base W th &, r<gessndde - , Sl hetiered imnsh-hdvasgian

upwardly diverging inner perlpheral mall and an anode
target material is an alloy of tungsten (W) andolyb-

denum (Mo).

7. An anode as defined in clai , wherein said anode

target material is an alloy 6f tungsten (W) and rhenium

(Re).

4

9. A method of manufacturing an anode for use in a
stationary anode X-ray.tube, comprising the steps of:
covering, with a masking material, an outer
peripheral wall of an anode pase with a recess formed
5 in an end surface thereof and having an upwardly
diverging inner peripheral wall;
depositing an anode target material by chemical
vapor deposition directly on said end surface; and -
shaping said end surface by mechanically polishing
10 said end surface where said anode target material is
fixed, to remove sald anode target from end surface

regions other than said recess.
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10. A method as defined in claim 9, wherein said
masking material comprises the same metallic material

used for forming said anode base.

11. A method as defined in claim 10, wherein said
anode base and said masking material are formed of

copper.

12. A method as defined in claim 9, wherein said
recess is formed in Said end surface befdre an oépo- _
site, proximal end of said anode base is machined, said
proximal end being machined with a surface of an anode
target formed in said recess acting as a dimensional

reference.

a cathode for releasing thermions;

a stationary anode for generating X rays when
irradiated with said thermions; 4dnd

a vacuum envelope copt@ining said catﬁOde and said
anode; \

wherein sajd anéde includes an anode base with a
recess forped in an end surface théreof and having an
upwargdy diverging inner péripheral wall, and an anode
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