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being impelled toward and caused to impinge 
upon the target surface under the influence of 
operating electrical potential applied between the 
filament and the anode. The target surface may, 
as indicated in Figs. 1 and 2, be disposed in a 
plane normal to the path of electrons, or, as 
shown in Figs. 3 and 4, the target Surface may 
be disposed at an inclination to such path, it 
being usual to dispose the target at an inclina 
tion in generators for producing X-ray for ra 
diographic and diagnostic purposes. For other 
purposes, as in generators for X-ray diffraction 
analysis, the target is preferably disposed in a 
plane normal to the path of impinging electrons. 
X-rays generated as a result Of electron im 

pingement on the target surface is may pass 
outwardly of the envelope. in a radial direction 
through one or more transmitting windows 7 
formed in the envelope walls opposite the target 
end of the anode. If desired, the entire generator 
may be enclosed in a casing of X-ray opaque ma 
terial, provided with an Opening or Openings 
forming X-ray transmitting window means op 
posite the window or windows 7. 
When the generator is in operation for the 

production of X-rays, a considerable amount of 
heat is developed at the target Surface 6 as a 
result of electron impingement, Such heat being 
dissipated through the body of the anode and 
thence outwardly of the envelope, the anode hav 
ing an end extending outwardly of the envelope 
and provided, if desired, for the circulation of a 
cooling fluid through the anode which, in such 
case, may be hollow, or the outwardly extending 
anode portions may be provided with heat ra 
diating fins for dissipation of heat to atmosphere 
outwardly of the envelope. The temperature at 
the target surface of the anode, however, may be 
of the order of the melting temperature of the 
target material, it being usual in the interests of 
operating efficiency, to operate the generator so 
that its anode, at the target Surface thereof, 
functions at a temperature just short of the soft 
ening temperature of the anode material. When 
operated at such relatively high temperature 
there is a tendency for grain growth to occur in 
the anode material, such growth being evidenced 
by the peeling or curling of the anode material 
at the target surface, and consequent deforma 
tion of said surface from a desirable flat con 
dition. - 
Warious metals may be employed as electron 

targets, tungsten being commonly employed in 
diagnostic and radiographic generators, while 
copper and other metals may be used in genera 
tors for diffraction analysis. Certain of the novel 
features of the present invention have applica 
tion regardless of the target material employed, 
and in this respect the invention is not neces 
sarily limited to any particular target material 
and applies to inclined targets as well as targets 
that are disposed at right angles to the path of 
impinging electrons. A specific aspect of the in 
vention, however, contemplates the utilization of 
platinum, columbium, tantalum, or molybdenum 
as target materials; and the invention, regardless 
of the target material employed, teaches a novel 
laminated target structure which, for optimum 
performance, comprises end grained material, 
and includes the structure and arrangement 
whereby the preferably high thermal conductive 
material of a Support base structure is isolated 
and prevented from generating into and thus con 
taminating the material of the target element. 
According to the present invention, the tend 
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4 
ency of the target surface to curl and peel im 
Service is minimized by forming the anode, more 
particularly at the target areas thereof, to pro 
vide dense, uniform and chemically pure metal, 
preferably having a grain structure characterized 
in that the grains of the material extend parallel 
with respect to each other and in the direction of 
electron impingement upon the Surface thereof. 
In such end grain structure the individual grains 
of the target material, at the target Surface 6, 
are presented endwise toward the electron Source 
5. Electrons impinging upon an end grained 

Surface strike the ends of the crystals of mate 
rial forming the anode target, such end grain 
Structure, because of the compact, dense char 
acter of the material, tending to prevent peeling 
and Splitting along, grain boundaries. 
The target material, also, is equiaxed, that is 

to Say, the material is in completely recrystallized 
condition as by heating the same for one hour 
at a temperature of the order of 1600° C. 
As shown in Figs, 2, 4, and 5, the target com 

prises a block 8 of the selected target material, 
the block comprising strips of material forming 
laminations 9. The material of each strip is 
transversely grained whereby the constituent 
grain crystals are in parallel relationship extend 
ing in a direction transversely of the strip to 
provide an end grain structure at and along the 
longer edges of the Strips. The strips are ar 
ranged in side-by-side stacked relationship, as 
shown more particularly in Fig. 5 of the drawings 
to comprise the block f8. The strips are secured 
together in any suitable fashion, more particu 
larly as hereinafter described; and the block 8 
may be mounted at the target end of the anode 
f3 as by forming a cavity 20 in said end and by 
securing the block 8 in the cavity, with an end 
grained block Surface facing outwardly of the 
anode to provide the target surface í6. 
As shown more particularly in Fig. 3 of the 

drawings, the target may comprise an annular 
member 8' formed by spirally winding upon it 
self a strip of preferably transversely equiaxed 
material, whereby the body of the member 8 
may comprise side-by-side strip sections 9'. The 
member 8' thus comprises an annular flat ring, 
the convolutions of its constituent spirally wound 
strip being secured together in any preferred 
fashion and more particularly as hereinafter de 
scribed. The flat disk 8' may be mounted in an 
annular cavity 20' formed in the target end of 
the anode which, as shown, comprises an anode 
3' of the rotating type, the member 8' being 
secured in the cavity 20' in any suitable or pre 
ferred fashion. 
The anodes 3 and 3' preferably comprise 

castings of any Suitable material, such as cop 
per, iron, nickel, and the like, copper being pre 
ferred because of its heat conducting character 
istics; and the blocks 8 and 8' may be mounted 
by casting the Supporting anode portions 3 and 
3' upon and around said blocks in a suitable 
Casting mold. 

In order to maintain the constituent material 
of the target blocks 8 and 8' in pure uncon 
taminated condition after the same have been 
mounted in the supporting members 3 and 3, 
it is preferable to apply a protective coating of 
material, Such as platinum, as a thin layer 2, 
at least upon the back end grained surfaces of 
the blocks f8 and f8', in order to prevent seepage, 
through such end grained surfaces, of the ma 
terial of the support members f3 and 3'. 
The protective layer 2 may be applied by 
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abanting the block 8 or 8' upon a suitable 
support plate 22 within a sealed compartment 23. 
This compartment may conveniently comprise a 
Support 24 and a renovable, preferably glass, 
bell jar 25 inverted upon the Support 24 and hav 
ing edge sealing means 26 to seal the jar 25 to 
the support to form the hermetic enclosure 23, 
which may be evacuated by a suitable connec 
tion preferably through the Support 24 to. an ex 
haust pump. A button or Wire of platinum may 
be laid upon the Surface of the member to be 
coated within the enclosure 23 and melted in 
place to flow, upon and cover the surface to be 
treated by the action of an induction heating 
coil 2, which may encircle the jaar 25 opposite 
the target block being coated. By 1elting the 
platinum button or wire, the melted-platinum will 
flow upon and cover the end grained surface of 
the target member and may be allowed to harden 
in place. 

Alternately, the layer 2 may be applied by 
vaporizing the metal and applying same, in vapo 
rized condition to, and condensing it upon the 
surface to be coated; or the layer may be applied 
by spraying of sputtering the metal upon the sur 
face. The surface also may be coated by electro 
deposition in a suitable aqueous or fused plating 
bath, - 

After being coated, the target member may 
be mounted in position in the anode by casting it 
the member 3, or 3', about the target button 
in a suitable casting mold. Alternately, as in 
dicated in Figs, 2 and 4, the coated member 8, 
or 8', may be secured in the cavity 20, or 20', by 
means of a suitable attaching alloy 28 interposed 
between the surfaces of the cavity 20, or 20', and 
the cavity enclosed surfaces of the coated mem 
ber 8, or 8, said attaching alloy forming a thin 
mounting layer integrating the target member 
with the anode base on which it is mounted. 

It is thought that the invention and itS numer 
ous attendant advantages will be fully under 
stood from the foregoing description, and it is 
obvious that numerous changes may be made in 
the form, construction and arrangement of the i. 
several parts without departing from the Spirit 
or scope of the invention, or sacrificing any of 
its attendant advantages, the forms herein dis 
closed being preferred embodiments for the pur 
pose of demonstrating the invention. 
The invention is hereby claimed as follows: 
1. An electron target comprising a laminated 

block of target material presenting laminations 
edgewise to form a target Surface. 

2. An electron target comprising a laminated 
block of equiaxed target material presenting lam 
inations edgewise to form a target Surface. 

3. An electron target comprising a laminated 
block of target material presenting end grained 
laminations edgewise to form a target Surface. 

4. An electron target comprising a laminated 
block of target material presenting the lamina 
tions edgewise to form a target Surface, ühe ma 
terial of the laminations comprising a metal Se 
lected from the class group consisting of plati 
num, columbium, tantalum, and molybdenum. 

5. An electron target comprising a laminated 
block of target material presenting the laimina 
tions edgewise to form a target Surface, the ma 
terial of the laminations comprising equiaxed 
metal selected from the class group consisting of 
platinum, columbium, tantalum, and molybde 
10?IT1. 

6. An electron target comprising a laminated 
block of target material comprising a metal se 
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6 
lected from the class group consisting of platli 
num, eolumbium, tantalum, and molybdenum, the 
material of said block having a grain structure 
providing an end grained target Surface. 

7. An anode for an X-ray generatOr compris 
ing a laminated block of target material pre 
senting laminations edgewise to form an electron 
target surface, said laminations having end 
grained structure at the electron receiving edges 
thereof. 

8. An anode for an X-ray generator comprising 
a laminated block of target material Selected frori 
the group of metals consisting of platinum, Col 
umbium, tantalun, and molybdenum, Said block 
presenting laminations edgewise to form an elec 
tron target surface, said laminations having end 
grained structure at the electron receiving edges 
thereof. - , , 

9. An anode for an X-ray generator compris 
ing a laminated block of target material pre 
senting laminations edgewise to form an electron 
target surface and an oppositely facing mounting 
surface, a support base to which said mounting 
surface is secured, and a layer of protective ma 
terial covering said mounting surface in position 
interposed between said block and said base. 

10. An anode for an X-ray generator compris 
ing a block of target material forming a target 
surface and an oppositely facing mounting Sur 
face, said block having end grain structure at 
saidsurfaces, a support base to which said mount 
ing surface is secured, and a layer of platinum 
coated on said mounting surface in position ex 
tending between said block and said base. 

11. An X-ray generator embodying an anode 
comprising a laminated block of target material 
presenting laminations edgewise to form an elec 
tron target Surface. 

12. An X-ray generator embodying an anode 
comprising a laminated block of target material 
presenting laminations edgewise to form an elec 
tron target surface, said laminations having end 
grain structure at the electron receiving edges 
thereof. 

13. An X-ray generator embodying an anode 
comprising a laminated block of target material 
presenting laminations edgewise to form a target 
surface, a support base on which said block is 
mounted in integral fashion, and a layer of pro 
tective material coating a base attached surface 
of said block in position interposed between the 
base and the block. 

14. An X-ray generator embodying an anode 
comprising a laminated block of metal presenting 
laminations edgewise to form a target surface, 
a support base on which said block is mounted in 
integral fashion, and a layer of platinum coating 
a base attached surface of said block in position 
interposed between the base and the block. 

15. An X-ray generator embodying an anode 
comprising metal strip material disposed spirally 
to provide an annular laminated block of metal 
presenting the laminations thereof edgewise at 
the face of the block to form a target surface, a 
Support base on which said block is mounted in 
integral fashion, and a layer of platinum coating 
a base attached Surface of said block in position 
interposed between the base and the block, said 
strip material being equiaxed and having its con 
stituent grain crystals in parallel relationship 
and extending transversely thereof to provide end 
grain structure at the target surface forming edge 
portions of said strip material. 

16. An X-ray generator embodying an anode 
comprising metal strip material disposed spirally 
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to provide an annular laminated block of metal 
presenting the laminations thereof edgewise at 
the face of the block to form a target surface, a 
support base on which said block is mounted in 
integral fashion, and a protective layer of metal 
coating a base attached surface of said block in 
position interposed between the base and the 
block, said strip material providing end grain 
structure at the target surface forming edge por 
tions thereof. 

17. An anode comprising metal strip material 
disposed spirally to provide a laminated block 
presenting the laminations thereof edgeWise to 
form a target surface at a face of the block, a 
support base on which said block is mounted in 
integral fashion, and a protective layer of metal 
coating a base attached Surface of said block, said 
strip material providing end grain structure at 
the target surface forming edges thereof. 

18. An electron target comprising metal strip 
material disposed spirally to provide a laminated 
block of metal presenting the laminations there 
of edgewise to form a target Surface at a face of 
the block, said strip material being equiaxed and 
having its constituent grain crystals in parallel 
relationship and extending transversely thereof 
to provide end grain structure at the target sur 
face forming edge portions of said strip material. 

19. An electron target comprising metal strip 
material disposed spirally to provide a laminated 
block of metal presenting the laminations thereof 
edgewise to form a target surface at a face of the 
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block, said strip material providing end grain 
structure at the target surface forming edges 
thereof. 

20. An electron target comprising metal strip 
material forming a laminated block having lam 
inations providing edges disposed in a common 
plane to form a target surface, said strip material 
being equiaxed and having constituent grain 
crystals in parallel relationship and extending 
transversely thereof to provide end grain struc 
ture at the target surface forming edges of said 
Strip material. - 

21. An electron target comprising metal strip 
material forming a laminated block having lam 
inations providing edges disposed in a common 
plane to form a target surface, said strip mate 
rial providing end grain structure at the target 
surface forming edges thereof. 

MICHAEL J. ZUNICK. 
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