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3,344,274
X-RAY ANALYSIS APPARATUS HAVING BOTH
DIFFRACTION AND SPECTROMETER TUBLS
MOUNTED ON A COMMON HOUSING
VWilliam D. Ashby, Chagrin Falls, George V. Patser, Wil-
lowick, Ohio, and Victor E. Buhrke, Mill Vailey, Calif.,
assignors to Picker X-Ray Corporaticn, Waite Manu-
facturing Divisien, Ine., Cleveland, Ohie, a corporation
of Ohio
Filed Dec. 6, 1563, Ser. Mo, 328,539
14 Claims. (Cl, 256—51.5)

This invention relates to X-ray apparatus and more
particularly to an X-ray apparatus suitable for conduct-
ing non-destructive X-ray analysis.

An X-ray diffractometer is a device in which a speci-
men is rotated about an axis through an angle theta or
omega. To achieve this the specimen is mounted on a 1o-
tatable member known alternatively as a theta or an
omega member. An X-ray tube is positioned to bombard
the specimen as it is rotated. A detector is mounted on
a so-called “two-theta arm” for rotation about the same
axis at twice the spesed of the omega member. The de-
tector is used to detect and record X-radiation diffracted
by the specimen providing information as to physical and
chemical characteristics of the specimen. One X-ray dif-
fractometer is described and claimed in co-pending ap-
plication for patent, Ser. No. 236,468, filed Nov. 2, 1962,
by T. C. Furnas, Jr. and entitled Diffractometer, now
patent 3,218,458, issued Nov. 16, 1965.

Another type of non-destructive X-ray analysis of
physical specimens is conducted through a technique
known as “spectroscopy.” A spectroscopic study differs
frecm a diffraction study in that the specimen itself is
excited to emit its own characteristic X-rays. Excitation
of the specimen is usually accomplished by bathing the
specimen in the radiation from an X-ray tube, usually
of a different type than the X-ray tube used for diffrac-
tion. The apparatus used for spectroscopy is quite similar
to that used for diffraction and, in fact, a spectrometer
is often a modified diffractometer, The principal differ-
ences between a diffractometer and a spectrometer are
(1) a single crystal known as an analyzing crystal, rather
than the specimen, is positioned on the omega member
for rotation; and, (2) the specimen is positioned to emit
its own radiation toward the analyzing crystal and, there-
fore, a differently located X-ray tube is required.

In the past, spectroscopic studies have been conducted
on mechanisms which are basically diffractometers. Be-
fore a spectroscopic study could be conducted on a dif-
fractometer, it has always been necessary to remove the
diffraction X-ray tube. It was also necessary to remove
mounting brackets, supports, etc., and replace these with
ones of different configuration and constructicn. With
these prior devices the spectrometer specimen is posi-
tioned at the location where the focal spot of the diffrac-
tion X-ray tube was located. A specirometer X-ray tube
is then appropriately positioned to excite this specimen
and cause it to emit its own characteristic X-rays in
a direction which will bombard the crystal mounted on
the theta or omega member.

Alignment of the X-ray tubes and specimens for both
diffraction and spectroscopic studies is quite delicate and
difficult. Even with the novel and improved diffraction
tube support and adjustment described and claimed in
the above-referenced patent of T. C. Furnas, Jjr., con-
siderable time is required to precisely align a diffraction
tube for diffraction studies. Accordingly, once the diffrac-
tion tube is properly aligned, it is undesirable to move
it. But, as noted above, with prior devices it was essen-
tial to move the diffraction tube and supports if a spec-
troscopic study was to be conducted with the same unit.

[

10

15

20

25

30

35

40

45

50

55

60

70

2

‘The present invention has overcome this alignment and
other problems through the provision of a mechanism
which serves as either a diffractometer or spectrometer
without disturbing any of the precision alignments re-
quired for either type of study. With this device, an X-
ray tube for diffraction and a second X-ray tube for
spectrometry are both coupled to a single housing. The
coupling of the respective X-ray tubes to the housing
while permitting adjustment for alignment and the like
is permanent so that the unit can be moved from place
to place and diffraction and spectroscopic studies can be
alternately conducted without disturbing any of the pre-
cision alignments.

With this invention, precision, concentrically rotatable,
theta and two-theta members are provided. The mem-
bers are selectively and alternately rotatable one at a
time through theta and two-theta ranges for either dif-
fraction or spectrometry. The ranges for the diffraction
and spectrometry studies overlap. Through the unique
construction of this unit the ranges equal or exceed
ranges previously obtained with units designed to be
used only as diffractometers or diffractometers and spec-
trometers only by moving or removing the diffraction
tube. Thus, even though one may conduct either a dif-
fraction or a spectroscopic study with this unit without
moving or removing any X-ray tube, the range of either
type of study equals or exceeds that available in the
past.

In both diffraction and spectroscopic studies, persons
skilled in the art refer to a two-theta range. This is the
angular range through which a detector can be rotated
as a study is conducted. So-called “zero degree two-
theta” is the position when, in the case of diffraction,
the focal spot of the X-ray tube, the specimen, and the
detector, are located along a straight line and the line
is the axis of the beam of X-rays emitted by the diffrac-
tion tube. In spectrometry, zero degree two-theta is a
position where the specimen, the crystal, and the detec-
tor are along a straight line.

In diffraction, on the sc-called “positive side,” perti-
nent diffraction effects begin anywhere from zero de-
grees to about thirty degrees, depending upon the infor-

‘mation sought and the nature of the sample, and radi-

ation. For so-called “routine studies,” at least one
hundred twenty degrees is required. For precision, it is
desirable to approach zero error in d values; i.e., meas-
urement of interatomic distances. To achieve this, a dif-
fractometer should approach, as closely as possible, a
one hundred eighty degree two-theta position where zero
error in d values is theoretically obtainable. Thus, on
the positive side, zero to thirty or forty degrees is mini-
mum, zero to one hundred twenty degrees is required for
routine studies, and zero to one hundred eighty degrees
is theoretically perfect. With this invention the zero to
one hundred sixty-five degree range is obtained.

On the negative side, since pertinent diffraction effects
can begin to occur at about thirty degrees, it is desirable
to be able to rotate the detector through a zero degree to
minus thirty or forty degree two-theta range in order to
check the accuracy of the location of the zero degree two-
theta position. With the present invention, the diffraction
range is from minus forty-five to plus one hundred sixty
five degrees and, accordingly, from the foregoing discus-
sion of desired ranges, it will be seen that a full range
equal to or exceeding anything in the prior art is obtained
even though the unit is also a spectrometer.

In the case of spectroscopy, there is no requirement for
negative ranges, With the most efficient crystals, one would
wish to have approximately one hundred fifty degrees on
the positive side and must have at least eighty-five degrees
to obtain usable information. Accordingly, it will be
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seen that with the present invention the provided range of

zero to one hundred fifty-five degrees meets or exceeds

the scientist’s requirements and moreover equals or ex-

ceeds that obtainable with prior art structures.

To obtain the described and desired ranges of diffrac-
tion and spectroscopy studies, the diffraction and spectro-
scopy tubes are positioned near one another on the hous-
ing. The tubes are positioned such that the zero degree
two-theta lines for the respective studies are generally
normal to one another and the two two-theta ranges over-
lap one another. The positive direction of two-theta rota-
tion for each type of study is in the opposite direction
from the other study. Thus, in the preferred construction,
rotation from the zero degree two-theta position in a posi-
tive direction for spectroscopy is counterclockwise while
the rotation from the zero degree two-theta position in a
positive direction for diffraction is clockwise. With this
arrangement, a single device is provided with two tubes
permanently mounted and with the device an operator may
selectively and one at a time conduct spectroscopic and
diffraction studies.

With this invention, improved spectroscopic results are
obtained through the provision of a spectroscopic X-ray
tube positioned such that its target is substantially paral-
lel to the specimen to be studied. The two are positioned
as closely together as is physically possible and appro-
priately positioned so that a field of maximum intensity
of the desired size is obtained.

As an example, with the standard specimen support of
one and one quarter inches in diameter, it is desirable to
have a field size of approximately one half inch square.
To achieve this, the specimen is positioned at an angle
with respect to the axis of crystal rotation and preferably
at the minimum angle which will produce this one half
inch square field size. With an X-ray tube having a target
surface at forty-five degrees with the two-theta axis, this
minimum angle is thirty-six degrees. At this angle, a mini-
mum of interference between the specimen support and
the X-ray tube is obtained so that the specimen can be
positioned as closely as possible to the target of the X-ray
tube. In the disclosed and preferred arrangement, an end
window spectroscopy tube is used which has a target sur-
face at an angle of about forty-five degrees. Thus, the
plane of the target and the plane of the specimen are
substantially parallel with one another so that substantial-
ly uniform X-ray of a high intensity is obtained over the
entire specimen.

Another of the features of this invention is that the
specimen holder is so positioned that liquid specimens
can be used with the specimen holder without encapsula-
tion of the specimen and this, in the past, has not been ob-
tainable.

Another feature of this invention resides in odometers
which provide two readings. Omega and two-theta odom-
eters are provided each of which provides independent
readings of both diffraction and spectroscopic positions.
This facilitates, for example, moving the two-theta mem-
ber from its diffraction zero degree position to its spectro-
scopic zero degree position since the respective positions
are indicated on different lines of the same odometer.

Accordingly, the principal objects of this invention are
to provide a novel and improved spectro-diffractometer,
a novel and improved specimen support for a spectrom-
eter, and a novel and improved apparatus for exciting a
spectroscopic specimen,

‘Other objects and a fuller understanding of the inven-
tion may be had by referring to the following descrip-
tion and claims taken in conjunction with the accompany-
ing drawings in which:

In the drawings:

FIGURE 1 is a perspective view of the spectrometer of
this invention;

FIGURE 2 is a top plan view of the structure of FIG-
URE 1 on a slightly enlarged scale;
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FIGURE 3 is a fragmentary sectional view on an en-
larged scale with respect to FIGURES 1 and 2 of the
spectroscopic specimen support and holder and of the
spectroscopic tube; and,

FIGURE 4 is a graph showing intensity distribution of
the X-rays emitted by the spectroscopic tube.

Referring now to the drawings and FIGURES 1 and 2
in particnlar, a main housing is shown at 10. The main
housing 16 and the mechanism encased within it are pref-
erably that described and claimed in the above-referenced
patent application for a Diffractometer. A two-theta mem-
ber 11 is mounted on the housing for rotation about an
axis through two-theta angles. The two-theta member 11
has a detector arm 12, FIGURE 1, which supports a suit-
able detector 13. An omega or theta member 15 is posi-
tioned concentrically within the two-theta member 11 for
rotation about the same axis. The two-theta member 11
and the omega member 15 are each suitably driven by a
mechanism such as the preferred mechanism described in
the above-referenced application.

A diffraction X-ray tube is carried within a diffraction
tube housing 16. The diffraction tube housing 16 is
mounted on a support, a portion of which is shown at 14.
The support is secured to the main housing 16. The hous-
ing 16 is positioned such that the longitudinal axis of the
tube is horizontal when the rotational axis is vertical.
Suitable adjustment mechanism indicated at 17 is inter-
posed between the diffraction tube housing 16 and the
main housing 10 and is preferably of the type described in
the previously referenced application.

An end window spectroscopic X-ray tube is positioned
within a spectroscopic tube housing 18. The spectroscopic
tube housing is, when the main housing is horizontal, verti-
cally oriented. The spectroscopic tube housing 18 is car-
ried by a spectroscopic support assembly 19 which is fixed
to the main housing 18.

A specimen support member 20 is mounted on the
omega member 15, The specimen support member 20 is a
track which carries, in the case of a diffraction study, the
specimen and in the case of a spectroscopic study, an ana-
lyzing crystal. The specimen or crystal, depending on the
type of study, is positioned for rotation about the axis of
the omega member 15 with that axis extending through or
along the face of the crystal or specimen as the case may
be.

Referring now to FIGURE 2, the detector 13 is shown
in the diffraction so-called “zero degree two-theta posi-
tion.” That is, the detector 13, the axis of the omega
member 15, and focal spot 25 of the diffraction X-ray
tube are on a straight line. During a diffraction study,
the detector 13 is rotatable from the solid line position
clockwise in a positive direction one hundred sixty-five de-
grees to a phantom position indicated at 21. The detector
13 is rotatable from its solid line zero degree two-theta po-
sition counterclockwise in a negative direction forty-five
degrees to a position shown in phantom at 22. Thus, the
major portion of diffraction two-theta rotation is in a
positive direction from the solid line zero degree position.

The detector 13 when in a zero degree two-theta posi-
tion for spectroscopy is in the position shown in phantom
at 23. An examination of FIGURE 2 will show the zero
degree two-theta lines of diffraction and spectroscopy are
substantially normal to one another, In the actual structure
shown, they intersect at an angle of ninety-six degrees. The
detector 13 is rotatable from the position shown at 23
counterclockwise one hundred fifty-five degrees in a posi-
tive direction to the position shown in phantom at 24.
Obviously, the detector arm is also rotatable in a negative
direction for spectroscopy, but this is neither required
nor used during normal spectroscopic studies. The major
portion of the spectroscopic two-theta range overlaps the
diffraction two-theta range. In the preferred and disclosed
construction, the two ranges overlap about one hundred
and forty one degrees.
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One of the contributing factors to this large adjustment
range is the construction of the diffraction and spectro-
scopic tube supports 14, 19 so they are recessed at 60 and
61 respectively. This contributes to the obtainment of a
large range of rotation by permitting the detector arm
12 of the two-theta member to nest under portions of the
supports as demonstrated in the phantom showings at 21
and 24 in FIGURE 2.

One of the features of this invention resides in omega
and two-theta odometers 30, 31. Each of the odome-
ters is equipped with a means to indicate respectively
omega and two-theta positions of both diffraction and
spectroscopy. Thus, in the case of the omega odometer
30, the upper most window 32 is a diffraction window
while the lower most window 33 is a spectroscopic win-
dow. Similarly, in the case of the two-theta odometer 31,
diffraction and spectroscopic windows 33, 34 are provided.
Angle indicating means are provided, then, for both dif-
fraction and spectroscopic positioning. By providing sepa-
rate indicia for the two kinds of study, it is possible to
quickly, for example, shift the detector 13 to a zero posi-
tion as indicated at the diffraction two-theta window 33
to the spectroscopic zero position shown at 23 and indi-
cated at the spectroscopic two-theta cdometer window 34.
If quick movement from spectroscopic to diffraction posi-
tions is desired, preferably a high speed motor is provided
at 35 and coupled to the drive shaft described and claimed
in greater detail in the referenced case. When the high
speed motor is not provided, the shaft is driven with a
hand crank.

The device as shown in FIGURE 1 is set up for a spec-
troscopic study. To this end a gas tight crystal housing
assembly shown generally at 37 is provided. Suitable col-
limating devices are provided at 38 and 39 to couple the
crystal housing 37 respectively to the specimen support as-
sembly 19 and the detector 13. These collimating devices
38, 39 may be any of the known mechanisms for colli-
mating an X-ray beam and are devices which provide part
of a gas tight X-ray chamber. The specimen support as-
sembly 19, the crystal housing 37, the detector 13, and the
collimating devices 38, 39 together define an X-ray cham-
ber which, for many spectroscopic studies, is filled with a
helium atmosphere.

Referring now to FIGURE 3, the spectroscopic X-ray
tube has a target shown schematically at 40. The target 49
has a target surface 41 which, when the device is posi-
tioned with the omega axis vertical, is at forty-five degrees
with the horizontal. In other words, the target surface 41
is at forty-five degrees with the two-theta axis.

The spectroscopic support 19 includes a beam aperture
42 through which X-rays emitted by the target 40 pass
when an X-ray impervious shutter 43 is open. A spectro-
scopic specimen holder shown generally at 45 is posi-
tioned within the spectroscopic support 19. The support
19 includes a pivotal access door 46 which is selectively
openable to permit the specimen holder 45 to be inserted
into and removed from its space within the spectroscopic
support 19.

The support 45 includes specimen helding structure
shown generally at 47. The structure 47 is adapted to posi-
tion a specimen within a path of beams emitted by the
target 40. The structure 47 is also adapted to position the
specimen such that when excited, the specimen will emit
its own X-rays which will pass through a specimen beam
X-ray aperture 48 and thence through the collimating
structure 38. The specimen support structure 47 has a
specimen supporting surface 50 which is positioned as
parallel as possible to the target surface 41.

This specimen support surface 50 is positioned such
that specimen X-ray beam emitted by it will have a square
or rectangular field size of at least one half inch along
each side when a one and one quarter inch standard size
specimen is used. That is, along the axis of the collimating
device 38, the specimen beam will cover a cross sec-
tional area in a plane perpendicular to the axis of the
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attenuating device 38 which is, as a minimum, a square
of one half inch along each side.

Again, the specimen support surface 56 is positioned as
parallel as possible to the target surface 41 to obtain
maximum excitation by the beam of X-rays emitted by the
target 40. At the same time, the surface is at as flat an
angle with the horizontal as possible while still obtaining
the desired minimum field size, so that the specimen may
be positioned as closely as possible to the target 49, It has
been found that the optimum angle for these purposes is an
angle of thirty-six degrees.

The advantages of this arrangement are depicted in the
graph which is FIGURE 4. Referring to that graph, con-
centric circles 51 depict the angle of a cone of X-rays
projected by the target 40. The radial lines 52 show inten-
sity distribution in various radial directions. The endless
curved but non-circular lines 53, 54, 55, respectively, are
the lines of five-tenths, nine-tenths, and ninety-five hun-
dredths of maximum intensity distribution where maxi-
mum intensity is unity. The rectangular dotted line 57
depicts the projected shape of a sample beam passing
through the collimating device 38.

Thus, with the preferred and disclosed structure, it is
possible to obtain intensity of ninety-five to one hundred
percent of maximum intensity over the entire area of the
specimen as compared with intensity of the order of five-
tenths to one hundred percent of maximum over the
specimen area with the typical prior art structures. The
result is that not only is a higher average exciting in-
tensity achieved, but a more uniform excitation over
the sample area also is obtained.

One of the outstanding advantages of the present in-
vention is in the ability to handle liquid spectroscopic
specimens. The entire assembly may be tilted until the
specimen support surface 5§ is horizontal. Since the dif-
fraction and spectroscopic X-ray tubes are both rigidly
connected to the main housing 10 and since the spectro-
scopic specimen support 45 is firmly held in place, this
tipping is obtainable without effecting any of the required
alignments. Spectroscopic study of non-encapsulated lig-
uid specimens has not been possible with prior structures,
but with the tiltable structure of this invention, a liquid
specimen can be held by the specimen support without
encapsulation.

Although the invention has been described in its pre-
ferred form with a certain degree of particularity, it is un-
derstood that the present disclosure of the preferred form
has been made only by way of example and that numerous
changes in the details of construction and the combina-
tion and arrangement of parts may be resorted to with-
out department from the spirit and the scope of the in-
vention as hereinafter claimed.

What is claimed is:

1. In a mechanism for non-destructive X-ray analysis
including a housing carrying two-theta and omega ele-
ments for rotation about a common axis, the combina-
tion of:

(a) a diffraction X-ray tube, mounting means securing
said diffraction tube to sald housing with the tube
aligned to emit a beam of X-rays toward a point
on said axis;

(b) a spectrometer X-ray tube mounted on said hous-
ing in spaced relationship with said diffraction tube;

(c) mounting means to mount a spectrometry specimen
in the path of and for excitation by a beam of X-
rays emitted by the spectrometer tube, said mount-
ing means being adapted to position and align a
specimen for such excitation and emission of its own
rays toward said point without interference with the
diffraction tube and its mounting;

(d) said two-theta member including means to support
a radiation responsive mechanism thereom, means
connected to said two-theta member for moving said
two-theta member and said radiation responsive
mechanism selectively and one at a time through
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overlapping spectrometry and diffraction two-theta
ranges; and,

(e) support means mounted on the omega member
for carrying a selected one of a crystal or a specimen
along said common axis.

2. The device of claim 1 wherein the spectrometry tube
has a longitudinal axis generally paralleling the axis of
rotation.

3. The device of claim 2 wherein the diffraction tube
has a longitudinal axis disposed in a plane generally nor-
mal to the axis of rotation.

4, The device of claim 3 wherein an adjustment means
is interposed between the diffraction tube and the hous-
ing for relatively adjusting the tube and housing.

5. The device of claim 1 wherein theta and omega
odometers are respectively connected to the theta and
omega members and wherein each odometer provides in-
dependent diffraction and spectroscopic readings.

6. The device of claim 1 wherein the positive direction
of two-theta rotation of the radiation responsive member
for diffraction is in a direction opposite from spectro-
scopic rotation.

7. A mechanism for non-destructive X-ray analysis in-
cluding a housing carrying two-theta and omega elements
for rotation about a common axis, the combination of:

(a) a diffraction X-ray tube, mounting means securing
said diffraction tube to said housing with the tube
aligned to emit a beam of X-rays toward a point on
said axis;

(b) a mounting element on said housing and defining
a specimen receiving space and an X-ray pervious
ray emission window adjacent the space;

(¢) a spectrometer X-ray tube mounted on said ele-
ment in spaced relationship with said diffraction tube;

(d) specimen mounting means to mount a spectrometry
specimen in the space and in the path of and for
excitation by a beam of X-rays emitted by the spec-
trometer tube, said mounting means being adapted
to position, and align a specimen for such excitation
and emission of its own rays through said window
toward said point without interference with the dif-
faction tube and its mounting;

(e) said two-theta member including means to support
a radiation responsive mechanism thereon for move-
ment selectively and one at a time through overlap-
ping spectrometry and diffraction two-theta ranges;
and,

(f) support means mounted on the omega member for
carrying a selected one of a crystal or a specimen
along said common axis.

8. A non-destructive testing mechanism comprising:

(a) a main housing;

(b) omega and two-theta members rotatably carried
by the housing for rotation about a common axis;

(c) a diffraction tube secured to said housing and
positioned to emit a beam of X-rays along a dif-
fraction zero degree two-theta line intersecting said
axis;

(d) spectroscopic specimen support means secured to
said housing and adapted to position a specimen to
emit an X-ray beam along a spectroscopic zero de-
gree two-theta line intersecting said axis;

(e) said zero degree lines being substantially normat
to one another;

(f) a spectroscopic X-ray tube secured to the support
means and positioned to excite a spectroscopic speci-
men carried by said support means;

(g) said two-theta member being rotatable through
overlaping diffraction and spectroscopic two-theta
ranges; and

(h) the positive direction of diffraction two-theta to-
tation being in one direction and the positive direc-
tion of spectroscopic two-theta rotation being in the
other direction.
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9. A mechanism for non-destructive diffraction and
spectroscopic studies comprising:

(a) a housing;

(b) concentric omega and two-theta members rotatably
carried by the housing for relative rotation about a
common axis;

(c) a diffraction tube adjustably secured to the hous-
ing, the diffraction tube having a longitudinal axis
disposed in a plane generally normal to said com-
mon axis, the diffraction tube being oriented to emit
a beam of X-rays toward said common axis;

(d) a spectroscopic tube support secured to the housing
and defining a spectroscopic specimen space;

(e) an end window spectroscopic X-ray tube secured to
the tube support and having a longitudinal axis gen-
erally paralleling said common axis;

(f) means to position a spectroscopic specimen in said
space and orient the specimen to be bombarded by
a beam of X-rays emitted by said spectroscopic X-
ray tube;

(g) said support including an X-ray pervious window
positioned to pass a beam of X-rays emitted by
spectroscopic specimen toward said common axis;
and,

(h) means connected to said two-theta member for ro-
‘tating said two-theta member through overlapping
spectroscopic and diffraction two-theta ranges one at
a time with the positive direction of diffraction two-
theta rotation being in one direction and the posi-
tive direction of spectroscopic two-theta rotation be-
ing in the other direction.

18. In an X-ray spectrometer including a spectrometer
housing mounting omega and theta members for rotation
about a common axis the improvement which comprises:

(a) a spectroscopy support housing mounted on the
spectrometer housing;

(b) said spectroscopy housing defining a holder space;

(c) a specimen holder in said space;

(d) said spectroscopy housing including a movable ac-
cess door and means to maintain the door in a closed
position, said door being positioned and sized to
permit said holder to be moved into and out of said
space;

(e) a spectroscopy X-ray tube mounted on said spectro-
scopy housing and having a target at an angular re-
lationship with said axis;

(f) said housing including an X-ray beam aperture be-
tween said target and said holder;

(g) specimen holding structure mounted on said holder
and in the path of X-ray emitted by said target;

(h) said spectroscopy housing defining a second X-
ray beam aperture, said second aperture being posi-
tioned to receive and transmit X-rays emitted by a
specimen mounied in the specimen holding structure;
and,

(i) a shutter mounted in said spectroscopy housing and
adapted to selectively close one of said beam aper-
tures.

11. The device of claim 18 wherein said shuiter is posi-
tioned to close the aperture between said spectroscopy
tube and said holding structure.

12. The device of claim 1& wherein said holding struc-
ture is positioned in a plane generally paralleling the
plane of the surface of said target.

13. In a mechanism for non-destructive X-ray mech-
anism including a housing, concentric omega and two-
theta elements journaled in the housing for rotation about
a common axis, means for mounting selectively and one
at a time a crystal or a specimen on the omega element
and an X-ray detection mechanism mounted on the two-
theta element such that the two-theta element and mech-
anism together provide a rotatable two-theta assembly,
the improvement which comprises:
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(a) diffraction and spectroscopic X-ray tube mounting
structures secured to the housing;

(b) diffraction and spectroscopic X-ray tubes mounted
on the respective structures in spaced relationship
with one another;

(c¢) said diffraction X-ray tube being in alignment with
said axis such that a beam of X-rays emitted by the
diffraction tube is directed to a specimen mounted
on said omega element;

(d) said spectroscopic support structure including
means for positicning of a spectroscopic specimen in
the path of a beam emitted by said spectroscopic X-
ray tube, said spectroscopic tube and specimen sup-
port structure being positioned and aligned to emit
X-rays characteristic of the specimen toward a crystal
mounted on said omega member;

(e) at least one of said tube support structures includ-
ing a recessed portion therein positioned and aligned
to receive and overlap at least a portion of said two-
theta assembly; and,

(f) said cmega element and said two-theta assembly
being selectively rotatable one at a time through a

10

20

10

selected one of overlapping diffraction and spectrom-

eter ranges.

14. The mechanism of claim 13, wherein both of said

X-ray tube structures include recesses adapted to receive

5 and in part overlap a portion of said two-theta assembly
during extremes of rotation of said assembly.

2,791,698
2,870,337
2,939,997
3,072,789
3,218,459
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