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(57) ABSTRACT 

A ?uorescent X-ray analyzing apparatus includes a second 
ary target device therein. The secondary target device 
includes a target main body, and an X-ray blocking member 
for preventing an irradiation of primary X-rays from a X-ray 
source to a sample. The target main body is formed of plural 
target members in Which secondary target materials are 
formed on at least target surfaces facing a central axis, and 
the target members are arranged concentrically to have 
different distances from the central axis. Accordingly, the 
primary X-rays do not pass through a space betWeen the 
target members, and are irradiated only at the target surfaces 
of the target members. The secondary X-rays from the target 
surfaces pass through the space betWeen the target members, 
and reach the sample. 
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FLUORESCENT X-RAY ANALYZING APPARATUS 
AND SECONDARY TARGET DEVICE DISPOSED 

THEREIN 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

[0001] The present invention relates to a secondary target 
device Which generates secondary X-rays called ?uorescent 
X-rays by irradiating X-rays (primary X-rays) generated 
from an X-ray source, and a ?uorescent X-ray analyZing 
apparatus in Which the ?uorescent X-rays generated from 
the secondary target device are irradiated to a sample, and 
?uorescent X-rays generated from the sample are used to 
carry out a qualitative and quantitative analysis. 

[0002] In a ?uorescent X-ray analysis, a Wavelength and 
an intensity of characteristic X-rays generated from a sample 
by irradiating X-rays to the sample are measured, to thereby 
carry out a qualitative and quantitative analysis of elements 
in the sample. In the ?uorescent X-ray analysis, there have 
been knoWn a direct irradiation method in Which X-rays 
(primary X-rays) generated from an X-ray source are 
directly irradiated to a sample, and a secondary target 
method Which uses a secondary target. 

[0003] In the direct irradiation method, primary X-rays 
generated from an X-ray tube are directly irradiated to the 
sample, and ?uorescent X-rays generated from the sample 
are detected by an X-ray detector, such as a semiconductor 
detector. In the direct irradiation method, since it is possible 
to analyZe a Wide range of elements, the direct irradiation 
method is suitable for a detection of unknoWn micro 
elements. 

[0004] On the other hand, the secondary target method 
improves a limit of detecting micro-elements by making 
excited X-rays monochromatic, and in the secondary target 
method, primary X-rays are irradiated to the secondary 
target formed of a material Which differs from an anode 
target of an X-ray tube, to thereby generate ?uorescent 
X-rays including characteristic X-rays Which are inherent to 
the secondary target, so that continuous X-rays included in 
the primary X-rays are decreased. Therefore, a signal-to 
noise (S/N) ratio of the ?uorescent X-rays from the sample 
is improved, to thereby improve the limit of detecting the 
micro-elements. 

[0005] In the ?uorescent X-ray analyZing apparatus, it has 
been desired to have a Wide applicability for both detection 
of an unknoWn micro-element and highly sensitive analysis 
of a speci?c micro-element, and there has been proposed an 
analyZing apparatus Which can perform both analyses by the 
direct irradiation method and by the secondary target 
method by sWitching these methods. 

[0006] Conventionally, as a structure for sWitching the 
analysis by the direct irradiation method and the analysis by 
the secondary target method, there has been used a second 
ary target device and a ?uorescent X-ray analyZing appara 
tus, Wherein a secondary target is disposed at a position 
diverting from a straight line connecting betWeen an X-ray 
source and a sample in the secondary target device so as not 
to directly irradiate primary X-rays from an X-ray tube to the 
sample, so that only secondary X-rays from the secondary 
target are irradiated to the sample, and in case the primary 
X-rays are directly irradiated to the sample, an orientation of 
the X-ray source is changed. 
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[0007] In the secondary target device and the ?uorescent 
X-ray device described above, although the direct irradiation 
method and the secondary target method are achieved by one 
apparatus, there have been the folloWing problems. Namely, 
since a moving mechanism for rotating the X-ray source is 
necessary, the apparatus becomes a large siZe. Also, since an 
X-ray irradiating condition (irradiation angle and irradiation 
position) by the direct irradiation method does not alWays 
coincide With an X-ray irradiating condition by the second 
ary target method, there is a problem in an accuracy of a 
correspondence betWeen the measured data by both meth 
ods. 

[0008] Also, there has been proposed a secondary target 
device and a ?uorescent X-ray device as disclosed in J apa 
nese Patent Publication (KOKAI) No. 10-325814, in Which 
a secondary target is disposed on a straight line connecting 
betWeen an X-ray source and a sample. In a case of using the 
secondary target and a case of directly irradiating primary 
X-rays, irradiated X-rays are sWitched While an orientation 
of the X-ray source is ?xed. 

[0009] In the conventional secondary target device and the 
?uorescent X-ray analyZing apparatus, as described above, 
there are problems, such as an increase of the siZe of the 
apparatus, and an accuracy problem in the correspondence 
betWeen the measured data due to the difference betWeen the 
X-ray irradiating conditions With respect to the sample. 

[0010] Also, in the proposed apparatus described above, 
since the irradiated X-rays can be sWitched While the ori 
entation of the X-ray source is ?xed, a holloW section of the 
secondary target is formed into a tapered form in Which an 
opening section at an X-ray source side is large and an 
opening section at a sample side is narroWed. Therefore, 
primary X-rays from the X-ray source can be irradiated With 
a large effective solid angle to the secondary target, but an 
effective solid angle of the secondary target observed from 
the sample is reduced, and an angle of observing the sample 
from the secondary target is shalloW, so that enough sec 
ondary X-rays can not be irradiated to the sample, resulting 
in dif?culty in obtaining a high measurement sensitivity. 

[0011] Also, in both conventional apparatus and proposed 
apparatus, since the secondary X-rays expand on a surface 
of the sample in a relatively large range, it is dif?cult to limit 
an irradiation area on the surface of the sample by the 
secondary X-rays into a very small area, so that these 
apparatuses can not be applied to an analysis of a minute 
portion. 
[0012] Accordingly, the present invention has been made 
to solve the aforementioned problems, and an object of the 
invention is to provide a secondary target device in Which 
X-ray irradiating conditions in sWitching the irradiated 
X-rays are held constant, to thereby irradiate enough sec 
ondary X-rays With respect to a sample and to irradiate the 
secondary X-rays to a minute portion of the sample. 

[0013] Another object of the invention is to provide a 
?uorescent X-ray analyZing apparatus, in Which X-ray irra 
diating conditions in sWitching the irradiated X-rays are held 
constant and enough secondary X-rays are retained to 
thereby improve a detection sensitivity, and to improve a 
sensitivity of analyZing the minute portion of the sample. 

[0014] Further objects and advantages of the invention 
Will be apparent from the folloWing description of the 
invention. 
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SUMMARY OF THE INVENTION 

[0015] To achieve the aforementioned objects, in the 
present invention, an X-ray irradiating condition in case of 
switching irradiated X-rays is maintained to be constant by 
disposing an X-ray source, a target main body, and a sample 
on a straight line, and further, in the structure described 
above, an effective solid angle of observing a target surface 
from the X-ray source and an effective solid angle of 
observing the target surface from a sample irradiation posi 
tion are substantially enlarged, so that enough secondary 
X-rays are irradiated to the sample. Accordingly, a high 
detection sensitivity can be obtained in a ?uorescent X-ray 
analyZing apparatus. 

[0016] Also, in substantially enlarging the effective solid 
angles, the secondary X-rays irradiated from a plurality of 
target surfaces are condensed to an irradiation area of the 
sample, and an irradiation of the secondary X-rays to an area 
other than the irradiation area is limited, so that the second 
ary X-rays are irradiated to a minute portion of the sample. 
Accordingly, a sensitivity of analyZing the minute portion is 
increased in the ?uorescent X-ray analyZing apparatus. 
Incidentally, the effective solid angle is a solid angle of 
observing a predetermined region or surface from a certain 
point, and in the secondary target device and the ?uorescent 
X-ray analyZing apparatus of the invention, the effective 
solid angle is formed by treating the target surface as the 
predetermined region surface. 

[0017] Therefore, in the target device of the invention, the 
X-ray source, a sample irradiation position, the target main 
body having a plurality of target members, and an X-ray 
blocking member for blocking an irradiation of primary 
X-rays to the sample irradiation position are arranged on a 
straight line. 

[0018] In the target main body, the straight line connecting 
the X-ray source and the sample irradiation position consti 
tutes a central aXis, and the plurality of target members is 
arranged at positions having different distances from the 
central aXis. In each of the target members, a secondary 
target material is provided on at least a surface of the target 
member opposed to the central aXis, and the surface 
described above constitutes a target surface. Incidentally, the 
secondary target material can be provided on a rear surface 
of the target member Which is not opposed to the central 
aXis, or the entire target member can be formed of the 
secondary target material, or the target member can be a 
structure in Which the secondary target material is provided 
on a front surface of an X-ray shielding material as a base 
or substrate. 

[0019] The target members can be structured in cylindrical 
forms, in Which a plurality of the target members is disposed 
on respective circumferences of concentric circles having 
the straight line connecting the X-ray source and the sample 
irradiation position as the central aXis. Also, as long as the 
target members have different distances from the central 
aXis, the target members are not limited to the cylindrical 
shapes, and may be polygonal shapes, or the target members 
may have a structure in Which the target members are 
disposed only in predetermined diametral directions from 
the central aXis. Also, the target members may be disposed 
continuously, or separated or dispersed. 

[0020] In setting the straight line connecting the X-ray 
source and the sample irradiation position as the central aXis, 
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a plurality of the target members is disposed around the 
diametral direction of the central aXis. In case of sWitching 
the irradiated X-rays, an X-ray irradiating condition by a 
direct irradiation method and an X-ray irradiating condition 
by a secondary target method can be made the same. 
Incidentally, a disposition of plural target members on the 
respective circumferences of the concentric circles is an 
eXample of the disposition of plural target members around 
the diametral direction of the central ads. 

[0021] In this structure, there is formed an effective solid 
angle of observing the target surface of the target member 
from the X-ray source or the sample irradiation position. 
Incidentally, in case the target members are respectively 
disposed in a direction of a normal line from the central aXis 
to be space aWay from each other With a predetermined 
interval therebetWeen, the effective solid angle constitutes 
an angle of observing a surface, Which is formed in a range 
of a predetermined distance from a center and extends in a 
form of a concentric circle, from a certain point. HoWever, 
in the present invention, the shape is not limited to the 
concentric circle, and may be selected according to the 
shapes of the target members and the target surfaces, or the 
disposition location thereof. 

[0022] In the secondary target device of the invention, in 
order to effectively irradiate the secondary X-rays to the 
sample While the irradiation of the primary X-rays to the 
sample is being prevented, the primary X-rays from the 
X-ray source are required not to pass through a space 
betWeen the target members and irradiated only to the target 
surfaces of the target members. Also, the secondary X-rays 
from the target surfaces are required to pass through the 
space betWeen the target members and reach the sample 
irradiation position. 
[0023] In order to ful?ll the above requirements, in the 
structures of the target main body of the invention, a length 
of each target member in the central aXis direction and a 
disposition interval in the diametral direction betWeen the 
adjacent target members are required to satisfy the ?rst 
condition regarding the primary X-rays and the second 
condition regarding the secondary X-rays. Here, the ?rst 
condition constitutes a condition in Which an effective solid 
angle of observing the target surface from the primary X-ray 
source coincides With an effective solid angle of observing 
the space betWeen the adjacent target members in the target 
surface side, and the second condition constitutes a condi 
tion in Which an effective solid angle of observing the target 
surface from the sample irradiation position coincides With 
an effective solid angle of observing the space betWeen the 
adjacent target members from the sample irradiation posi 
tion in the target surface side. 

[0024] Since the target members have the structures as 
described above, the primary X-rays can be irradiated to the 
target surfaces Without being blocked by the adjacent target 
members, and the secondary X-rays generated at the target 
surfaces can reach the sample irradiation position Without 
being blocked by the adjacent target members, to thereby 
form the effective solid angles of the respective target 
members. Also, by arranging a plurality of the target mem 
bers as described above, the respective effective solid angles 
can be consolidated to have a large effective solid angle 
Which is enlarged as a Whole. 

[0025] Also, in the present invention, the X-ray blocking 
member is disposed on the central aXis. The X-ray blocking 
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member is provided for preventing the primary X-rays 
generated from the X-ray source from being irradiated to the 
sample irradiation position, and the X-ray blocking member 
assures the irradiation of the secondary X-rays to the sample 
irradiation position. 

[0026] Further, the ?uorescent X-ray analyZing apparatus 
of the invention constitutes a ?uorescent X-ray analyZing 
apparatus With the target device of the invention, and the 
?uorescent X-ray analyZing apparatus of the invention is 
formed of an X-ray source for generating X-rays, a second 
ary target device of the invention, and an X-ray detector for 
detecting ?uorescent X-rays generated from a sample. 

[0027] In the ?uorescent X-ray analyZing apparatus of the 
invention, by using the target device of the invention, the 
X-ray irradiating condition in case of sWitching the irradi 
ated X-rays can be maintained to be constant, and at the 
same time, a detecting sensitivity can be improved by 
obtaining enough secondary X-rays irradiated to the sample. 

[0028] Also, according to the target device of the inven 
tion, by condensing the secondary X-rays With respect to the 
sample position, the sensitivity of analyZing the minute 
portion can be increased. 

[0029] In analyZing the minute portion, it is structured that 
a shielding member having an opening section, Which limits 
an area of irradiating the secondary X-rays in the sample, on 
the central axis is provided betWeen the secondary target 
device and the sample irradiation position. Thus, an irradia 
tion of the secondary X-rays to areas other than the area, to 
Which the secondary X-rays are irradiated, is limited to 
condense the secondary X-rays to the sample position, to 
thereby increase the sensitivity of analyZing the minute 
portion. 

[0030] Also, one or both of a collimator for directly 
irradiating the primary X-rays to the sample and a ?lter for 
absorbing a part of the primary X-rays are provided, and 
there is disposed a driving device for disposing one of the 
secondary target device, the collimator and the ?lter on the 
central axis. The collimator, the ?lter, or the secondary 
device is sWitchably disposed on the straight line connecting 
betWeen the X-ray source and the sample by the driving 
device. Accordingly, in case the collimator is disposed, the 
primary X-rays can be directly irradiated to the sample, and 
in case the ?lter is disposed, X-rays With speci?c Wave 
lengths in the primary X-rays can be irradiated. Also, in case 
the secondary target device is disposed, by generating ?uo 
rescent X-rays including characteristic X-rays inherent to 
the secondary targets, continuous X-rays contained in the 
primary X-rays can be decreased, and a signal-to-noise 
(S/N) ratio of the ?uorescent X-rays from the sample can be 
improved, to thereby carry out the highly sensitive detection 
of the micro-elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a vieW for schematically explaining a 
target device and a ?uorescent X-ray analyZing apparatus of 
the invention; 

[0032] FIG. 2 is a schematic vieW for shoWing an example 
of a target main body of the invention; 

[0033] FIG. 3 is a schematic sectional vieW of target 
members of the invention; 
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[0034] FIG. 4 is a schematic vieW for explaining paths in 
Which primary X-rays and secondary X-rays pass; 

[0035] FIGS. 5(a) through 5(c) are schematic vieWs for 
explaining a ?rst example of the target member of the 
invention; 
[0036] FIGS. 6(a) through 6(c) are schematic vieWs for 
explaining an example of holding second target materials of 
the invention; 

[0037] FIG. 7 is a schematic vieW for explaining a mecha 
nism of sWitching irradiated X-rays; 

[0038] FIG. 8 is a schematic vieW for explaining another 
example of a target main body applied to the secondary 
target device of the invention; 

[0039] FIGS. 9(a) through 9(6) are schematic vieWs for 
explaining a still another example of the target main body 
applied to the secondary target device of the invention; and 

[0040] FIGS. 10(a) and 10(b) are schematic vieWs for 
explaining a still further example of the target main body 
applied to the secondary target device of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0041] Hereunder, embodiments of the present invention 
Will be explained With reference to the attached draWings. 

[0042] FIG. 1 is a vieW for schematically explaining a 
target device and a ?uorescent X-ray analyZing apparatus of 
the invention. 

[0043] A secondary target device 2 includes a target main 
body and an X-ray blocking member 20, and is disposed on 
a central axis C (shoWn by a single-dotted line in the FIG. 
1) connecting betWeen an X-ray source 3 and a sample 
irradiation position 4. The secondary target device 2 gener 
ates secondary X-rays 32 by receiving primary X-rays 31 
from the X-ray source 3, and irradiates the secondary X-rays 
32 to a sample S disposed at the sample irradiation position 
4. Also, a ?uorescent X-ray analyZing apparatus 1 includes 
the target device 2 and an X-ray detector 6 for detecting a 
characteristic X-ray 33 generated from the sample S by 
irradiation of the secondary X-rays 32, to thereby measure 
a Wavelength and a strength or intensity of the characteristic 
X-ray 33, so that the apparatus 1 carries out a qualitative and 
quantitative analysis of elements in the sample S. 

[0044] The target main body 10 includes a plurality of 
target members 11 including 11a, 11b, 11c, 11d, 11c and 11f, 
and the target members 11a through 11f are disposed radially 
by respectively changing distances from the central axis C. 
In the target members 11a through 11f at least target 
surfaces thereof facing the central axis C are provided With 
secondary target materials. On the central axis C, there is 
disposed the X-ray blocking member 20, Which prevents the 
primary X-rays 31 generated in the X-ray source 3 from 
reaching the sample irradiation position 4, and only the 
secondary X-rays 32 generated at the target surfaces are 
irradiated to the sample S. 

[0045] Incidentally, the X-ray source 3 is formed of, for 
example, a heater radiating thermoelectrons and an anode 
target Which generates the primary X-rays 31 by collisions 
With the thermoelectrons, and the anode target may be 
formed of a material, such as rhodium (Rh), chromium (Cr), 
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copper (Cu), molybdenum (Mo), and tungsten Also, the 
target members 11 may be made of a material corresponding 
to the desired characteristic X-ray, such as aluminum (Al), 
copper (Cu), germanium (Ge), yttrium (Y) and tin (Sn). 

[0046] Further, in the X-ray source 3 and the target main 
body 10, there are disposed shielding members 5‘, 5 for 
shielding the primary X-rays 31 and the secondary X-rays 
32. The shielding member 5‘ provided in the X-ray source 3 
has an opening section 5a through Which the central aXis C 
passes in order to radiate the primary X-rays 31 generated in 
the X-ray source 3 toWard a sample S side. Also, the 
shielding member 5 provided in the target main body 10 has 
an opening section 5b through Which the central aXis C 
passes to irradiate the primary X-rays 31 only to the target 
members 11 such that the primary X-rays 31 are not irradi 
ated to the sample S, and an opening section 5c through 
Which the central aXis C passes, to condense the secondary 
X-rays 32 generated in the target members 11 to the sample 
irradiation position 4. At the same time, the shielding 
member 5 provided in the target main body 10 shields the 
secondary X-rays 32 such that the secondary X-rays 32 do 
not reach the X-ray detector 6. 

[0047] Incidentally, the X-ray blocking member 20 and 
the shielding members 5, 5‘ can be formed of an X-ray 
shielding material, such as lead (Pb). 

[0048] FIG. 2 is a schematic vieW for shoWing a ?rst 
eXample of the target main body. The target main body 10 
in the ?rst eXample includes the target members 11a through 
11f, Which have cylindrical shapes With different diameters 
and are disposed in the forms of concentric circles around 
the central aXis C. The X-ray blocking member 20 is 
disposed at a center position of the target main body 10. 

[0049] The target members 11a through 11f are required to 
satisfy a predetermined disposition relationship in order to 
effectively irradiate the primary X-rays to the target mem 
bers 11a through 11f and the secondary X-rays to the sample. 
Hereinafter, this positional relationship of the target mem 
bers Will be eXplained With reference to FIG. 3. 

[0050] FIG. 3 is a schematic sectional vieW of the target 
members 11, and tWo adjacent target members 11m and 1111 
are shoWn as an eXample. Each of the target members 11m 
and 1111 has a length l in a direction of the central aXis C, and 
a target surface 11A of the target member 11m is disposed at 
a position aWay from the central aXis C for a space or length 
dm in the diametral direction. The target surface 11A of the 
target member 1111 is disposed at a position aWay from the 
central aXis C for a space dn in the diametral direction. The 
target members 11m and 1111 are spaced apart from each 
other for a disposition interval dmn in the diametral direc 
tion. Also, the target members 11m and 1111 have side ends 
located aWay from a center 3a of the X-ray source 3 for a 
distance D1 on the central aXis C, and the opposite side ends 
located aWay from a center 4a of the sample irradiation 
position 4 for a distance D2 on the central aXis C. The target 
surfaces 11A of the target members 11m and 1111 are 
disposed parallel to the central aXis C. 

[0051] An angle 0t on a sectional surface including the 
central aXis C in case the target surface 11A of the target 
member 11m is seen from the center 3a of the X-ray source 
3, is determined by an angle formed betWeen one end of the 
target member 11m at an X-ray source 3 side and the other 
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end of the target member 11m at a sample irradiation 
position 4 side, and the angle 0t forms an effective solid 
angle a With respect to observing surfaces around the central 
aXis C observing from the X-ray source 3. Here, in order to 
effectively irradiate the primary X-rays 31 to the target 
surface of the target member 11m, the adjacent target mem 
ber 1111 is required to be disposed outside the angle 0t 
(effective solid angle a), so that the target 1111 does not block 
the primary X-rays 31. Also, it is necessary that the primary 
X-rays 31 do not directly reach the sample S. 

[0052] Also, as in the angle 0t, an angle [3 on the sectional 
surface including the central aXis C in case the target surface 
11A of the target member 11m is seen from the center 4a of 
the sample irradiation position 4, is determined by an angle 
betWeen the one end of the target member 11m at the X-ray 
source 3 side and the other end of the target member 11m at 
the sample irradiation position 4 side. The angle [3 forms an 
effective solid angle b With respect to observing surfaces 
around the central aXis C observing from the sample irra 
diation position 4. 

[0053] Here, in order to alloW the secondary X-rays 32 
generated in the target surface 11A to reach the sample 
irradiation position 4 effectively, it is necessary to dispose 
the adjacent target member 1111 outside the angle [3 (effective 
solid angle b), so that the target member 1111 does not block 
the secondary X-rays 32. 

[0054] The length l of the target member 11 in the direc 
tion of the central aXis C, and the disposition interval dmn 
betWeen the target members 11m and 1111 are set to satisfy 
the above conditions. Incidentally, the angle 0t (effective 
solid angle a), the angle [3 (effective solid angle b) can be 
determined geometrically by the length l, the disposition 
interval dmn, and the distances D1 and D2. 

[0055] An effective solid angle A observing the target 
members 11 from the X-ray source 3 is formed by combin 
ing the effective solid angles a, respectively formed betWeen 
the tWo adjacent target members, among the plural target 
members 11a through 11f. Here, by arranging the adjacent 
target members to be located outside the angle 0t of observ 
ing each target surface, the effective solid angle A can be a 
solid angle of observing a diameter of the target member 11a 
provided at the outermost circumference eXcept a solid angle 
portion of the X-ray blocking member 20 disposed on the 
central aXis C. 

[0056] Also, an effective solid angle B of observing the 
target members 11 from the sample irradiation position 4 is 
formed by combining the effective solid angles b, Which are 
respectively formed betWeen the tWo adjacent target mem 
bers, among the plural target members 11. Here, by arrang 
ing the adjacent target members to be located outside the 
angle [3 of observing each of the target surfaces, the effective 
solid angle B can be an angle of observing the diameter of 
the target member 11a provided at the outermost circum 
ference eXcept the solid angle portion of the X-ray blocking 
member 20 disposed on the central aXis C. 

[0057] Next, paths through Which the primary X-rays and 
the secondary X-rays pass Will be explained With reference 
to FIG. 4. 

[0058] The X-ray source 3 generates the primary X-rays 
31 in a certain intensity distribution (for eXample, an inten 
sity distribution 31a shoWn in FIG. 4), and the primary 
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X-rays 31 are emitted from the opening section 5a of the 
shielding member 5‘ toward the secondary target main body 
10 side. Incidentally, the shielding member 5‘ of the X-ray 
source 3 prevents leakage of the primary X-rays toWard 
areas other than the secondary target main body 10 side. The 
primary X-rays 31 radiated from the X-ray source 3 pass 
through the opening section 5b of the shielding member 5‘ 
surrounding a periphery of the target members 11, and are 
irradiated to the target surfaces 11A of the target member 11. 

[0059] The primary X-rays 31, Which have passed through 
the opening section 5b, pass through a space betWeen the 
adjacent target members 11m and 1111, and are irradiated to 
the target surface 11A of the target member 11m. By setting 
the length l of the target member and the disposition interval 
dmn or the like to satisfy the aforementioned conditions, the 
target surface 11A is effectively irradiated Without being 
blocked by the target member 1111. 

[0060] In the target surface 11A, by an excitation due to 
the irradiated primary X-rays 31, in the certain intensity 
distribution (for example, intensity distributions 32a and 
32b shoWn in FIG. 4), the secondary X-rays 32, Which have 
a spectrum inherent to the second target material, are gen 
erated. By setting the length l and the disposition interval 
dmn or the like to satisfy the above conditions, among the 
generated secondary X-rays 32, X-rays to be transferred to 
the sample irradiation position 4 are directed to the sample 
irradiation position 4 Without being blocked by the target 
member 1111. 

[0061] Furthermore, the secondary X-rays 32 generated in 
the target surface 11A are narroWed doWn by the shielding 
member 5, the inner diameter of Which is narroWed toWard 
the sample irradiation position 4 direction, and are irradiated 
to the sample irradiation position 4 through the opening 
section 5c. A distribution curve shoWn in a right end section 
of FIG. 4 schematically shoWs an intensity distribution of 
the secondary X-rays Which reach the sample irradiation 
position 4. By using the shielding member 5, the inner 
diameter of Which is narroWed, the secondary X-rays 32 are 
alloWed to pass through the opening section 5c With a small 
diameter, so that a range of an irradiation area of the 
secondary X-rays 32 can be narroWed, to thereby increase an 
analyZing sensitivity. Incidentally, broken lines and an arroW 
line in the distribution curve respectively shoW a limitation 
range and the irradiation area by the shielding member 5 of 
the target members 11. In a structure Which is not provided 
With the shielding member 5 of the target members 11, the 
secondary X-rays are irradiated at the sample irradiation 
position 4 in a large range, so that the analyZing sensitivity 
is decreased. 

[0062] Therefore, the shielding member 5 of the target 
members 11 prevents the primary X-rays from irradiating to 
areas other than the secondary target device 2 side, and at the 
same time, the shielding member 5 of the target member 11 
condenses the secondary X-rays 32 toWard the sample 
radiation position 4. 

[0063] Next, examples of the target member Will be 
explained With reference to FIGS. 5(a) through 5(c). FIG. 
5(a) is a ?rst example of the target member, and is formed 
by adhesion or vapor deposition of a secondary target 
material 11C on both surfaces of a substrate or base 11B 
made of an X-ray shielding material. The substrate 11B has 
a thickness Which prevents the primary X-rays from passing 
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therethrough. Also, the secondary target material 11C has 
preferably a ?lm thickness Which can provide enough ?uo 
rescent X-rays excited from the secondary target material by 
the primary X-rays, and Which can provide the maximum 
?uorescent X-rays. Also, the thickness of the secondary 
target material 11C is preferable selected such that the 
?uorescent X-rays generated from the X-rays shielding 
materials of the substrate are fully absorbed therein. Further, 
it is desirable that the ?lm thickness of the secondary target 
material 11C is considered as a bulk. 

[0064] It is enough that the secondary target material 11C 
is provided on at least one surface of the target member 11, 
to Which the primary X-rays are irradiated, and a surface 
Where the primary X-rays are not irradiated can constitute a 
substrate surface. In a second example shoWn in FIG. 5(b), 
the secondary target material 11C is provided only on one 
surface of the target member 11. Also, as in a third example 
shoWn in FIG. 5(c), there can be adopted a structure formed 
of only the secondary target material 11C Without using the 
substrate or base. 

[0065] Examples of holding the secondary target members 
Will be explained With reference to FIGS. 6(a) through 6(c). 
In an example of holding the secondary target materials 
shoWn in FIG. 6(a), a plurality of secondary target members 
11 is held by a single supporting member 21, and the 
supporting member 21 formed of the X-ray shielding mate 
rial is provided to pass through a center of the respective 
secondary target members 11. In a holding example shoWn 
in FIG. 6(b), a plurality of secondary target members 11 is 
held by tWo supporting members 21a and 21b, and the 
supporting members 21a and 21b formed of the X-ray 
shielding material pass through a center of the respective 
secondary target members 11 With a predetermined angle 
therebetWeen. The supporting members 21, 21a, and 21b 
may be formed in a shape of a Wire With a small diameter, 
and the irradiation of the primary X-rays to the target surface 
is made a very small to be ignored. 

[0066] Also, in a holding example shoWn in FIG. 6(c), a 
plurality of secondary target members 11 is held by a 
plate-like supporting member 22, and grooves or slits 23 are 
formed in one side of the plate-like supporting member 22 
made of the X-ray shielding material such that the grooves 
23 are provided With intervals therebetWeen, Which are the 
same as the disposition intervals betWeen the secondary 
target members 11. By inserting the secondary target mem 
bers 11 into the grooves 23 at positions such that the 
supporting member 22 passes through the center of the 
secondary target members 11, the secondary target members 
11 can be held by the supporting member 22. The thickness 
of the supporting member 22 can be made thin suf?ciently 
With respect to the effective solid angle, and the supporting 
member 22 becomes substantially parallel to a direction of 
irradiating the primary X-rays. Thus, prevention of the 
irradiation of the primary X-rays to the target surface can be 
made very small to be ignored. Incidentally, plural sheets of 
supporting members 22 may be arranged to cross each other 
at the center position of the secondary target members 11 by 
using the plural sheets of the supporting members 22. 

[0067] Next, the ?uorescent X-ray analyZing apparatus of 
the invention has a structure such that the secondary X-rays 
and the primary X-rays are sWitched for irradiation to the 
sample. FIG. 7 is a schematic vieW for explaining a mecha 
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nism of switching the irradiated X-rays. In FIG. 7, in 
addition to the secondary target device 2 of the invention, 
there are disposed a collimator 7 Which irradiates the pri 
mary X-rays to the sample directly, and a ?lter 8 for 
absorbing a part of the primary X-rays. The collimator 7 and 
the ?lter 8 can be sWitched by a driving mechanism 9. 
Incidentally, one or both of the collimator 7 and the ?lter 8 
may be provided. 

[0068] The driving mechanism 9 moves the secondary 
target device 2, the collimator 7, and the ?lter 8 on the 
central axis C connecting betWeen the X-ray source 3 and 
the sample irradiation position 4. In case a direct excitation 
by the primary X-rays is carried out by directly irradiating 
the primary X-rays to the sample S, the collimator 7 is 
disposed on the central axis C. Also, in case X-rays With 
speci?c Wavelength are irradiated to the sample S by absorb 
ing a part of the primary X-rays, or in case of using a primary 
X-ray ?ltering method Where a background of an object 
element is decreased, the ?lter 8 is disposed on the central 
axis C. 

[0069] Also, in case the secondary target device 2 is 
disposed, by generating ?uorescent X-rays including char 
acteristic X-rays inherent to the secondary target, continuous 
X-rays contained in the primary X-rays are decreased, and 
the signal-to-noise (S/N) ratio of the ?uorescent X-rays from 
the sample is improved, to thereby achieve a highly sensitive 
detection of the micro-elements. 

[0070] Next, other examples of the target member applied 
to the secondary target device of the invention Will be 
explained With reference to FIG. 8 through FIG. 10(b). 
Incidentally, the target member shoWn in FIG. 2 constitutes 
a ?rst example. 

[0071] As shoWn in FIG. 8, in a second example of a 
target member, a shape of a secondary target member 12 is 
a polygon. Secondary target members 12a through 12f are 
formed in polygonal shapes having different side lengths, 
and disposed such that respective center positions of the 
target members coincide With the central axis C. 

[0072] In the third to seventh examples of the target 
member, divided secondary target members are assembled. 
In the third example shoWn in FIG. 9(a), secondary target 
members 13 formed into sector shapes by dividing a cir 
cumference at predetermined angels are assembled, and in 
the fourth and ?fth examples respectively shoWn in FIG. 
9(b) and FIG. 9(c), secondary target members 14 and 15 
formed into rectangular shapes are assembled radially from 
the central axis, respectively. 

[0073] Also, FIGS. 9(LD and 9(6) shoW conditions of 
secondary target members 16 and 17, respectively, seen 
from the X-ray source side in the sixth and seventh 
examples. In the sixth example, the secondary target mem 
bers 16 having sections in circular shapes are arranged 
around the central axis, and in the seventh example, the 
secondary target members 17 having sections in rectangular 
shapes are arranged around the central axis. 

[0074] In the eighth and ninth examples of the target 
member, secondary target members 18 and 19 shoWn in 
FIGS. 10(a) and 10(b) are respectively divided in lateral and 
vertical directions, and divided in a lateral direction (or 
vertical direction). 
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[0075] As in the ?rst example, in the respective divided 
target members shoWn in the third through seventh examples 
and the respective divided target members shoWn in the 
eighth and ninth examples, the length in the central axis 
direction and disposition intervals in the diametral direction 
betWeen the adjacent target members are formed to satisfy 
the ?rst condition, in Which an effective solid angle of 
observing the target surface from the primary X-ray source 
coincides With an effective solid angle of observing a space 
betWeen the target member and an adjacent target member 
at the side of the target surface from the primary X-ray 
source side, and a second condition, in Which an effective 
solid angle of observing the target surface from the sample 
irradiation position coincides With an effective solid angle of 
observing the space betWeen the target member and the 
adjacent target member from the sample irradiation position. 

[0076] As described above, according to the target device 
of the invention, the X-ray irradiating condition can be 
maintained constant in case of sWitching the irradiated 
X-rays, and at the same time, enough secondary X-rays can 
be irradiated to the sample. Also, the secondary X-rays can 
be irradiated to a minute portion of the sample. 

[0077] Also, according to the ?uorescent X-ray analyZing 
apparatus of the invention, the X-ray irradiating condition 
can be maintained constant in case of sWitching the irradi 
ated X-rays, and at the same time, enough secondary X-rays 
to be irradiated to the sample can be obtained to thereby 
improve the detection sensitivity. Further, an analyZing 
sensitivity With respect to the minute portion of the sample 
can be increased. 

[0078] While the invention has been explained With ref 
erence to the speci?c embodiments of the invention, the 
explanation is illustrative and the invention is limited only 
by the appended claims. 

What is claimed is: 
1. A secondary target device for transferring primary 

X-rays generated at a primary X-ray source to a sample as 
secondary X-rays, comprising: 

a target main body including a plurality of target members 
having target surfaces facing a central axis linking 
betWeen the primary X-ray source and the sample, and 
secondary target materials formed on the target sur 
faces, said plurality of target members being disposed 
concentrically With respect to the central axis to be 
spaced apart from each other, each of the target mem 
bers having a length in a direction along the central axis 
and a disposition interval relative to a target member 
adjacent thereto to satisfy a ?rst condition for alloWing 
the primary X-rays to enter the target surface and a 
second condition for alloWing the secondary X-rays 
generated at the target members by incidence of the 
primary X-rays to enter the sample, and 

an X-ray blocking member disposed on the central axis 
for blocking an irradiation of the primary X-rays from 
the primary X-ray source to the sample. 

2. Asecondary target device according to claim 1, Wherein 
in said ?rst condition, an effective solid angle of observing 
one target surface of one target member from the primary 
X-ray source coincides With an effective solid angle of 
observing a space betWeen said one target member and an 
adjacent target member located inside said one target mem 
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ber from the primary X-ray source, and in the second 
condition, an effective solid angle of observing the target 
surface of said one target member from the sample coincides 
With an effective solid angle of observing the space betWeen 
said one target member and said adjacent target member 
from the sample. 

3. Asecondary target device according to claim 2, Wherein 
said target members are arranged have front and back edges 
facing the X-ray source and the sample, respectively, said 
front and back edges of the target members being disposed 
parallel to each other. 

4. Asecondary target device according to claim 3, Wherein 
said target members are spaced apart from each other With 
different distances. 

5. A secondary target device according to claim 4, further 
comprising at least one support member for connecting the 
target members to be spaced apart from each other. 

6. Asecondary target device according to claim 5, Wherein 
said target surfaces are arranged parallel to the central aXis. 

7. A ?uorescent X-ray analyZing apparatus, comprising: 

a primary X-ray source for generating primary X-rays, 

a secondary target device for receiving the primary X-rays 
and providing ?uorescent X-rays to a sample, said 
secondary target device including a target main body 
located near the primary X-ray source, and an X-ray 
blocking member disposed on a central aXis linking 
betWeen the primary X-ray source and the sample to 
prevent the primary X-rays from the primary X-ray 
source from being irradiated to the sample, said target 
main body including a plurality of target members 
having target surfaces facing the central aXis and sec 
ondary target materials formed on the target surfaces, 
said plurality of target members being disposed con 
centrically With respect to the central aXis to be spaced 
apart from each other, each of the target members 
having a length in a direction along the central aXis and 
a disposition interval relative to a target member adja 
cent thereto to satisfy a ?rst condition for alloWing the 
primary X-rays to enter the target surface and a second 
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condition for alloWing the secondary X-rays generated 
at the target members by incidence of the primary 
X-rays to enter the sample, and 

an X-ray detector for detecting ?uorescent X-rays gener 
ated from the sample. 

8. A ?uorescent X-ray analyZing apparatus according to 
claim 7, Wherein in said ?rst condition, an effective solid 
angle of observing one target surface of one target member 
from the primary X-ray source coincides With an effective 
solid angle of observing a space betWeen said one target 
member and an adjacent target member located inside said 
one target member from the primary X-ray source, and in the 
second condition, an effective solid angle of observing the 
target surface of said one target member from the sample 
coincides With an effective solid angle of observing the 
space betWeen said one target member and said adjacent 
target member from the sample. 

9. A ?uorescent X-ray analyZing apparatus according to 
claim 8, further comprising a ?rst shielding member sur 
rounding said periphery of the target members, said ?rst 
shielding member having opening sections on the central 
aXis, one of the opening sections limiting an area of irradi 
ating the secondary X-rays in the sample. 

10. A ?uorescent X-ray analyZing apparatus according to 
claim 9, further comprising a second shielding member 
surrounding the X-ray source for irradiating the primary 
X-rays to the target members. 

11. A ?uorescent X-ray analyZing apparatus according to 
claim 8, further comprising at least one of a collimator for 
directly irradiating the primary X-rays to the sample and a 
?lter for absorbing a part of the primary X-rays, one of said 
secondary target device, the collimator and the ?lter being 
disposed on the central aXis. 

12. A ?uorescent X-ray analyZing apparatus according to 
claim 11, further comprising a driving device for disposing 
one of the secondary target device, the collimator, and the 
?lter on the central aXis. 


