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(57) ABSTRACT 

Novel nondestructive analysis method and nondestructive 
analysis device capable of providing a high-contrast image 
Within an object easily and in one go by setting, When an 
object (2) is irradiated With homogenous, parallel X-rays (1) 
to beam a refraction X-ray (3) from the object (2) onto a 
transmitting crystal analysis element (4a), and the refraction 
X-ray (3) is separated spectrally into a front-direction refrac 
tion X-ray (41a) and a refraction-direction refraction X-ray 
(42a) by the dynamic refracting action of the transmitting 
crystal analysis element (4a), the thickness of the transmit 
ting crystal analysis element (4a) to such one that, When no 
object is present, the intensity of either one of the front 
direction refraction X-ray (41a) and the refraction-direction 
refraction X-ray (42a) is almost Zero in comparison With the 
intensity of the other at the intensity of an X-ray little 
affected by a directly beamed X-ray. 
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NONDESTRUCTIVE ANALYSIS METHOD AND 
NONDESTRUCTIVE ANALYSIS DEVICE AND 
SPECIFIC OBJECT BY THE METHOD/DEVICE 

TECHNICAL FIELD 

[0001] The invention of this application relates to a non 
destructive analysis method, a nondestructive analysis 
device, and a speci?c object by the method/device. 

BACKGROUND ART 

[0002] A technology for analyzing the internal structure of 
an object nondestructively, there have already been various 
techniques proposed as Ways of obtaining an image inside an 
object by using X-rays, including Japanese Patent No. 
2694049. 

[0003] Here, the object is irradiated With monochromatic 
X-rays, refraction X-rays from the object are introduced to 
an analyZer crystal (also referred to crystal analysis plate, 
crystal analysis device, etc.). This utiliZes the fact that the 
analyZer crystal has an angular-analysis capability. The 
image obtained by the angular-analysis is paired With a 
similar image having different contrast betWeen the trans 
mission beam and diffraction beam (an image of opposite 
signs: speci?cally, a White-and-black image if the other 
image is black-and-White). 
[0004] Among other examples is US. Pat. No. 5,850,425, 
in Which an object is irradiated With monochromatic X-rays, 
and the refraction X-rays from the object are introduced to 
an analyZer crystal to utiliZe re?ection X-rays through the 
Bragg re?ection emitted from the analyZer crystal as ana 
lyZer crystal. 
[0005] Another technique has also been proposed in Which 
an object is irradiated With monochromatic X-rays, and 
refraction X-rays from the object are introduced to a pair of 
re?ection-type asymmetric analyZer crystals for double 
re?ection, so that an image distorted by the ?rst re?ection is 
corrected into undistorted one by the second re?ection. 

[0006] Nevertheless, these conventional nondestructive 
analysis methods have demonstrated the folloWing prob 
lems. 

[0007] Moreover, the nondestructive analysis technique of 
Japanese Patent No. 2694049 has the problem that When the 
angular-analysis capability of the transmission-type ana 
lyZer crystal is utiliZed, the effect of the Wavelength distri 
bution remains, since no consideration is given to parallel 
iZation betWeen the atomic lattice planes of the 
monochromator for generating the monochromatic X-rays 
and the atomic lattice planes of the analyZer crystal. Fur 
thermore, there is the problem of requiring complicated 
operations for storing a White-and-black image and a black 
and-White image With successive rotations of the analyZer 
crystal and forming a high contrast image through a com 
puter since no consideration is given to forming the trans 
mission-type analyZer crystal of a certain thickness and it is 
thus impossible to obtain the desired image of the object at 
a time. 

[0008] That is, any of the foregoing nondestructive analy 
sis techniques can only obtain poor-contrast, hard-to-recog 
niZe images due to the con?guration that is chie?y intended 
to obtain an X-ray bright-?eld image, or an X-ray image or 
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information on an object, superimposed With X-rays affected 
by the intensity of the X-rays incident directly in the X-ray 
bright-?eld image. It has thus been impossible to obtain 
nothing other than poor-contrast, hard-to-recogniZe images. 

[0009] The invention of this application has been achieved 
in vieW of the foregoing. Thus, an object of the invention is 
to solve the problems of the conventional art and provide a 
neW nondestructive analysis method and nondestructive 
analysis device, as Well as a speci?c object by those non 
destructive analysis method and device, Which can realiZe a 
con?guration chie?y intended to obtain an X-ray dark-?eld 
image in particular, or an X-ray image or object information 
by X-rays, unaffected by the intensities of the X-rays inci 
dent directly With an elimination or a reduction of an 
unnecessary illuminated background of X-rays, and can 
obtain a high-contrast image from inside an object at a time 
With facility. 

SUMMARY OF THE INVENTION 

[0010] To solve the foregoing problems, the invention of 
this application ?rstly provides a nondestructive analysis 
method for irradiating an object With monochromatic par 
allel X-rays, making transmission X-rays, refraction X-rays, 
diffraction X-rays, or small angle scattering X-rays from the 
object incident on a transmission-type analyZer crystal, and 
obtaining an image inside the object by X-rays emitted from 
the transmission-type analyZer crystal, characteriZed in that: 
the thickness of the transmission-type analyzer crystal is 
initially set to such a thickness that When there is no object, 
either ones of X-rays along a forWard diffraction direction 
and X-rays along a diffraction direction obtained by a 
dynamical diffraction action of the transmission-type ana 
lyZer crystal have an intensity of nearly Zero as compared to 
the intensity of the others in terms of the intensity of X-rays 
less affected by X-rays incident directly; and either ones or 
both of the X-rays along the forWard diffraction direction 
and the X-rays along the diffraction direction are obtained 
When transmission X-rays, refraction X-rays, diffraction 
X-rays, or small angle scattering X-rays from the object are 
made incident on the transmission-type analyZer crystal. 

[0011] The present invention in secondly provides a non 
destructive analysis method for irradiating an object With 
monochromatic parallel X-rays, making transmission 
X-rays, refraction X-rays, diffraction X-rays, or small angle 
scattering X-rays from the object incident on a transmission 
type analyZer crystal, and obtaining an image inside the 
object by X-rays emitted from the transmission-type ana 
lyZer crystal, characteriZed in that: the thickness of the 
transmission-type analyZer crystal is initially set to such a 
thickness that When there is no object, either ones of X-rays 
along a forWard diffraction direction and X-rays along a 
diffraction direction obtained by a dynamical diffraction 
action of the transmission-type analyZer crystal have an 
intensity of nearly Zero as compared to the intensity of the 
others in terms of the intensity of X-rays less affected by 
X-rays incident directly; and either one or both of an X-ray 
dark-?eld image and an X-ray bright-?eld image are pro 
vided When transmission X-rays, refraction X-rays, diffrac 
tion X-rays, or small angle scattering X-rays from the object 
are made incident on the transmission-type analyZer crystal. 

[0012] In addition, the invention of this application thirdly 
provides a nondestructive analysis method for irradiating an 
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object With monochromatic parallel X-ray, making trans 
mission X-rays, refraction X-rays, diffraction X-rays, or 
small angle scattering X-rays from the object incident on a 
re?ection-type analyZer crystal, and obtaining an image 
inside the object by X-rays emitted from the re?ection-type 
analyZer crystal, characteriZed in that; transmitted transmis 
sion X-rays are provided by a dynamical diffraction action 
of the re?ection-type analyZer crystal. The present invention 
in 4th provides a nondestructive analysis method for irradi 
ating an object With monochromatic parallel X-rays, making 
transmission X-rays, refraction X-rays, diffraction X-rays, 
or small angle scattering X-rays from the object incident on 
a re?ection-type analyZer crystal, and obtaining an image 
inside the object by X-rays emitted from the re?ection-type 
analyZer crystal, characteriZed in that: a transmitted X-ray 
dark-?eld image is provided by a dynamical diffraction 
action of the re?ection-type analyZer crystal. 

[0013] In addition, the invention of this application in 5th 
provides a nondestructive analysis device for irradiating an 
object With monochromatic parallel X-rays, making trans 
mission X-rays, refraction X-rays, diffraction X-rays, or 
small angle scattering X-rays from the object incident on a 
transmission-type analyZer crystal, and obtaining an image 
inside the object by X-rays emitted from the transmission 
type analyZer crystal, characteriZed in that: the thickness of 
the transmission-type analyZer crystal is initially set to such 
a thickness that When there is no object, either ones of 
X-rays along a forWard diffraction direction and X-rays 
along a diffraction direction obtained by a dynamical dif 
fraction action of the transmission-type analyZer crystal 
have an intensity of nearly Zero as compared to the intensity 
of the others in terms of the intensity of X-rays less affected 
by X-rays incident directly; and either ones or both of the 
X-rays along the forWard diffraction direction and the 
X-rays along the diffraction direction are obtained When 
transmission X-rays, refraction X-rays, diffraction X-rays, 
or small angle scattering X-rays from the object are made 
incident on the transmission-type analyZer crystal. 

[0014] The present invention in 6th provides a nondestruc 
tive analysis device for irradiating an object With monochro 
matic parallel X-rays, making transmission X-rays, refrac 
tion X-rays, diffraction X-rays, or small angle scattering 
X-rays from the object incident on a transmission-type 
analyZer crystal, and obtaining an image inside the object by 
X-rays emitted from the transmission-type analyZer crystal, 
characteriZed in that: the thickness of the transmission-type 
analyZer crystal is initially set to such a thickness that When 
there is no object, either ones of X-rays along a forWard 
diffraction direction and X-rays along a diffraction direction 
obtained by a dynamical diffraction action of the transmis 
sion-type analyZer crystal have an intensity of nearly Zero as 
compared to the intensity of the others in terms of the 
intensity of X-rays less affected by X-rays incident directly; 
and either one or both of an X-ray dark-?eld image and an 
X-ray bright-?eld image are provided When transmission 
X-rays, refraction X-rays, diffraction X-rays, or small angle 
scattering X-rays from the object are made incident on the 
transmission-type analyZer crystal. 

[0015] In addition, the invention of this application in 7th 
provides a nondestructive analysis device for irradiating an 
object With monochromatic parallel X-rays, making trans 
mission X-rays, refraction X-rays, diffraction X-rays, or 
small angle scattering X-rays from the object incident on a 
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transmission-type analyZer crystal, and obtaining an image 
inside the object by X-rays emitted from the transmission 
type analyZer crystal, characteriZed in that: the transmission 
type analyZer crystal is initially shaped so that it periodically 
eXhibit such thicknesses that When there is no object, either 
ones of X-rays along a forWard diffraction direction and 
X-rays along a diffraction direction obtained by a dynamical 
diffraction action of the transmission-type analyZer crystal 
have an intensity of nearly Zero as compared to the intensity 
of the others in terms of the intensity of X-rays less affected 
by X-rays incident directly; a slit plate is arranged on an 
output side of the transmission-type analyZer crystal; When 
transmission X-rays, refraction X-rays, diffraction X-rays, 
or small angle scattering X-rays from the object are made 
incident on the transmission-type analyZer crystal, the trans 
mission-type analyZer crystal and the slit plate are moved or 
the object is moved to obtain a plurality of slit-like images; 
and the images are synthesiZed into either one or both of an 
X-ray dark-?eld image and an X-ray bright-?eld image. 

[0016] In addition, the invention of this application in 8th 
provides a nondestructive analysis device for irradiating an 
object With monochromatic parallel X-rays, making trans 
mission X-rays, refraction X-rays, diffraction X-rays, or 
small angle scattering X-rays from the object incident on a 
re?ection-type analyZer crystal, and obtaining an image 
inside the object by X-rays emitted from the re?ection-type 
analyZer crystal, characteriZed in that; transmitted transmis 
sion X-rays are obtained by a dynamical diffraction action of 
the re?ection-type analyzer crystal. 

[0017] The present invention in 9th provides a nondestruc 
tive analysis device for irradiating an object With monochro 
matic parallel X-rays, making transmission X-rays, refrac 
tion X-rays, diffraction X-rays, or small angle scattering 
X-rays from the object incident on a re?ection-type analyZer 
crystal, and obtaining an image inside the object by X-rays 
emitted from the re?ection-type analyZer crystal, character 
iZed in that: a transmitted X-ray dark-?eld image is provided 
by a dynamical diffraction action of the re?ection-type 
analyZer crystal. 

[0018] In addition, the invention of this application in 10th 
provides a nondestructive analysis device for irradiating an 
object With monochromatic parallel X-rays, making trans 
mission X-rays, refraction X-rays, diffraction X-rays, or 
small angle scattering X-rays from the object incident on an 
analyZer crystal, and obtaining an image inside the object by 
X-rays emitted from the analyZer crystal, characteriZed in 
that: the analyZer crystal is usable as both transmission-type 
and re?ection-type analyZer crystals, being con?gured to 
satisfy both a thickness condition that either ones of X-rays 
along a forWard diffraction direction and X-rays along a 
diffraction direction obtained by a dynamical diffraction 
action of the analyZer crystal have an intensity of nearly Zero 
as compared to the intensity of the others in terms of the 
intensity of X-rays less affected by X-rays incident directly, 
and a thickness condition that transmission X-rays, refrac 
tion X-rays, diffraction X-rays, or small angle scattering 
X-rays from the object satisfy a diffraction condition and are 
transmitted by the dynamical diffraction action of the ana 
lyZer crystal; in the case of the transmission-type analyZer 
crystal, either ones or both of the X-rays along the forWard 
diffraction direction and the X-rays along the diffraction 
direction from the transmission-type analyZer crystal are 
obtained; and in the case of the re?ection-type analyZer 
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crystal, transmission X-rays transmitted through the re?ec 
tion-type analyzer crystal are obtained. The present inven 
tion in 11th provides a nondestructive analysis device for 
irradiating an object With monochromatic parallel X-rays, 
making transmission X-rays, refraction X-rays, diffraction 
X-rays, or small angle scattering X-rays from the object 
incident on an analyZer crystal, and obtaining an image 
inside the object by X-rays emitted from the analyZer 
crystal, characteriZed in that: the analyZer crystal is usable as 
both transmission-type and re?ection-type analyZer crystals, 
being con?gured to satisfy both a thickness condition that 
either ones of X-rays along a forWard diffraction direction 
and X-rays along a diffraction direction obtained by a 
dynamical diffraction action of the analyZer crystal have an 
intensity of nearly Zero as compared to the intensity of the 
others in terms of the intensity of X-rays less affected by 
X-rays incident directly, and a thickness condition that 
transmission X-rays, refraction X-rays, diffraction X-rays, 
or small angle scattering X-rays from the object satisfy a 
diffraction condition and are transmitted by the dynamical 
diffraction action of the analyZer crystal; in the case of the 
transmission-type analyZer crystal, either one or both of an 
X-ray dark-?eld image and an X-ray bright-?eld image from 
the transmission-type analyZer crystal are provided; and in 
the case of the re?ection-type analyZer crystal, an X-ray 
dark-?eld image transmitted through the re?ection-type ana 
lyZer crystal is provided. 

[0019] In addition, the invention of this application in 12th 
provides the nondestructive analysis device according to the 
already described invention, characteriZed in that the re?ec 
tion-type analyZer crystal is an asymmetric analyZer crystal. 
The present invention in 13th provides the nondestructive 
analysis device according to the already described invention, 
characteriZed by comprising: a X-ray detecting device for 
detecting either one or both of the X-ray dark-?eld image 
and the X-ray bright-?eld image; and image processing 
equipment for creating an image by using detecting data 
from the X-ray detecting device. The present invention in 
14th provides the nondestructive analysis device according 
to the already described invention, characteriZed in that the 
X-ray detecting device is a tWo-dimensional detector or a 
line sensor one-dimensional detector. The present invention 
in 15th provides the nondestructive analysis device accord 
ing to the already described invention, characteriZed in that 
the image processing equipment is capable of creating either 
one or both of X-ray dark-?eld tomography and X-ray 
bright-?eld tomography, or either one or both of X-ray 
dark-?eld stereography and X-ray bright-?eld stereography. 
The present invention in 16th provides the nondestructive 
analysis device according to the already described invention, 
characteriZed by comprising means for monochromating 
and paralleliZing X-rays from an X-ray source The present 
invention in 17th provides the nondestructive analysis 
device according to the already described invention, char 
acteriZed in that the means for monochromating and paral 
leliZing the X-rays is a symmetric or asymmetric monochro 
mator. The present invention in 18th provides the 
nondestructive analysis device according to the already 
described invention, characteriZed in that atomic lattice 
planes of the symmetric or asymmetric monochromator and 
atomic lattice planes of the transmission-type analyZer crys 
tal or re?ection-type analyZer crystal are parallel With each 
other. The present invention in 19th provides the nonde 
structive analysis device according to the already described 
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invention, characteriZed in that transmission X-rays, refrac 
tion X-rays, diffraction X-rays, or small angle scattering 
X-rays from the object are made incident on the transmis 
sion-type analyZer crystal or re?ection-type analyZer crystal 
through one or a plurality of asymmetric monochromators. 
The present invention in 20th provides the nondestructive 
analysis device according to the already described invention, 
characteriZed in that either one or both of the X-ray dark 
?eld image and the X-ray bright-?eld image obtained from 
the transmission-type analyZer crystal are output through 
one or a plurality of asymmetric monochromators. 

[0020] In addition, the invention of this application in 21st 
provides the nondestructive analysis method according to 
the already described invention, characteriZed in that an 
electromagnetic Wave other than the X-rays or a corpuscular 
beam is used instead of the X-rays. The present invention in 
22nd provides the nondestructive analysis device according 
to the already described invention, characteriZed in that an 
electromagnetic Wave other than the X-rays or a corpuscular 
beam is used instead of the X-rays. The present invention in 
23rd provides a speci?c object identi?ed by analyZing an 
internal structure of an object by using the nondestructive 
analysis method according to the already described inven 
tion, or the nondestructive analysis device according to the 
already described invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a diagram illustrating an embodiment of 
the invention of this application for the case of using a 
transmission-type analyZer crystal; 

[0022] FIG. 2 is a diagram illustrating another embodi 
ment of the invention of this application for the case of using 
a transmission-type analyZer crystal; 

[0023] FIG. 3 is a diagram for explaining the dynamical 
diffraction action of the transmission-type analyZer crystal; 

[0024] FIG. 4 is a diagram for explaining an X-ray 
bright-?eld image and an X-ray dark-?eld image of the 
transmission-type analyZer crystal; 

[0025] FIG. 5 is a chart illustrating a theoretical curve of 
the dynamical diffraction action of the transmission-type 
analyZer crystal; 

[0026] FIG. 6 is a chart illustrating the relationship 
betWeen the thickness of the transmission-type analyZer 
crystal and an O-Wave and a G-Wave; 

[0027] FIG. 7 is a diagram illustrating a further embodi 
ment of the invention of this application for the case of using 
a transmission-type analyZer crystal; 

[0028] FIG. 8(a) is a diagram illustrating an embodiment 
of the invention of this application for the case of using a 
re?ection-type analyZer crystal, and FIG. 8(b) is a perspec 
tive vieW illustrating the re?ection-type analyZer crystal; 

[0029] FIG. 9 is a diagram illustrating another embodi 
ment of the invention of this application for the case of using 
a re?ection-type analyZer crystal; 

[0030] FIG. 10 is a diagram illustrating an embodiment of 
the invention of this application for situations Where asym 
metric monochromators are interposed betWeen an object 
and a transmission-type analyZer crystal; 
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[0031] FIG. 11 is a diagram illustrating an embodiment of 
the invention of this application for situations Where asym 
metric monochromators are interposed betWeen a transmis 
sion-type analyZer crystal and an X-ray detecting device; 

[0032] FIG. 12 is a diagram shoWing a practical example 
of nondestructive analysis by the invention of this applica 
tion; 
[0033] FIG. 13 is a diagram shoWing another practical 
example of nondestructive analysis by the invention of this 
application; 
[0034] FIG. 14 is a diagram shoWing another practical 
example of nondestructive analysis by the invention of this 
application; 
[0035] and FIG. 15 is a diagram shoWing another practical 
example of nondestructive analysis by the invention of this 
application. 
[0036] It should be noted that the reference numerals in 
the draWings represent the folloWing: 

[0037] 1 monochromatic parallel X-rays; 

[0038] 2 object; 

[0039] 3 Refraction X-rays, and the like; 

[0040] 4a transmission-type analyZer crystal; 

[0041] 40a atomic lattice planes; 

[0042] 41a X-rays along the forward diffraction 
direction; 

[0043] 42a X-rays along the diffraction direction; 

[0044] 4b re?ection-type analyZer crystal; 40b 
atomic lattice planes; 

[0045] 41b transmission X-rays; 

[0046] 42b re?ection X-rays; 

[0047] 5 X-ray dark-?eld image; 

[0048] 6 X-ray bright-?eld image; 

[0049] 7 incident X-rays; 

[0050] 8 asymmetric monochromator; 

[0051] 8a, 8b, 8c, 8d asymmetric monochroma 
tors; 

[0052] 80 atomic lattice planes; 

[0053] 9 collimator; 

[0054] 90 atomic lattice planes; 

[0055] 10 X-ray detecting device; 

[0056] and 11 slit plate. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

[0057] The invention of this application uses, for example, 
NoW, considering the case illustrated in FIGS. 1 and 2, for 
example. 
[0058] An object (2) to be analyZed is irradiated With 
monochromatic parallel X-rays Ii Transmission X-rays 
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from the object (2), and such X-rays as refraction X-rays, 
diffraction X-rays, and even small angle scattering X-rays 
(for convenience of explanation, these Will be collectively 
referred to as refraction X-rays, and the like) (3) are made 
incident on a transmission-type analyZer crystal (4a) to 
utiliZe the dynamical diffraction action of the transmission 
type analyZer crystal (4a) at this time. The thickness of the 
transmission-type analyZer crystal (4a) is initially set to such 
a thickness that When there is no object, either ones of the 

X-rays (41a) along the forWard diffraction direction (also 
referred to, equivalently, as diffraction X-rays along the 
incident direction or X-rays along the transmission diffrac 
tion direction) and the X-rays (42a) along the diffraction 
direction obtained by the dynamical diffraction action of the 
transmission-type analyZer crystal (4a) shoW an intensity of 
approximately Zero (including exactly Zero; the same holds 
hereinafter) as compared to the intensity of the others in 
terms of the intensity of X-rays leas affected by the X-rays 
incident directly. This makes it possible to obtain either one 
or both of an X-ray dark-?eld image (5) and an X-ray 
bright-?eld image (6) of an image inside the object (2) at a 
time. 

[0059] To be more speci?c, as also illustrated enlarged in 
FIG. 3, the dynamical diffraction action means an effect 
resulting from multiple scattering of X-rays in a nearly 
perfect crystal. The X-rays are thus output as divided into a 
Wave (called O-Wave) along the forWard direction (also 
referred to as incident direction or transmission direction) 
and a Wave (called G-Wave) along the diffraction direction, 
the O-Wave and the G-Wave being re?ected for a plurality of 
times repeatedly on a number of crystal lattice planes in the 
crystal. 

[0060] Here, the relationship among the O-Wave, the 
G-Wave, and the thickness of the transmission-type analyZer 
crystal (4a) can be expressed by the folloWing equations: 

[0061] [Eq. 1]; 

W2 + cos2[7rH W/2\+l ] 
I0 : W2 + 1 Ii 

sin2[7rH W/2\+l ] 
'G = TI‘ 

10 + [G = 1 

[0062] I0: Intensity of O-Wave, IG: Intensity of 
G-Wave 

[0063] Ii: Intensity of incident Wave 

[0064] H: Thickness of an analyZer crystal (4) 

2A sinOB 
W _ A 
















