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An X-ray stress measuring apparatus, for measuring stress on a sample, comprises: a pair of X-ray generating means (10, 11, 10/,
11" for irradiating X-ray beams, determining an angle defined between the X-ray beams, mutually, at an arbitrary fixed angle, on a
plane inclining by an angle desired with respect to a surface of the sample to be measured stress thereon; an X-ray sensor portion
(29) for detecting plural numbers of Debye rings (C, C"), which are generated by incident X-ray beams from said pair of X-ray
generating means; and a battery (410) for supplying necessary electricity to each of parts of the apparatus, wherein said X-ray
sensor portion iIs made up with only one (1) piece of a 2-dimensional X-ray detector (20) or a 1-dimensional X-ray detector (20'),
and is disposed In a position where the plural numbers of Debye rings generated by the incident X-ray beams from the at least one
pair of X-ray generating means are adjacent to each other, or intersect with each other, thereby detecting the plural numbers of the
Debye rings caused due to the X-ray and the X'-ray In common with.
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ABSTRACT OF THE DISCLOSURE

An X-ray stress measuring apparatus, for measuring stress

on a sample, comprises: a palr of X-ray generating means (10, 11,
107, 117) forirradiatingX-raybeams, determininganangle defined

5 between the X-ray beams, mutually, at an arbitrary fixed angle,

on a plane inclining by an angle desired with respect to a surface

of the sample tobemeasured stress thereon; anX-ray sensor portion

(29) for detecting plural numbers of Debye rings (C, C’), which

F

are generated by incident X-ray beams from sald palr of X-ray

10 generating means; and a battery (410) for supplylng necessary

electricity to each of parts of the apparatus, wherein said X-ray
sensor portion ismadeupwithonlyone (1) pieceof a?2-dimensional

X-ray detector (20) or a 1-dimensional X-ray detector (207), and

is disposed in a position where the plural numbers of Debye rings
15 generated by the incident X-ray beams from the at least one pair
of X-ray generating means are adjacent to each other, or intersect
with each other, thereby detecting the plural numbers of the Debye

rings caused due to the X-ray and the X’'-ray in common with.
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X-RAY STRESS MEASURING APPARATUS

TECHNICAL FIELD OF THE INVENTION

(0001 ]

The present 1nvention relates to an X-ray stress

O measuring apparatus for measuring stress in a sample with
applying X-ray, and in particular, it relates to an X-ray
stress measuring apparatus, which can be achieved as a
portable apparatus, because it can be constructed to be

ﬁ

relatively small in sizes and light in the weight thereof.

10 BACKGROUND OF THE INVENTION

[0002]

—

Analyses of wvarious kinds of samples with using the

P
—

X—ray(s) are adopted widely, 1in particular, 1in a field of

so-called a non-destructive analysis, for example, because
15 of not accompanying disassembly of the sample.
Conventionally, for example, in the following Patent

Document 1 1s already known a hand-held type X-ray

diffractometer, mounting an X-ray generating apparatus and

— e

a Z-dimentional (or, area) X-ray detector and being

20 portable.

10003]

On the other hand, for the purpose of detecting intensity

N

25> of the X-ray diffraction or the like, although an imaging plate
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(IP), such as, a photo-sensitive film, etc., has been used, 1n
general; however, accompanying with a remarkable development of
a semiconductor manufacturing technology in recent years, various
kinds of X-ray detectors are developed. For example, 1in the
following Patent Document 2 is already disclosed a photon counting

mode (PCM) detector equipped with plural numbers of pixels, 1n

which a cadmium zinc telluride (CZT) detector and an ASIC chip

2]

mounting one (1) or more number (s) of read-out circult(s) thereon

are combined with. Also, in the following Patent Document 3 1s

already known a method for monitoring a dose of radiocactivity

corrected on the pixel and an X-ray detector for the same, 1n

particular, in an apparatus equipped with plural numbers of such

pixels. And, in the following Patent Document 4 1s also already
known an X-ray imaging device applying a semiconductor X-ray array

detector therein.

(0004 ]

Furthermore, in the following Patent Document 4 1s also

already known the structure for achlieving a compactification of

detector (i.e., a compact detector), and also for eliminating a
dead space, which is generated when aligning the plural numbers

the detectors each having a unit of pilixels.

<Prior Art Documents>

<Patent Documents>

{0005}

[Patent Document 1] U.S. Patent No. /,046,847/;

[Patent Document 2] Japanese Patent Laying-Open for PCT No.
2007-524234 (2007);

[Patent Document 3] Japanese Patent Laying-0Open for PCT No.
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2007-529004 (2007);

[Patent Document 4] Japanese Patent Laying-Open No. Hel
8—-102890 (1996); and

[Patent Document 5] Japanese Patent Laying-Open No.
2003-00151 (2003).

[00006]

With such conventional technologies as mentioned above, 1n

particular, the portable X-ray diffractometor of hand-held type

gy

disclosed in the above Patent Document 1 needs plural numbers of

2-dimennsional (i.e., area) X-raydetectorsor l-dimensional (e.qg.,

line) X-raydetectors, beingmade fromsemiconductor, fordetecting

a pattern of the X-ray (in particular, the Debye ring) diffracted
by a sample. However, under the present situation, such
semiconductor X-ray detectors are expensive, and they come to be

g

relatively large in the sizes thereof, if combining related parts

with; i.e., not having such the structures suitable for building

up the portable apparatus of hand-held type, necessarily.

(0007 ]

Then, according to thepresent invention, beingaccomplished

by taking the drawbacks of the conventional technologies mentioned

y—

above into the consideration thereof, an object thereof 1s to

provide an X~ray stress measuring apparatus for measuring stress
onasamplewithapplyingtheX-ray, andinparticular, the hand-held

type X-ray stress measuring apparatus, being actually portable,

having structures suitable for small-sizing and light-welight of

the apparatus.

BRIEF SUMMARY OF THE INVENTION

(0008 ]
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Certain exemplary embodiments can provide an X-ray

stress measuril

sample, the

ng

apparatus, for measuring stress on a

e ek

apparatus comprising: a palr of X-ray

generatlng means

for

irradiating X-ray beams, determining

an angle defined between the X-ray beams, mutually, at an

arbitrary fixed angle, on a plane 1inclining by an angle

"-'

desired with respect to a surface of the sample to be

measured stress

detecting plural

thereon; an X-ray sensor portion for

F

numbers of Debye rings, which are

generated by incident X-ray beams from said pair of X-ray

generating means;

electricity to

sald X-ray sensor

pr—

and a Dbattery means for supplylng

Fv

salid pair of X-ray generatlng means and

portion, wherein said X-ray sensor

portion is made up with one (1) piece of a Z2-dimensional

X-ray detector or a

pr——

wavelengths ot

l-dimensional X-ray detector, X-ray

IJ-‘!

sald at least one pair of X-ray generating

means are the same,

the plural numbers

incident X-ray beams

and 1s disposed 1n a position where

of Debye rings generated by the

il —

P

from said at least one pair of X-ray

generating means are adjacent to each other, or intersect

wlith each other.

[0009]

Also, according to the present invention, within the

X-ray stress

above, 1t 1S

measuring apparatus, as described 1n the

preferable that the angle mutually defined

-

between the X-ray beams of said pair of X-ray generating

means 1is within a range from 20 degrees to 170 degrees, and

further that the angle mutually defined between the X-ray

pr—

beams of said pair of X-ray generating means 1s at 90

degrees. And,

1t

1S

preferable that said X-ray sensor

portion 1s made up with the 2Z-dimensional X-ray detector,

further comprising means for determining due to which one
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of the X-ray beams incident upon said sample from sald pair

pr—
P

of X-ray generating means said ring 1s caused, upon pbasis

of the Debye rings detected by said Z-dimensional X-ray
detector, and further that said 2-dimensional X-ray

detector 1is fixed at a position and an angle, which are

predetermined with respect to said pair of X-ray generating

means, within a space defined between salid pair of X-ray
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generating means.

[0010]

Also, according to thepresent invention, 1n the X-ray stress

measuring apparatus, as described in the above, 1t is preferable
that said X-ray sensor portion is made up with the l-dimensional
X-ray detector, further comprising means for driving said pair
of X-ray generating means, selectively, on a time sequence, and
further that said l-dimensional X-ray detector 1s fixed at a

position and an angle, which are predetermined with respect to

saidpairof X-ray generatingmeans, within a space defined between

said pair of X-ray generatling means.

[0011]

Inaddition to the above, according to the present invention,

the X-ray stress measuring apparatus as described 1n the above,

preferably, further comprises a radiation shilelding member for

storing said X-ray sensor portion, togetherwith saidpair of X~ray

generating means therein, 1in such case, preferably further
comprises a grip portion attached on said radiation shielding

member in one body. Further, the X-ray stress measuring apparatus,

as described in the above, preferably, further comprises a trigger
disposed in a position adjacent to said grip portion, for

instructing an X-ray stress measuring operation of said X-ray

stress measuring apparatus, and further it is preferable that said

battery means is stored within said grip portion, and further,

sald batterymeans is a rechargeable battery. And, 1t 1s preferable
to further comprises a display position for display a result of

X-ray stressmeasurement by said X-ray stress measuring apparatus,

O an ~Ai1ita1AdAa Af a1 A vradr1at+1AAn
./ 4 AL ./ A NLA . od. w2 A 1 s\ A4 Al LA A LA L. Ja N/ 4L L

hialATnea mamhaoarvr
5 4 A L. ) b ey Nt i Nl snden ) NN Nt e @

<
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EFFECT (S) OF THE INVENTION

[0012]
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According to the present invention mentioned above, the
followingverysuperioreffect canbeachieved; 1.e., 1t i1spossible

to provide the hand-held type X-ray stress measuring apparatus

having structures suitable for small-sizing and light-weight of

the apparatus, and therefore being actually portable.

BRIEF DESCRIPTION OF THE DRAWINGS

(0013}

Fig. 1 is an entire perspective view for showing the entire

structure of an X-ray stress measuring apparatus, according to

an embodiment of the present invention, displaying a part thereof

transparently;

Fig. 2 is a partially enlarged perspective view for showing
the detailed structures of an X-ray sensor portion for building

up the X-ray stress measuring apparatus mentioned above;

Fig. 3isablockdiagram for showing the circultry structure

of theX-ray stressmeasuringapparatus, including the X-ray sensor
portion for building up the X-ray stress measuring apparatus

menhtioned above;

Figs. 4A and 4B are views for explaining about the details

of an arrangement of a semiconductor X-ray sensor portion and a
pair of X-ray tubes within the X-ray stress measuring apparatus
mentioned above;

o
p—

Figs. 5A and 5B are views for explaining a relationship of

dispositions between the semiconductor X-ray sensor portion and

the pair of X-ray tubes mentioned above;

- 1

Figs. 6A and 6B are views for explaining other relationship

of dispositions between the semiconductor X-ray sensor portion

o

and the pair of X-ray tubes mentioned above;
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Figs. 7A and 7B are views for explaining further other

relationship of dispositions between the semiconductor X-ray

sensor portion and the pair of X-ray tubes mentioned above;

Figs. 8Aand 8B are views for showing amethod for 1dentifying

to which one of the pair of X-ray tubes the Debye ring belongs,

from signals detected by pixels of the sensor portion mentioned

above;

Figs. 9A and 9B are views for showing the case where the

oy

Debyve ring belonging to one of the X-ray tubes 1s removed from

a detection signal of each pixel of the sensor portion mentioned

apove;

Fig. 10 is a perspective view for showlng an arrangement
of the semiconductor X-ray sensor portion and the pair of the X-ray
tubes, within the X-ray stress measuring apparatus according to

g

other embodiment of the present invention; and

Fig. 11 is a perspective view for explaining the outputting

F

structure of one (1) piece of a high-voltage generating portion,

within the X-ray stress measuring apparatus according to the

embodiment mentioned above.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10014]

Hereinafter, explanation will be given, fully in details

thereof, on an X-ray stress measuring apparatus, according to the

embodiments of the present embodiment, by referring to the drawings

attached herewlith.

[0015]

First of all, Fig. 1 shows the entire structures of an X-ray
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stress measuring apparatus, according to the present invention.

In this figure, reference numerals 10 and 10’ depict a pair of

X-ray tubes, i.e., small-size X-ray sources, which are provided

within that apparatus, wherein each comprises a collimator 11 or

11’ extending from a window, i.e., forming an optical path for

p—

taking out an X-ray therefrom. However, as a target materlial for

building up the X-ray tube 10 or 10’ can be listed up, such as,

chromium, cobalt, 1iron, copper, molybdenum or other metal

material (s), for example. Also, at a tip portion of the collimator

11 or 11’ is attached a slit 12 or 12’ for defining an X-ray beam

fromthat X-raysource intoabeamhavingadesireddlameter. However,

althoughnot illustratedherein, a filter member or amonochromator,
etc., may be disposed in an inside of the collimator 11 or 117,

for example, and therefore, a monochromatic X-ray beam can be

obtained from the X-ray source mentioned above.

(0010o]

The X-ray beams (X-ray, X’ -ray, respectively) from that pair

of X-ray tubes, i.e., a first X-ray tube 10 and a second X-ray

tube 10’ are, as apparent from the figure, incident upon a surface

of a sample S while keeping an angle defined between the X-ray

beams, mutually, at an arbitrary fixed angle, within a surface

inclining by an arbitrary angle with respect to the surface of

the sample S. The arbitrary fixed angle defined between the pair

of X-ray beams is determined within a range from 20 degrees tTO

170 degrees, and in particular, it is preferable to determine this

angle within a range from 70 degrees to 110 degrees. For example,

pr——

they are incident upon the surface of that sample S while being

directed into suchdirectionsas todefine 90 degrees therebetween.

And, with doing this, as shown in the figure, due to incidence

DR R A, 4 1 A~
amp.iLe o, uie

)

of the palr of X-ray beams ne

diffracted X-rays, i.e., Debye rings Cand C’ (e.qg., adiffraction

cone) are generated. And, at the position where the pair of Debye

rings intersect with each other, in more details thereof, between

the pair of the X-ray tubes 10 and 10’, or in a space deflned between
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the collimators 11 and 11/, there are disposed a 2-dimensional

(i.e., the area) sensor 20 made from semiconductor, the details

of which will be mentioned hereinafter. Thus, this Z2-dimensional

(i.e., the area) sensor 20 is used, in common, i.e., for detecting

parts of the Debye rings, respectively, which are generated due

to the X-ray beams (e.g., the X-ray and X’-ray) from the first
X-ray tube 10 and the second X-ray tube 107.

(0017/]

Also, in this Fig. 1, reference numerals 13 and 13’ depict

high-voltage generating portions, for supplying high-voltages to
the first X-ray tube 10 and the second X-ray tube 10", respectively.

Each of them, though not shown in the figure, 1s made up with a

circulit (for example, a Cockcroft-Walton high-voltage booster
rectifying circuit) connecting a large number of chip capacitors
and/or chip diodes alternately on a ceramic substrate, and 1t
supplies high-voltage through a high-voltage cable 14 or 14", so

as to generate the X-ray beam. Also, a reference numeral 25 1n

the figure, although the details thereof will be mentioned later,

depicts a signal processing portion, for receiving parts of the

p—

diffractedX-ravys, e.g., theDebyeringsCandC’, whicharedetected

by the 2-dimensional (i.e., the area) sensor 20 mentioned above,

g—

in the form of electric signals, and thereby processing a

predetermined process (es) thereupon and outputting them, and this
may be constructed with a CPU (Central Processing Unit) and/or
various kinds of memories, etc., included therein. Further, a
reference numeral 26 depicts a signal cable for transmitting the
electric signals from the X-ray sensor 20. Further, the parts
mentioned in the above are covered with a resin molding mixing
a heavy metals therein, such as, tungsten (W), tantalum (Ta) or
lead (Pb), etc; thereby building up a radiation shield 100. Also,
but not illustrated herein, within the radiation shield 100 may

be disposed a small-size gas adhesion pump or vacuum pump, and

thereby to keep an optical paths for the X-ray beams (1.e., the

X-ray and X’-ray) 1in the vacuum condition.
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10018}

Furthermore, in Fig. 1, behind the radiation shield (or a

cover) 100 mentioned above is attached a controller portion 300,

in one body, having a foldable display porticon (for example, a

liquid crystal display device) 310. Further, this controller

portion 300 comprises a controlling portion 320 (for example,

including a CPU (Central Processing Unit) and/or various kinds

-

of memories, etc.) for controlling that X-ray stress measuring

apparatus as a whole, and also, though not shown in the figure

g

herein, an input portion (e.g., various kinds of input buttons,

etc.), which is necessary for operations of that apparatus, and

therebybuilding up the input portion. Also, on thedisplay portion

310 can be display an image of the Debye rings C and C' (e.g.,

1)

the diffraction cone) obtained by the 2-dimensional (1.e., the
area) X-ray sensor 20 mentioned above, and/or a result of
measurement/analysis obtained from the signal processing portion

25 mentioned above.

[0019]

And, behind the controller portion 300 mentioned above, as

well as, apower sourceportion400 for supplyingnecessaryelectric

power to each portion of the apparatus mentioned above, there 1s

further attached a trigger (e.g., a switch) 450, for instructing
an operation for measuring stress with using the X-ray to the
apparatus under the condition that a user holds that apparatus,

in a grip portion 460, in one body. Further, a reference numeral

410 in the figure depicts a battery (for example, a re-chargeable
battery) for building up the power source portion 400, and a
reference numeral 420 depicts anelectric power converter portion,

4
— - - ~ W e T W e LN

Y o — e e . ma A - am e — JPUE I . o~ = — -
Lo cCoIrnlvereing qil ediecLri1CcC powecr OL Lilabl va

O
Q)

predetermined voltage, to be supplied to each portion, and also

for inputting an AC power from a plug 430, which 1s connectable

with a commercial power source (via adopters shown by reference

numerals 440 and 445, in the figure) so as to convert 1t into a
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DC power, and thereby storing electricity into the battery 410

mentioned above.

10020]

Next, in Fig. 2 attached herewith is shown an example of

5 the detailed structures of the X-ray sensor portion 20 mentioned

above. In this figure, a reference numeral 210 depicts so-called

a semiconductor X-ray sensor portion, being made of CdTe, CdinTe,

etc., for example, and as apparent from the figure, on which a

large number of pixels (487x487 pieces) 211 are formed, each having

10 an outer shape being nearly square, for example, 172umxl/2um.

However, although not shown in the figure herein, at a central

g

part of each pixel is formed an X-ray detecting portion, and on

one surface thereof (an upper surface side 1n the figure) i1is formed

a bias electrode for applying negative voltage, with using a

15 transparent material (see a reference numeral 214 in Fig. 3), such

F
—

as, ITO (Indium Tin Oxide), etc., whileon the other surface thereotf

(a lower surface side in the figure) is formed so-called adetecting

-

electrode (see a reference numeral 213 in Fig. 3), for detecting

an electron(s) generated by an energy of the X-ray.

20 (0021 ]

Further, on the lower surface of the semiconductor X-ray
sensor portion 210 is provided a read-out portion 220, having the

similar configuration thereto, which is built up with so-called

an ASIC (Application Specific Integrated Circuit) . This read-out
25 portion220isbuiltupwithplural numbersof layers (in the present

example, three (3) layers), being piled up, wherein various
circuits are constructed in 3-dimensional manner, by establishing
electrical connection between the layers, respectively, through

a through Si via (i.e., an electrode, perpendicularly penetrating

30 through an inside of the semiconductor chipmade of silicon) . Below

this read-outportion220, thereare furtherprovideda large number

of pads, corresponding to each pixel, and further, they are led
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to a wiring portion 230, which is made of wire bonding pats. Not

shown in the figure herein, bymeans of aparallel/serial converter

or a channel switch or a multipiexer, etc., which is provided 1in

o —

an inside thereof, a number of outputs thereof is reduced down,

and is outputted through terminals (or cables), which are provided

ﬁ

in a side wall portion thereof.

[0022]

Following to the above, Fig. 3 attached herewith shows the

circuit structures of the X-ray stress measuring apparatus as a

pr—

whole thereof, including the X-ray sensor 20, having the

semiconductor X-ray sensor portion 210, the read-out portion 220

and further thewiringportion 230mentionedabove, and furthermore,

includingthesignal processingportion25mentionedabove therein.

Thus, the reference numeral 214 depicts the bias electrode

mentioned above, made of the transparent ITO, 212 agroundelectrode,

and 213 the detecting electrode, respectively. Also, a reference

numeral 221 in the figure depicts an amplifier for amplifying the

—

detected signal to have a desired amplitude thereof, 222 a wave

shaping circuit for shaping the waveform of the signal amplified,

223 a comparator for comparing an output from the waveform shaping

circuit mentioned above to a comparison reference voltage Vger,

and 224 a counter circuit for counting up the outputs from the

comparator circuit mentioned above, respectively. In addition

thereto, on the wiring portion 230 are provided the wire bonding

pads 231 mentioned above.

10023

Thus, as is apparent from the Fig. 3 mentioned above, the

vl AAtA~trAA Faomrm R A -fav'ﬂr\ ﬁwwm}\er' Nt Yeeva; SOoNSNYS { 1 o
D.LBLLO..LD A L L vl W R el W § J- 1 LU/LLL S T L v A J_gc FE R RN A LN L2 i G4 Y J FRE W R N | B W |

pixels), building up the semiconductor X-ray sensor portion 210

nentioned above, are led to the read-out portion 220, which 1s

disposed on the reverse surface thereof, and after being treated

with the predetermined process (es) thereon within the processing
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circuits, which are formed by a large number thereof 1n an inside

thereof with the ASIC, they are inputted into the information

processing portion of device 25, being constructed by including

the CPU, through thewirin

gportion230. The informationprocessing

device 25 executes stress measuring/analyzing processes, which

will be mentioned herein

after, upon basis of the information of

the diffracted X-rays obtained 1n this manner, and further,

displays a result thereof

on thedisplayportion (e.g., thedisplay

device) 310. Also, with suchX-ray sensor 20 as wasmentioned above,

1t 1s possible to detect

the intensity of the X-ray a each X-ray

sensor (or the pixel), and for example, 1t 1s possible to display

pr—

the intensity in the gradation of 2'°=524288.

10024 ]

Following to the above, explanation will be given on the

arrangement of the semiconductor X-ray sensor portion 20 and the

pair of X-ray tubes (e.g., the first X-ray tube 10 and the second

X-ray tube 10’) mentione

d above, by referring to Figs. 4A and 4B

pr—

attached herewith. Firstly, Fig. 4A shows the condition of seeing

=

the pair of X-ray tubes

10 and 10’ from a side thereof, and 1in

this figure, that pair of X-ray tubes 10 and 10’ enter the X-ray

bean and the X’'-ray be

-

am upon the surface of the sample S,

respectively, on a surface inclining by an angle a. Fig. 4B shows

the condition of seeing

shown therein, whereinan

Fig. 4A in the direction of an arrow B

angled, beingdefinedby thebeamentering

on the surface of the sample S from the first X-ray tube 10 and

the beam entering on the

same from the second X-ray tube 10’7, 1s

determined at an arbitrary fixed angle. The angle 0 defined by

the pair of X-ray beams is fixed at one (1) angle, within a range

from 20 degrees to 170 degrees, but it may be fixed at 20 degrees,

for example. In case wher

theright angle (i.e., 90degree), mutually, thenasaresult thereot,

e they are so determined that they define

r—

asisshowninFig. 4B, the]

DebyeringsCandC’ (1.e., thediffraction

cone) are generated centering around the respective beams due to
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the incidences of both the X-ray beams. And, those Debye rings

C and C’ changes an angle of the cone (n-20, n-20’) depending on

presence of the stress, in particular, when the sample 1s a

polycrystalline metal; however, normally, they are formed at

positions, being adjacent to each other, or intersecting with each

other (20, 20'=96-162 degrees, approximately). Then, the

2-dimensional (or the area) sensor portion 20 mentioned above 1s

[

arranged at the position where the pair of Debye rings C and C’

are adjacent to each other or intersect with each other. Namely,
the pair of X-ray tubes mentioned above (i.e., the first X-ray
tube 10 and the second X-ray tube 10’ ) are disposed at the position
and the angle, which are determined in advance with respect to

the semiconductor X-ray sensor portion 20, and 1n particular, 1t

may be preferable that those are disposed, symmetrically to each

other, with respect to a center of the semiconductor X-ray sensor

portion. Even in case where the angle 0 defined by the pair of

X~-ray beams is determined at an angle other than the right angle

(30 degree), the angles of the Debye rings C and C’ (i1.e., the

diffraction cone) have the values (m-20, ®—-20’), respectively,

i.e., being same to the case where the angle 0=90 degrees, therefore

the present invention is still effective even when that angle o

1s the arbiltrary fixed angle.

[0025]

Namely, by driving the pair of X-ray tubes (e.g., the first
X-ray tube 10 and the second X-ray tube 10’) mentioned above,

simultaneously (or, entering the X-ray and the X’'-ray,

p— |

simultaneously), it 1s possible to detect the Debye rings C and

C’ (i.e., thediffractioncones), whichare formedat thepocsitions,
being adjacent to each other or intersecting with each other,
simultaneously, on the semiconductor X-ray sensor portion 20

mentioned above, and also by comparing radiuses of those Debye

rings C and C’ or angles (n-208, m-20’) of the cones, it is possible

to detect presence of the stress upon the sample S mentioned above,
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aswell as, adirection thereof. Or alternately, by comparing those

with the radius or the angle (n-20), which is measured in advance,

under the condition where no stress i1is applied thereupon, 1t 1is

also possible to measure a magnitude thereof.

1 00206]

Next, Figs. 5A and 5B, Figs. 6A and 6B, and Figs. 7A and

7B show various configurations of arrangement of the semiconductor

X—-ray sensor portion 20 and the pair of X-ray tubes (e.g., the

first X-ray tube 10 and the second X-ray tube 10’ ) mentioned above,
and the Debye rings C and C’, which can be obtained on the sensor
20 due to that. Thus, Figs. 5A and 5B show a case of irradiating
the X-ray and the X’ ~ray directing upon the sample surface while
disposing the pairof X-ray tubes 10 and 10’ at the central portions

on both sides of the semiconductor X-ray sensor portion 20, and

thereby the Debye rings C and C’ can be obtained along both upper

.

and low sides of the semiconductor X-ray sensor portion 20,

respectively. On the other hand, Figs. 6A and 6B show a case ot

disposing the pair of X-ray tubes 10 and 10’ along a diagonal line

of the semiconductor X-ray sensor portion 20, and in that case,

as is shown in Fig. 6A, the Debye rings C and C’ can be obtained,

respectively, alongadiagonal lineperpendicular tothatmentioned

above. Also, as 1s shown 1n Figs. 7A and 7B, 1t can be seen that

the respective Debye rings C and C’ can be obtained on the

semiconductor X-ray sensor portion 20, in a case of disposing the

pailrofX-raytubes1l0and 10’ alongone (1) sideof the semiconductor

X-ray sensor portion 20.

[0027]

Further, as was mentioned above, since a relationship ot

disposing the semiconductor X-ray sensor portion 20 and the pailr

of X-ray tubes (e.g., the first X-ray tube 10 and the second X-ray

tube 107), in other words, angles for 1nclining the semiconductor

X-ray sensor portion 20 with respect to the X-ray and the X’'-ray
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.
—

and/or distances from each pixel on the surface thereof are

determined, 1n advance, therefore, 1t 1s possible to specify or

1dentify the radiuses of the Debye rings C and C’, or the angles

of the cones (m-20, m-20’), easily, upon basis of the positions

ﬂ

(x,v) of the pixels detecting the diffracted X-ray on the

semiconductorX-raysensorportion20mentionedabove. For example,

while memorizing pilxel positions on the sensor surface,

N

corresponding to plural numbers of Debye rings C and C’, which

areobtalined in advance throughcalculations thereof, 1ntoamemory

or the like, and by using this, 1t 1s possible to obtain the Debye

rings C and C’, or the angles of the cones (m-20, m-206’"), in a

relatively easy manner, from the diffracted X-ray, which 1is

actually detected on the semiconductor X-ray sensor portion 20.

{0028 ]

However, when measuring the stress with using the detected

signals, each of which can be obtained from each pixel of the

semlconductor X-ray sensor portion 20 mentioned above, 1t 1is

important to specifyor identify to which one of the plural numbers

of the Debye rings C and C’ mentioned above the X-ray beam detected

by those pixels belongs. Further, the specification or

identification of the Debye rings may be executed by means of such

informationprocessingdeviceorportionZbaswasmentioned above,

then hereinafter, detailed explanation will be given on a method

for 1dentifying the Debye rings C and C’, 1n particular, in case

where they 1ntersect with each other.

[0029]

FFig. 8A shows an enlarged part of the large number of pixels,
being formed on the surface of the semiconductor X-ray sensor
portion20mentionedabove. Firstly, anentireof the sensor surface

ﬁ

is divided 1nto plural numbers of areas or regions, and whereiln

a seek out 1s made on a pixel (s) showing the strongest 1ntensity

of X-ray among the pixels within a respective region (for example,
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a pixel, at which two (2) Debye rings C and C’" overlap each other,

etc.: Pwx in the example shown 1in the figure). Thereafter, as 1is

shown in Fig. 8B, centering around this point as a center, a seek

out is also made on a pixel(s) (e.g., P1) showing the next coming

—

intensity of X-ray, for example, about a half of the maximum

—

intensity of X-ray mentioned above, within peripheral potions

separating from that center by a predetermined distance = r (or
example, 20 pixels, approximately), and a line 1s drawn at amiddle
point between those two (2) points; thereby obtalning a direction

-
—

of a normal line. As a result, it 1s determined 1f the center of

the Debve ring, which is calculated in advance, 1s located or not,

i
—

in the direction of the normal line (with a tolerance 1limit of

about 10%, for example), and thereby determining to which one of
the two (2) Debye rings C and C’ the X-ray beam detected by the

pixels belongs. However, in this example 1s shown the case where

the Debye ring C’ is detected by means of the pixels. Further,
such processing as was mentioned above 1s executed on the areas

or regions divided, and thereby making the determination on all

of the Debve rings, which are formed on the surface of the

semiconductor X-ray sensor portion 20.

[0030]

As a result of the mentioned above, the plural numbers of

p—

the Debye rings, which are detected on the surface of the

semiconductor X-ray sensor portion 20 mentioned above, are

classified into (1) the Debye ring C centering around the first
X-ray tube 10, (2) the Debye ring C’ centering around the second
X-ray tube 10", and further (3) a portion caused due to both X-ray
tubes 10 and 107, and (4) a portion not relating to any X-ray tube.

Then, when analyzing the Debye ring C centering around the first

—r— e T oo S o YL B B o I T Y

< r o - = I T 1 M —_ A I = ™2 . M N - 4 L 1 dea o e w e ]e
A-ray Lupe 1u, asS 1S SNn0own 11 rig. 2A, 10 15 cloudgil Lo PpiCk up

p—

the Debye ring C of the above (1) from the plural numbers of Debye

F

rings, which are detected on the surface of the sensor portion

20, while removing those of the above (2)-(4) therefrom. Also,

when analvzing the Debye ring C’ centering around the second X-ray
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tube 107, as is shown in Fig. 9B, 1t 1s enough to pick up the Debye

ring C’ of the above (2) from the plural numbers of Debye rings,

which are detected on the surface of the sensor portion 20, while

removing those of the above (1) and (3)-(4) therefrom. With doing

this, it is also possible to apply general software for use of

gt

stress analysis of diffraction of X-ray, thereafter.

(0031 ]

Further, hereinafter, explanation will be given on a

variation of the hand-held type X-ray stress measuring apparatus

according to the one embodiment of the present invention, which

-

was mentioned in the details thereof 1n the above.

[0032]

Firstofall, Fig. 10showsapartof thestructuresofapplyling
a 1-dimensional (i.e., a line) X-ray sensor 20’', 1in the place of
the 2-dimensional (i.e., the area) X-ay sensor 20 mentioned above,
as the semiconductor X-ray sensor portion thereof, 1n particular,
in the embodiment shown in Fig. 1 mentioned above. However, other

ﬁ

portions of the structures in the figure are almost similar to

those mentioned above, and therefore the detalled explanations

r—

thereof will be omitted herein. But, also within this variation,

it is possible to detect the Debye rings C and C' (1.e., the

diffraction cones), being formed at the position where they are
adjacent to each other or they intersect with each other, on the
semiconductor X-ray sensor portion 20’ mentioned above, by driving

]

the pair of X-ray tubes (e.g., the first X-ray tube 10 and the

second X-ray tube 10’) (i.e., entering or irradiating the X-ray

and the X' -ray), and it is also possible to measure the stress,

| mnaonw% n~y +thaoa v»yadi111icoae nf +thAace Nehyre 1 n
E W LILCT o LA L ..L.Ll-y L.l L\, d CANA L. LA W N/ N A — J N NS N e ke oo

[0033]

Further, 1f adopting such structures as was mentioned above,
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in other words, applying the 1-dimensional (1.e., the line) X-ray

sensor 20’ in the place of the 2-dimensional (1.e., the area) X-ay

sensor 20, inthe semiconductorX-raysensorportion, 1t ispossible

to achieve further small-sizing and weight-reducing of the
5 apparatus. However, as was mentioned above, 1n particular, when
measuring the stresswithusing the detected signals, eachof which

can be obtained from each pixel of the semiconductor X-ray sensor

portion 20’, it is important to specify or identify to which one

of the plural numbers of Debye rings C and C’ mentioned above the

10 X-ray beams detected by those pixels belongs.

10034 ]

Then, according to this variation, as 1s shown 1n Fig. 11
attached herewith, aswitch 132 is attached onto an output terminal

131 of one (1) piece of the high-voltage generating portion 13.

15 And, the high-voltage from the one (1) piece of the high-voltage
generating portion 13 is supplied to the first X-ray tube 10 or
the second X-ray tube 10’, sequentially, belng exchanged by the
switch 132 attached to that output terminal, through high-voltage

p—

cables 14 and 14’ . However, exchanging of this switch 132 1is

20 controlled by, such as, a controller portion 320, with using a

clock signal therein, for example, responding to push-down of the

trigger (switch) 450 mentioned above. With this, since the first

X-ray tube 10 and the second X-ray tube 10’ generate the X-ray

beams, but in time zones different from each other, respectively,
25 it is possible for the 1-dimensional (i.e., the line) X-ray sensor

20’ tomeasure theplural numbersofDebyeringsCand(C’, selectively,

in the time zones different fromeach other. Thus, even 1f applying

the l1l-dimensional (i.e., the 1line) X-ray sensor 20’ as the

semiconductor X-ray sensor portion, it 1is possible to measure the

d o = = R 4 Lo
LU WILLCOCLL QUL OL LCLIC

n

A e -

X-ray beam, with specifying or identCiIiyil

()
Ch

19
plural numbers of Debye rings C and C’ it belongs (i.e., to the

X-ray from the first X-ray tube 10, or to the X-ray from the second

X-ray tube 10’), with certainty.
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[0035]

g

As was fully mentioned in the details thereof 1n the above,

according to the present invention, it is possible to achieve

small-sizing and/or weight-reducing of the apparatus, with

applying the 2-dimensional (i.e., the area) X-ray detector, which

r—

becomes relatively large in the sizes thereof, 1including the

relatingparts thereof, or the 1-dimentional (1.e., theline) X-ray

detector, appropriately, andtherebybrings about a superioreffect
of providing the hand-held type X-ray stress measuring apparatus

of being actually portable.

10036]

Also, with the embodiments mentioned 1n the above, the

explanation was given that the signal processing portilon 25,

inputting parts of the Debye rings Cand C’ therein, as the electric

signals, for treating the predetermined processing thereon to be
outputted, is attached within an inside of the radiation shield
100 mentioned above; however, the present invention should not
be restricted only to this, this may be disposed 1n an outside

gy, .

thereof. Or, at the tip portion thereof, at which the radiation

S~

shield 100 comes in contact on the surface of the sample S, 1t

is also possible to attach an opening portion made of an elastic
material, such as, a rubber, etc., for example, for malntalining
air tightness within the shied. In addition thereto, not shown

pr——

in the figure, if attaching an image pickup means (for example,

a CCD camera) for photographing the surface of the sample, in an

inside of the radiation shield 100 mentioned above, together with

p—

a light source for illumination thereof, 1t 1s also possible to

g

show an image of the sample surface, which 1s taken 1in by that

L T L\ A i N +“. ™ 'F v
L L

-.-.--N “-: J—!Ifﬁﬂm b I e U T o~ "- l"\ "J‘: HV‘\1 - X B N\ PL\I"\ -{1‘ 11‘;A
1lillage piCKuUp lealld Uil tiie Gliopldy pOUL OL L 0!

/'\V“\MV'\.l LAY N
CTAAIUN LTy LI Loyu

crystal display device) 310 mentioned above. Furthermore, 1t 1s

also possible to alter constituent part(s), other than that

mentioned above, appropriately, in the similar manner, as far as

r—
—

it/they can achieve the i1nherent function(s) thereof.
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EXPLANATION OF MARKS

[0037]

10, 10’.X-ray tube, 11, 1l1l'..collimator, 12, 12’7.slit,
20..semiconductor sensor portion (Z2-dimensional (area) X-ray

5 sSensor), 207 ... 1-dimensional (line) X-ray sensor, 13,
137..high-voltage generating portion, 25..slgnal processing

portion, 310..display portion, 400..power source portion,

410..battery (rechargeable battery), 450..trigger (switch),

460..grip portion, C, C’..Debye ring, S..sample.

10
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What i1s claimed is:

1. An X-ray stress measuring apparatus for measuring

stress on a sample, the apparatus comprising:

—

a palr of X-ray generating means for 1rradiating X-

ray beams, determining an angle defined between the X-ray

beams, mutually, at an arbitrary fixed angle, on a plane

fp—
pms

inclining by an angle desired wlth respect to a surface of

the sample to be measured stress thereon;

an X-ray sensor portion for detecting plural numbers

g

of Debye rings, which are generated by 1ncident X-ray beams

from said pair of X-ray generating means; and

a battery means for supplying electricity to said

—
p—

palr of X-ray generating means and said X-ray sensor

portion, wherein

salid X-ray sensor portion 1s made up with one (1)

-

piece of a 2Z2-dimensional X-ray detector or a l-dimensional

X-ray detector, X-ray wavelengths of said at least one pair

—

of X-ray generating means are the same, and 1s disposed 1n

a position where the plural numbers of Debye rings

generated by the 1ncident X-ray beams from said at least
one palr of X-ray generating means are adjacent to each

other, or intersect wilith each other.

2. The X-ray stress measuring apparatus, as described

in the claim 1, wherein the angle mutually defined between

— r—

the X-ray beams of said pair of X-ray generating means 1S

within a range from 20 degrees to 170 degrees.

3. The X-ray stress measurlng apparatus, as described

in the claim 2, wherein the angle mutually defined between

— =

the X-ray beams of sald palr of X-ray generating means 1S

at 90 degrees.

4. The X-ray stress measuring apparatus, as described

in the claim 1, whereln sald X-ray sensor portion 1s made up

with the Z-dimensional X-ray detector, further comprising means for

determining due to which one of the X-ray beams 1incident upon said

sample from sald palr of X-ray generating means sald ring 1s caused,
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upon basis of the Debye rings detected by said 2-dimensional X-ray

detector.

5. The X-ray stress measuring apparatus, as described 1n

the claim 4, wherein said 2-dimensional X-ray detector 1s fixed
at a position and an angle, which are predetermined with respect
to said pailr of X-ray generating means, within a space defined

between said pair of X-ray generating means.

6. The X-ray stress measuring apparatus, as described 1n

the claim 1, wherein said X-ray sensor portion 1s made up with

the 1-dimensional X-ray detector, further comprising means for

driving said pair of X-ray generating means, selectively, on a

time sequence.

7. The X-ray stress measuring apparatus, as described 1in
the claim 6, wherein said l-dimensional X-ray detector 1s fixed
at a position and an angle, which are predetermined with respect

e

to said pair of X-ray generating means, within a space defined

p—

between said palir of X-ray generating means.

8. The X-ray stress measuring apparatus, as described 1in

the claim 1, further comprising a radiation shielding member for

storing said X-ray sensor porticn, togetherwith saidpair of X-ray

generating means therein.

9. The X-ray stress measuring apparatus, as described 1n
the claim 8, further comprising a grip portion attached on said

radiation shielding member in one body.

10. The X-ray stress measuring apparatus, as described 1in

the claim 9, further comprising a trigger disposed 1n a position

adjacent to said grip portion, for instructing an X-ray stress

" \ + v o~V ~ T
mea-s*drlng Opelﬁaulon O Sall A ra_y o

11. The X-ray stress measuring apparatus, as described 1n

the claim 9, wherein said battery means is stored within said grip

portion, and further, saidbatterymeans is arechargeable battery.
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12. The X-ray stress measuring apparatus, as described 1n
the claim 8, further comprising a display position for display
aresult of X-ray stressmeasurement by said X-ray stress measuring

griity.

apparatus, on an outside of said radiation shielding member.
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FIG. 5B
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FIG. 8A
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FIG. 9B
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