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(54) X-RAY INSPECTION METHOD AND DEVICE

(57) A first X-ray image is obtained by imaging a tar-
get in a first direction and at a first elevation angle, and
a second X-ray image is obtained by imaging the target
in a second direction and at a second elevation angle.
Based on these two X-ray images, cross-section data of
the target is obtained. The first and second X-ray images
are converted into first and second thickness data, and
first cross-section data based on a first surface side of

the target and second cross-section data based on a sec-
ond surface side of the target are obtained based on the
first thickness data. Similar third cross-section data and
four cross-section data are obtained based on the second
thickness data. The cross-section data of the target is
obtained by partially extracting and synthesizing cross-
section data of a highly reliable region from these pieces
of cross-section data.
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Description

TECHNICAL FIELD

[0001] The present invention relates to X-ray inspec-
tion method and device for obtaining cross-section data
of a three-dimensional target by transmitting X-rays
through the target.

BACKGROUND ART

[0002] At present, an X-ray inspection is used for a
wide range of industrial products. The X-ray inspection
is used also for a printed circuit board on which various
electronic components are mounted. For example, an
inspection, as to whether or not a BGA (Ball Grid Array),
which is an ultra-small LSI component, is properly sol-
dered to a board is made using X-rays. Generally, the
BGA includes a solder ball terminal on an electrode pad
thereof and is held in a state where the solder ball terminal
is held in contact with a solder layer formed on a board-
side electrode pad and, subsequently, a heating process
is applied to melt solder balls (and the solder layer) to fix
the BGA to the board. In the X-ray inspection, data on
cross-sectional shapes of the melted solder balls is ob-
tained. This is because the solder ball is deformed into
a barrel shape by the heating process in a normal state,
whereas it is deformed into a shape different from the
barrel shape in a defective state.
[0003] An X-ray CT (Computed Tomography) method
is known as an X-ray inspection method aimed at boards
as described above. For example, patent literature 1 dis-
closes an X-ray inspection method utilizing vertical slice
imaging. In this inspection method, a multitude of hori-
zontal slice images of a melt of the solder ball are imaged
and a vertical slice image of the melt of the solder ball is
formed utilizing these. However, this method requires
several tens of X-ray images to be obtained for one in-
spection target, wherefore there are problems that it
takes time for an imaging operation and an X-ray expo-
sure dose of an inspection target increases.
[0004] Further, patent literature 2 discloses an X-ray
inspection method for obtaining a three-dimensional X-
ray CT image by iteration using a plurality of X-ray sourc-
es and X-ray detectors. According to this method, a three-
dimensional shape of an inspection target can be ob-
tained, but an enormous number of X-ray images are
necessary. Thus, an imaging time and an X-ray exposure
dose of the inspection target are a problem similarly to
the above case.

Citation List

Patent Literature

[0005]

Patent literature 1: Japanese Patent Publication No.

3665294
Patent literature 2: Japanese Unexamined Patent
Publication No. 2010-127810

Summary of Invention

[0006] An object of the present invention is to provide
X-ray inspection method and device capable of precisely
obtaining cross-sectional data of an inspection target
based on as few X-ray images as possible.
[0007] One aspect of the present invention is directed
to an X-ray inspection method for computing a cross-
sectional shape of a three-dimensional target having a
first surface and a second surface facing the first surface
by transmitting X-rays through the target using an X-ray
source for radiating X-rays, an X-ray detector for detect-
ing the X-rays and a computing device, comprising:

arranging the X-ray source in a predetermined first
direction and at a predetermined first elevation angle
with respect to the target and the X-ray detector to
face the X-ray source across the target and, in this
state, causing the X-rays to be radiated from the X-
ray source and the X-ray detector to obtain a first X-
ray image of the target;
arranging the X-ray source in a predetermined sec-
ond direction different from the first direction and at
a predetermined second elevation angle with re-
spect to the target and the X-ray detector to face the
X-ray source across the target and, in this state,
causing X-rays to be radiated from the X-ray source
and the X-ray detector to obtain a second X-ray im-
age of the target;
causing the computing device to compute first thick-
ness data of the target viewed in the first direction
and in a direction of the first elevation angle based
on a luminance value distribution of the first X-ray
image along the first direction and further compute
first cross-section data based on the first surface side
of the target and second cross-section data based
on the second surface side based on the first thick-
ness data;
causing the computing device to compute second
thickness data of the target viewed in the second
direction and in a direction of the second elevation
angle based on a luminance value distribution of the
second X-ray image along the second direction and
further compute third cross-section data based on
the first surface side of the target and fourth cross-
section data based on the second surface side based
on the second thickness data; and
causing the computing device to partially extract
cross-section data of a highly reliable region deter-
mined by the first and second directions from the first
to fourth cross-section data and derive cross-section
data of the target by synthesizing the extracted piec-
es of partial cross-section data.
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[0008] Another aspect of the present invention is di-
rected to an X-ray inspection device for computing a
cross-sectional shape of a three-dimensional target hav-
ing a first surface and a second surface facing the first
surface by transmitting X-rays through the target, com-
prising:

an X-ray source for radiating X-rays;
an X-ray detector for detecting the X-rays radiated
from the X-ray source and transmitted through the
target and obtaining an X-ray image;
a drive controller for controlling the operation of the
X-ray source and the X-ray detector;
an image processor for computing thickness data of
the target based on a luminance value distribution
of the X-ray image and computing cross-section data
of the target based on the thickness data; and
a determiner for determining whether or not the
shape of the target is good based on the cross-sec-
tion data;
wherein:

the drive controller:

causes the X-ray source to be arranged in
a predetermined first direction and at a pre-
determined first elevation angle with re-
spect to the target, causes the X-ray detec-
tor to be arranged to face the X-ray source
across the target and, in this state, causes
the X-rays to be radiated from the X-ray
source and causes the X-ray detector to ob-
tain a first X-ray image of the target, and
subsequently causes the X-ray source to be
arranged in a second direction different
from the first direction and at a predeter-
mined second elevation angle with respect
to the target, causes the X-ray detector to
be arranged to face the X-ray source across
the target and, in this state, causes X-rays
to be radiated from the X-ray source and
causes the X-ray detector to obtain a sec-
ond X-ray image of the target; and

the image processor:

computes first thickness data of the target
viewed in the first direction and in a direction
of the first elevation angle based on a lumi-
nance value distribution of the first X-ray im-
age along the first direction and further com-
putes first cross-section data based on the
first surface side of the target and second
cross-section data based on the second
surface side based on the first thickness da-
ta,
subsequently computes second thickness
data of the target viewed in the second di-

rection and in a direction of the second el-
evation angle based on a luminance value
distribution of the second X-ray image along
the second direction and further computes
third cross-section data based on the first
surface side of the target and fourth cross-
section data based on the second surface
side based on the second thickness data,
and
further partially extracts cross-section data
of a highly reliable region determined by the
first and second directions from the first to
fourth cross-section data and derives the
cross-section data of the target by synthe-
sizing the extracted pieces of partial cross-
section data.

[0009] An object, features and advantages of the
present invention will become more apparent upon read-
ing the following detailed description along with the ac-
companying drawings.

Brief Description of Drawings

[0010]

FIG. 1 is a sectional view schematically showing an
X-ray inspection device according to an embodiment
of the present invention,
FIG. 2 is a block diagram showing a functional con-
figuration of the X-ray inspection device,
FIG. 3 is a plan view of an electronic component with
parts to be inspected,
FIGS. 4 are side views showing a solder ball as an
inspection target, wherein FIG. 4A shows a state be-
fore a heating process, FIG. 4B shows a good prod-
uct after the heating process and FIG. 4C shows a
defective product after the heating process,
FIG. 5 is a diagram showing a state of irradiation of
X-rays to an inspection target;
FIGS. 6 are diagrams showing highly reliable regions
of an X-ray image in the case of radiation of X-rays
in a first direction, wherein FIG. 6A shows a target
and FIG. 6B shows an X-ray image thereof,
FIGS. 7 are diagrams showing highly reliable regions
of an X-ray image in the case of radiation of X-rays
in a second direction, wherein FIG. 7A shows a target
and FIG. 7B shows an X-ray image thereof,
FIGS. 8A and 8B are a perspective view and a side
view showing an inspection target and FIG. 8C is a
plan view showing imaging directions,
FIG. 9 is a view showing an arrangement of X-ray
images of the inspection target obtained in the re-
spective imaging directions,
FIG. 10 is a diagonal bar graph showing an example
of cross-section data,
FIG. 11 is a diagonal bar graph showing an example
of cross-section data,
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FIGS. 12A and 12B are graphs showing a synthesis
example of the cross-section data of FIG. 10 and
that of FIG. 11,
FIG. 13 is a diagonal bar graph showing an example
of cross-section data,
FIG. 14 is a diagonal bar graph showing an example
of cross-section data,
FIGS. 15A and 15B are graphs showing a synthesis
example of the cross-section data of FIG. 13 and
that of FIG. 14,
FIG. 16 is a graph showing a synthesis example of
the cross-section data of FIG. 12 and that of FIG. 15,
FIG. 17 is a perspective view of another inspection
target,
FIGS. 18A and 18B are diagonal bar graphs showing
examples of cross-section data and FIG. 18C is a
graph showing a synthesis example of these pieces
of cross-section data,
FIGS. 19A and 19B are diagonal bar graphs showing
examples of cross-section data and FIG. 19C is a
graph showing a synthesis example of these pieces
of cross-section data,
FIG. 20 is a graph showing a synthesis example of
the cross-section data of FIG. 18C and that of FIG.
19C,
FIG. 21 is an array diagram of X-ray images showing
a modification,
FIG. 22 is a diagram showing a synthesis example
of cross-section data according to the modification,
and
FIG. 23 is a flow chart showing the operation of the
X-ray inspection device.

Description of Embodiments

[0011] Hereinafter, an embodiment of the present in-
vention is described with reference to the accompanying
drawings. FIG. 1 is a sectional view schematically show-
ing an X-ray inspection device A according to the em-
bodiment of the present invention, and FIG. 2 is a block
diagram showing a functional configuration of the X-ray
inspection device A. The X-ray inspection device A is an
inspection device for inspecting a joint state of a BGA
(Ball Grid Array; an example of an electronic component)
100 and a printed circuit board W after a reflow process.
The BGA 100 is one type of an IC package for surface
mounting.
[0012] FIG. 3 is a plan view of the BGA 100. The BGA
100 includes a multitude of solder balls 103 on a lower
surface thereof. The solder balls 103 are provided in a
predetermined array on a peripheral part of the BGA 100
and, after being melted by a so-called reflow process
(heating process) and solidified, physically and electri-
cally connect the BGA 100 and the printed circuit board
W as a solder portion 101 (three-dimensional target/sol-
der connecting portion). In a shown example, the BGA
100 includes 416 electrodes and the solder portion 101
connects these electrodes and the board W. The solder

balls 103 are not necessarily provided on all the elec-
trodes of the BGA 100, but selectively arranged (e.g. on
300 electrodes) based on a use mode of the BGA 100
and connect the BGA 100 to the printed circuit board W.
[0013] FIGS. 4A to 4C are side views showing the sol-
der ball 103 or the solder portion 101 as a melt of the
solder ball 103, wherein FIG. 4A shows a state before
the reflow process, FIG. 4B shows a good product after
the reflow process and FIG. 4C shows a defective product
after the reflow process. The solder portion 101 is formed
on the printed circuit board W by way of a printing proc-
ess, a mounting process and the reflow process. The
printing process includes a step of printing solder 102
(cream solder) on a land W1 provided on the printed cir-
cuit board W. The mounting process includes a step of
mounting the BGA 100 on the printed solder 102. The
reflow process includes a step of heating the printed cir-
cuit board W mounted with the BGA 100 in a melting
furnace.
[0014] As shown in FIG. 4A, the solder ball 103 is in-
terposed between the solder 102 and an electrode W2
of the BGA 100 while maintaining its spherical shape
before the reflow process. On the other hand, after the
reflow process, the solder 102 and the solder ball 103
are heated and fused together to be integrally solidified
as shown in FIG. 4B. This solidified solder serves as the
solder portion 101. The electrical and physical connec-
tion of the land W1 of the printed circuit board W and the
electrode W2 of the BGA 100 is realized by the thus so-
lidified solder portion 101.
[0015] Here, as shown in FIG. 4B, a joint surface 104
of the solder portion 101 with the land W1 or the electrode
W2 is finished to have a joint width d equal to a land width
D in a good product. However, there are not a few de-
fective products in which the joint width d is shorter than
the land width D. There can be, for example, cases where
the joint width d is narrow as shown in FIG. 4C or the
solder ball 103 is not joined at all. Needless to say, a
shortage of strength and a connection failure can occur
in such cases. Accordingly, the X-ray inspection device
A of this embodiment is used to determine whether the
individual solder portion 101 is good or defective.
[0016] The X-ray inspection device A images X-ray im-
ages of the solder portions 101, obtains a vertical cross-
sectional shape of each solder portion 101 from the im-
age data and discriminates whether each solder portion
101 is a good product or a defective product. With refer-
ence to FIGS. 1 and 2, the X-ray inspection device A
includes a housing 10, a stage 11 housed in this housing
10, an X-ray radiation device 20 (X-ray source), an X-ray
camera 21 (X-ray detector), and a control unit 30 (com-
puting device) and a display unit 40 arranged at suitable
positions outside the housing 10.
[0017] The housing 10 is a box-shaped casing provid-
ed with an X-ray shielding function and configured to
house the stage 11 mentioned above, the X-ray radiation
device 20 and the X-ray camera 21 as described above,
and includes a carry-in port 10IN through which a printed
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circuit board W is carried in and a carry-out port 10OUT
through which the printed circuit board W is carried out.
[0018] The stage 11 is a stage on which the printed
circuit board W to be inspected is mounted and a con-
veyor mechanism is attached thereto. Specifically, the
stage 11 is movable in a conveying direction (a direction
from right to left in FIG. 1) along a predetermined hori-
zontal direction and in a horizontal direction perpendic-
ular to this conveying direction by a stage driver unit 11
a. In the following description, a direction along the con-
veying direction of the stage 11 is referred to as an X
direction; a horizontal direction perpendicular to the X
direction as a Y direction; and a vertical direction as a Z
direction (according to this definition, the stage 11 is driv-
en along the X direction and Y direction by the stage
driver unit 11 a). The stage 11 conveys the printed circuit
board W carried into the housing 10 through the carry-in
port 10IN in the X direction up to a predetermined inspec-
tion position, stops and holds the printed circuit board W
at the inspection position, and conveys the inspected
printed circuit board W from the inspection position to the
carry-out port 10OUT in the X direction.
[0019] A carry-in conveyor 12 for carrying the printed
circuit board W into the stage 11 in the housing 10 is
provided upstream of the stage 11 in the X direction in
such a manner that a downstream end thereof faces the
carry-in port 10IN. Further, a carry-out conveyor 14 for
carrying out the printed circuit board W from the stage
11 to the outside of the housing 10 is provided down-
stream of the stage 11 in the X direction in such a manner
that an upstream end thereof faces the carry-out port
10OUT. The carry-in conveyor 12 conveys printed circuit
boards W finished with a predetermined step one by one
onto the stage 11. The carry-out conveyor 14 carries out
the printed circuit boards W finished with the inspection
process in the X-ray inspection device A from the stage
11. These carry-in and carry-out conveyors 12, 14 are
driven by conveyor driver units 12a, 14a and convey the
printed circuit boards W at predetermined timings.
[0020] The X-ray radiation device 20 radiates X-rays
to the printed circuit board W on the stage 11 in the hous-
ing 10. The X-ray camera 21 detects the X-rays radiated
from the X-ray radiation device 20 and transmitted
through the printed circuit board W (solder portions 101).
That is, the X-ray camera 21 images an X-ray image of
the printed circuit board W. The control unit 30 controls
an imaging operation of the X-ray image by the X-ray
radiation device 20 and the X-ray camera 21, an image
processing operation for the obtained X-ray image and
a quality determination operation of the solder portions
101. The display unit 40 displays the X-ray image proc-
essed by the control unit 30. Each of the above compo-
nents is described in detail below.
[0021] The X-ray radiation device 20 is an X-ray source
capable of radiating X-rays having high parallelism and
includes a light emitter for generating X-rays and a col-
limator formed such that a plurality of thin tubes for trans-
mitting X-rays are filled in a tube body. X-rays generated

by the light emitter are incident on one end of the colli-
mator and radiated from the other end of the collimator
through the thin tubes. The X-ray radiation device 20 is
carried movably only in the Z direction (vertical direction)
substantially in a central part in the housing 10 by an X-
ray radiation device driver unit 20a. The X-rays generated
by the X-ray radiation device 20 are radiated to the printed
circuit board W on the stage 11 from above the stage 11.
The X-rays radiated from the X-ray radiation device 20
are transmitted through the printed circuit board W in an
attenuated state by being partly absorbed by the printed
circuit board W and the like.
[0022] The X-ray camera 21 is arranged to face the X-
ray radiation device 20 across the printed circuit board
W on the stage 11 and obtains an X-ray image of the
printed circuit board W by detecting the X-rays transmit-
ted through the printed circuit board W. For example, a
panel with a light receiving surface having each side of
50 mm may be used as the X-ray camera 21. In such a
case, the X-ray camera 21 is arranged about 15 cm below
the stage 11. The X-ray camera 21 is movably carried in
the housing 10 by an X-ray camera driver unit 21a and
receives the X-rays transmitted through the printed circuit
board W below the stage 11. The X-ray camera driver
unit 21 a displaces the X-ray camera 21 in the X and Y
directions in accordance with an X-ray radiation direction
by the X-ray radiation device 20. The X-ray camera 21
outputs data of the imaged X-ray image to the control
unit 30.
[0023] The control unit 30 includes a CPU (Central
Processing Unit) for performing a logical operation, a
ROM (Read Only Memory) for storing a program and the
like for controlling the CPU, a RAM (Random Access
Memory) for temporarily storing various data during the
operation of the device, an input/output interface and the
like and is functionally provided with a stage controller
31, a conveyor controller 32, an imaging controller 33,
an image processor 34, a quality determination proces-
sor 35, a program switching processor 36, a display con-
troller 37 and an overall controller 30A. Further, an ex-
ternal storage device 50 (storage) for storing programs
and various data (parameters) is connected to the in-
put/output interface of the control unit 30.
[0024] The stage controller 31 is a module for control-
ling the operation of the stage 11 via the stage driver unit
11a singly or in conjunction with other controller(s). The
conveyor controller 32 is a module for controlling the op-
eration of the carry-in conveyor 12 and the carry-out con-
veyor 14 via the conveyor driver unit 12a, 14a singly or
in conjunction with other controller(s). An operation of
carrying the printed circuit board W into the housing 10
(onto the stage 11), an operation of moving and position-
ing the printed circuit board W on the stage 11 during X-
ray imaging and an operation of carrying out the printed
circuit board W after imaging are controlled by the above
stage controller 31 and conveyor controller 32.
[0025] The imaging controller 33 is a module for con-
trolling an operation of imaging an X-ray image by the X-
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ray radiation device 20 and the X-ray radiation camera
21 by driving the X-ray radiation device 20 and the X-ray
radiation camera 21 via the X-ray radiation device driver
unit 20a and the X-ray radiation camera driver unit 21a.
Specifically, the imaging controller 33 adjusts the position
of the X-ray radiation device 20 in the Z direction by the
X-ray radiation device driver unit 20a and adjusts the
position of the X-ray radiation camera 21 in an XY plane
by the X-ray radiation camera driver unit 21a, thereby
determining an X-ray transmission direction for the print-
ed circuit board W (solder portions 101), i.e. an imaging
direction and an elevation angle θ of the X-rays. Besides,
the imaging controller 33 also controls a focus position
of the X-rays radiated by the X-ray radiation device 20,
an X-ray radiation amount, the number of times of imag-
ing, an imaging timing and the like.
[0026] The image processor 34 is a module for
processing data of an X-ray image imaged by the X-ray
radiation camera 21, converting it into a predetermined
image format and using the converted data in the appli-
cation of a program handling such data. This image proc-
essor 34 is functionally provided with a thickness data
computer 341, a cross-section graph generator 342 and
a data synthesizer 343.
[0027] The thickness data computer 341 performs a
process of converting luminance values of an X-ray im-
age imaged by the X-ray camera 21 into thickness data.
A main component of solder is tin (Sn). A relationship of
Sn thickness and darkness (luminance) of an X-ray im-
age, i.e. a relationship between Sn thickness and X-ray
absorption amount can be easily grasped. Accordingly,
the relationship of the both can be formatted into a table
in advance. In this embodiment, this table is stored in a
conversion data storage 51 of the storage device 50 to
be described later. The thickness data computer 341
computes thickness data by converting luminance values
of the obtained X-ray image into thicknesses based on
the table in the conversion data storage 51.
[0028] The cross-section graph generator 342 gener-
ates diagonal bar graph data corresponding to the cross-
section data of the solder portion 101 based on the thick-
ness data obtained by the thickness data computer 341.
This diagonal bar graph data is obtained by inclining a
bar chart indicating a thickness value of each part of a
cross-section based on the thickness data according to
the imaging direction and the imaging elevation angle of
the printed circuit board W. Further, the cross-section
graph generator 342 generates two pieces of diagonal
bar graph data, i.e. data based on a bottom surface side
of the solder portion 101 and data based on a top surface
side of the solder portion 101. The cross-section graph
generator 342 generates the above diagonal bar graph
data based on the bottom surface side and the top sur-
face side, i.e. two pieces of cross-section data for each
of at least two X-ray images having different imaging di-
rections.
[0029] The data synthesizer 343 extracts cross-sec-
tion data of a part including a highly reliable region (de-

scribed in detail later based on FIGS. 5 to 7) determined
by the imaging direction of the printed circuit board W
from a plurality of pieces of cross-section data generated
by the cross-section graph generator 342. Then, the data
synthesizer 343 synthesizes the extracted pieces of par-
tial cross-section data to generate the entire cross-sec-
tion data of the solder portion 101.
[0030] The quality determination processor 35 deter-
mines whether each solder portion 101 imaged is a good
product (having a cross-section as shown in FIG. 4B) or
a defective product (having, for example, a cross-section
shown in FIG. 4C) by comparing the entire cross-section
data of the solder portion 101 generated by the image
processor 34 and a template or the like of the solder
portion 101 as a basis for a good product.
[0031] The program switching processor 36 performs
a process of switching a discrimination program prepared
for each inspection target for quality determination of a
cross-sectional shape. If the type of the printed circuit
board W or the BGA 100 (type of an electronic compo-
nent) to be inspected differs, controls, set parameters
and the like may also differ. Thus, a plurality of types of
discrimination programs need to be prepared according
to inspection targets. In this embodiment, a plurality of
types of discrimination programs are stored in a discrim-
ination program storage 52 of the storage device 50 to
be described later. The program switching processor 36
performs a process of reading the discrimination program
corresponding to an inspection target from the discrimi-
nation program storage 52 and setting it as a work pro-
gram when an input specifying the inspection target is
given to an unillustrated operation unit from a user.
[0032] The display controller 37 executes a control for
causing the display unit 40 to display data handled by
the control unit 30 by a GUI (Graphical User Interface)
based on the program.
[0033] The overall controller 30A is a module for totally
controlling the operation of the X-ray inspection device
A and executes a control for causing the aforementioned
stage controller 31, conveyor controller 32, imaging con-
troller 33, image processor 34, quality determination
processor 35, program switching processor 36 and dis-
play controller 37 to operate at predetermined timings
based on a predetermined program sequence.
[0034] The display unit 40 is composed of a liquid crys-
tal display and the like and displays a necessary screen
based on the control of the control unit 30 (display con-
troller 37). For example, the display unit 40 displays X-
ray images obtained by the X-ray camera 21, cross-sec-
tion data to be described later and the like.
[0035] The storage device 50 is a device for storing
various data and programs used for the X-ray inspection
device A and, in this embodiment, includes the conver-
sion data storage 51, the discrimination program storage
52 and a facility specific data storage 53.
[0036] A table indicating a relationship between the
thickness of Sn as a main constituent material of the sol-
der portions 101 and a luminance value when X-rays are
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transmitted is stored in the conversion data storage 51.
This table is a table using the Sn thickness and the X-
ray transmission amount when a predetermined amount
of X-rays are radiated to Sn members having different
thicknesses as parameters, and is obtained by actual
measurement or simulation. A plurality of types of dis-
crimination programs prepared in advance according to
inspection targets are stored in the discrimination pro-
gram storage 52. Dimension data, various set data and
the like of each constituent element of the X-ray inspec-
tion device A are stored in the facility specific data storage
53.
[0037] Next, the highly reliable region in the X-ray im-
age data (cross-section data) is described based on
FIGS. 5 to 7. FIG. 5 is a diagram showing a state of
irradiation of X-rays to the solder portion 101 as an in-
spection target and FIGS. 6 and 7 are diagrams showing
highly reliable regions of an X-ray image in the case of
radiation of X-rays to the solder portion 101 in a first di-
rection and a second direction.
[0038] With reference to FIG. 5, it is assumed that the
X-ray radiation device 20 is arranged at a predetermined
elevation angle θ (e.g. θ = 45°) in a predetermined direc-
tion above the solder portion 101 as an inspection target.
Collimated X-rays L1 to L5 are radiated from the X-ray
radiation device 20 and incident on the solder portion 101
having a barrel shape in a side view. The X-rays L1 to
L5 are transmitted through the solder portion 101 ob-
liquely from a right upper side to a left lower side of the
solder portion 101. Transmitted X-rays L1A to L5A of the
X-rays L1 to L5 are incident on a light receiving surface
of the X-ray camera 21.
[0039] Here, if transmission lengths of the respective
X-rays L1 to L5 through the solder portion 101 are com-
pared, the X-ray L3 transmitted near a diagonal of the
barrel-shaped solder portion 101 has a longest transmis-
sion length and the X-rays L2, L4 adjacent to this also
have relatively long transmission lengths. Contrary to
this, the X-ray L1 transmitted near a left upper end of the
solder portion 101 and the X-ray L5 transmitted near a
right lower end of the solder portion 101 have short trans-
mission lengths. As the transmission length through the
solder portion 101 mainly containing Sn increases, an
attenuation amount of the X-ray increases. Accordingly,
the transmitted X-ray L3A has a smallest light amount
and the transmitted X-rays L2A and L4A also have rela-
tively small light amounts. On the other hand, the trans-
mitted X-rays L1A and L5A have relatively large light
amounts. Thus, the X-ray image imaged by the X-ray
camera 21 is darkest (low luminance value) near a region
where the transmitted X-ray L3A is incident and also con-
siderably dark near regions where the transmitted X-rays
L2A and L4A are incident while being relatively bright
(high luminance value) near regions where the transmit-
ted X-rays L1A and L5A are incident.
[0040] A black region where the luminance values are
low has a poor thickness resolution. This is because it is
difficult to observe differences among the luminance val-

ues in the black region. For example, the vicinity of the
region where the transmitted X-ray L3A of the X-ray im-
age is incident and the vicinities of the regions where the
transmitted X-rays L2A and L4A are incident are black
image regions where luminance differences are hardly
recognized. Accordingly, the reliability of thickness data
obtained by converting the luminance values of these
regions into thicknesses is low no matter what. Contrary
to this, since changes in the luminance value correspond-
ing to the thickness of the solder portion 101 can be ob-
served near the regions where the transmitted X-rays
L1A and L5A are incident, the reliability of thickness data
obtained by converting the luminance values in these
regions into thicknesses is high.
[0041] FIGS. 6 are diagrams showing highly reliable
regions of an X-ray image when X-rays are radiated to
the solder portion 101 obliquely from a right upper side
of the solder portion 101 (in a first direction), wherein
FIG. 6A is a side view of the solder portion 101 and FIG.
6B shows an X-ray image V1 of the solder portion 101.
In this case, the vicinity of a left end part on the side of
a top surface 101T of the solder portion 101 is an edge
region Q1 having a short X-ray transmission length and
the vicinity of a right end part on the side of a bottom
surface 101B is also an edge region Q3 having a short
X-ray transmission length. On the other hand, a part be-
tween the edge regions Q1 and Q3 is an intermediate
region M1 having a long X-ray transmission length. Ac-
cordingly, in the X-ray image V1, image regions Q1V,
Q3V corresponding to the edge regions Q1, Q3 are highly
reliable regions and an image region M1V corresponding
to the intermediate region M1 is a region having relatively
low reliability.
[0042] FIGS. 7 are diagrams showing highly reliable
regions of an X-ray image when X-rays are radiated to
the solder portion 101 in a direction different by 180° from
FIG. 6, i.e. obliquely from a left upper side of the solder
portion 101 (in a second direction), wherein FIG. 7A is a
side view of the solder portion 101 and FIG. 7B shows
an X-ray image V2 of the solder portion 101. In this case,
the vicinity of a right end part on the side of the top surface
101T of the solder portion 101 is an edge region Q2 hav-
ing a short X-ray transmission length and the vicinity of
a left end part on the side of the bottom surface 101B is
also an edge region Q4 having a short X-ray transmission
length. On the other hand, a part between the edge re-
gions Q2 and Q4 is an intermediate region M2 having a
long X-ray transmission length. Accordingly, in the X-ray
image V2, image regions Q2V, Q4V corresponding to
the edge regions Q2, Q4 are highly reliable regions and
an image region M2V corresponding to the intermediate
region M2 is a region having relatively low reliability.
[0043] As described above, the highly reliable regions
of the X-ray image are determined by the arrangement
position of the X-ray radiation device 20 with respect to
the solder portion 101, i.e. the imaging direction of the
solder portion 101 by the X-ray camera 21. If parts in-
cluding the image regions Q1V to Q4V of the highly re-
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liable regions are extracted from the X-ray images V1,
V2 and are synthesized to derive one piece of cross-
section data of the solder portion 101, it is possible to
obtain a highly reliable vertical cross-sectional shape of
the solder portion 101. In addition, the solder portion 101
has a barrel shape and is one of rotationally symmetrical
three-dimensional shapes. Thus, the vertical cross-sec-
tional shape of the solder portion 101 can be obtained if
the solder portion 101 is X-ray imaged at least in two
directions.

[First Example of Deriving Cross-Section Data]

[0044] Next, a method for deriving the cross-section
data of the solder portion 101 is specifically described.
FIG. 8A is a perspective view of the solder portion 101
as an inspection target, FIG. 8B is a side view thereof
and FIG. 8C is a plan view showing X-ray imaging direc-
tions of the solder portion 101. As described above and
also shown in FIGS. 8A and 8B, the solder portion 101
has the barrel shape whose top surface 101T (first sur-
face) and bottom surface 101B (second surface) are flat
circular surfaces and whose side peripheral wall has an
outwardly convex curved surface. Note that the electrode
W2 of the BGA 100 and a part corresponding to the solder
ball 103 are shown upside down.
[0045] As shown in FIG. 8C, there are four imaging
directions of the solder portion 101 spaced apart at equal
angles in a plan view. Specifically, the X-ray imaging of
the solder portion 101 is conducted in four directions
spaced apart from each other at an angle of 90°, i.e. a
45° direction V1, a 135° direction V2, a 225° direction V3
and a 315° direction V4 counterclockwise from an +X
axis as an origin axis. Further, an imaging elevation angle
is 45° in any case. For example, in imaging in the 45°
direction V1, the imaging controller 33 (see FIG. 2) caus-
es the X-ray radiation device 20 to be arranged in the
315° direction and the X-ray camera 21 to be arranged
in the 45° direction and, in this state, causes the X-ray
radiation device 20 to radiate X-rays and causes the X-
ray camera 21 to obtain an X-ray image. Of course, im-
aging may be performed in more than four directions and,
for example, may be performed in eight directions spaced
apart at an angle of 45° from each other. Alternatively,
imaging may be performed in directions that are not
spaced at equal angles. Further, although the elevation
angles are preferably equal, imaging may be performed
at different elevation angles.
[0046] Note that an X-ray image in a direction vertical
to the solder portion 101 is also obtained in addition to
those obtained in the above four or eight directions. This
is to obtain length data from the top surface 101T to the
bottom surface 101B of the solder portion 101. In this
case, an imaging operation is performed with the X-ray
radiation device 20 arranged to face the top surface 101T
of the solder portion 101 and the X-ray camera 21 ar-
ranged to face the bottom surface 101B. The imaging
controller 33 controls the X-ray radiation device 20 and

the X-ray camera 21 via the X-ray radiation device driver
unit 20a and the X-ray camera driver unit 21a so as to
perform the above imaging.
[0047] FIG. 9 is a view showing an array of X-ray im-
ages 101V1 (45° direction V1), 101V2 (135° V2), 101V3
(225° direction V3), 101V4 (315° direction) and 101V5
(vertical direction) of the solder portion 101 obtained in
the four imaging directions and the vertical imaging di-
rection shown in FIG. 8C according to the imaging direc-
tions. Out of these X-ray images, the X-ray image 101
V2 (hereinafter, referred to as a first X-ray image VD1)
in the 135° direction V2 (first direction) and the X-ray
image 101V4 (hereinafter, referred to as a second X-ray
image VD2) in the 315° direction V4 (second direction),
both being located on a straight line A0, are used. If the
X-ray images in two directions facing each other (first
and second directions) and having the same elevation
angle (first and second elevation angles) are used in this
way, cross-section data along one cross-section line A0
can be obtained. Further, since the elevation angles in
the both directions are equal, a synthesis process of the
cross-section data of the highly reliable regions can be
simplified. Note that the X-ray image 101V5 in the vertical
direction (hereinafter, referred to as a third X-ray image
VD3) is also used to obtain the above length data.
[0048] Next, a process in the image processor 34 is
described in detail. First, the thickness data computer
341 of the image processor 34 computes a luminance
value distribution of a cross-section along the straight
line A0 of FIG. 9 (along the first or second direction) for
each of the obtained first, second and third X-ray images
VD1, VD2 and VD3. Further, the thickness data computer
341 converts the luminance values into thicknesses
based on the conversion table of the luminance values
and the Sn thicknesses stored in the conversion data
storage 51, whereby first thickness data, second thick-
ness data and third thickness data of the A0 cross-section
are computed for the first, second and third X-ray images
VD1, VD2 and VD3.
[0049] Subsequently, by the cross-section graph gen-
erator 342, diagonal bar graph data equivalent to the
cross-section data of the solder portion 101 is generated
based on the first and second thickness data computed
by the thickness data computer 341. Two pieces of this
diagonal bar graph data (cross-section data) are pre-
pared for each piece of thickness data based on the top
surface 101T side (first surface side) and the bottom sur-
face 101B side (second surface side) of the solder portion
101.
[0050] FIG. 10 is a graph showing cross-section data
D11 (first cross-section data) developed based on the
top surface 101T side for the first thickness data. This
cross-section data D11 is obtained by dividing the
straight line A0 into blocks having a predetermined width
and obliquely inclining a bar graph (bars become taller
with approach toward black) of the thickness data con-
verted from the luminance values by the block along an
arrow A1 corresponding to the imaging direction and the
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elevation angle (135° direction, elevation angle of 45°).
A numerical value shown as the "luminance value" on a
horizontal axis corresponds to the height of a diagonal
bar having the corresponding block as a base. For ex-
ample, in the block to which a numeral value of 5 = lumi-
nance value is given, a stacked height of unit grids is five
with the grid directly above the numerical value 5 as a
base when viewed in a direction of the arrow A1. That is,
the larger (darker) the luminance value, the longer the
X-ray transmission length and the longer the diagonal
bar. Note that, as described based on FIGS. 5 to 7, the
longer the X-ray transmission length, the lower the reli-
ability of the thickness data.
[0051] The cross-section data D11 is cross-section da-
ta obtained from the X-ray image imaged in the imaging
direction described in FIGS. 6. Thus, in the cross-section
data D11, groups of grids on opposite sides shown by a
dark color in FIG. 10 are equivalent to the edge regions
Q1, Q3 having short X-ray transmission lengths, and
these grid groups serve as highly reliable region data
DQ1, DQ3. Of course, the diagonal bars to which these
pieces of highly reliable region data DQ1, DQ3 belong
have small luminance values. On the other hand, a grid
group in an intermediate part shown by a light color in
FIG. 10 is equivalent to the intermediate region M1 having
a long X-ray transmission length and the diagonal bars
belonging to this region have large luminance values.
[0052] Note that a cross-sectional silhouette E1 of the
solder portion 101 as a target is shown in FIGS. 10 and
11 to 16 to be described next. This silhouette E1 is a
cross-sectional silhouette not of a barrel-shaped good
product, but of a defective product having a small-diam-
eter portion EB near the top surface 101T. Since X-rays
are radiated obliquely from the right upper side as shown
by a void arrow in FIG. 10 to obtain the cross-section
data D11, the highly reliable region data DQ3 is data
corresponding to an actual image near the top surface
101T of the solder portion 101. On the other hand, the
highly reliable region data DQ1 is data corresponding to
a projected image of the solder portion 101 and does not
reflect an actual shape of the solder portion 101. Accord-
ingly, in the cross-section data D11, the highly reliable
region data DQ3 and data near it are data with high us-
ability. If the cross-section data D11 is simply divided,
data in a right half of the silhouette E1 to the right of a
vertical center line H is data with high usability.
[0053] FIG. 11 is a graph showing cross-section data
D21 (third cross-section data) developed based on the
top surface 101T side for the second thickness data. This
cross-section data D21 is obtained by dividing the
straight line A0 into blocks having a predetermined width
and obliquely inclining a bar graph of the thickness data
converted from the luminance values by the block along
an arrow A2 corresponding to the imaging direction and
the elevation angle (315° direction, elevation angle of
45°). The cross-section data D21 is cross-section data
obtained from the X-ray image imaged in the imaging
direction described in FIGS. 7. Thus, in the cross-section

data D21, groups of grids on opposite sides shown by a
dark color in FIG. 11 are equivalent to the edge regions
Q2, Q4 having short X-ray transmission lengths, and
these grid groups serve as the highly reliable region data
DQ2, DQ4.
[0054] Since X-rays are radiated obliquely from the left
upper side to obtain the cross-section data D21, the high-
ly reliable region data DQ4 is data corresponding to an
actual image near the top surface 101T of the solder por-
tion 101. On the other hand, the highly reliable region
data DQ2 is data corresponding to a projected image of
the solder portion 101 and does not reflect an actual
shape of the solder portion 101. Accordingly, in the cross-
section data D21, the highly reliable region data DQ4 and
data near it are data with high usability. If the cross-sec-
tion data D21 is simply divided, data in a left half of the
silhouette E1 to the left of a vertical center line H is data
with high usability.
[0055] The above cross-section data D11 and cross-
section data D21 are synthesized by the data synthesizer
343. FIGS. 12A and 12B are graphs showing a synthesis
example of two pieces of data by the data synthesizer
343. FIG. 12A shows cross-section data D31 obtained
by a synthesis technique of extracting right half data to
the right of the center line H of the silhouette E1 from the
cross-section data D11, extracting left half data to the left
of the center line H from the cross-section data D21 and
joining these pieces of partial cross-section data at the
edge of the center line H. FIG. 12B shows cross-section
data D31A obtained by a synthesis technique of overlap-
ping the cross-section data D11 and the cross-section
data D21 and, if one of grids of the overlapped both pieces
of data is a "white grid", treating this grid as the "white
grid" (i.e. treating that no shape is present).
[0056] By both the synthesis techniques of FIGS. 12A
and 12B, the highly reliable region data DQ3 with high
usability and data near it are extracted from the cross-
section data D11 and the highly reliable region data DQ4
with high usability and data near it are extracted from the
cross-section data D21 to generate the synthesized
cross-section data D31 or D31 A. Thus, the cross-section
data D31 or D31A is cross-section data precisely repre-
senting a cross-sectional shape of the vicinity of the top
surface 101T of the solder portion 101.
[0057] Next, the cross-section graph generator 342
generates diagonal bar graph data (cross-section data)
based on the bottom surface 101B side of the solder por-
tion 101 respectively based on the first thickness data
and the second thickness data obtained by the thickness
data computer 341. These pieces of cross-section data
can be generated by reconfiguring the cross-section data
D11 and the cross-section data D21, which are generat-
ed first based on the top surface 101T side, to be based
on the bottom surface 101B side.
[0058] FIG. 13 is a graph showing cross-section data
D12 (second cross-section data) developed based on
the bottom surface 101B side for the first thickness data.
In the cross-section data D12, numerical values shown
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as the "luminance values" on a horizontal axis on the
bottom surface 101B side are the same as the numerical
values shown as the "luminance values" on the horizontal
axis on the top surface 101T side in FIG. 10 described
above. Data obtained by reconfiguring a bar graph of
thickness data converted from this "luminance values"
such that the bar graph obliquely hangs down along an
arrow A3 in a direction directly opposite to the arrow A1
of FIG. 10 from the bottom surface 101B side is the cross-
section data D12.
[0059] In the cross-section data D12 thus reconfig-
ured, the highly reliable region data DQ1 is data corre-
sponding to an actual image of the vicinity of the bottom
surface 101B of the solder portion 101 contrary to FIG.
10. That is, the highly reliable region data DQ1 and data
near it serve as data with high usability. If the cross-sec-
tion data D12 is simply divided, data in a left half of the
silhouette E1 to the left of the vertical center line H is data
with high usability.
[0060] Similarly, FIG. 14 is a graph showing cross-sec-
tion data D22 (fourth cross-section data) developed
based on the bottom surface 101B side for the second
thickness data. Also in this cross-section data D22, nu-
merical values shown as the "luminance values" on a
horizontal axis on the bottom surface 101B side are the
same as the numerical values shown as the "luminance
values" on the horizontal axis on the top surface 101T
side in FIG. 11. Data obtained by reconfiguring a bar
graph of thickness data converted from the "luminance
values" such that the bar graph obliquely hangs down
along an arrow A4 in a direction directly opposite to the
arrow A2 of FIG. 11 from the bottom surface 101B side
is the cross-section data D22.
[0061] In the cross-section data D22 thus reconfig-
ured, the highly reliable region data DQ2 is data corre-
sponding to an actual image of the vicinity of the bottom
surface 101B of the solder portion 101 contrary to FIG.
11. That is, the highly reliable region data DQ2 and data
near it serve as data with high usability. If the cross-sec-
tion data D22 is simply divided, data in a right half of the
silhouette E1 to the right of the vertical center line H is
data with high usability.
[0062] The above cross-section data D12 and cross-
section data D22 are also synthesized by the data syn-
thesizer 343. FIGS. 15A and 15B are graphs showing a
synthesis example of two pieces of data by the data syn-
thesizer 343. FIG. 15A shows cross-section data D32
obtained by a synthesis technique of extracting left half
data to the left of the center line H of the silhouette E1
from the cross-section data D12, extracting right half data
to the right of the center line H from the cross-section
data D22 and joining these pieces of partial cross-section
data at the edge of the center line H. FIG. 15B shows
cross-section data D32A obtained by a synthesis tech-
nique of overlapping the cross-section data D12 and the
cross-section data D22 and, if one of grids of the over-
lapped both pieces of data is a "white grid", treating this
grid as the "white grid".

[0063] By both the synthesis techniques of FIGS. 15A
and 15B, the highly reliable region data DQ1 with high
usability and data near it are extracted from the cross-
section data D12 and the highly reliable region data DQ2
with high usability and data near it are extracted from the
cross-section data D22 to generate the synthesized
cross-section data D32 or D32A. Thus, the cross-section
data D32 or D32A is cross-section data precisely repre-
senting a cross-sectional shape of the vicinity of the bot-
tom surface 101B of the solder portion 101.
[0064] The data synthesizer 343 further performs a
process of synthesizing the aforementioned cross-sec-
tion data D31 and D32 or cross-section data D31A and
D32A. FIG. 16 is a graph showing synthesized cross-
section data D4 obtained by synthesizing the cross-sec-
tion data D31 and D32 or the cross-section data D31A
and D32A. One of synthesis techniques is a technique
of extracting data corresponding to a substantially half
of the top surface 101T side of the silhouette E1 from the
cross-section data D31 or D31A, extracting data corre-
sponding to a substantially half of the bottom surface
101B side of the silhouette E1 from the cross-section
data D32 or D32A and synthesizing these pieces of ex-
tracted data. Another synthesis technique is a technique
of overlapping the cross-section data D31 or D31A and
the cross-section data D32 or D32A and, if one of grids
of the overlapped both pieces of data is a "white grid",
treating this grid as the "white grid". Of course, the syn-
thesized cross-section data D4 may be synthesized from
the cross-section data D11, D12, D21 and D22 by omit-
ting the intermediate synthesis of the cross-section data
D31 or D31A and the cross-section data D32 or D32A.
[0065] Here, length data from the top surface 101T to
the bottom surface 101B of the solder portion 101 is nec-
essary to synthesize the cross-section data D31 or D31A
and the cross-section data D32 or D32A. This is because
the cross-section data D11, D21 as a basis for the cross-
section data D31, D31A is data depending only on the
top surface 101T and the cross-section data D12, D22
as a basis for the cross-section data D32, D32A is data
depending only on the bottom surface 101B. The data
synthesizer 343 uses the third thickness data obtained
from the third X-ray image VD3 obtained in the vertical
direction to derive the length data. This third thickness
data is data obtained by converting a luminance value
distribution along the straight line A0 of the third X-ray
image VD3 into thicknesses using the conversion table
in the conversion data storage 51. Thus, the length data
from the top surface 101T to the bottom surface 101B
can be obtained from the third thickness data. The data
synthesizer 343 defines coordinate positions of the top
surface 101T and the bottom surface 101B according to
the length data and performs a process of synthesizing
the cross-section data D31 or D31A and the cross-sec-
tion data D32 or D32A.
[0066] Since the synthesized cross-section data D4
obtained as described above is a synthesis of the highly
reliable region data DQ1 to DQ4, it precisely represents
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a vertical cross-sectional shape of the solder portion 101.
Actually, the synthesized cross-section data D4 coin-
cides with the silhouette E1 having the small-diameter
portion EB. The quality determination processor 35 com-
pares the obtained synthesized cross-section data D4
and a reference silhouette of the solder portion 101 as a
basis for a good product and determines whether or not
the synthesized cross-section data D4 is a good product.
[0067] For example, the reference silhouette can be
set by estimating a barrel shape of a good product from
the total amount of solder of the solder portion 101, i.e.
the total amount of solder used in one pair of a solder
ball 103 and a solder 102, and sink information after the
reflow process. The solder portion 101 as a good product
has a rotationally symmetrical three-dimensional shape.
That is, a vertical cross-section has the same barrel
shape regardless of in which direction the solder portion
101 is cut. On the other hand, the solder portion 101 as
a defective product does not have a barrel shape, for
example, as in the silhouette E1. Thus, whether or not
the solder portion 101 is a good product can be deter-
mined based on whether or not the synthesized cross-
section data D4 represents a barrel shape.
[0068] The method for inspecting the vertical cross-
sectional shape thereof is described above, taking one
solder portion 101 as an example. In an actual inspection,
X-ray images of a plurality of solder portions 101 are ob-
tained by an imaging operation of one routine. Depending
on the solder portion 101, another electronic component
or the like mounted on the printed circuit board W may
be reflected as an obstacle if the solder portion 101 is
imaged in a certain imaging direction. As described
above, the imaging controller 33 causes the printed cir-
cuit board W (solder portions 101) to be imaged in four
directions spaced apart at an equal angular interval of
90° or in eight directions spaced apart at an equal angular
interval of 45°. According to this embodiment, the cross-
section data can be derived if X-ray images imaged in
two different direction are available. Therefore, the above
quality determination can be made by selecting a pair of
imaging directions not influenced by obstacles out of all
the imaging directions.

[Second Example of Deriving Cross-Section Data]

[0069] FIG. 17 is a perspective view showing a target
according to a second example of deriving cross-section
data. This target is a solder portion 111 different from the
first example and has a three-dimensional shape divided
into a bottom surface part 111a located on a bottom sur-
face 111B side and a top surface part 111b located on a
top surface 111T side, the both parts being in contact at
an intermediate part 111c. Of course, this solder portion
111 is also an example of a defective product. An exam-
ple of obtaining a vertical cross-sectional shape of such
a solder portion 111 is described.
[0070] Also in this second example, as shown in FIG.9,
vertical cross-section data along a straight line A0 is ob-

tained using a first X-ray image obtained in the 135° di-
rection (first direction) at an elevation angle of 45°, a sec-
ond X-ray image obtained in the 315° direction (second
direction) at an elevation angle of 45° and a third X-ray
image obtained in the vertical direction. Similarly to the
first example, the thickness data computer 341 of the
image processor 34 first obtains first, second and third
thickness data of an A0 cross-section for the first, second
and third X-ray images based on the conversion table in
the conversion data storage 51.
[0071] Subsequently, the cross-section graph gener-
ator 342 generates diagonal bar graph data correspond-
ing to the cross-section data of the solder portion 111
based on the first and second thickness data. FIG. 18A
is a graph showing cross-section data D51 (first cross-
section data) developed based on the top surface 111T
side for the first thickness data. FIG. 18B is a graph show-
ing cross-section data D61 (third cross-section data) de-
veloped based on the top surface 111T side for the sec-
ond thickness data. Further, FIG. 18C shows cross-sec-
tion data D71 obtained by synthesizing the cross-section
data D51 and D61 by the data synthesizer 343.
[0072] In FIG. 18 and FIGS. 19 and 20 described be-
low, a silhouette E2 of the solder portion 111 is shown.
Further, a numerical value of "1" given to each grid in the
silhouette E2 indicates that this grid is a grid where an
object is supposed to be present.
[0073] The cross-section data D51 of FIG. 18A is thick-
ness data whose diagonal bars on a side to the right of
a vertical center line H of the silhouette E2 and at a lu-
minance value of 4 or smaller are highly reliable as de-
scribed in detail in the previous first example. On the
other hand, the cross-section data D61 of FIG. 18B is
thickness data whose diagonal bars on a side to the left
of the vertical center line H of the silhouette E2 and at a
luminance value of 4 or smaller are highly reliable. Ac-
cordingly, the synthesized cross-section data D71 is gen-
erated by synthesizing the cross-section data D51 and
D61, for example, using a synthesis technique of extract-
ing right half data to the right of the center line H from
the cross-section data D51, extracting left half data to
the left of the center line H from the cross-section data
D61 and joining these pieces of partial cross-section data
at the edge of the center line H.
[0074] Subsequently, the cross-section graph gener-
ator 342 reconfigures the cross-section data D51, D61
generated first based on the top surface 111T side into
data to be based on the bottom surface 111B side. FIG.
19A is a graph showing cross-section data D52 (second
cross-section data) developed based on the bottom sur-
face 111T side for the cross-section data D51. FIG. 19B
is a graph showing cross-section data D62 (fourth cross-
section data) developed based on the bottom surface
111T side for the cross-section data D61. Further, FIG.
19C shows cross-section data D72 obtained by synthe-
sizing the cross-section data D52 and D62 by the data
synthesizer 343.
[0075] The cross-section data D52 of FIG. 19A is thick-
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ness data whose diagonal bars on a side to the left of
the vertical center line H of the silhouette E2 and at a
luminance value of 4 or smaller are highly reliable as
described in detail in the previous first example. On the
other hand, the cross-section data D62 of FIG. 19B is
thickness data whose diagonal bars on a side to the right
of the vertical center line H of the silhouette E2 and at a
luminance value of 4 or smaller are highly reliable. Ac-
cordingly, the synthesized cross-section data D72 is gen-
erated by synthesizing the cross-section data D52 and
D62, for example, using a synthesis technique of extract-
ing left half data to the left of the center line H from the
cross-section data D52, extracting right half data to the
right of the center line H from the cross-section data D62
and joining these pieces of partial cross-section data at
the edge of the center line H.
[0076] The above cross-section data D71 and cross-
section data D72 are further synthesized by the data syn-
thesizer 343. FIG. 20 is a graph showing synthesized
cross-section data D8 obtained by synthesizing the
cross-section data D71 and D72. A synthesis technique,
for example, is a technique of extracting data correspond-
ing to a substantially half on the top surface 111T side
of the silhouette E2 from the cross-section data D71, ex-
tracting data corresponding to a substantially half on the
bottom surface 111B side of the silhouette E2 from the
cross-section data D72 and synthesizing these pieces of
data. Note that length data from the top surface 111T to
the bottom surface 111B of the solder portion 111 is nec-
essary to synthesize the cross-section data D71, D72.
The data synthesizer 343 uses the third thickness data
obtained from the third X-ray image to derive this length
data.
[0077] The synthesized cross-section data D8 ob-
tained as described above is cross-section data precisely
representing the vertical cross-sectional shape of the sol-
der portion 111 since it is a collection of highly reliable
region data of the cross-section data D51, D52, D61 and
D62. Actually, the synthesized cross-section data D8 co-
incides with a cross-sectional shape in which two objects
having an elliptical cross-section are laminated, i.e. the
silhouette E2 having a cross-sectional shape of a lami-
nate of the bottom surface part 111a and the top surface
part 111b.

[Modifications]

[0078] (1) In the above embodiment, the example is
shown in which the X-ray image located on the straight
line A0 inclined by 45° with respect to the horizontal line
and obtained in the 135° direction (first X-ray image) and
the X-ray image located on the straight line A0 and ob-
tained in the 315° direction (second X-ray image) are
used. That is, the example is shown in which the cross-
sectional shape on the straight line A0 passing a part
with a largest diameter of the solder portion 101 having
a circular horizontal cross-sectional shape is obtained.
Instead of or in addition to this, cross-sectional shapes

on a straight line passing an arbitrary part of the solder
portion 101 may be obtained.
[0079] With reference to FIG. 21, here is shown an
example in which a target 121 is imaged in eight direc-
tions. The target 121 is a cylindrical (rotationally symmet-
ric) solid object, for example, like the solder portion 101.
In the above embodiment, the example is shown in which
a combination of an X-ray image 121V1 obtained in the
45° direction and an X-ray image 121V5 obtained in the
opposite 225° direction or a combination of an X-ray im-
age 121V3 obtained in the 135° direction and an X-ray
image 121V7 obtained in the opposite 315° direction is
used. Without being limited to this, a combination of an
X-ray image 121V8 obtained in a 33.7° direction and an
X-ray image 121V4 obtained in an opposite (parallel)
213.7° direction or a combination of an X-ray image
121V2 obtained in a 168.7° direction and an X-ray image
121V6 obtained in an opposite 348.7° direction may be
used. In this case, length (height) information between
the top surface and the bottom surface is also obtained
on a straight line on which the cross-sectional shape is
obtained.
[0080] (2) In the above embodiment, the example is
shown in which the imaging elevation angle is set at 45°.
The elevation angle may be set at an angle other than
45° and arbitrarily set in the range of 0° to 90°. Note that
a diagram bar graph configuring the cross-section data
changes an angle of inclination thereof according to the
elevation angle. For example, if the elevation angle =
60°, the cross-section graph generator 342 generates
cross-section data with the angle of inclination of a diag-
onal bar graph set at 60°.
[0081] (3) If a target for X-ray inspection is a rotationally
symmetric solid object like the solder portion 101, i.e. if
a vertical cross-sectional shape of a good product is a
cross-sectional shape of a rotationally symmetric solid
object, the shape can be inspected regardless of imaging
directions of obtained X-ray images combined. For ex-
ample, a combination of the X-ray image 101V1 obtained
in the 45° direction and the X-ray image 101V2 obtained
in the 135° direction that is not opposite to the 45° direc-
tion may be used in the example of FIG. 9. Alternatively,
the aforementioned first to fourth cross-section data may
be extracted from the respective four X-ray images
101V1 to 101V4. Then, cross-section data of the highly
reliable region may be partially extracted from these piec-
es of cross-section data and these extracted pieces of
cross-section data may be synthesized into one piece of
cross-section data by a technique similar to the above
one.
[0082] (4) Although described also in the above em-
bodiment, another electronic component or the like
mounted on the printed circuit board W may be reflected
as an obstacle depending on the position of the solder
portion 101 if the solder portion 101 is imaged in a certain
imaging direction. A technique of further synthesizing
synthesized cross-section data obtained from a plurality
of pairs of X-ray images can be used as a method for
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canceling the influence of this obstacle. This is described
with an example in which the imaging controller 33 caus-
es the printed circuit board W (solder portion 101) to be
imaged in eight different directions, for example, as
shown in FIG. 21. In this case, it is possible to obtain four
pieces of synthesized cross-section data based on the
X-ray images 121V1 and 121V5, the X-ray images 121V2
and 121V6, the X-ray images 121V3 and the 121V7 and
the X-ray images 121V4 and 121V8.
[0083] FIG. 22 illustrates synthesized cross-section
data D41, D42, D43 and D44 of the solder portion 101
as an example of the four pieces of synthesized cross-
section data. It is assumed that an obstacle OB is reflect-
ed in each of these pieces of synthesized cross-section
data. In each single piece of the synthesized cross-sec-
tion data D41, D42, D43 and D44, the obstacle OB be-
comes a noise and precise vertical cross-section data of
the solder portion 101 cannot be obtained.
[0084] However, in the case of further synthesizing the
synthesized cross-section data D41, D42, D43 and D44,
it is possible to generate synthesized cross-section data
D40 in which the influence of the obstacle OB is elimi-
nated. A synthesis technique adopted here may be a
synthesis technique of overlapping the synthesized
cross-section data D41, D42, D43 and D44 and, if at least
one grid is a "white grid" out of grids of the overlapped
four pieces of cross-section data, treating this grid as the
"white grid". A position where the obstacle OB appears
differs in the synthesized cross-section data D41, D42,
D43 and D44. Accordingly, at a position where the ob-
stacle OB appears in one piece of synthesized cross-
section data, the grid is the "white grid" in the other pieces
of synthesized cross-section data. Thus, by adopting this
synthesis method, the cross-sectional shape of the sol-
der portion 101 can be obtained without being influenced
by the obstacle OB. Even if it is essential to image four
pairs of images as described above, the imaging needs
to be performed only eight times and the number of times
of imaging can be sufficiently smaller as compared with
conventional methods.
[0085] (5) An imaging direction in which an obstacle is
reflected may be specified in the first imaging operation
for a target and imaging in the imaging direction in which
the obstacle is reflected may be omitted in the subse-
quent imaging operations for the target. An example is
shown in which an obstacle is found to be reflected only
in a pair of the X-ray image obtained in the 135° direction
and the X-ray image obtained in the opposite 315° direc-
tion, but not to be reflected in pairs of X-ray images in
the other directions in the imaging example of FIG. 21.
In this case, imaging in the 135° direction and 315° di-
rection is stopped thereafter. This can further reduce the
number of times of imaging.
[0086] (6) In the above embodiment, the example is
shown in which the highly reliable regions appear near
the top surface 101T and the bottom surface 101B of the
solder portion 101. However, depending on the imaging
elevation angle, a highly reliable region may appear on

the peripheral edge of an intermediate part between the
top surface 101T and the bottom surface 101B. For ex-
ample, in the case of imaging the barrel-shaped solder
portion 101 directly from above (elevation angle of 90°),
the vicinity of the peripheral edge of a vertically interme-
diate part is a region where the X-ray transmission length
is shortest and this region becomes a highly reliable re-
gion. Accordingly, imaging may be performed in a first
direction (elevation angle of 45°) and a second direction
(elevation angle of 45°) which are different by 180° and
also in a third direction in which an elevation angle is 90°
and cross-section data of the highly reliable region may
be extracted from X-ray images obtained by these three
imaging operations. Alternatively, imaging may be per-
formed at an elevation angle closer to 90° (e.g. an ele-
vation angle of about 60°) in each of the first and second
directions, and cross-section data of the highly reliable
region may be extracted from X-ray images obtained by
a total of four imaging operations, i.e. X-ray images ob-
tained at two elevation angles in the first direction and
those obtained at two elevation angles in the second di-
rection. Of course, it is also possible to obtain images
having different highly reliable regions by five or more
imaging operations within such a range as not to perform
imaging an excessive number of times, and extract cross-
section data of the highly reliable regions from each X-
ray image.

[Description of Operation Flow]

[0087] FIG. 23 is a flow chart showing the operation of
the X-ray inspection device A. When an inspection is
started, the overall controller 30A (see FIG. 2) receives
the setting of the type of a target to be inspected. The
type is, for example, a type corresponding to the type of
the printed circuit board W, the type of the BGA 100 or
the like. According to this type setting, the program
switching processor 36 reads the discrimination program
stored in the discrimination program storage 52 of the
storage device 50 and corresponding to the inspection
target (Step S1).
[0088] Further, the overall controller 30A receives the
setting of an inspection position number N for the printed
circuit board W, i.e. at how many positions the target is
inspected for one printed circuit board W (Step S2) and
the setting as to how many imaging operations is to be
performed at each target position (Step S3). Thereafter,
the printed circuit board W is carried into the housing 10
by the control of the conveyor controller 32 (Step S4) and
placed on the stage 11. The printed circuit board W is
positioned at an imaging position by the control of the
stage controller 31.
[0089] Subsequently, the overall controller 30A sets
an inspection execution counter J to 1 (Step S5). Then,
the imaging controller 33 drives the X-ray radiation device
20 and the X-ray camera 21 via the X-ray radiation device
driver unit 20a and the X-ray camera driver unit 21a,
whereby the printed circuit board W (solder portion 101)
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is imaged a predetermined number of times in predeter-
mined directions and at a predetermined elevation angle
(Step S6). This imaging operation is, for example, com-
posed of imaging in four directions spaced apart at an
angular interval of 90° or imaging in eight directions
spaced apart at an angular interval of 45° and imaging
in the vertical direction to obtain the height information
of the solder portion 101.
[0090] X-ray image data obtained by the above imag-
ing operation is temporarily stored in an unillustrated
memory and used for the data processing by the image
processor 34. First, the thickness data computer 341 con-
verts luminance values of the X-ray image imaged in each
direction into thickness data by referring to the conver-
sion table stored in the conversion data storage 51. Out
of this thickness data, the height information (distance
between the top surface 101T and the bottom surface
101B) of the solder portion 101 is obtained from the thick-
ness data based on the X-ray image obtained by the im-
aging in the vertical direction (Step S7).
[0091] Subsequently, by the cross-section graph gen-
erator 342, diagonal bar graph data corresponding to ver-
tical cross-section data of the solder portion 101 is gen-
erated based on all or some of the X-ray images obtained
by the imaging in the four or eight directions (Step S8).
Two pieces of the vertical cross-section data are gener-
ated based on each of the top surface 101T side and the
bottom surface 101B side of the solder portion 101, for
example, as illustrated in FIGS. 10, 11, 13 and 14. Then,
as illustrated in FIGS. 12, 15 and 16, the data synthesizer
343 extracts cross-section data of a highly reliable region
from each piece of the vertical cross-section data and
synthesizes these extracted pieces, thereby generating
synthesized cross-section data of one solder portion 101
(Step S9).
[0092] Subsequently, the quality determination proc-
essor 35 determines to which category of a good product
and a defective product the shape of the inspection target
belongs by comparing a shape based on the synthesized
cross-section data obtained in Step S9 and a shape as
a basis for the good product (Step S10). This determina-
tion result is stored in the unillustrated memory in asso-
ciation with identification information of the solder 101 as
the inspection target (Step S11).
[0093] Thereafter, the overall controller 30A incre-
ments the inspection execution counter J (Step S12) and
determines whether or not the counter value is larger
than the inspection position number N set for this printed
circuit board W (Step S13). If there remains any position
to be inspected (NO in Step S 13), a return is made to
Step S6 and a process of Steps S6 to S11 is repeated
for the next inspection position. On the other hand, if the
inspection of all the inspection positions is completed
(YES in Step S 13), the printed circuit board W is carried
out to the outside of the housing 10 by the control of the
stage controller 31 and the conveyor controller 32 (Step
S14).
[0094] Then, it is confirmed whether or not there is any

succeeding printed circuit board W (Step S15). If there
is any (NO in Step S 15), a return is made to Step S4, a
new printed circuit board W is carried into the housing
10 and the processing similarly to the above is repeated.
Contrary to this, if there is no succeeding printed circuit
board W, the process is finished.
[0095] Although the embodiment of the present inven-
tion has been described above, the present invention is
not limited to the above embodiment. For example, in the
above embodiment, the solder portion 101 that is a melt
of the solder ball 103 is mainly illustrated as a target for
X-ray inspection. The target may be an object other than
the solder portion 101 or may be one of various compo-
nents, molded articles, processed articles, foods, tablets
and the like. Further, articles having a rotationally sym-
metric three-dimensional shape are preferable targets of
the present invention, but articles having a three-dimen-
sional shape that is not rotationally symmetric may also
be inspection targets.
[0096] Note that the specific embodiment described
above mainly includes inventions having the following
configurations.
[0097] An X-ray inspection method according to one
aspect of the present invention is an X-ray inspection
method for computing a cross-sectional shape of a three-
dimensional target having a first surface and a second
surface facing the first surface by transmitting X-rays
through the target using an X-ray source for radiating X-
rays, an X-ray detector for detecting the X-rays and a
computing device. The X-ray source is arranged in a pre-
determined first direction and at a predetermined first el-
evation angle with respect to the target, the X-ray detector
is arranged to face the X-ray source across the target
and, in this state, the X-rays are radiated from the X-ray
source and a first X-ray image of the target is obtained
by the X-ray detector. The X-ray source is arranged in a
second direction different from the first direction and at
a predetermined second elevation angle with respect to
the target, the X-ray detector is arranged to face the X-
ray source across the target and, in this state, X-rays are
radiated from the X-ray source and a second X-ray image
of the target is obtained by the X-ray detector. The com-
puting device is caused to compute first thickness data
of the target viewed in the first direction and in a direction
of the first elevation angle based on a luminance value
distribution of the first X-ray image along the first direction
and further compute first cross-section data based on
the first surface side of the target and second cross-sec-
tion data based on the second surface side based on the
first thickness data. The computing device is caused to
compute second thickness data of the target viewed in
the second direction and in a direction of the second el-
evation angle based on a luminance value distribution of
the second X-ray image along the second direction and
further compute third cross-section data based on the
first surface side of the target and fourth cross-section
data based on the second surface side based on the
second thickness data. The computing device is caused

25 26 



EP 2 778 662 A1

15

5

10

15

20

25

30

35

40

45

50

55

to partially extract cross-section data of a highly reliable
region determined by the first and second directions from
the first to fourth cross-section data and derive cross-
section data of the target by synthesizing the extracted
pieces of partial cross-section data.
[0098] According to this method, the cross-section da-
ta of the target can be obtained based on two X-ray im-
ages imaged for the target, i.e. the first X-ray image im-
aged in the first direction (at the first elevation angle) and
the second X-ray image imaged in the second direction
(at the second elevation angle). This is realized by a proc-
ess of converting the first and second X-ray images into
the first and second thickness data, obtaining the first
and second cross-section data and the third and fourth
cross-section data from the respective pieces of the thick-
ness data and partially extracting and synthesizing the
cross-section data of the highly reliable region from these
obtained pieces of cross-section data. Since the obtained
cross-section data represents a synthesis of the highly
reliable regions of the first to fourth cross-section data,
accuracy is ensured. Note that a typical example of the
cross-section data of the highly reliable region is cross-
section data of a region corresponding to a part having
a relatively short X-ray transmission length.
[0099] In the above method, preferably, the first and
second directions are directions opposite to each other
and the first and second elevation angles are the same
angle.
[0100] According to this method, the cross-section da-
ta along one cross-section line can be obtained. Further,
since the elevation angles of the both directions are
equal, the process of synthesizing the first to fourth cross-
section data can be simplified.
[0101] In the above method, preferably, the computing
device includes conversion data representing a relation-
ship of the thickness of the target and a luminance when
X-rays are transmitted and formatted into a table in ad-
vance and is caused to compute the first and second
thickness data by performing a process of converting lu-
minance values of the first and second X-ray images
along the first and second directions into thicknesses
based on the conversion data.
[0102] According to this method, the first and second
thickness data can be quickly computed since the table
corresponding to an X-ray absorption characteristic of
the target is prepared in advance.
[0103] In this case, the X-ray source may be arranged
to face the first surface of the target, the X-ray detector
may be arranged to face the second surface of the target
and, in this state, X-rays may be radiated from the X-ray
source and a third X-ray image of the target may be ob-
tained by the X-ray detector. The computing device may
be caused to compute length data from the first surface
to the second surface of the target by converting lumi-
nance values of the third X-ray image into thicknesses
based on the conversion data and determine a thickness
between the first and second surfaces of the target by
referring to the length data when the pieces of partial

cross-section data are synthesized.
[0104] In synthesizing the first and third cross-section
data based on the first surface of the target and the sec-
ond and fourth cross-section data based on the second
surface of the target, thickness data between the first and
second surfaces is necessary. The third X-ray image im-
aged with the X-ray source and the X-ray detector ar-
ranged to face the first and second surfaces (elevation
angle of 90°) reflects a degree of X-ray absorption cor-
responding to the thickness of the target and the length
from the first surface to the second surface can be pre-
cisely computed based on the conversion data.
[0105] In the above method, preferably, when the tar-
get has a rotationally symmetric three-dimensional
shape, the X-ray source and the X-ray detector are
caused to obtain a plurality of pairs of the first and second
X-ray images by a combination of directions different
from the first and second directions in addition to a com-
bination of the first and second directions and the com-
puting device is caused to partially extract cross-section
data of a highly reliable region from the first to fourth
cross-section data respectively obtained from the plural-
ity of pairs of the first and second X-ray images and derive
the cross-section data of the target by synthesizing the
extracted pieces of partial cross-section data.
[0106] When the target has a rotationally symmetric
three-dimensional shape, the same cross-section data
is basically obtained regardless of in which direction the
target is imaged. This means that any X-ray image can
be used for the partial cross-section data synthesis re-
gardless of in which direction the X-ray image is imaged.
According to the above method, the number of the im-
aged X-ray images is slightly increased, but options of
the cross-section data of the highly reliable region during
the partial cross-section data synthesis can be increased.
For example, even if an obstacle is reflected in an X-ray
image imaged in a certain direction, the influence of that
obstacle can be eliminated.
[0107] Further, preferably, when the target has a rota-
tionally symmetric three-dimensional shape and an ob-
stacle is present near the target, the X-ray source and
the X-ray detector are caused to obtain a plurality of pairs
of the first and second X-ray images by a combination of
directions different from the first and second directions
in addition to a combination of the first and second direc-
tions and the computing device is caused to partially ex-
tract cross-section data of a highly reliable region from
the first to fourth cross-section data respectively obtained
from the plurality of pairs of the first and second X-ray
images, derive a plurality of pieces of synthesized cross-
section data by synthesizing the extracted pieces of par-
tial cross-section data for each pair and subsequently
derive the cross-section data of the target, in which the
influence of the obstacle is eliminated, by synthesizing
the plurality of derived pieces of synthesized cross-sec-
tion data.
[0108] According to the above method, even if an ob-
stacle is present near the target, the influence of the ob-
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stacle can be eliminated by performing a process of fur-
ther synthesizing the pieces of synthesized cross-section
data respectively obtained from the plurality of pairs of
the first and second X-ray images.
[0109] In the above method, it is one of the most pref-
erable modes of the X-ray inspection method according
to the present invention that the target is a solder con-
necting portion that connects an electronic component
and a board and contains a melt of a solder ball.
[0110] An X-ray inspection device according to another
aspect of the present invention is an X-ray inspection
device for computing a cross-sectional shape of a three-
dimensional target having a first surface and a second
surface facing the first surface by transmitting X-rays
through the target and includes an X-ray source for ra-
diating X-rays, an X-ray detector for detecting the X-rays
radiated from the X-ray source and transmitted through
the target and obtaining an X-ray image, a drive controller
for controlling the operation of the X-ray source and the
X-ray detector, an image processor for computing thick-
ness data of the target based on a luminance value dis-
tribution of the X-ray image and computing cross-section
data of the target based on the thickness data, and a
determiner for determining whether or not the shape of
the target is good based on the cross-section data. The
drive controller causes the X-ray source to be arranged
in a predetermined first direction and at a predetermined
first elevation angle with respect to the target, causes the
X-ray detector to be arranged to face the X-ray source
across the target and, in this state, causes the X-rays to
be radiated from the X-ray source and causes the X-ray
detector to obtain a first X-ray image of the target. Sub-
sequently, the drive controller causes the X-ray source
to be arranged in a second direction different from the
first direction and at a predetermined second elevation
angle with respect to the target, causes the X-ray detector
to be arranged to face the X-ray source across the target
and, in this state, causes X-rays to be radiated from the
X-ray source and causes the X-ray detector to obtain a
second X-ray image of the target. The image processor
computes first thickness data of the target viewed in the
first direction and in a direction of the first elevation angle
based on a luminance value distribution of the first X-ray
image along the first direction and further computes first
cross-section data based on the first surface side of the
target and second cross-section data based on the sec-
ond surface side based on the first thickness data. Sub-
sequently, the image processor computes second thick-
ness data of the target viewed in the second direction
and in a direction of the second elevation angle based
on a luminance value distribution of the second X-ray
image along the second direction and further computes
third cross-section data based on the first surface side
of the target and fourth cross-section data based on the
second surface side based on the second thickness data.
Further, the image processor partially extracts cross-sec-
tion data of a highly reliable region determined by the
first and second directions from the first to fourth cross-

section data and derives the cross-section data of the
target by synthesizing the extracted pieces of partial
cross-section data.
[0111] According to this configuration, the cross-sec-
tion data of the target can be obtained based on two X-
ray images imaged for the target, i.e. the first X-ray image
imaged in the first direction (at the first elevation angle)
and the second X-ray image imaged in the second direc-
tion (at the second elevation angle). This is realized by
a process of converting the first and second X-ray images
into the first and second thickness data, obtaining first
and second cross-section data and the third and fourth
cross-section data from the respective pieces of the thick-
ness data and partially extracting and synthesizing the
cross-section data of the highly reliable region from these
pieces of cross-section data. Since the obtained cross-
section data represents a synthesis of the highly reliable
regions of the first to fourth cross-section data, accuracy
is ensured.
[0112] In the above configuration, preferably, a storage
is further provided which stores conversion data repre-
senting a relationship of the thickness of the target and
a luminance when X-rays are transmitted and formatted
into a table in advance, and the image processor com-
putes the first and second thickness data by converting
luminance values of the first and second X-ray images
along the first and second directions into thicknesses
based on the conversion data.
[0113] According to this configuration, the image proc-
essor can quickly compute the first and second thickness
data by referring to the storage since the storage storing
the table corresponding to an X-ray absorption charac-
teristic of the target in advance is included.
[0114] As described above, according to the present
invention, it is possible to provide X-ray inspection meth-
od and device capable of precisely obtaining cross-sec-
tion data of an inspection target based on as few X-ray
images as possible, i.e. by reducing the number of times
of imaging the inspection target as much as possible.

Claims

1. An X-ray inspection method for computing a cross-
sectional shape of a three-dimensional target having
a first surface and a second surface facing the first
surface by transmitting X-rays through the target us-
ing an X-ray source for radiating X-rays, an X-ray
detector for detecting the X-rays and a computing
device, comprising:

arranging the X-ray source in a predetermined
first direction and at a predetermined first eleva-
tion angle with respect to the target and the X-
ray detector to face the X-ray source across the
target and, in this state, causing the X-rays to
be radiated from the X-ray source and the X-ray
detector to obtain a first X-ray image of the tar-
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get;
arranging the X-ray source in a second direction
different from the first direction and at a prede-
termined second elevation angle with respect to
the target and the X-ray detector to face the X-
ray source across the target and, in this state,
causing X-rays to be radiated from the X-ray
source and the X-ray detector to obtain a second
X-ray image of the target;
causing the computing device to compute first
thickness data of the target viewed in the first
direction and in a direction of the first elevation
angle based on a luminance value distribution
of the first X-ray image along the first direction
and further compute first cross-section data
based on the first surface side of the target and
second cross-section data based on the second
surface side based on the first thickness data;
causing the computing device to compute sec-
ond thickness data of the target viewed in the
second direction and in a direction of the second
elevation angle based on a luminance value dis-
tribution of the second X-ray image along the
second direction and further compute third
cross-section data based on the first surface
side of the target and fourth cross-section data
based on the second surface side based on the
second thickness data; and
causing the computing device to partially extract
cross-section data of a highly reliable region de-
termined by the first and second directions from
the first to fourth cross-section data and derive
cross-section data of the target by synthesizing
the extracted pieces of partial cross-section da-
ta.

2. An X-ray inspection method according to claim 1,
wherein:

the first and second directions are directions op-
posite to each other; and
the first and second elevation angles are the
same angle.

3. An X-ray inspection method according to claim 1 or
2, wherein the computing device:

includes conversion data representing a rela-
tionship of the thickness of the target and a lu-
minance when X-rays are transmitted and for-
matted into a table in advance; and
is caused to compute the first and second thick-
ness data by performing a process of converting
luminance values of the first and second X-ray
images along the first and second directions into
thicknesses based on the conversion data.

4. An X-ray inspection method according to claim 3,

wherein:

the X-ray source is arranged to face the first sur-
face of the target, the X-ray detector is arranged
to face the second surface of the target and, in
this state, X-rays are radiated from the X-ray
source and a third X-ray image of the target is
obtained by the X-ray detector; and
the computing device is caused to compute
length data from the first surface to the second
surface of the target by converting luminance
values of the third X-ray image into thicknesses
based on the conversion data and determine a
thickness between the first and second surfaces
of the target by referring to the length data when
the pieces of partial cross-section data are syn-
thesized.

5. An X-ray inspection method according to any one of
claims 1 to 4, wherein:

when the target has a rotationally symmetric
three-dimensional shape,
the X-ray source and the X-ray detector are
caused to obtain a plurality of pairs of the first
and second X-ray images by a combination of
directions different from the first and second di-
rections in addition to a combination of the first
and second directions; and
the computing device is caused to partially ex-
tract cross-section data of a highly reliable re-
gion from the first to fourth cross-section data
respectively obtained from the plurality of pairs
of the first and second X-ray images and derive
the cross-section data of the target by synthe-
sizing the extracted pieces of partial cross-sec-
tion data.

6. An X-ray inspection method according to any one of
claims 1 to 4, wherein:

when the target has a rotationally symmetric
three-dimensional shape and an obstacle is
present near the target,
the X-ray source and the X-ray detector are
caused to obtain a plurality of pairs of the first
and second X-ray images by a combination of
directions different from the first and second di-
rections in addition to a combination of the first
and second directions; and
the computing device is caused to partially ex-
tract cross-section data of a highly reliable re-
gion from the first to fourth cross-section data
respectively obtained from the plurality of pairs
of the first and second X-ray images, derive a
plurality of pieces of synthesized cross-section
data by synthesizing the extracted pieces of par-
tial cross-section data for each pair and subse-
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quently derive the cross-section data of the tar-
get, in which the influence of the obstacle is elim-
inated, by synthesizing the plurality of derived
pieces of synthesized cross-section data.

7. An X-ray inspection method according to any one of
claims 1 to 6, wherein:

the target is a solder connecting portion that con-
nects an electronic component and a board and
contains a melt of a solder ball.

8. An X-ray inspection device for computing a cross-
sectional shape of a three-dimensional target having
a first surface and a second surface facing the first
surface by transmitting X-rays through the target,
comprising:

an X-ray source for radiating X-rays;
an X-ray detector for detecting the X-rays radi-
ated from the X-ray source and transmitted
through the target and obtaining an X-ray image;
a drive controller for controlling the operation of
the X-ray source and the X-ray detector;
an image processor for computing thickness da-
ta of the target based on a luminance value dis-
tribution of the X-ray image and computing
cross-section data of the target based on the
thickness data; and
a determiner for determining whether or not the
shape of the target is good based on the cross-
section data;
wherein:

the drive controller:

causes the X-ray source to be arranged
in a predetermined first direction and at
a predetermined first elevation angle
with respect to the target, causes the
X-ray detector to be arranged to face
the X-ray source across the target and,
in this state, causes the X-rays to be
radiated from the X-ray source and
causes the X-ray detector to obtain a
first X-ray image of the target, and
subsequently causes the X-ray source
to be arranged in a second direction dif-
ferent from the first direction and at a
predetermined second elevation angle
with respect to the target, causes the
X-ray detector to be arranged to face
the X-ray source across the target and,
in this state, causes X-rays to be radi-
ated from the X-ray source and causes
the X-ray detector to obtain a second
X-ray image of the target; and

the image processor:

computes first thickness data of the tar-
get viewed in the first direction and in a
direction of the first elevation angle
based on a luminance value distribution
of the first X-ray image along the first
direction and further computes first
cross-section data based on the first
surface side of the target and second
cross-section data based on the sec-
ond surface side based on the first
thickness data,
subsequently computes second thick-
ness data of the target viewed in the
second direction and in a direction of
the second elevation angle based on a
luminance value distribution of the sec-
ond X-ray image along the second di-
rection and further computes third
cross-section data based on the first
surface side of the target and fourth
cross-section data based on the sec-
ond surface side based on the second
thickness data, and
further partially extracts cross-section
data of a highly reliable region deter-
mined by the first and second directions
from the first to fourth cross-section da-
ta and derives the cross-section data
of the target by synthesizing the ex-
tracted pieces of partial cross-section
data.

9. An X-ray inspection device according to claim 8, fur-
ther comprising a storage for storing conversion data
representing a relationship of the thickness of the
target and a luminance when X-rays are transmitted
and formatted into a table in advance,
wherein the image processor computes the first and
second thickness data by converting luminance val-
ues of the first and second X-ray images along the
first and second directions into thicknesses based
on the conversion data.
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