NON- DESTRUCTI VE DETECTI ON METHCD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a detectio
of detecting a modified layer which is formed insid
workpiece by laser processing.

Description of the Related Art

There is a dividing method in which a wafer
with a device in each of regions demarcated by a
plurality of crossing division lines on a front sid
the wafer is irradiated with a laser beam of a wave
transmissible through the wafer to form a modified
at a focal point where the laser beam is focused in
the wafer, and the wafer is divided with the modifi
layer as a starting point (see Patent Document No.
Japanese Patent No. 3408805, for example).

In a technique of dividing a wafer, a depth
position of a modified layer in a thickness directi
a wafer and a length of the modified layer are also
related to an ease of division of the wafer. Accor
grasping the depth position and the length of the
modified layer enables decision that a modified lay

most suitable for dividing is formed. In view of t
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Japanese Patent Laid-Open No. 2017-166961, for exam
proposes a detection apparatus and a detection meth
which an end portion of a wafer is cut in advance,

which a modified layer is formed inside the wafer,

then, a cut section is imaged from a side of a side
surface of the wafer, whereby a state of the modifi

layer is observed.

SUMVARY OF THE | NVENTI ON
In the invention disclosed in Japanese Patent L

Open No. 2017-166961, however, it is required to di
the end portion of the wafer in advance in order to
the modified layer, it takes time for observation.
addition, it is difficult to repetitively carry out
formation of the modified layer and observation the
and accordingly, it is difficult to find an appropr
laser processing condition quickly.

It is therefore an object of the present in
to provide a non-destructive detection method which
select the most suitable laser processing condition
forming a desired modified layer by repetitively ca
out formation of a modified layer and observation t

In accordance with an aspect of the present

invention, there is provided a non-destructive dete
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method of detecting, in a non-destructive manner, a
modified layer formed by positioning, inside a work
having a first surface and a second surface opposit
the first surface, a focal point of a laser beam of
wavelength transmissible through the workpiece and
applying the laser beam to the workpiece. The non-
destructive detection method includes a preparing s
preparing an inspection apparatus including imaging
provided with an objective lens and imaging the wor
from a side of the first surface, a light source em
light of a wavelength band transmissible through th
workpiece from the side of the first surface, drivi
means causing the objective lens to move close to o
apart from the first surface, and recording means
recording an image imaged by the imaging means, an
acquisition step of, in a case in which the first s

Is set as an X-Y plane, intermittently moving the
objective lens by a predetermined distance Hina Z
direction orthogonal to the X-Y plane to be made cl
to the first surface, positioning the focal point t

of a plurality of Z-axis coordinate values where a
distance of the focal point extends by a refractive

of the workpiece, acquiring an X-Y plane image of a

inside of the workpiece for each of the plurality o
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axis coordinate values, and then, recording the acq
images in the recording means, and a modified layer
detecting step of detecting a state of the modified
from the X-Y plane image for each of the plurality
axis coordinate values recorded in the recording me

Preferably, in the modified layer detecting
three-dimensional image may be produced from the X-
plane image for each of the plurality of Z-axis
coordinate values recorded in the recording means,
from a two-dimensional image appearing in a cross-s
where the modified layer is cut in a direction para
to the Z-axis direction, a depth position of the mo
layer in the Z-axis direction and a shape of the mo
layer may be detected as the state of the modified

Preferably, the workpiece may be a silicon
having a refractive index of 3.6, and in the image
acquisition step, the distance of the focal point w
extends inside the workpiece with respect to the
predetermined distance H at which the objective len
intermittently moves in the Z-axis direction may be
least 3.6-H, and the focal point intermittently may
by 3.6-H inside the workpiece.

According to the present invention, it is p

to detect the state of the modified layer formed in
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the workpiece in a non-destructive manner. Thus,
according to the present invention, it is possible
repetitively carry out formation of the state of th
modified layer by laser processing and detection of
state of the modified layer by the imaging means, t
quickly selecting the most suitable laser processin
condition for the formation of the modified layer.

In the modified layer detecting step, since

three-dimensional image is produced from the X-Y pl

image for each of the plurality of Z-axis coordinat

values recorded in the recording means, and from th

dimensional image appearing in the cross-section wh

the modified layer is cut in the direction parallel
the Z-axis direction in the three-dimensional image
depth position of the modified layer in the Z-axis
direction and the shape of the modified layer are
detected as the state of the modified layer, the en
shape of the modified layer can be grasped even in
state in which the workpiece is not destructed, so
the state of the modified layer can be detected wit
precision.

Preferably, the workpiece is a silicon wafe
a refractive index of 3.6, and in the image acquisi

step, the distance of the focal point which extends
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inside the workpiece with respect to the predetermi
distance H at which the objective lens intermittent
moves in the Z-axis direction is at least 3.6-H, an
focal point intermittently moves by 3.6-H inside th
workpiece, the state of the modified layer can be
detected even in a state in which the workpiece is
destructed.

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view illustrating a
configuration of one example of a detection apparat
FIG. 2 is a cross-sectional view illustrati
state in which a modified layer is formed inside a
workpiece;
FIG. 3 is a cross-sectional view illustrati
image acquisition step;

FIG. 4 is a schematic diagram illustrating
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relation between a refractive index of the workpiec
a focal point of an objective lens;

FIG. 5 is a schematic diagram for explanati
state in which the objective lens is intermittently
by a predetermined distance H in the image acquisit
step;

FIG. 6 is an image diagram of a three-dimens
image produced in a modified layer detecting step;
FIG. 7 is an image diagram of a two-dimensi
image in which a modified layer cut in a direction
parallel to a Z-axis direction based on the three-

dimensional image is reflected.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A workpiece W illustrated in FIG. 1 has a s
having a circular disc-shape, for example, and on a
surface (a first surface Wa in the figure) of the
workpiece W, a plurality of devices D are individua
formed into a plurality of regions demarcated by a
plurality of division lines S formed in a grid patt
tape T is attached to a second surface Wb opposite
first surface Wa. The workpiece W is integrated wi
annular frame F through the tape T. In the followi

referring to the attached drawings, a description w
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given of a non-destructive detection method of dete
in a non-destructive manner, a modified layer forme
positioning a focal point of a laser beam of a wave

transmissible through the workpiece W having the fi

surface Wa and the second surface Wb opposite there

inside the workpiece W and applying the laser beam
workpiece W.
(1) Preparation Step

As illustrated in FIG. 1, for example, an
inspection apparatus 1 capable of forming a modifie
layer inside the workpiece W and imaging an inside
workpiece W is prepared. The inspection apparatus
includes an apparatus base 10 and a column 11 with
substantially L-shaped cross-section erected on an
surface of the apparatus base on a rear portion sid
Y-axis direction. The apparatus base 10 includes a
holding table 12, frame holding means 15, an X-axis
direction moving mechanism 20, and a Y-axis directi
moving mechanism 30. The holding table 12 holds th
workpiece W integrated with the frame F. The frame
holding means 15 is disposed in a periphery of the

holding table 12 to hold the frame F. The X-axis

direction moving mechanism 20 causes the holding ta

to move in the X-axis direction. The Y-axis direct
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moving mechanism 30 causes the holding table 12 to
in the Y-axis direction. A leading end of the colu

is configured to extend to an upper side of a path
moving direction (X-axis direction) of the holding

12.

The holding table 12 has an upper surface s
as a holding surface 12a for holding the workpiece
thereon. The holding table 12 is fixed on a cover
13 having an opening 130, and rotating means 14 is
connected to a lower portion of the holding table 1
rotating means 14 can rotate the holding table 12 a
predetermined angle.

The X-axis direction moving mechanism 20 in
ball screw 21, an electric motor 22, a pair of guid
rails 23, a bearing 24, and a moving base 25. The
screw 21 extends in the X-axis direction. The elec
motor 22 is connected to one end of the ball screw
The pair of guide rails 23 extends in parallel to t
ball screw 21. The bearing 24 supports the other e
the ball screw 21 in a rotatable manner. The movin
25 supports the holding table 12 through the Y-axis
direction moving mechanism 30. The pair of guide r
slides in contact with one face of the moving base

and the ball screw 21 is screwed into a nut formed
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center portion of the moving base 25. When the ele
motor 22 rotates the ball screw 21, the moving base
moves along the pair of guide rails 23 in the X-axi
direction, so that the holding table 12 can be move
the X-axis direction.

The Y-axis direction moving mechanism 30 in
ball screw 31, an electric motor 32, a pair of guid
rails 33, a bearing 34, and a moving base 35. The
screw 31 extends in the Y-axis direction. The elec
motor 32 is connected to one end of the ball screw
The pair of guide rails 33 extends in parallel to t
ball screw 31. The bearing 34 supports the other e
the ball screw 31 in a rotatable manner. The movin
35 supports the holding table 12. The pair of guid
33 slides in contact with one face of the moving ba
and the ball screw 31 is screwed into a nut formed
center portion of the moving base 35. When the ele
motor 32 rotates the ball screw 31, the moving base
moves along the pair of guide rails 33 in the Y-axi
direction, so that a position of the holding table
the Y-axis direction can be adjusted.

The inspection apparatus 1 includes laser
processing means 40 subjecting the first surface Wa

the workpiece W held on the holding table 12 to las
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processing. The laser processing means 40 is dispo
a lower portion side of the leading end of the colu
and has a laser processing head 41 applying downwar
laser beam 43 of a wavelength transmissible through
workpiece W illustrated in FIG. 2. The laser proce
head 41 has a laser oscillator emitting the laser b
and an output power adjuster adjusting an output po
the laser beam 43 connected thereto. Inside the la
processing head 41, a light condensing lens 42 for
focusing the laser beam 43 emitted from the laser
oscillator is incorporated. The laser processing h

is capable of moving in a vertical direction, so th

light focusing position of the laser beam 43 can be
adjusted.

Herein, one example in which a modified lay
formed inside the workpiece W by the laser processi
means 40 will be described. In the present embodim
the following laser processing condition is set to
implemented, for example.

[Laser processing condition]

Wavelength of laser beam: 1064 nm

Repetitive frequency: 50 kHz
Average output power: 1.0W
Pulse width: 10 nm
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Focusing spot diameter: 3.0 um

Processing feed speed: 500 mm/s

As illustrated in FIG. 2, with the Tape T s
disposed downward on the holding surface 12a of the
holding table 12, the workpiece W is sucked and hel
the holding surface 12a of the holding table 12, af
which the holding table 12 is moved below the laser
processing means 40. Then, while the holding table
processing-fed, for example, in the X-axis directio
processing feed speed (500 mm/s) described above, i
state in which the light condensing lens 42 positio
light focusing point of the laser beam 43 of a wave
transmissible through the workpiece W inside the
workpiece W, the laser beam 43 is applied to the
workpiece W along each of the division lines S
illustrated in FIG. 1 from the first surface Wa sid
the workpiece W. As a result, a modified layer M h
lower strength is formed inside the workpiece W.

In order to detect the modified layer M for
inside the workpiece W in a non-destructive manner,
inspection apparatus 1 illustrated in FIG. 1 includ
imaging means 50, a light source 60, driving means
recording means 80, control means 90, and a monitor

The imaging means 50 includes an objective lens 52
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(illustrated in FIG. 3) and images the workpiece W
the first surface Wa side of the workpiece W. The
source 60 emits a light of a wavelength band
transmissible through the workpiece W from the firs
surface Wa side. The driving means 70 causes the
objective lens 52 to move close to or apart from th
first surface Wa. The recording means 80 records a

imaged by the imaging means 50. The control means

executes image processing based on the image record

the recording means 80. The monitor 100 causes var
types of data (images, processing conditions, or th
like) to be displayed thereon.

The imaging means 50 is disposed in proximi
the laser processing means 40 on the lower portion
of the leading end of the column 11. As illustrate
FIG. 3, the imaging means 50 includes a camera 51,
objective lens 52, and a half mirror 53. The camer
images the workpiece W from above. The objective |
is disposed at the lowermost portion of the camera
The half mirror 53 is disposed between the camera 5
the objective lens 52 and causes light emitted from
light source 60 to reflect downward. The camera 51
infrared camera incorporating an imaging element su

a charge-coupled device (CCD) image sensor or a
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complementary metal-oxide semiconductor (CMOS) imag

sensor. The light source 60 includes, for example,
infrared light-emitting diode (LED) and can emit an
infrared ray 61 of a wavelength band transmissible
through the workpiece W. In the imaging means 50,
reflected light of the infrared ray 61 emitted from
light source 60 and reflected inside the workpiece
captured by the imaging element, whereby it is poss
to obtain an X-Y plane image defined in accordance
an X-axis coordinate and a Y-axis coordinate inside
workpiece W. The X-Y plane image imaged by the ima
means 50 is recorded in the recording means 80.
To the objective lens 52, the driving means
connected. The driving means 70 is an actuator all
the objective lens 52 to move up and down in the Z-
direction. The driving means 70 includes a piezoel
motor constituted of a piezoelectric element which
expands and contracts in a vertical direction relat
the workpiece W held on the holding table 12 due to
application of voltage, for example. The driving m
causes the objective lens 52 to move in upward and
downward directions by adjusting a voltage applied
piezoelectric element, so that a position of the

objective lens 52 can be fine-adjusted. Accordingl
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driving means 70 moves the position of the objectiv
52 for each desired Z-axis coordinate value, and
therefore, it is possible to image an X-Y plane ima
inside the workpiece W for each Z-axis coordinate v
by the imaging means 50. Note that a configuration
driving means 70 is not limited to the piezoelectri
motor, and for example, a voice coil motor enabling
linear movement is applicable.

The control means 90 at least includes a ce
processing unit (CPU) which performs arithmetic
processing according to a control program, an image
processing section 91 which is connected to the CPU
read only memory (ROM) which stores the control pro
or the like, a random access memory (RAM) which is
capable of reading and writing and which stores a r
of the arithmetic processing or the like, an input
interface, and an output interface. In the image
processing section 91 according to the present embo
it is possible to produce a three-dimensional image
on an X-Y plane image for each of plurality of Z-ax
coordinate values recorded in the recording means 8

In addition, the image processing section 9
produce, for example, a sectional image (image cut

direction parallel to the Z-axis direction) of the
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modified layer formed inside the workpiece W from t

produced three-dimensional image. The X-Y plane im

the three-dimensional image, the sectional image of
modified layer obtained in this manner are displaye
the monitor 100, so that a state of the modified la
can be observed. Note that the control means 90 ex

not only the image processing described above, but

controls each operation mechanism of the inspection

apparatus 1.
(2) Image acquisition step

The inspection apparatus 1 is prepared, and
modified layer M is formed inside the workpiece W.
that, as illustrated in FIG. 3, while processing-fe
the holding table 12 in the X-axis direction, the i
means 50 images a state of the inside of the workpi
from the first surface Wa side of the workpiece W.
Image acquisition step illustrated in the present
embodiment, with the first surface Wa of the workpi
as the X-Y plane, a plurality of X-Y plane images
parallel to the first surface Wa are imaged. Itis
assumed that a case in which the image acquisition
is carried out right after the modified layer M is
along one column line of the division lines S orien

the X-axis direction is described in the present
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embodiment.

In this step, the infrared ray 61 emitted f
light source 60 illustrated in FIG. 3 is reflected
downward on the half mirror 53, and the reflected |
passes through the objective lens 52 to enter the f
surface Wa. At this time, an angle of refraction o
infrared ray 61 changes according to a refractive i
(N) of the workpiece W. In other words, the refrac
index (N) changes according to a type of a material
the workpiece W. FIG. 4 is a schematic diagram
illustrating a relation between the refractive inde
of the workpiece W and a focal point at which the
infrared ray 61 is focused with the objective lens
For convenience of description, an angle
to an optical axis O illustrated in the example of
figure indicates an angle in a case in which the in
ray 61 passing through the objective lens 52 linear
enters the first surface Wa of the workpiece W with
being refracted on the first surface Wa of the work
W, and in this case, a distance from the first surf
to a focal point P is set as a distance h1.

Normally, when the infrared ray 61 passing
the objective lens 52 enters the inside of the work

W from the first surface Wa of the workpiece W, the
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infrared ray 61 is refracted at an angle B, for example,
from the angle o in the case in which the infrared ray 61

is not refracted, to be focused to a focal point P’ . The
angle 3 with respect to the optical axis O corresponds to

the angle of refraction, and the refractive index ( N) of
the workpiece W in this case can be calculated base don

the following equation (1) by Snell's law.

N =sin alsin B equation (1)
In addition, the refractive index (N) calcu lated by
the above equation (1) is substituted to the follow ing

equation (2), whereby a distance h2 from the first
surface Wa of the workpiece W to the focal point P’ can

be calculated by the equation (2).

h2 =N x cos p/lcos o x hl equation (2)

The distance h2 is longer than the distance hl, and
it is possible to confirm that a distance between t he
focal points (a distance between the focal point P and
the focal point P’) increases by a difference betwe en the
distance h2 and the distance hl. This difference i n
distance corresponds to a predetermined distance H used

in focusing the objective lens 52 for each of the
plurality of Z-axis coordinate values.
When imaging the inside of the workpiece W, the

driving means 70 causes the objective lens 52 to

18



intermittently move by the predetermined distance H
the Z-axis direction orthogonal to the X-Y plane.
the objective lens 52 to intermittently move means
position of the objective lens 52 is moved in the Z
direction with a fixed distance. The predetermined
distance H illustrated in an example of FIG. 5 chan
depending on the refractive index (N) of the workpi
to be inspected and a movement amount (V) of the
objective lens 52 in the Z-axis direction; however,
possible to obtain the predetermined distance H by
multiplying the refractive index (N) calculated by
equation (1) described above by the movement amount
(H=NxV).

In a case in which the workpiece W illustra
the present embodiment is a silicon wafer, for exam
the refractive index (N) thereof is 3.6. In a case
which the movement amount (V) by the driving means
set to 1 um, for example, by multiplying the refrac
index (3.6) of the workpiece W by the movement amou
pum) of the objective lens 52, the resulting predete
distance H can be calculated as 3.6 um. In other w
distance of the focal point extending inside the
workpiece W (a distance between a Z-axis coordinate

z1 and a Z-axis coordinate value z2) becomes at lea
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3.6-H.

The driving means 70 causes the objective |
to move downward in a direction approaching the fir
surface Wa of the workpiece W, thereby positioning
focal point P1 to the Z-axis coordinate value z1.
the inside of the workpiece W is imaged by the came
illustrated in FIG. 3, for example, an X-Y plane im
illustrated in FIG. 6 can be obtained. Subsequentl
driving means 70 causes the objective lens 52 to
intermittently move on the first surface Wa side in
accordance with a setting of the predetermined dist
(3.6 um) described above and then, positions a foca
point P2 to the Z-axis coordinate value z2 where a
distance of the focal point P1 extends due to the
refractive index (N) described above. When the cam
images the inside of the workpiece W, for example,
plane image 2b can be obtained. In this manner, th
driving means 70 causes the position of the objecti
lens 52 to intermittently move by the predetermined
distance H, and the inside of the workpiece W is im
by the camera 51 for each of the Z-axis coordinate
z1, z2, ..., so that the X-Y plane images 2a, 2b, 2
2e, 2f and 2g can be sequentially obtained. Then,

plane images 2a to 2g thus obtained are recorded in
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recording means 80 illustrated in FIG. 1.
(4) Modified layer detecting step

The image processing section 91 of the cont
means 90 illustrated in FIG. 1 three-dimensionally
constructs the X-Y plane images 2a to 2g respective
corresponding to the plurality of Z-axis coordinate
values z1 to z7 recorded in the recording means 80,
thereby producing a three-dimensional image 3 illus
in FIG. 6. The three-dimensional image 3 is displa
the monitor 100. It can be confirmed that, in the
dimensional image 3, the X-Y plane image 2a on the
uppermost side and the X-Y plane image 2g on the
lowermost side do not have the modified layer M ref
therein, while the X-Y plane images 2b to 2f each h
the modified layer M reflected therein. In additio
although the X-Y plane images 2b to 2f each include
out-of-focus portion Mo where the modified layer M
blurred due to an influence of a slight error in a
refractive portion, the out-of-focus portion Mo doe
hinder detection of the modified layer M. More
specifically, it is possible to detect the modified
M by using the X-Y plane images from the X-Y plane
2b in which the modified layer M including the out-

focus portion Mo appears first to the X-Y plane ima
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in which the modified layer M including the out-of-
portion Mo appears last.

The image processing section 91 produces a
dimensional image 4 illustrated in FIG. 7, for exam
as a sectional image appearing in a cross-section w
the modified layer M is cut in a direction parallel
the Z-axis direction in the three-dimensional image
The two-dimensional image 4 is also displayed on th
monitor 100. The modified layer M which is reflect
the two-dimensional image 4 is observed to thereby
a depth position of the modified layer M in the Z-a
direction, a shape of the modified layer M, a lengt
from an upper end Ma to a lower end Mb of the modif
layer M inside the workpiece W as a state of the mo
layer M. In this manner, an entire shape of the mo
layer M can be grasped by converting from the three
dimensional image 3 to the two-dimensional image 4,
that the state of the modified layer M can be detec
with high precision. A detection result of the sta
the modified layer M is stored in the RAM of the co
means 90 to be used for selection of the most suita
laser processing condition.

Thus, in the non-destructive detection meth

according to the present invention, it is configure
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that, after carrying out the preparation step of
preparing the inspection apparatus 1 including the
imaging means 50 provided with the objective lens 5
imaging the workpiece W from the first surface Wa s
the light source 60 emitting light of a wavelength
transmissible through the workpiece W from the firs
surface Wa side, the driving means 70 causing the
objective lens 52 to move close to or apart from th
first surface Wa, and the recording means 80 record
image imaged by the imaging means 50, the image
acquisition step of, for example, causing the objec
lens 52 to intermittently move by the predetermined
distance H in the Z-axis direction orthogonal to th
plane to be made closer to the first surface Wa,
positioning the focal point to the Z-axis coordinat
value where the distance of the focal point extends
the refractive index of the workpiece W, acquiring

Y plane image inside the workpiece W for each of th
plurality of Z-axis coordinate values, and recordin
acquired X-Y plane image in the recording means 80,
the modified layer detecting step of detecting the

of the modified layer M from the X-Y plane images 2
2g for each of the plurality of Z-axis coordinate v

recorded in the recording means 80 are carried out.
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result, it is possible to detect the state of the
modified layer M without destructing the workpiece
Accordingly, according to the present invention, it
possible to repetitively carry out formation of the
modified layer M by laser processing and detection
state of the modified layer M by the imaging means
and the most suitable laser processing condition fo
forming a desired modified layer M can be quickly
selected.

Note that the inspection apparatus 1 illust
the present embodiment is configured so as to funct
a laser processing apparatus which forms the modifi
layer M inside the workpiece W; however, the inspec
apparatus 1 is not limited to the apparatus configu
illustrated in the present embodiment and may have
apparatus configuration in which the inspection app
1 is a single apparatus independent of a laser proc
apparatus.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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WHAT | S CLAIMED | S:

1. A non-destructive detection method of d
in a non-destructive manner, a modified layer forme
positioning, inside a workpiece having a first surf
and a second surface opposite to the first surface,
focal point of a laser beam of a wavelength transmi
through the workpiece and applying the laser beam t
workpiece, the method comprising:

a preparing step of preparing an inspection
apparatus including imaging means provided with an
objective lens and imaging the workpiece from a sid
the first surface, a light source emitting light of
wavelength band transmissible through the workpiece
the side of the first surface, driving means causin
objective lens to move close to or apart from the f
surface, and recording means recording an image ima
the imaging means;

an image acquisition step of, in a case in
the first surface is set as an X-Y plane, intermitt
moving the objective lens by a predetermined distan
in a Z-axis direction orthogonal to the X-Y plane t
made closer to the first surface, positioning the f
point to each of a plurality of Z-axis coordinate v

where a distance of the focal point extends by a
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refractive index of the workpiece, acquiring an X-Y
image of an inside of the workpiece for each of the
plurality of Z-axis coordinate values, and then,
recording the acquired images in the recording mean

a modified layer detecting step of detectin
state of the modified layer from the X-Y plane imag
each of the plurality of Z-axis coordinate values
recorded in the recording means.

2. The non-destructive detection method ac
to claim 1, wherein

in the modified layer detecting step, a thr
dimensional image is produced from the X-Y plane im
for each of the plurality of Z-axis coordinate valu
recorded in the recording means, and from a two-
dimensional image appearing in a cross-section wher
modified layer is cut in a direction parallel to th
axis direction, a depth position of the modified la
the Z-axis direction and a shape of the modified la
are detected as the state of the modified layer.

3. The non-destructive detection method ac
to claim 1, wherein

the workpiece is a silicon wafer having a
refractive index of 3.6, and

in the image acquisition step, the distance
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focal point which extends inside the workpiece with
respect to the predetermined distance H at which th
objective lens intermittently moves in the Z-axis
direction is at least 3.6-H, and the focal point

intermittently moves by 3.6-H inside the workpiece.
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