SPECIFICATION

Title of Invention

SCRIBING WHEEL AND SCRIBING METHOD USING THE SAME

Technical Field
[0001]

The present invention relates to a scribing wheel
scribing a thin sapphire substrate and to a scribin
using the scribing wheel.

Background Art
[0002]

Inordertoscribeasapphiresubstratetobreaki
has been proposed a method adapted to irradiate the
substratewithlaserlighttoformascribedgroove
the sapphire substrate along the scribed groove as
in Patent Literatures 1 and 2.

[0003]

In addition, a scribing method using a scribing wh
forglasscuttingisalsowidelyused. Asdisclose
Literature 3andthelike,aconventional scribing
a disc made of cemented carbide or polycrystalline
(hereinafter referred to as PCD) as a base material
oneformedbysinteringdiamondparticlestogether
and the like. The scribing wheel is one such that

sides of the disc serving as the base material, the
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the outer circumference is obliquely ground down to
V-shaped blade edge on the outer circumferential su
Rotatably pivotally attaching the scribing wheel fo
describedabovetothe scribingheadorthelike of
apparatus, pressing the scribing wheel against a br
material substrate with a predetermined load, and m
scribing wheel along the surface of the brittle mat
substrate make it possible to scribe the brittle ma
substrate while rolling the scribing wheel.

Citation List

Patent Literature

[0004]

Patent Literature 1: Japanese Unexamined
Publication JP-A 2012-106279

Patent Literature 1: Japanese Unexamined
Publication JP-A 2013-51298

International Patent Publication WO 2003/51784
Summary of Invention
Technical Problem
[0005]

However, the conventional scribing method using la
lighthas had aproblem of being likelytodamaget
ofasapphire substrate tothereby degrade the qual
substrate. Also, the conventional scribing method

scribing wheel has had a problem that when the thic
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a sapphire substrate is thin, irregular cracks call
crevasses are likely to be formed after breaking.
[0006]

The present invention is made in consideration of
a problem, and intends to provide a scribing wheel
forscribingasapphiresubstrate,andascribingm
the scribing wheel.
Solution to Problem
[0007]

Inordertosolvethe problem, the scribingwheel
presentinventionisonewhereinalongacircumfere
a cross section along a radial direction is of a V-
aridgeisformedinacenteroftheV-shape,abla
isformedbytheridge andtiltsurfacespresenton
of the ridge, and at least the blade edge part is f
diamond. In addition, the ridge of the blade edge
grooves formed in an entire circumference
circumferential partatpredeterminedintervals. F
length of each of the grooves along the circumferen
Is set to be equal to or more than 9 um and equal t
than 12 um, a length of a ridge between any adjacen
the grooves s setto be equal to or more than 5 um
to or less than 9 um, and a depth of each of the gr
set to be equal to or more than 1.5 um and equal to

than 4 pum.
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[0008]

Note that a ratio between

the length of each of the grooves

and

the length of a ridge between any adjacent ones of
grooves is set to be larger than 1.0.
[0009]

In order to solve the problem, the scribing method
thepresentinventionisoneusingthescribingwhe
scribing method scribing a sapphire substrate by ro
scribing wheel while pressing the blade edge part o
scribing wheel against the sapphire substrate.
Advantageous Effects of Invention
[0010]

Accordingtothepresentinventionhavingsuchfea
atleastthe blade edge part of the scribing wheel
diamond, and the ridge part of the scribing wheel i
withthepredeterminedgrooves. Scribingasapphir
usingthescribingwheelhavingsuchashapemakes
toobtainaneffectofbeingabletogeneratesuffi
vertical cracks and thereby suppress the formation
crevasses after breaking.
Brief Description of Drawings

[0011]

FIG. 1 is front and side views of a scribing wheel
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according to an embodiment of the present invention
FIG. 2 is an enlarged view of a ridge part at a bl

edge according to the present embodiment;

FIG. 3 is a diagram illustrating the dimensions of

scribing wheels in Examples 1 to 7 and Comparative
1 to 4 of the present invention;

FIG. 4 is a diagram illustrating evaluation result
scribing using the scribing wheels in Examples 1 to
Comparative Examples 1 to 4 and evaluation results
breaking;

FIG.5isaschematicdiagramillustratingastate
a sapphire substrate formed with scribed lines is v
checked;

FIG. 6A is a diagram illustrating a state where in
sapphiresubstrateformedwithascribedline,the
has no horizontal crack;

FIG. 6B is a diagram illustrating a state where in
sapphiresubstrateformedwithascribedline the
has horizontal cracks;

FIG. 7A is a diagram illustrating a state of a cro
section after breaking along a scribed line, in whi
crevasse is present;

FIG. 7B is a diagram illustrating a state of a cro
section after breaking along a scribed line, in whi

crevasses are present; and
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FIG. 7C is a diagram illustrating a state of a cro
section after breaking along a scribed line, in whi
crevasses are present.

Description of Embodiments

[0012]

FIG. 1 is front and side views of a scribing wheel

according to an embodiment of the present invention

manufacturingthescribingwheel,first,asillustr

1(a), athrough-hole 12 serving as a shaft hole is

thecenterofadisc1lasascribingwheelbase ma

ofcementedcarbideorthelike. Then,byinsertin

of an unillustrated motor or the like into the thro

12, and while rotating the disc 11 with the central

thethrough-holel2asarotationaxis12a,grindin

circumference of the disc 11 from both of the front

sides ofthe disc obliquely withrespecttothe rot

12a, asillustratedin FIG. 1(b), theridge andtil

on both sides of the ridge are formed in a vertical

cross-sectional V-shape. The tilt surfaces of the

formed as described above are referred to as ground

13.

[0013]
Subsequently,first,theV-shapedgroundsurfaces

preliminarilyroughenedinordertofacilitatethe

of a diamond film. Then, diamond having a particle
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submicronorlessandservingasnucleiareformed
surface parts, and then a diamond thin film is grow
chemical vapor deposition reaction. In this manner
diamondthinfilm 14 having afilm thickness of, fo
20to30pumisformedonthegroundsurfacesformed
surfaces ofthe V-shape ofthe scribingwheel by th

vapor deposition method (CVD method).

[0014]

After that, the tip of the diamond film is polishe
form a polished area including the ridge. Subseque
theridge partofthe polished area of the diamond
grooves are formed at regular intervals. The detai
grooveswillbedescribedusingFIG.2. FIG.2is
view of the ridge part at a blade edge indicated by
dottedlineSinFIG.1. AsillustratedinFIG.2,
partwherethegroundsurfacesofthescribingwhee
with each other, the grooves 15 are formed in the e
circumference with the length of each of the groove
constant and with the length of aridge between any
two of the grooves made constant. The grooves may
byremovingpartsofthebladeedgeofthescribing
the diamond film using laser machining. Thelength
ofthegrooves15ispreferablysettobeequalto
9 um and equal to or less than 12 um. Also, the de

eachofthegrooves15ispreferablysettobeequa
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thanl.5pumandequaltoorlessthan4pum,andmor
settobe equalto ormorethan2 umandequaltoo

3 um. Further the length C of a ridge between any
twoofthe grooves 15is preferably settobe equal
than 5 um and equal to or less than 9 um, and more
settobe equaltoormorethan5umandequaltoo

7 pm. Still further, the ratio A/C between the len
each of the grooves and the length C of a ridge bet
adjacenttwo ofthe grooves 15is preferably setto
thanl,andmorepreferablysettobelargerthanl
usingthescribingwheelformedwithsuchgroovesi
circumference makes it possible to form a preferred
line. Then, breaking along the scribed line allows
section having a few crevasses to be obtained.
[0015]

Note thatin thisembodiment, the grooves are form
thelasermachining,butmaybeformedby,inplace
machining, electric discharge machining of the diam
or by grinding.

[0016]

Alternatively, the scribing wheel may be configure
forminggroovesintheV-shapedbladeedgepartof
wheel base material, coating a diamond film on the
scribingwheelbasematerialbyaCVDmethod,andt

the resulting scribing wheel base material.
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[0017]

Further, inthisembodiment, the diamondfilmisc
onthescribingwheelbasematerialandthenpolish
the scribing wheel base material itself may be form
diamond material such as single crystalline diamond
polycrystalline diamond not containing a binder.
[Examples]
[0018]

Next, examples will be described using FIG. 3. In
3,scribingwheelsinExamples1to7areonesprep
basis of the above-described embodiment. As listed
3, the scribing wheelsin Examples 1to 7 were ones
thelength Aofeachgroovewas9or12um,thedep
groovewas1.5,2,3,0r4um,thelength Cofari
two adjacent grooves was 6 or 8.5 um, and a blade e
Dwas115°. Also,thegroove/ridgeratioA/Cwas
At the same time, scribing wheels in Comparative Ex
to 4 were prepared such that the length A of each g
6,9,or12um,thedepthBofeachgroovewas3um
Cofaridge betweentwo adjacentgrooveswasé6, 8.
and a blade edge angle D was 115 °. Also, in Compa
Examples 1to4,the groove/ridge ratio A/ICwas 0.7
[0019]

Then, scribing was performed by pressing each of t

scribing wheels in Examples 1 to 7 and Comparative
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1to 4 againstasapphire substrate having athickn essof0.1

mmuwithinascribingloadrangeof1.20Nto2.22N androlling
that scribing wheel. Further, the sapphire substra te was
broken along the resulting scribed line. FIG. 4 is atable
listingresultsofevaluatingscribed statesonat hree-point
scale and results of evaluating cross-sectional sta tesona

two-point scale. Scribed lines were evaluated by a

illustrated in FIG. 5, irradiating a sapphire subst rate 21
formed with a number of parallel scribed lines and visually
check the scribed lines. In FIG. 4, good scribing “o”, and
“x" referto an intermediate penetration state wher e scribed
lines entirely uniformly shine. Also, “ A" refersto a state
wherefaintlyshinyscribedlinesarecutinspots andscribing
islowpenetrative. FIG.6Aindicatesthequality ofascribed
line,andillustratestheintermediate penetration “o”orlow
penetration “ A” state with no horizontal crack, and FIG. 6B
illustratesthe“x”statewithhorizontalcracks. INFIG.6B,
the horizontal cracks appear on the sides of a scri bed line.
[0020]

Further,sapphiresubstrates21formedwithsuchs cribed
lineswerebrokenusingabreakingapparatus. Acr osssection
havingnocrevassesillustratedinFIG.7A,andac rosssection
havingfewshortcrevassewereevaluatedtobegood “ o”. Also,
acrosssectionhavinganumberoflargecrevasses whoselength
exceeds half the thickness of the substrate was eva luated to
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be defective “x”. From these results, and as illus
thedrawings,itispreferablethatthelength Aof
is9to 12 umandthelength C ofaridge betweent
groovesis5to9um,andbyappropriatelyselectin
load, good scribed lines and cross section can be o
Inparticular,inExamplesland2,goodscribedli
sections were obtained at multiple loads. In addit
similar tendency was observed at a blade edge angle
to 125 °.
Industrial Applicability
[0021]

The presentinvention can provide a sapphire subst
scribingwheelmakingitpossibletobreakasapphi
along a cross section having few crevasses, and the
wheel can be preferably used for a scribing apparat
Reference Signs List
[0022]
10: Scribing wheel
11: Disc
12: Through-hole
13: Ground surface
14: Diamond film
15: Groove

21: Sapphire substrate
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CLAIMS
1.Ascribingwheelwhereinalongacircumferentia
a cross section along a radial direction is of a V-
aridgeisformedinacenteroftheV-shape,abla
isformedbytheridgeandtiltsurfacespresenton
of the ridge, and at least the blade edge partis f
diamond, wherein
the ridge of the blade edge parthas grooves form
an entire circumference of the circumferential part
predetermined intervals, and
alengthofeachofthegroovesalongthecircumfe
part is set to be equal to or more than 9 um and eq
lessthan 12 um, alength of aridge between any ad
ofthegroovesissettobeequaltoormorethan5
to or less than 9 um, and a depth of each of the gr
set to be equal to or more than 1.5 um and equal to

than 4 pm.

2. The scribing wheel according to claim 1, wherei

a ratio between
the length of each of the grooves

and

the length of a ridge between any adjacent ones of

grooves is set to be larger than 1.0.
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3. Ascribing method using the scribingwheel acco rding

to claim 1 or 2, the scribing method scribing a sap phire
substrate by rolling the scribing wheel while press ing the
blade edge part of the scribing wheel against the s apphire
substrate.
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