DESCRI PTI ON

W RE SAW APPARATUS AND METHOD FOR MANUFACTURI NG WAFER

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a wire saw

apparatus and a method for manufacturing a wafer.

BACKGROUND ART
[ 0002]

Sem conductor wafers such as silicon wafers are
sliced off froma workpi ece such as silicon ingot by
using a cutting apparatus such as a wire saw appar at us
101 as shown in FIG 8. Typically, the wire saw
apparatus 101 includes a wire row 104 that is formed by
winding a wire 102 around nultiple wire guides 103, and
the wire 102 reciprocatively travels in an axi al
direction. Further, the wire saw apparatus 101
i ncl udes: a nozzle 108 configured to supply a slurry 109
to the wire 102; a workpi ece-hol ding portion 107
configured to suspend and hold a workpiece plate 106
havi ng a wor kpi ece W bonded thereto with a beam 105
i nterposed between the workpiece plate 106 and the
wor kpi ece W and a wor kpi ece-feedi ng mechani sm 110
configured to push relatively down and press the
wor kpi ece W against the wire row 104. Such wire saw
apparatus 101 can slice the workpiece Winto wafers by
pressing the workpiece Wagainst the wire row 104.

[ 0003]

Meanwhil e, slicing with a wire saw causes sliced

wor kpi eces to warp. This warpage caused by slicing with

a wre saw is determ ned by the change over tinme in



relative positions between the workpiece (ingot) and the
wire during cutting. It is generally believed that warp
is formed in a slicing direction by the influences of:

t hermal deformati on of an apparatus casing and thernal
expansion of main rollers, around which a wire i s wound,
and an ingot during cutting that is fromthe begi nni ng
to the end of slicing. Hence, it has been disclosed
that such warp in the slicing direction can be inproved
by controlling the tenperatures of slurry and cooling
water for main roller spindles (Patent Docunents 1 to 3).

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0004]

Pat ent Docunent 1: Japanese Unexam ned Patent
Application Publication No. Hei 7-1442

Pat ent Docunent 2: Japanese Unexam ned Patent
Application Publication No. 2009-29078

Pat ent Docunent 3: Japanese Unexam ned Pat ent
Application Publication No. 2016-135529

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0005]

I n cutting-edge devices, epitaxial wafers having
undergone epitaxial growh are used as |ow-resistivity
base wafers. Nevertheless, due to a difference in
resistivity between a base wafer and an epitaxial |ayer,
the wafer is changed to have a convex shape after the
epi taxial growth, and the warp is degraded. As shown in
FIG 9, the Bow value of base wafers correlates with
warp after epitaxy, and there is such a tendency that

I nprovenents in warp after epitaxy are observed from



waf ers whose Bow is mnus. Accordingly, if warps in a
slicing direction and a travelling direction can be
controlled and directed in concave directions during
slicing wwith a wire saw, the warps after epitaxy are

I nproved. However, Patent Docunents 1 to 3 relate to
the control of warp in the slicing direction fromthe
start to the end of slicing, and no nethod for
controlling warp in a wire travelling direction has been
est abl i shed yet.

[ 0006]

The present invention has been nade in view of the
above-descri bed problenms. An object of the present
invention is to provide a wire saw apparatus and a
met hod for manufacturing a wafer which nmake it possible
to manufacture a wafer having any warp shape by
controlling a warp in a wire travelling direction of a

wor kpi ece sliced with the wire saw appar at us.

SOLUTI ON TO PROBLEM
[ 0007]

To achieve the object, the present invention
provi des a wire saw apparatus conpri sing:

a plurality of wire guides;

awre  rowformed of a wire which is wound around
the plurality of wire guides and configured to
reci procatively travel in an axial direction;

a nozzle configured to supply a coolant or slurry
to the wire;

a wor kpi ece-hol ding portion configured to suspend
and hold a workpi ece plate having a workpi ece bonded
thereto with a beaminterposed therebetween;

a wor kpi ece-feedi ng mechani sm configured to press
t he wor kpi ece against the wire row, and



a mechani sm configured to adjust a parallelism of
axes of the plurality of wire guides around which the
wire rowis fornmed.

[ 0008]

Such a wire saw apparatus nmakes it possible to
manuf acture a wafer having any warp shape by controlling
a warp of the sliced workpiece in a wire travelling
di rection.

[ 0009]

Mor eover, the present invention provides a method
for manufacturing a wafer by using the above-described
Wi re saw apparatus, conprising:

adjusting a parallelismof the axes of the
plurality of wire guides around which the wire rowis
formed, before a workpiece is sliced, to control a warp
in awire travelling direction of the sliced workpiece.
[ 0010]

In this manner, the inventive wire saw apparat us
I's suitably usable in the wafer manufacturing nethod in
whi ch the concave/convex warp in the wire travelling
direction of the sliced workpiece is controll ed.

[0011]

Further, the present invention provides a nethod
for manufacturing a wafer, conprising:

formng a wire row by winding a wire around a
plurality of wire guides, wherein the wire is configured
to reciprocatively travel in an axial direction; and

causi ng a workpi ece-feeding nechanismto press a
wor kpi ece held by a workpi ece-hol ding portion agai nst
the wire rowto slice the workpiece, while supplying a
coolant or slurry froma nozzle to the wire, wherein

a parallelismof axes of the plurality of wre

gui des around which the wire rowis formed is adjusted,
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before the workpiece is sliced, to control a warp in a
wire travelling direction of the sliced workpiece.
[0012]

Such a nethod for manufacturing a wafer makes it
possible to control the warp of the sliced workpiece in
the wire travelling direction and manufacture a wafer

havi ng any warp shape.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0013]

As descri bed above, the wire saw apparatus and the
met hod for manufacturing a wafer according to the
present invention enable warp control in the wre
travelling direction and manufacturing of wafers having
any warp shapes.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0014]

FIG 1 is a schematic drawi ng showi ng an exanpl e
of a wire saw apparatus according to the present
i nventi on.

FIG 2 is a schematic drawi ng showi ng an exanple
of grooves fornmed in the surface of a wire guide in the
i nventive wire saw appar at us.

FIG 3 shows schematic drawings illustrating top
portions of a wire and grooves in the surfaces of
multiple wire guides of the inventive wire saw apparat us
when axes of the wire guides are parallel to each other.

FIG 4 shows schematic drawings illustrating an
exanmpl e of a nmechanism for adjusting the axes of the
multiple wire guides of the inventive wire saw appar at us.

FIG 5 shows schematic drawings illustrating top

portions of the wire and the grooves in the surfaces of



the multiple wire guides of the inventive wire saw
apparatus when a parallelismof the axes of the wire
gui des i s adjusted.

FIG 6 shows graphs for illustrating warp shapes
in a wre travelling direction of sliced workpieces when
parallelisms of axes of nultiple wire guides were
adj usted i n Exanpl es.

FIG 7 is a graph for illustrating a correlation
bet ween the adjustnent anount of the parallelismof the
axes of the multiple wire guides and the PV val ue of the
warps in the wire travelling direction.

FIG 8 is a schematic drawi ng showi ng an exanpl e
of a conventional w re saw appar at us.

FIG 9 is a graph for illustrating a correl ation
bet ween the Bow val ue of base wafers and the warp after
epi t axy.

DESCRI PTI ON OF EMBODI MENTS
[ 0015]

As descri bed above, heretofore, no nethod has been
established for controlling warp in a wire travelling
direction of a sliced workpiece with a wire saw
appar at us.

[ 0016]

The present inventors have earnestly studied the
above-descri bed probl enms and consequently found that by
adjusting the parallelismof axes of wire guides, a wire
can be bent in a front-back direction of a wire saw
apparatus while a workpiece is being sliced. Moreover,
the inventors have found that a warp of the sliced
wor kpiece in a wire travelling direction can be
controll ed thereby. These findings have led to the

conpletion of the present invention.



[0017]

Hereinafter, a wire saw apparatus and a nethod for
manuf acturing a wafer of the present invention will be
described in detail with reference to the draw ngs, but
the present invention is not limted thereto. Note that,
in the present application, "parallelism(parallelism
adj ust mrent anmpount)" nmeans inclination amounts of axes in
a horizontal direction. Now, the inclination amunts
wi |l be described in nore detail using FIGs. 3 and 5.
The inclination amounts refer to a degree of opening
bet ween axes of nmultiple wire guides 3 as shown on the
|l eft side of FIG 5 which are inclined in the horizontal
direction from positions where the axes of the nmultiple
wire guides 3 are parallel to each other as shown on the
left side of FIG 3.

[ 0018]

As shown in FIG 1, a wire saw apparatus 1
according to the present invention includes: nmultiple
wire guides 3; awire row 4 forned of a wire 2 which is
wound around the nmultiple wire guides 3 and configured
to reciprocatively travel in a wire axial direction; and
a nozzle 8 configured to supply a coolant or slurry 9 to
the wire 2. As the slurry 9, a slurry containing |oose
abrasi ve grains of silicon carbide or the |ike can be
used.

[ 0019]

Mor eover, the inventive wire saw apparatus 1
i ncl udes a wor kpi ece-hol ding portion 7 configured to
suspend and hold a workpiece plate 6 having a workpi ece
W bonded thereto with a beam 5 interposed between the
wor kpi ece plate 6 and the workpiece W and a workpi ece-
f eedi ng mechani sm 10 configured to push relatively down

and press the workpi ece Wagainst the wire row 4.



Specifically, the workpiece Wis bonded to the workpiece
plate 6 via the beam 5 using an epoxy adhesive or the

i ke, and the workpiece plate 6 is held by the

wor kpi ece-hol ding portion 7, so that the workpiece Wis

hel d by the workpi ece-holding portion 7. After slicing

is initiated, the workpiece Wis fed for slicing to the

wire row 4 and sliced.

[ 0020]

As shown in FIG 2, the surfaces of the wire
guides 3 of the wire saw apparatus 1 have a | arge nunber
of grooves for winding the wire 2. By winding the wire
2 around the right and left wire guides 3 in parallel,
the parallel wire row 4 is formed. 1In the present
I nvention, the pitch, depth, and so forth of the grooves
are not particularly limted, and can be set
appropriately.

[ 0021]

As shown in the top view of the wire guides in FIG
3, the wire 2 is normally stretched in parallel in the
grooves on the surfaces of the right and left wire
guides 3. Since a warp in a wire travelling direction
of a sliced workpiece is determ ned by relative
positi ons between the workpiece Wand the wire row 4
formed by the wire guides 3, when the wire row 4 is
parallel to the wire travelling direction, the warp in
the wire travelling direction of the sliced workpiece is
straight. To control the warp in the travelling
direction, it is necessary to bend the wire in a front-
back direction of the wire saw apparatus by changing the
relative positions of the wire row 4 to the workpiece W
that is, adjusting a parallelismof axes of the wire
gui des.
[ 0022]



The inventive wire saw apparatus 1 further
i ncludes a nechani sm configured to adjust a parallelism
of the axes of the nultiple wire guides 3 form ng the
wire row (hereinafter referred to as parallelism
adj usting nechanism to be described bel ow.

[ 0023]

FIG 4 shows schematic drawings illustrating an
exanpl e of the parallelismadjusting mechanism 11 in the
I nventive wire saw apparatus. The wire guide 3 is held
by a front block 12 at a front surface portion of the
Wi re saw apparatus 1. An outer ring 13 and an inner
ring 14 are respectively fixed to the front block 12 and
the wire guide 3. The inventive wire saw apparatus is
capabl e of adjusting right and left spindle shafts (the
axes of the wire guides), and, a parallelismof the axes
of the wire guides at desired by using adjustnment bolts
15. This makes it possible to control the warp in the
wire travelling direction of the sliced workpi ece and
manuf acture a wafer having any warp shape.

[ 0024]

Note that, as the axis adjustnment range, each of
the right and left spindle shafts is preferably adjusted
within a range of £2 nm Wth this range, the
parallelismof the spindle shafts can be adjusted
wi t hout structural limtation of the wire saw appar at us.
[ 0025]

FIG 5 shows schematic drawings illustrating top
portions of the wire 2 and the grooves of the wire
gui des 3 when the wire guides 3 are set apart on the
front side of the wire saw apparatus (i.e., when the
parallelismof the axes of the wire guides 3 is
increased). As shown in FIG 5, the wire 2 is parallel

to the grooves of the wire guides 3 until the wire 2



reaches central portions of the grooves; nmeanwhile, on

i nner sides of the grooves, the wire 2 is deforned as if
the wire 2 is pushed up toward the back of the wire saw
apparatus. The warp in the wire travelling direction of
the sliced workpiece is shaped in a convex direction by
the wire 2 defornmed toward the back of the wire saw
appar at us.

[ 0026]

On the other hand, when the wire guides 3 are set
closer on the front side of the wire saw apparatus (i.e.
when a parallelismof the axes of the wire guides 3 on
t he opposite side is increased), the wire 2 is deforned
as if the wire 2 is pushed down toward the front of the
apparatus. Thus, the warp in the wire travelling
direction of the sliced workpiece is shaped in a concave
di rection.

[ 0027]

Further, the present invention provides a nethod
for manufacturing a wafer. This method can be perfornmed
using the wire saw apparatus 1 as descri bed above.
Specifically, the inventive method for manufacturing a
waf er incl udes:

formng the wire row 4 by winding the wire 2
around the nmultiple wire guides 3, the wire 2 being
configured to reciprocatively travel in the axial
di rection; and

causi ng the workpi ece-feeding nechanism 10 to
press the workpiece Wheld by the workpi ece-hol di ng
portion 7 against the wire row to slice the workpiece,
whil e supplying a coolant or slurry fromthe nozzle 8 to
the wire 2. In this wafer manufacturing nmethod, a
parallelismof the axes of the nmultiple wire guides 3

around which the wire row 4 is fornmed is adjusted,
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before the workpiece Wis sliced, to control the warp in
the wire travelling direction of the sliced workpiece.
[ 0028]

As descri bed above, according to the present
i nvention, a parallelismof the axes of the w re guides
3 is adjusted. This makes it possible to control the
warp in the wire travelling direction and manufacture

waf ers having any warp shapes.

EXAMPLE
[ 0029]

Herei nafter, the present invention will be
specifically described with reference to Exanples, but
the present invention is not limted thereto.

[ 0030]

The wire saw apparatus 1 including the
paral |l el i sm adj usti ng nechanism 11 as shown in FIG 1
and FIG 4 was used to slice silicon ingots (workpieces)
each having a diameter of 300 nm after the parallelism
of the axes of the wire guides was adjusted from-400 pum
to 200 um The shapes of the warps in the wire
travelling direction of the sliced workpieces were
conpared. FIG 6 shows the result.

[ 0031]

As shown in FIG 6, it was denonstrated that when
t he axes of the wire guides were set closer by 200 um
and 400 pymon the front side of the wire saw appar at us,
the warps in the wire travelling direction of the sliced
wor kpi eces were changed into concave shapes. Meanwhil e,
when the axes were set apart by 200 um the warp in the
travelling direction of the sliced workpi ece was changed
into a convex shape.

[ 0032]

11



FIG 7 illustrates a correlation between the
paral |l el i sm adj ust nent anount of the axes of the wire
gui des and the PV value (Peak to Valley) of the warps in
the travelling direction shown in FIG 6. As the warp
data, data on three wafers from each ingot were used,
which were | ocated at the back side of the apparatus,
the center of the block, and the front side of the
apparatus. As shown in FIG 7, a correlation was found
bet ween the parallelismadjustnment ampbunt of the axes of
the wire guides 3 and the concave/ convex anmpunt of the
warps in the wire travelling direction. Wen the gap
bet ween the wire guides 3 was set narrower on the front
side of the apparatus, the warp in the wire travelling
direction was changed in the concave direction;
meanwhi | e, when the gap was set w der, the warp was
changed in the convex direction. Fromthe above, it was
reveal ed that adjusting the parallelismof the axes of
the wire guides 3 makes it possible to control the
concave/ convex amount of the warp in the wire travelling
di recti on.

[ 0033]

It should be noted that the present invention is
not limted to the above-described enmbodi ments. The
enbodi nents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAI M5

1. A wWire saw apparatus conprising:

a plurality of wire guides;

awre  rowformed of a wire which is wound around
the plurality of wire guides and configured to
reci procatively travel in an axial direction;

a nozzle configured to supply a coolant or slurry
to the wire;

a wor kpi ece-hol ding portion configured to suspend
and hold a workpi ece plate having a workpi ece bonded
thereto with a beaminterposed therebetween;

a wor kpi ece-feedi ng nmechani sm configured to press
t he wor kpi ece against the wire row, and

a mechani sm configured to adjust a parallelism of
axes of the plurality of wire guides around which the

wire rowis forned.

2. A nmethod for manufacturing a wafer by using the

W re saw apparatus according to claim11, conprising:
adjusting a parallelismof the axes of the

plurality of wire guides around which the wire rowis

formed, before a workpiece is sliced, to control a warp

in a wre travelling direction of the sliced workpiece.

3. A nmet hod for manufacturing a wafer, conprising:
formng a wire row by winding a wire around a
plurality of wire guides, wherein the wire is configured

to reciprocatively travel in an axial direction; and
causi ng a workpi ece-feeding nechanismto press a

wor kpi ece held by a workpi ece-hol ding portion agai nst

the wire rowto slice the workpiece, while supplying a

coolant or slurry froma nozzle to the wire, wherein
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a parallelismof axes of the plurality of wre
gui des around which the wire rowis formed is adjusted,
before the workpiece is sliced, to control a warp in a

wire travelling direction of the sliced workpiece.
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