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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  slicing  meth- 
od  by  use  of  a  slicing  machine  and,  in  particular,  to 
such  slicing  method  in  which  a  slicing  machine  is 
used  to  slice  out  a  cylindrical  material  into  thin 
pieces. 

2.  Description  of  the  Related  Art 

Conventionally,  in  slicing  out  a  cylindrical  ma- 
terial  such  as  a  silicon  ingot  by  use  of  a  slicing 
machine  to  manufacture  semiconductor  wafers, 
after  the  ingot  is  lowered  by  the  thickness  of  the 
wafer  in  an  axially  downward  direction  from  a  refer- 
ence  position,  the  ingot  is  moved  toward  a  rotating 
blade  (cutting  edge)  so  that  the  ingot  is  sliced  out 
into  the  thin  semiconductor  wafers,  such  a  method 
is  described  in  FR-A-2469259.  Alternatively,  in  a 
known  slicing  machine  which  performs  the  slicing 
of  the  wafers  and  the  grinding  of  one  face  of  the 
wafer  simultaneously,  after  the  ingot  is  lowered 
downward  by  the  amount  of  the  desired  thickness 
of  the  wafer  plus  the  width  for  grinding,  while  the 
ingot  is  being  moved  toward  the  cutting  edge,  the 
slicing  of  the  wafers  and  the  grinding  of  one  face  of 
the  wafer  are  carried  out  simultaneously.  In  this 
case,  the  grinding  width  is  found  empirically  from 
the  thickness  of  the  wafer  and  the  like,  that  is,  the 
grinding  width  can  be  determined  by  the  skill  or 
perspection  of  operators. 

However,  because  the  displacement  of  the 
blade  (cutting  edge)  while  slicing  becomes  unsta- 
ble  as  the  number  of  slicings  are  increased,  the 
above-mentioned  conventional  slicing  methods  are 
disadvantageous  in  that  they  cannot  manufacture 
desired  wafers  in  a  stable  manner.  Also,  due  to 
thermal  stresses  caused  by  heat  (such  as  the  fric- 
tional  heat  of  a  bearing,  heat  generated  by  a  motor 
and  the  like)  that  is  generated  by  ambient  tempera- 
tures,  a  coolant  and  the  slicing  machine,  a  relative 
positional  relationship  between  the  blade  and  the 
grinding  wheel  is  changed,  thereby  making  it  im- 
possible  to  obtain  wafers  with  high  accuracy.  Fur- 
ther,  since  the  blade  and  grinding  wheel  are  worn 
as  they  repeat  the  slicing  and  grinding  operations, 
the  amount  of  grinding  and  the  like  are  changed 
accordingly,  which  causes  the  wafers  to  vary  in 
thicknesses.  In  addition,  due  to  the  fact  that  the 
amount  of  grinding  of  one  face  of  the  wafer  is  set 
with  considerable  allowance,  there  is  a  possibility 
that  the  cylindrical  material  may  be  ground  waste- 
fully,  which  is  not  desirable  from  the  viewpoint  of 
costs. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  aims  at  eliminating  the 
drawbacks  found  in  the  above  mentioned  prior  art 

5  slicing  methods. 
Accordingly,  it  is  an  object  of  the  invention  to 

provide  a  slicing  method  using  a  slicing  machine 
which  is  capable  of  manufacturing  wafers  with  high 
accuracy  and  of  slicing  a  cylindrical  material  with 

io  no  waste. 
In  order  to  achieve  the  above  object,  according 

to  the  invention,  there  is  provided  a  slicing  method 
as  set  out  in  claim  1  . 

According  to  the  invention,  in  slicing  the  cylin- 
75  drical  material,  in  accordance  with  at  least  one  of 

the  data  of  the  wafer  thickness  actually  measured 
after  being  sliced,  the  data  of  the  axial  displace- 
ment  of  the  cutting  edge  detected  during  slicing, 
and  the  data  of  the  end  face  shape  of  the  cylin- 

20  drical  material  actually  measured  after  slicing  of  the 
wafers,  the  grinding  position  of  the  grinding  wheel 
for  allowing  the  sliced  wafer  to  have  the  predeter- 
mined  thickness  as  well  as  the  amount  of  indexing 
can  be  calculated.  In  other  words,  the  accurate 

25  cutting  width  of  the  cutting  edge  is  found  from  the 
data  of  the  thickness  of  the  wafer  actually  mea- 
sured  after  sliced,  and  the  amount  of  indexing  and 
the  amount  of  grinding  are  calculated  in  accor- 
dance  with  the  thus  found  cutting  width.  Thanks  to 

30  this,  by  actually  measuring  the  thicknesses  of  the 
wafer  periodically,  the  wafers  can  be  manufactured 
in  a  proper  amount  of  indexing  and  at  a  proper 
grinding  position,  correspondingly  to  the  conditions 
of  the  cutting  edge. 

35  Also,  according  to  the  invention,  due  to  the  fact 
that  the  amount  of  indexing  and  the  grinding  posi- 
tion  can  be  made  up  for  in  each  case  in  accor- 
dance  with  the  axial  displacement  date  of  the  cut- 
ting  edge  detected  during  slicing,  even  when  the 

40  displacement  of  the  cutting  edge  is  varied  during 
slicing,  the  grinding  position  and  the  amount  of 
indexing  can  be  corrected  automatically  and  quick- 
ly  without  interrupting  the  slicing  operation  of  the 
cutting  edge. 

45  Further,  because  the  amount  of  indexing  and 
the  grinding  position  can  be  corrected  by  finding 
the  clogging  of  the  cutting  edge  and  the  changes 
of  the  shape  of  the  cylindrical  material  end  face 
caused  by  the  dressing  of  the  cutting  edge  from 

50  the  actually  measured  data  of  the  end  face  of  the 
cylindrical  material,  it  is  possible  to  manufacture 
wafers  with  high  accuracy  even  when  the  shape  of 
the  end  face  of  the  cylindrical  material  varies. 

55  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  exact  nature  of  this  invention,  as  well  as 
other  objects  and  advantages  thereof,  will  be  read- 
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ily  apparent  from  consideration  of  the  following 
specification  relating  to  the  accompanying  draw- 
ings,  in  which  the  same  reference  characters  des- 
ignate  the  same  or  similar  parts  throughout  the 
figures  thereof  and  wherein: 

Fig.  1  is  a  perspective  view  of  the  general 
structure  of  a  slicing  machine  used  to  carry  out 
a  slicing  method  according  to  the  present  inven- 
tion; 
Fig.  2  is  an  explanatory  view  of  a  control  system 
of  the  slicing  machine  shown  in  Fig.  1; 
Fig.  3  is  a  general  plan  view  to  show  a  positional 
relationship  between  a  displacement  sensor  and 
an  inner  peripheral  blade; 
Fig.  4  is  an  explanatory  view  to  show  a  relation- 
ship  between  a  cylindrical  material  between  an 
inner  peripheral  blade  and  a  grinding  wheel; 
Fig.  5  is  an  explanatory  view  to  show  proce- 
dures  required  when  a  grinding  reference  posi- 
tion  60  is  found; 
Fig.  6  is  an  explanatory  view  to  show  a  relation- 
ship  between  an  inner  peripheral  blade  and  a 
displacement  sensor; 
Fig.  7(A)  to  7(F)  are  explanatory  views,  respec- 
tively  showing  the  typical  displacement  patterns 
of  an  inner  peripheral  blade  that  are  detected  by 
a  displacement  sensor;  and, 
Fig.  8  is  a  perspective  view  of  a  measuring 
instrument  38  used  to  measure  the  shape  of  the 
end  face  of  an  ingot. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Detailed  description  will  hereunder  be  given  of 
the  preferred  embodiment  of  a  slicing  method  by 
use  of  a  slicing  machine  according  to  the  present 
invention  with  reference  to  the  accompanying  draw- 
ings. 

In  Fig.  1,  there  is  shown  a  perspective  view  of 
the  general  structure  of  a  slicing  machine  which  is 
used  to  enforce  a  slicing  method  according  to  the 
present  invention.  The  slicing  machine  shown  in 
Fig.  1  comprises  a  main  body  10,  a  slide  feed  table 
12,  a  support  member  14,  an  ingot  (a  cylindrical 
material)  holding  part  16  and  the  like.  The  slide 
table  12  is  mounted  on  the  main  body  10  in  such  a 
manner  that  it  can  be  freely  slided  in  a  direction  of 
an  arrow  A  or  in  a  direction  of  an  arrow  B.  The 
support  member  14  is  erected  on  the  slide  table  12 
and  supports  an  silicon  ingot  18  such  that  the  ingot 
18  is  freely  movable  in  a  vertical  direction.  In  the 
central  portion  of  the  main  body  10,  there  is  dis- 
posed  an  inner  peripheral  blade  (or,  cutting  edge) 
20,  and,  at  the  opposed  position  of  the  main  body 
10  to  the  slide  table  12,  there  is  disposed  a  carry- 
ing  device  24  which  is  used  to  carry  a  sliced  wafer 
to  a  storage  part  22.  Also,  a  dressing  device  25, 
which  is  used  to  dress  the  inner  peripheral  blade 

20,  is  disposed  below  the  inner  peripheral  blade  20 
and  the  dressing  device  25  dressed  the  inner  pe- 
ripheral  blade  20  when  the  need  arises. 

Referring  now  to  Fig.  2,  there  is  shown  an 
5  explanatory  view  to  illustrate  a  control  system  em- 

ployed  in  the  slicing  machine  in  Fig.  1.  As  shown  in 
Fig.  2,  in  the  ingot  holding  part  16  there  is  provided 
an  indexing  control  device  26  which  is  used  to 
move  the  ingot  18  downward  by  an  amount  of 

io  indexing  that  is  calculated  by  a  main  control  unit  28 
incorporated  in  the  slicing  machine.  Also,  in  the 
slide  table  12  (which  is  not  shown  in  Fig.  2),  there 
is  provided  a  cutting  feed  control  device  29  which 
is  used  to  control  the  horizontal  feeding  position  of 

is  the  ingot  18  during  slicing.  The  main  control  unit 
28  calculates  the  amount  of  indexing  of  the  ingot  in 
the  axial  direction  thereof  during  slicing  according 
to  the  width  to  be  cut  (or,  cutting  width)  by  the 
inner  peripheral  blade  and  the  like,  finds,  a  grinding 

20  position,  finds  a  control  position  for  cutting  and 
feeding  of  the  ingot  18  during  slicing,  and  controls 
the  slicing  machine  when  it  is  slicing. 

Also,  in  a  spindle  30  which  is  used  to  rotate  the 
inner  peripheral  blade  20,  there  is  provided  a  cup- 

25  shaped  grinding  wheel  32  which  rotates  together 
with  the  inner  peripheral  blade  20.  By  means  of  the 
simultaneous  rotation  of  the  grinding  wheel  32  and 
inner  peripheral  blade  20,  the  grinding  of  the  one 
face  of  the  sliced  wafer  and  the  slicing  of  the 

30  wafers  can  be  executed  simultaneously.  Further,  at 
the  lower  end  portion  of  the  spindle  30,  there  is 
provided  a  grinding  wheel  control  device  34  which 
is  connected  to  the  main  control  unit  28.  Respon- 
sive  to  an  instruction  given  by  the  main  control  unit 

35  28,  the  grinding  wheel  control  device  34  moves  the 
grinding  wheel  32  upwardly  or  downwardly  to 
thereby  control  the  amount  of  grinding  of  the  one 
face  of  the  sliced  wafer. 

Now,  in  Fig.  3,  there  is  shown  a  general  plan 
40  view  which  illustrates  a  positional  relationship  be- 

tween  displacement  sensors  36A,  36B  and  the  in- 
ner  peripheral  blade  20.  As  shown  in  Figs.  2  and  3, 
in  the  neighborhood  of  the  inner  peripheral  blade 
20,  there  are  mounted  the  displacement  sensors 

45  36A,  36B  each  of  non-contact-type  which  are  re- 
spectively  used  to  detect  the  axial  displacements 
of  the  inner  peripheral  blade  20.  These  sensors 
output  the  amounts  of  displacement  of  the  inner 
peripheral  blade  20  to  the  main  control  unit  28  by 

50  means  of  a  non-contact-type  displacement  meter 
37. 

Next,  description  will  be  given  below  of  a  first 
embodiment  of  a  slicing  method  by  use  of  a  slicing 
machine  according  to  the  invention.  The  first  em- 

55  bodiment  is  a  method  which  controls  an  amount  of 
indexing  of  a  cylindrical  material  from  the  data  of 
sliced  wafers  actually  measured.  In  this  embodi- 
ment,  at  first,  the  ingot  is  cut  or  sliced  without 

3 
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grinding  of  the  one  face  of  a  sliced  wafer  and,  next, 
the  ingot  is  sliced  with  the  wafer  one  face  being 
ground.  In  particular,  at  first,  if  the  cutting  width  KB 
of  the  inner  peripheral  blade  20  and  the  target 
thickness  TT  of  the  wafer  are  input  to  the  main 
control  unit  28,  then  the  amount  of  indexing  I  of  the 
ingot  18  in  the  vertical  direction  thereof  can  be 
determined  according  to  the  following  equation: 

I  =  (Target  Thickness  TT  +  Cutting  Width  KB)  x 
(1/COS  01  )  x  (1/COS  02)  ©  

where  01  ,  02  respectively  represent  the  angles  of 
tilting  of  the  ingot  18  and  these  correspond  to 
angles  formed  between  the  cutting  direction  of  the 
ingot  18  and  the  standing  direction  of  the  ingot  18. 
When  the  cutting  width  KB  of  the  inner  peripheral 
blade  20  is  not  known,  a  provisional  value  (the 
thickness  of  the  inner  peripheral  blade  + 2 0 - 3 0  
linn)  is  to  be  input. 

The  main  control  unit  28  outputs  to  an  indexing 
control  device  26  a  signal  which  allows  the  ingot  18 
to  be  moved  in  an  axial  direction  by  the  amount  of 
indexing  I  found  according  the  equation  ©  and 
also  outputs  to  a  cutting  feed  control  device  29  a 
drive  signal  which  allows  the  ingot  18  to  be  moved 
in  a  horizontal  direction,  thereby  slicing  a  piece  of 
wafer  for  testing.  Then,  the  thickness  TM  of  the 
test  wafer  at  the  beginning  of  such  slicing  is  mea- 
sured  and  the  actually  measured  thickness  value 
TM  is  input  to  the  main  control  unit  28,  whereby 
the  cutting  width  KB  of  the  inner  peripheral  blade 
20  is  calculated  according  to  the  following  equation 

(2)  .  And,  the  thus  calculated  cutting  width  KB  is 
substituted  in  the  equation  ©  to  find  a  corrected 
amount  of  indexing  I,  and  wafers  are  then  sliced 
successively  in  accordance  with  the  amount  of 
indexing  I. 

Cutting  Width  KB  =  I  x  COS  01  x  COS  02  -  Wafer 
Thickness  TM  (Measured  Value)  (2) 

During  slicing,  the  wafer  measuring  operation 
is  repeatedly  performed  periodically  and  the  value 
of  the  cutting  width  KB  is  corrected  by  means  of 
the  equation  (2)  ,  whereby  the  amount  of  indexing  I 
can  be  calculated  with  accuracy  with  respect  to  the 
fluctuations  of  the  cutting  width  KB  caused  by  the 
worn  inner  peripheral  blade  20  or  the  worsened 
cutting  quality  of  the  inner  peripheral  blade  20. 

After  the  accurate  calculation  of  the  indexing 
amount  I,  the  slicing  of  the  wafer  and  the  grinding 
of  the  end  face  of  the  ingot  are  executed  simulta- 
neously. 

Referring  now  to  Fig.  4,  there  is  shown  an 
explanatory  view  which  illustrates  relationships 
among  the  ingot  18,  inner  peripheral  blade  20, 
grinding  wheel  32  and  wafer  35  sliced.  At  first, 

similarly  in  the  above-mentioned  case  in  which  the 
grinding  of  the  end  face  is  not  executed,  the  cut- 
ting  width  KB  of  the  inner  peripheral  blade  20,  the 
target  thickness  TT  of  the  wafer,  the  minimum 

5  grinding  width  KG  of  the  grinding  wheel  32,  and  the 
grinding  reference  position  GO  are  input  to  the 
main  control  unit  28.  In  this  case,  the  cutting  width 
KB  is  to  be  previously  found  with  accuracy  in  the 
above-mentioned  cutting  operation  in  which  no 

io  grinding  is  executed. 
In  Fig.  4,  L  -  L  line  represents  a  zero  position 

of  screw  feeding  of  the  grind  wheel  32  and  GO 
represents  a  position  which  is  distant  by  GO  from 
the  L  -  L  line.  When  the  grinding  reference  position 

is  GO  is  not  known,  the  grinding  reference  position 
can  be  set  in  the  following  manner. 

Here,  in  Fig.  5,  there  is  shown  an  explanatory 
view  to  illustrate  a  procedure  in  finding  the  grinding 
reference  position  GO.  At  first,  the  spindle  30  of 

20  the  slicing  machine  is  ceased  to  operate  and  an 
electric  micrometer  40  is  mounted  onto  the  slide 
table  12.  After  then,  while  the  slide  table  12  is 
being  moved  and  the  upper  surface  of  the  grinding 
wheel  32  and  the  top-most  portion  of  the  inner 

25  peripheral  blade  20  are  being  measured  alternately, 
the  grinding  wheel  32  is  moved  upward  and  down- 
ward  in  such  a  manner  that  a  difference  between 
the  heights  thereof  becomes  0.  And,  the  position 
where  the  difference  becomes  0  is  set  as  the 

30  grinding  reference  position  GO. 
Referring  back  again  to  Fig.  4,  GSP,  GSN, 

GGP  and  GGN  respectively  represent  parameters 
which  stands  for  the  concaves  and  convexes  of  a 
slice  surface  18A  and  a  grinding  surface  18B. 

35  These  parameters  have  the  following  relationships: 

GSP,  GGP   ̂ 0,  GSN,  GGN  ^ 0  

The  main  control  unit  28  finds  grinding  posi- 
40  tions  Gmin  and  Gmax  according  to  the  following 

equations  from  the  data  input  therein.  Here,  Gmin 
represents  a  position  in  which  the  thickness  of  the 
wafer  becomes  the  smallest  and  Gmax  represents  a 
position  in  which  the  wafer  thickness  becomes  the 

45  greatest.  These  grinding  positions  can  be  selected 
properly  according  to  the  processes  to  follow. 

Gmin  =  GO  -  TT  -  KB  +  GSN  ©  

50  Gmax  =  GO  -  TT  -  KB  +  GSP  @ 

It  is  assumed  here  that  the  grinding  displace- 
ment  amounts  GSN  and  GSP  are  0,  respectively. 
Therefore,  as  to  the  grinding  position  G,  Gmin  = 

ss  Gmax.  By  applying  the  value  G  to  the  following 
equation,  the  amount  of  indexing  I  of  the  ingot  18 
can  be  found. 

4 
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I  =  (GO  -  G 
(1/COS  02  ) 

+  GGP  +  KG)  x  (1/COS  01  )  x 

Further,  the  main  control  unit  28  moves  the 
grinding  wheel  32  up  to  the  grinding  position  there- 
of  from  the  grinding  position  G  found  according  to 
the  above-mentioned  equation  ©  and  outputs  to 
the  indexing  control  device  26  a  drive  signal  which 
is  generated  according  to  the  amount  of  indexing  I 
found  from  the  above-mentioned  equation  ©  , 
thereby  driving  the  ingot  18  to  the  indexing  posi- 
tion.  Next,  the  ingot  18  is  moved  in  a  slicing 
direction  by  means  of  the  cutting  feed  drive  device 
29  to  thereby  slice  out  a  piece  of  wafer  for  testing. 
Then,  the  grinding  and  slicing  are  caused  to  stop 
temporarily  and  the  whole  testing  wafer,  including 
the  cutting  and  normal-to-cutting  directions  thereof, 
is  measured  to  obtain  the  cut  starting  thickness, 
the  greatest  thickness  and  the  smallest  thickness 
thereof,  respectively. 

From  the  thus  measured  cut  starting,  greatest 
and  smallest  thicknesses,  the  grinding  shift 
amounts  GSP,  GSN,  GGP,  and  GGN  can  be  found 
according  to  the  following  equations: 

Grinding  Shift  Amount  1:  GSP  =  Greatest  Thick- 
ness  -  Cut  Starting  Thickness  TM 
Grinding  Shift  Amount  2:  GSN  =  Smallest  Thick- 
ness  -  Cut  Starting  Thickness  TM 
Grinding  Shift  Amount  3:  GGP  =  Greatest  Thick- 
ness  -  Cut  Starting  Thickness  TM 
Grinding  Shift  Amount  4:  GGN  =  Smallest  Thick- 
ness  -  Cut  Starting  Thickness  TM 

Also,  the  grinding  reference  position  GO  is 
automatically  calculated  according  to  the  following 
equation  and  the  thus  calculated  grinding  reference 
position  GO  is  substituted  for  GO  that  has  been  set 
in  Fig.  5. 

GO  =  G  +  TM  +  KB  ©  

And,  if  the  grinding  reference  position  set  from 
the  equation  ©  is  applied  to  the  above-mentioned 
equations  ©  and  @,  then  the  corrected  grinding 
reference  positions  Gmin  and  Gmax  as  well  as 
amount  of  indexing  I  are  found,  so  that  the  wafer 
can  be  manufactured  in  the  proper  indexing 
amount  and  grinding  position  with  respect  to  the 
cutting  edge  condition. 

Next,  description  will  be  given  below  of  a  sec- 
ond  embodiment  of  a  slicing  method  according  to 
the  present  invention.  The  second  embodiment  is  a 
slicing  method  which  controls  a  slicing  machine 
according  to  the  actually  measured  data  of  the 
wafer  after  sliced  and  the  measured  data  of  the 
axial  shift  amount  of  the  inner  peripheral  blade  20. 
In  the  second  embodiment,  at  first,  in  a  similar 

procedure  to  the  first  embodiment  in  which  the 
cutting  or  slicing  is  performed  together  with  the 
grinding  of  the  wafer  one  face,  a  piece  of  wafer  for 
testing  is  sliced  and  then  the  whole  testing  wafer, 

5  including  the  cutting  and  normal-to-cutting  direc- 
tions,  is  measured  to  obtain  the  cut  starting  thick- 
ness  TM,  the  greatest  thickness  and  the  smallest 
thickness  thereof,  respectively,  so  that  the  grinding 
reference  position  GO  can  be  found  according  to 

io  the  above-mentioned  equation  © .  
Next,  description  will  be  given  below  of  a  pro- 

cedure  of  automatic  correction  of  the  grinding  posi- 
tion  G.  In  Fig.  6,  there  is  shown  an  explanatory 
view  which  illustrates  a  mutual  relationship  between 

is  the  inner  peripheral  blade  20  and  the  displacement, 
or  shift,  sensors  36A  and  36B,  and  in  Figs.  7(A) 
(F),  there  are  shown  explanatory  views  which  re- 
spectively  illustrates  the  typical  shift  patterns  of  the 
inner  peripheral  blade  20  detected  by  the  shift 

20  sensors  36A  and  36B.  The  axial  shift  amounts  of 
the  inner  peripheral  blade  20  during  slicing  of  the 
testing  wafer  are  measured  one  after  another  by 
the  shift  sensors  36A  and  36B  and  the  thus  mea- 
sured  data  are  stored  in  the  main  control  unit  28. 

25  Most  of  the  shift  patterns  detected  can  be  clas- 
sified  6  types  which  are  shown  in  Figs.  7(A)  ~  (F). 
The  plus  side  greatest  shift  of  the  shift  amounts  of 
the  inner  peripheral  blade  20  is  designated  by  BPO 
and  the  minus  side  greatest  shift  thereof  is  des- 

30  ignated  by  BNO.  The  axial  shift  amount  is  the 
average  value  of  L  and  M  when  the  two  shift 
sensors  36A  and  36B  are  used,  while  it  is  the  value 
of  L  when  only  the  shift  sensor  36A  is  used.  Also, 
for  the  axial  shift  amounts  detected  when  other 

35  wafers  than  the  testing  wafer  are  sliced,  the  plus 
side  greatest  shift  thereof  is  expressed  by  BP  and 
minus  side  greatest  shift  is  expressed  by  BN.  In 
addition,  if  it  is  assumed,  from  the  cut  starting 
thickness  TM,  greatest  thickness  and  smallest 

40  thickness  of  the  testing  wafer  measured  as  men- 
tioned  above,  that  GP:  Test  Wafer  Greatest  Thick- 
ness  -  Cut  Start  Thickness  TM  and  that  GN:  Test 
Wafer  Smallest  Thickness  -  Cut  Start  Thickness 
TM,  then  the  correction  calculation  of  the  grinding 

45  shift  amounts  GSP,  GSN,  GGP  and  GGN  is  ex- 
ecuted  according  to  the  following  equations: 

50 

GSP  =  Ax  (BP  - 
GSN  =  Ax  (BN  ■ 
GGP  =  Ax  (BP  - 
GGN  =  Ax  (BN 

BPO)  +  GP  -  IP  k  0 
BNO)  +  GN  -  IN   ̂ 0 
BPO)  +  GP  k  0 
BNO)  +  GN   ̂ 0 

Further,  the  grinding  position  of  the  grinding 
wheel  and  the  amount  of  indexing  of  the  ingot  18 

55  are  found  according  to  the  above-mentioned  equa- 
tions  ©  ,  @  and  ©  .  Here,  A  used  in  the  above 
equation  is  a  coefficient  of  grinding  correction 
which  represents  the  degree  of  influence  of  the 

5 
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fluctuations  in  the  shift  amounts  of  the  inner  periph- 
eral  blade  20  on  the  parameters  GSP  ~  GGN.  This 
coefficient  is  obtained  empirically  by  means  of 
statistical  treatments.  Also,  IP  and  IN  in  the  same 
equations  are  used  to  represent  dressing  correction 
amounts  which  show  the  degrees  of  influence  of 
the  enforcement  of  dressing  on  the  parameters 
GSP  and  GSN  and  these  dressing  correction 
amounts  are  obtained  empirically. 

In  this  manner,  in  the  second  embodiment, 
since,  according  to  the  shift  data  of  the  inner  pe- 
ripheral  blade  20  input  one  after  another,  the  index- 
ing  amount  I  and  the  grinding  position  G  can  be 
corrected  each  time  during  slicing,  even  when  the 
shift  amount  of  the  inner  peripheral  blade  20  is 
caused  to  fluctuate  during  slicing  due  to  the  clog- 
ging  or  dressing,  such  correction  can  be  repeated 
automatically,  which  makes  it  possible  to  manufac- 
ture  highly  accurate  wafers. 

Next,  description  will  be  given  below  of  a  third 
embodiment  of  a  slicing  method  according  to  the 
invention.  At  first,  in  a  similar  procedure  to  the 
above-mentioned  second  embodiment,  a  piece  of 
wafer  for  testing  is  sliced  and  the  whole  testing 
wafer,  including  the  cutting  and  normal-to-cutting 
directions  thereof,  is  measured  to  obtain  the  cut 
starting  thickness  TM,  the  greatest  thickness  and 
the  smallest  thickness  of  the  wafer,  and  the  grind- 
ing  reference  position  GO  is  found  according  to  the 
above-mentioned  equation  ©  . 

Here,  in  Fig.  8,  there  is  shown  a  perspective 
view  of  a  measuring  instrument  38  which  is  used  to 
measure  the  shape  of  the  end  face  of  the  ingot  18. 
The  measuring  instrument  38  includes  three  sup- 
port  members  39A,  39B  and  39C,  all  of  which  are 
in  contact  with  the  end  face  of  the  ingot  18  after 
the  testing  wafer  is  sliced.  The  concaves  and  con- 
vexes  of  the  ingot  18  are  measured  by  a  measur- 
ing  member  38A  which  is  disposed  in  the  center  of 
the  measuring  instrument  38  in  such  a  manner  that 
the  cutting  and  normal-to-cutting  directions  of  the 
ingot  18  are  separated  from  each  other  according 
to  the  direction  of  the  measuring  instrument  38. 
One  of  the  measured  values  in  the  cutting  direction 
and  having  the  same  polarity  as  GSP  and  GGP  is 
expressed  as  XPO,  and  one  of  the  measured  val- 
ues  in  the  cutting  direction  and  having  the  same 
polarity  as  GSN  and  GGN  is  expressed  as  XNO. 
Due  to  the  fact  that  the  measuring  instrument  38 
measures  the  ingot  18,  one  of  XPO  and  XNO  is  0. 

Next,  after  a  predetermined  number  of  wafers 
are  sliced,  the  shape  of  the  ingot  18  is  measured. 
One  of  the  measured  values  in  the  cutting  direction 
having  the  same  polarity  as  GSP  and  GGP  is 
expressed  as  XP  and  one  of  the  measured  values 
in  the  cutting  direction  having  the  same  polarity  as 
GSN  and  GGN  is  expressed  as  XN.  These  two 
values  XP  and  XN  as  well  as  the  cut  starting 

thickness  TM,  the  greatest  thickness  and  the  small- 
est  thickness  of  the  testing  wafer  measured  in  the 
above-mentioned  operation  are  input  to  the  main 
control  unit  28. 

5  GP:  Test  Wafer  Greatest  Thickness  -  Cut  Starting 
Thickness  TM 
GN:  Test  Wafer  Smallest  Thickness  -  Cut  Starting 
Thickness  TM 

Then,  GP  and  GN  are  calculated  according  to 
io  the  above-mentioned  equations  and  further  correc- 

tion  calculations  on  the  grinding  shift  amounts 
GSP,  GSN,  GGP  and  GGN  are  performed  by  the 
main  control  unit  28. 

15  GSP  =  A  x  (XP  -  XPO)  +  GP  -  IP  k  0 
GSN  =  A  x  (XN  -  XNO)  +  GN  -  IN   ̂ 0 
GGP  =  A  x  (XP  -  XPO)  +  GP  k  0 
GGN  =  A  x  (XN  -  XNO)  +  GN   ̂ 0 

20  Then,  if  the  grinding  shift  amounts  GSP,  GSN, 
GGP  and  GGN  found  according  to  the  above- 
mentioned  equations  as  well  as  the  grinding  refer- 
ence  position  GO  found  according  to  the  equation 

©  are  substituted  into  the  above-mentioned  equa- 
25  tions  ©  ,  @  and  ©  ,  then  the  grinding  position  of 

the  grinding  wheel  and  the  indexing  amount  of  the 
ingot  18  can  be  found.  A,  IP  and  IN  respectively 
represent  a  coefficient  of  correction  and  amounts  of 
correction  which  are  obtained  empirically  by  means 

30  of  statistical  treatments,  as  in  the  before  mentioned 
second  embodiment.  Also,  until  the  end  face  of  the 
ingot  18  is  measured  again,  the  grinding/slicing  is 
executed  at  the  same  grinding  position  and  in  the 
same  indexing  amount.  The  intervals  between  the 

35  measurement  of  the  end  face  of  the  ingot  18  are 
determined  in  consideration  of  production  time  and 
the  needs  for  accuracy. 

Accordingly,  if  the  shapes  of  the  end  face  of 
the  ingot  18  are  measured  periodically  in  the  con- 

40  tinuous  cutting  processes  and  the  grinding  shift 
amounts  are  calculated  for  correction,  then  even  if 
the  shapes  of  the  ingot  end  face  are  caused  to 
change  due  to  the  clogging  of  the  inner  peripheral 
blade  20  and  the  dressing  of  the  blade  20,  the 

45  correction  can  be  repeated  and  wafers  with  high 
accuracy  can  be  produced. 

Next,  description  will  be  given  below  of  a  fourth 
embodiment  of  a  slicing  method  according  to  the 
invention.  The  fourth  embodiment  is  a  slicing  meth- 

50  od  which  controls  a  slicing  machine  in  accordance 
with  the  actually  measured  data  of  wafers  after 
sliced,  the  measured  data  of  the  axial  shift  amount 
of  the  inner  peripheral  blade  20,  and  the  measured 
data  of  the  shapes  of  the  end  face  of  the  ingot  18 

55  after  sliced.  In  the  fourth  embodiment,  at  first,  as  in 
the  before-mentioned  first,  second  and  third  em- 
bodiments,  the  cutting  width  KB  of  the  inner  pe- 
ripheral  blade  20,  the  target  thickness  TT  of  the 

6 
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wafer,  the  minimum  grinding  width  KG  of  the  grind- 
ing  wheel,  and  the  grinding  reference  position  GO 
are  input  to  the  main  control  unit  28  to  drive  the 
slicing  machine  so  as  to  cut  a  piece  of  wafer  for 
testing.  During  such  cutting,  the  shifts  that  are 
detected  by  the  shift  sensors  36A,  36B  are  stored 
in  the  main  control  unit  28  as  the  shift  patterns  of 
the  inner  peripheral  blade  20  in  its  wafer  slicing,  as 
in  the  second  embodiment. 

Further,  similarly  as  in  the  third  embodiment, 
the  measuring  instrument  38  shown  in  Fig.  8  is 
operated  to  measure  the  shape  of  the  end  face  of 
the  ingot  18  after  it  sliced  the  testing  wafer.  The 
ingot  end  face  shape  is  measured  from  the  cutting 
and  normal-to-cutting  directions  thereof  and  the 
measured  values  are  expressed  as  X,  Y,  respec- 
tively.  Then  these  two  values  X,  Y  are  input  to  the 
main  control  unit  28.  Also,  the  shifts  of  the  central 
portion  of  the  inner  peripheral  blade  20  detected  by 
the  shift  sensors  36A  and  36B  shown  in  Fig.  7  are 
respectively  expressed  by  L  and  M,  and  the  shift  of 
the  inner  peripheral  blade  20  in  the  end  of  slicing  is 
expressed  by  H.  If  these  values  L,  M  and  H  are 
input  to  the  main  control  unit  28,  then  the  con- 
cave/convex  X1  of  the  end  face  of  the  ingot  18  in 
the  cutting  direction  after  sliced  and  the  con- 
cave/convex  Y1  thereof  in  the  normal-to-cutting  di- 
rection  (only  Y1  is  shown  in  Fig.  6)  can  be  found 
according  to  the  following  equations,  respectively: 

X1  =  X  +  1/2  x  H 
Y1  =  Y  +  1/2  x  (L  +  M) 

However,  when  only  the  shift  sensor  36A  is 
used,  then  Y1  =  Y  +  L. 

And,  the  main  control  unit  28  selects  the  plus 
side  greatest  value  and  the  minus  side  greatest 
value  of  X1,  Y1,  L,  M  and  H  as  the  plus  side 
greatest  shift  BBPO  of  the  inner  peripheral  blade 
20  and  the  minus  side  greatest  shift  BBNO  thereof, 
respectively.  Further,  the  cut  starting  thickness  TM, 
greatest  thickness  and  smallest  thickness  of  the 
testing  wafer  sliced  are  measured  respectively  and 
then  these  values  are  input  to  the  main  control  unit 
28. 
GP:  Test  Wafer  Greatest  Thickness  -  Cut  Start 
Thickness  TM 
GN:  Test  Wafer  Smallest  Thickness  -  Cut  Start 
Thickness  TM 

According  to  the  values  GP,  GN  found  from  the 
above-mentioned  equations,  the  correction  calcula- 
tions  of  the  grinding  shift  amounts  GSP,  GSN,  GGP 
and  GGN  are  executed  by  the  main  control  unit  28. 

GSP  =  BBP  -  BBPO  +  GP  -  IP  k  0 
GSN  =  BBN  -  BBNO  +  GN  -  IN   ̂ 0 
GGP  =  BBP  -  BBPO  +  GP  k  0 
GGN  =  BBN  -  BBNO  +  GP   ̂ 0 

Then,  if  the  corrected  grinding  shift  amounts 
and  the  grinding  reference  position  GO  are  substi- 
tuted  into  the  equation  ©  ,  @  and  ©  ,  then  the 

5  corrected  grinding  positions  Gmin  and  Gmax  and  the 
amount  of  indexing  I  are  calculated  for  each  wafer 
and  wafers  are  ground  and  sliced  successively. 
Since,  during  slicing,  as  in  the  second  embodi- 
ment,  the  shift  amounts  of  the  inner  peripheral 

io  blade  20  are  always  being  input  from  the  shift 
sensors  36A  and  36B  to  the  main  control  unit  28, 
the  grinding  positions  and  the  indexing  amount  can 
be  corrected  automatically  and  quickly  according 
to  the  fluctuations  in  such  shift  amounts.  Also,  if  the 

is  shapes  of  the  end  face  of  the  ingot  18  are  mea- 
sured  periodically,  then  the  variations  in  the  shapes 
of  the  end  face  of  the  ingot  caused  by  the  clogged 
or  dressed  inner  peripheral  blade  20  can  be  de- 
tected,  so  that  wafers  with  high  accuracy  can  be 

20  manufactured.  The  intervals  between  the  measure- 
ments  of  the  end  face  shapes  of  the  ingot  18  are 
determined  in  consideration  of  the  production  time 
and  the  needs  for  accuracy. 

Further,  in  this  embodiment,  as  in  the  other 
25  previously  described  embodiments,  by  repeating 

the  actual  measurements  periodically,  the  condi- 
tions  of  the  inner  peripheral  blade  20  and  grinding 
wheel  32  can  be  corrected  properly,  which  allows 
highly  accurate  slicing. 

30  As  has  been  described  hereinbefore,  according 
to  the  slicing  method  by  use  of  a  slicing  machine 
according  to  the  present  invention,  in  accordance 
with  the  actually  measured  data  of  the  wafer  thick- 
ness  after  sliced,  the  axial  shift  data  of  the  cutting 

35  edge  detected  during  cutting,  and  the  actually 
measured  data  of  the  end  face  shapes  of  the 
cylindrical  material  after  the  wafer  is  sliced,  the 
grinding  positions  and  the  amount  of  indexing  of 
the  cylindrical  material  can  be  corrected.  Thanks  to 

40  this,  the  accurate  grinding  positions  can  be  cal- 
culated  to  thereby  reduce  the  loss  of  the  cylindrical 
material  to  a  minimum  and  the  slicing  can  be 
performed  in  an  accurate  amount  of  indexing,  so 
that  wafers  of  high  accuracy  can  be  manufactured 

45  easily  and  quickly. 
It  should  be  understood,  however,  that  there  is 

no  intention  to  limit  the  invention  to  the  specific 
forms  disclosed,  but  on  the  contrary,  the  invention 
is  to  cover  all  modifications,  alternate  constructions 

50  and  equivalents  falling  within  the  scope  of  the 
invention  as  expressed  in  the  appended  claims. 

Claims 

55  1.  A  slicing  method  using  a  slicing  machine  in 
which,  after  a  cylindrical  material  (18)  is  moved 
by  a  predetermined  amount  of  indexing,  the 
cylindrical  material  (18)  is  moved  to  a  rotating 
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blade  (20)  in  the  slicing  direction  of  the  blade 
and  is  sliced  into  a  wafer  having  a  predeter- 
mined  thickness  and,  at  the  same  time,  a 
grinding  wheel  (32)  is  moved  to  its  grinding 
position  to  grind  one  face  of  the  wafer,  said 
slicing  method  being  characterized  in  that,  in 
accordance  with  at  least  one  of  the  actually 
measured  data  of  the  thickness  of  said  wafer 
after  being  sliced,  the  axial  displacement  data 
of  said  blade  (20)  detected  during  slicing,  and 
the  actually  measured  data  of  the  shape  of  the 
end  face  of  said  cylindrical  material  (18)  after 
said  wafer  is  sliced,  a  grinding  position  of  the 
said  grinding  wheel  (32),  in  which  the  wafer 
after  being  sliced  has  a  predetermined  thick- 
ness,  and  an  amount  of  indexing  of  said  cylin- 
drical  material  (18)  for  minimization  of  an 
amount  of  indexing  are  calculated,  said  cylin- 
drical  material  (18)  is  moved  downward  in  ac- 
cordance  with  said  amount  of  indexing,  and 
said  grinding  wheel  (32)  is  moved  to  said 
grinding  position,  whereby  a  cylindrical  slicing 
process  and  a  grinding  process  of  one  wafer 
face  can  be  carried  out  simultaneously. 

2.  A  slicing  method  according  to  Claim  1  ,  wherein 
the  slicing  start  thickness,  greatest  thickness 
and  smallest  thickness  of  the  sliced  wafer  are 
measured  and,  in  accordance  with  the  mea- 
sured  data  of  said  wafer  thicknesses,  an 
amount  of  indexing  of  said  cylindrical  material 
(18)  and  a  grinding  position  of  said  grinding 
wheel  (32)  are  set. 

3.  A  slicing  method  according  to  Claim  2,  wherein 
the  axial  displacement  of  said  blade  (20)  dur- 
ing  slicing  is  measured,  and  an  amount  of 
indexing  of  said  cylindrical  material  (18)  as 
well  as  a  grinding  position  of  said  grinding 
wheel  (32)  are  set  in  accordance  with  the  mea- 
sured  data  of  said  wafer  thicknesses  and  the 
measured  data  of  said  blade  (20)  axial  dis- 
placement. 

4.  A  slicing  method  according  to  Claim  2  or  3, 
wherein  the  slicing  start,  greatest  and  smallest 
thicknesses  of  the  sliced  wafer  are  measured, 
the  shape  of  the  end  face  of  said  cylindrical 
material  (18)  is  measured  after  said  wafer  is 
sliced,  and  an  amount  of  indexing  of  said  cylin- 
drical  material  (18)  and  a  grinding  position  of 
said  grinding  wheel  (32)  are  set  in  accordance 
with  the  measured  data  of  said  wafer  thicknes- 
ses  and  the  measured  data  of  said  end  face 
shape  of  said  cylindrical  material  (18). 

Patentanspruche 

1.  Scheibenschneidverfahren  unter  Einsatz  einer 
Scheibenschneidmaschine,  bei  der  nach  der 

5  Bewegung  eines  zylindrischen  Materials  (18) 
urn  eine  vorbestimmte  FortschaltgroBe  das  zy- 
lindrische  Material  (18)  zu  einem  sich  drehen- 
den  Schneidblatt  (20)  in  Schneidrichtung  des 
Schneidblatts  bewegt  wird,  und  zu  dunnen 

io  Scheibchen  bzw.  Wafern  geschnitten  wird,  wel- 
che  eine  vorbestimmte  Dicke  haben,  und  bei 
der  zugleich  eine  Schleifscheibe  (32)  in  ihre 
Schleifposition  bewegt  wird,  urn  eine  Flache 
des  Wafers  zu  schleifen,  wobei  sich  das  Schei- 

15  benschneidverfahren  dadurch  auszeichnet,  daB 
nach  MaBgabe  wenigstens  einer  der  tatsach- 
lich  gemessenen  Daten  der  Dicke  des  Wafers 
nach  dem  Schneidvorgang  die  axialen  Ver- 
schiebedaten  des  Schneidblatts  (20)  erfaBt 

20  wahrend  des  Schneidens  und  die  tatsachlich 
gemessenen  Daten  der  Form  der  Endflache 
des  zylindrischen  Materials  (18)  nach  dem  Ab- 
schneiden  des  Wafers  eine  Schleifposition  der 
Schleifscheibe  (32),  in  welcher  der  Wafer  nach 

25  dem  Abschneiden  eine  vorbestimmte  Dicke 
hat,  und  eine  FortschaltgroBe  des  zylindri- 
schen  Materials  (18)  zur  Minimierung  einer 
FortschaltgroBe  ermittelt  werden,  das  zylindri- 
sche  Material  (18)  nach  MaBgabe  der  Fort- 

30  schaltgroBe  in  Richtung  nach  unten  bewegt 
wird,  und  die  Schleifscheibe  (32)  zu  der 
Schleifposition  bewegt  wird,  wodurch  ein  Zylin- 
derschneidverfahren  und  ein  Schleifverfahren 
einer  Waferflache  gleichzeitig  durchgefuhrt 

35  werden  konnen. 

2.  Scheibenschneidverfahren  nach  Anspruch  1, 
bei  dem  die  Schneidanfangsdicke,  die  groBte 
Dicke  und  die  kleinste  Dicke  des  abgeschnitte- 

40  nen  Wafers  gemessen  werden  und  nach  MaB- 
gabe  der  gemessenen  Daten  der  Waferdicke 
eine  FortschaltgroBe  fur  das  zylindrische  Mate- 
rial  (18)  und  eine  Schleifposition  der  Schleif- 
scheibe  (32)  vorgegeben  werden. 

45 
3.  Scheibenschneidverfahren  nach  Anspruch  2, 

bei  dem  die  axiale  Verschiebung  des  Schneid- 
blatts  (20)  wahrend  des  Schneidvorganges  ge- 
messen  wird,  und  eine  FortschaltgroBe  des 

50  zylindrischen  Materials  (18)  sowie  eine  Schleif- 
position  der  Schleifscheibe  (32)  nach  MaBgabe 
der  gemessenen  Daten  der  Waferdicken  und 
der  gemessenen  Daten  der  axialen  Verschie- 
bung  des  Schneidblatts  (20)  vorgegeben  wer- 

55  den. 

4.  Scheibenschneidverfahren  nach  Anspruch  2 
oder  3,  bei  dem  der  Schneidbeginn,  die  groB- 

8 
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ten  und  die  kleinsten  Dicken  des  abgeschnitte- 
nen  Wafers  gemessen  werden,  die  Form  der 
Endflache  des  zylindrischen  Materials  (18)  ge- 
messen  wird,  nach  dem  der  Wafer  abgeschnit- 
ten  ist,  und  eine  FortschaltgroBe  des  zylindri- 
schen  Material  (18)  und  eine  Schleifposition 
der  Schleifscheibe  (32)  nach  MaBgabe  der  ge- 
messenen  Daten  der  Waferdicken  und  der  ge- 
messenen  Daten  der  Endflachengestalt  des 
zylindrischen  Materials  (18)  vorgegeben  wer- 
den. 

Revendicatlons 

1.  Methode  de  decoupage  utilisant  une  machine 
a  decouper  dans  laquelle,  apres  qu'un  mate- 
riau  cylindique  (18)  ait  ete  deplace  d'une  quan- 
tite  predeterminee  de  transfert,  le  materiau  cy- 
lindrique  (18)  est  deplace  jusqu'a  une  lame 
rotative  (20)  dans  la  direction  de  decoupe  de  la 
lame  et  est  decoupe  en  une  plaquette  ayant 
une  epaisseur  predeterminee  et,  en  meme 
temps,  une  roue  de  meulage  (32)  est  deplacee 
vers  sa  position  de  meulage  pour  meuler  une 
face  de  la  plaquette,  ladite  methode  de  decou- 
pe  etant  caracterisee  en  ce  que,  selon  au 
moins  une  des  donnees  reellement  mesurees 
de  I'epaisseur  de  ladite  plaquette  une  fois  de- 
coupee,  les  donnees  de  deplacement  axial  de 
ladite  lame  (20)  detectees  pendant  le  decoupa- 
ge,  et  les  donnees  reellement  mesurees  de  la 
forme  de  la  face  finale  dudit  materiau  cylindri- 
que  (18)  apres  que  ladite  plaquette  ait  ete 
decoupee,  une  position  de  meulage  de  ladite 
roue  de  meulage  (32),  dans  laquelle  la  plaquet- 
te  une  fois  decoupee  a  une  epaisseur  prede- 
terminee,  et  une  quantite  de  transfert  dudit 
materiau  cylindrique  (18)  pour  minimiser  une 
quantite  de  transfert  sont  calculees,  ledit  mate- 
riau  cylindrique  (18)  est  recule  selon  ladite 
quantite  de  transfert,  et  ladite  roue  de  meulage 
(32)  est  deplacee  vers  ladite  position  de  meu- 
lage,  de  maniere  qu'un  procede  de  decoupe 
cylindrique  et  un  procede  de  meulage  d'une 
face  de  plaquette  puissent  etre  realises  simul- 
tanement. 

3.  Methode  de  decoupe  suivant  la  revendication 
2,  dans  laquelle  le  deplacement  axial  de  ladite 
lame  (20)  pendant  la  decoupe  est  mesure  et 
une  quantite  de  transfert  dudit  materiau  cylin- 

5  drique  (18)  ainsi  qu'une  position  de  meulage 
de  ladite  roue  de  meulage  (32)  sont  etablies 
selon  les  donnees  mesurees  desdites  epais- 
seurs  de  plaquette  et  les  donnees  mesurees 
dudit  deplacement  axial  de  la  lame  (20). 

10 
4.  Methode  de  decoupe  suivant  la  revendication 

2  ou  3,  dans  laquelle  I'epaisseur  initiale  de 
decoupe,  la  plus  grande  epaisseur  et  la  plus 
petite  epaisseur  de  la  plaquette  decoupee  sont 

is  mesurees,  la  forme  de  la  face  finale  dudit 
materiau  cylindrique  (18)  est  mesuree  une  fois 
que  ladite  plaquette  est  decoupee,  et  une 
quantite  de  transfert  dudit  materiau  cylindrique 
(18)  et  une  position  de  meulage  de  ladite  roue 

20  de  meulage  (32)  sont  etablies  selon  les  don- 
nees  mesurees  desdites  epaisseurs  de  pla- 
quette  et  les  donnees  mesurees  de  ladite  for- 
me  finale  de  face  dudit  materiau  cylindrique 
(18). 

25 

30 

35 

40 

2.  Methode  de  decoupe  suivant  la  revendication 
1,  dans  laquelle  I'epaisseur  initiale  de  decou- 
pe,  la  plus  grande  epaisseur  et  la  plus  petite  50 
epaisseur  de  la  plaquette  decoupee  sont  me- 
surees  et,  selon  les  donnees  mesurees  desdi- 
tes  epaisseurs  de  plaquette,  une  quantite  de 
transfert  dudit  materiau  cylindrique  (18)  et  une 
position  de  meulage  de  ladite  roue  de  meulage  55 
(32)  sont  etablies. 

9 
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