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©  Optical  waveguide  shape  (11)  approximated  to  a 
polygon  is  specified  by  data  containing  a  series  of 

^-  points  (A,  B  I).  To  divide  such  an  optical 
^   waveguide  shape  into  trapezoids,  a  predetermined 
^   line  (21)  is  set,  and  the  optical  waveguide  shape  (11) 
CO  is  divided  by  lines  (41  j),  which  is  perpendicular  to 
00  the  line  (21)  and  pass  through  the  series  of  points. 
1^  Two  adjacent  lines  (41  j,  41i+i)  intersect  sections  of 
^   the  contour  line  of  the  waveguide  to  define  a  trape- 

zoid  (31  i),  and  the  four  corners  of  each  trapezoid  are 
O  
Q_ 
UJ 

used  as  a  set  of  data  for  the  trapezoid.  Alternatively, 
an  optical  waveguide  shape  (11)  approximated  to  a 
polygon  is  specified  by  data  containing  a  series  of 
points  (a',  b'  k').  To  divide  such  an  optical 
waveguide  shape  into  a  trapezoid,  a  straight  line  (21) 
is  set,  and  the  optical  waveguide  shape  is  exploded 
into  a  uniaxially  convexed  polygon  (51  i)  not  having 
concaves  in  the  direction  of  the  straight  line  axis, 
and  each  of  the  uniaxially  convex  polygons  so  ex- 
ploded  into  trapezoids. 
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Technical  Field 

This  invention  relates  to  a  trapezoidal  partition- 
ing  method  and  apparatus  for  partitioning  the  figure 
of  an  optical  waveguide,  which  is  approximated  by 
a  polygon,  into  trapezoids.  More  particularly,  the 
invention  relates  to  a  trapezoidal  partitioning  meth- 
od  and  apparatus  suitable  for  application  to  a  situ- 
ation  in  which  data  indicative  of  the  figure  of  an 
optical  waveguide  is  converted  into  data  having  a 
format  suited  to  a  waveguide  simulation,  namely 
trapezoid-vertex  data,  after  which  this  data  is  out- 
put. 

Background  Art 

It  is  not  an  exaggeration  to  say  that  the  key  to 
success  in  future  optical  communications  for  a  time 
of  more  widespread  use  is  how  to  efficiently  de- 
velop  optical  devices  and  optical  circuits  with  de- 
sired  characteristics.  To  this  purpose,  it  is  neces- 
sary  to  provide  an  environment  in  which  design, 
analysis  and  measurement/evaluation  can  be  car- 
ried  out  systematically. 

In  the  development  of  electronic  devices  and 
LSIs,  such  an  environment  has  already  been  pro- 
vided  and  separate,  dedicated  software  for  layout 
design,  characteristic  analysis  and  data  extraction 
from  prototype  circuitry  has  already  been  estab- 
lished  as  a  tool.  Furthermore,  systems  have  been 
constructed  in  which  a  developer  is  capable  of 
designing  the  desired  circuitry  through  an  ex- 
change  of  data  with  the  tool.  These  systems  are 
flourishing  at  the  present  time. 

Meanwhile,  attempts  at  simulating  optical  de- 
vices  and  optical  waveguides  systematically  are 
also  being  carried  out  with  vigor  in  advanced  re- 
search  facilities  (see  T.P.  Young  et  al.,  "BEAMER 
A  Design  Tool  for  Integrated  Optics",  GEC  Journal 
of  Research,  Vol.  6,  No.  3,  1988).  Further,  easy-to- 
use  individual  tool  packages  for  more  widespread 
use  of  optical  circuits  have  also  begun  appearing 
on  the  market.  (For  example,  see  R.  Muller- 
Nawrath  and  R.  Marz,  "A  Layout  Editor  for  In- 
tegrated  Optics",  19D2-2,  IOOC  '89,  and  M. 
Filoche  et  al.,  "Alcor  Version  2.1  User  Manual, 
1992.) 

At  present,  however,  there  are  few  examples 
which  take  into  consideration  the  exchange  of  data 
with  a  tool,  and  tools  for  designing  optical 
waveguides  or  tools  for  analyzing  optical 
waveguides  have  merely  been  developed  sepa- 
rately.  This  means,  for  example,  that  there  is  a 
need  for  an  operation  for  converting  output  data 
from  a  tool  for  designing  optical  waveguides  to 
data  suited  to  a  tool  for  analyzing  optical 
waveguides.  As  a  result,  analytical  simulation  of  an 
optical  waveguide  circuit  of  a  complicated  figure  or 

of  large  scale  is  difficult  to  perform. 
Fig.  24  is  a  general  flowchart  of  optical- 

waveguide  design. 
First,  the  figure  of  the  optical  waveguide  is  put 

5  into  the  form  of  numerical  values  and  these  values 
are  recorded  as  a  data  string  (step  1).  Next,  the 
data  string  is  used  to  simulate  the  characteristics  of 
the  optical  waveguide  (step  2).  This  simulation  is 
repeated.  After  the  desired  characteristics  are  ob- 

io  tained,  a  photomask  pattern  is  created  based  upon 
the  data  indicative  of  the  figure  of  the  optical 
waveguide  (step  3).  Next,  a  photomask  for  expo- 
sure  purposes  is  created  by  the  photomask  pattern 
(step  4).  Finally,  the  actual  optical  waveguide  is 

75  formed  using  the  exposure  photomask  (step  5). 
Usually  there  are  two  methods  available  for 

creating  the  data  string  of  step  1  .  The  first  method 
creates  the  figure  of  the  optical  waveguide  by 
manual  input.  The  second  method  creates  the  fig- 

20  ure  of  the  optical  waveguide  using  a  program  dedi- 
cated  to  layout  (a  tool  for  designing  optical 
waveguides),  as  described  above.  Since  the  sim- 
ulation  of  waveguide  characteristics  at  step  2  in- 
volves  complicated  computations,  a  program  for 

25  optical-waveguide  analysis  (a  tool  for  analyzing  op- 
tical  waveguides)  is  developed  and  executed  by 
computer,  as  mentioned  above. 

With  the  input  method  performed  manually,  the 
quantity  of  numerical  data  indicative  of  figure  is 

30  enormous.  Consequently,  a  problem  which  arises  is 
that  the  creation  and  entry  of  the  data  string  re- 
quire  a  major  part  of  the  time  involved  in  designing 
the  optical  waveguide. 

With  the  method  using  the  program  dedicated 
35  to  layout,  the  time  needed  for  creation  can  be 

reduced  greatly  in  comparison  with  the  manual 
operation.  However,  the  structure  of  the  output  data 
resulting  from  the  program  dedicated  to  layout 
differs  from  the  structure  of  the  input  data  for 

40  simulating  the  waveguide  characteristics  at  step  2. 
In  other  words,  the  program  dedicated  to  layout 
uses  a  data  array  suited  to  the  operation  of  the 
photomask  creating  equipment.  This  data  array  is 
not  adjusted  to  a  data  array  suited  to,  say,  beam 

45  propagation  method  (BPM)  used  by  the  program 
which  simulates  the  waveguide  characteristics  at 
step  2.  As  a  consequence,  it  is  required  that  the 
figure  data  of  the  optical  waveguide  created  using 
the  program  dedicated  to  layout  be  converted  to 

50  input  data  for  simulating  waveguide  characteristics. 
As  for  the  input-data  array  of  the  program  for 

simulation  of  waveguide  characteristics,  in  many 
cases  use  is  made  of  a  method  (a  method  of 
expressing  trapezoidal-figure  data)  through  which 

55  the  figure  of  the  optical  waveguide  is  partitioned 
into  trapezoids  and  expressed  as  a  set  of  figure 
data  of  each  individual  trapezoid  in  such  a  manner 
that  the  figure  of  the  optical  waveguide  undergoes 
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a  gradual  change  in  the  direction  of  light  propaga- 
tion.  This  method  of  expressing  trapezoidal-figure 
data  is  such  that  a  straight  optical  waveguide  can 
be  expressed  by  data  representing  one  rectangle. 
However,  a  curved  optical  waveguide  requires  data 
indicative  of  a  number  of  trapezoids. 

In  the  case  where  use  is  made  of  the  program 
dedicated  to  layout,  as  mentioned  above,  it  is  re- 
quired  that  the  figure  data  of  the  optical  waveguide 
created  by  the  program  be  converted  to  input  data 
for  simulating  the  waveguide  characteristics.  At  the 
present  time,  however,  a  tool  for  performing  the 
conversion  automatically  does  not  exist.  In  actual- 
ity,  therefore,  the  conversion  is  performed  by  a 
manual  operation.  This  detracts  greatly  from  the 
efficiency  at  which  optical  waveguides  may  be  de- 
signed. 

In  a  graphics  converting  engine,  a  technique 
for  decomposing  an  entered  polygon  into  trape- 
zoids  and  presenting  the  polygon  on  a  display 
screen  has  been  proposed.  For  example,  see  USP 
5,129,051  "DECOMPOSITION  OF  ARBITRARY 
POLYGONS  INTO  TRAPEZOIDS". 

However,  the  trapezoid  partitioning  method  of 
this  U.S.  patent  involves  the  trapezoidal  partitioning 
of  complicated  figures  wherein  the  sides  of  poly- 
gons  which  cannot  exist  in  the  figure  of  an  optical 
waveguide  intersect  each  other.  For  this  reason  the 
method  is  inefficient  when  applied  to  a  case  where 
the  figure  of  an  optical  waveguide  is  partitioned  into 
trapezoids.  Further,  this  trapezoid  partitioning  meth- 
od  is  limited  to  the  painting  of  figures  and  its 
purpose  is  not  the  conversion  of  the  figure  of  an 
optical  waveguide  to  data  for  simulating  waveguide 
characteristics.  Furthermore,  as  illustrated  in  Fig. 
25,  the  trapezoid  partitioning  method  of  this  U.S. 
patent  draws  a  group  of  parallel  straight  lines  PL1  , 
PL2,  PL3  •  •  •  through  all  vertices  A  ~  L  of  a 
polygon  POL  to  partition  the  polygon  POL  into  a 
number  of  trapezoidal  areas  (which  include  triangu- 
lar  areas).  However,  in  the  case  of  an  optical- 
waveguide  configuration  which  branches  into  a 
straight  waveguide  SLR  and  a  curved  waveguide 
NSLR,  this  method  is  such  that  even  the  straight 
waveguide  (the  hatched  portion)  SLR  not  requiring 
partitioning  into  trapezoids  undergoes  multiple  par- 
titioning.  As  a  result,  in  a  case  where  the  method  of 
this  U.S.  patent  is  executed  by  computer,  a  large- 
capacity  memory  for  temporary  storage  of  trape- 
zoid  coordinates  is  required.  In  addition,  a  file  for 
storing  the  graphics  data  for  simulation  of  optical 
waveguide  characteristics  finally  created  becomes 
large  in  scale.  Moreover,  since  there  is  an  increase 
in  the  number  of  trapezoids  from  partitioning,  the 
time  for  simulating  the  waveguide  characteristics  is 
prolonged.  Furthermore,  the  trapezoid  partitioning 
method  of  this  U.S.  patent  treats  a  polygonal  figure 
as  one  mass  when  partitioning  it  into  trapezoids. 

This  means  that  if  a  polygon  is  complicated  and 
has  a  large  number  of  vertices,  processing  for 
sorting  the  vertices  in  conformity  with  the  coordi- 
nate  values  becomes  troublesome.  Moreover,  an 

5  operation  for  sorting  the  sides  of  the  trapezoids  in 
conformity  with  coordinate  values  is  required  in 
order  to  identify  the  trapezoids  of  waveguide  por- 
tions  from  the  trapezoids  of  non-waveguide  por- 
tions.  The  time  needed  for  such  sorting  processing 

io  is  prolonged. 
Accordingly,  an  object  of  the  present  invention 

is  to  provide  a  trapezoidal  partitioning  method  and 
apparatus  capable  of  being  utilized  when  automati- 
cally  converting  figure  data  of  an  optical  waveguide 

is  as  created  by  a  program  dedicated  to  layout  to 
input  data  for  simulating  waveguide  characteristics 
of  the  optical  waveguide. 

Another  object  of  the  present  invention  is  to 
provide  a  trapezoidal  partitioning  method  and  ap- 

20  paratus  through  which  efficiency  of  optical- 
waveguide  designing  can  be  raised  by  exploiting 
the  output  data  of  a  program  dedicated  to  layout. 

A  further  object  of  the  present  invention  is  to 
provide  a  trapezoidal  partitioning  method  and  ap- 

25  paratus  in  which  even  in  the  case  of  a  figure  which 
branches  into  a  straight  waveguide  and  a  curved 
waveguide,  the  portion  of  the  straight  waveguide  is 
not  partitioned  into  trapezoids. 

Yet  another  object  of  the  present  invention  is  to 
30  provide  a  trapezoidal  partitioning  method  and  ap- 

paratus  in  which  when  a  polygon  is  a  complicated 
one,  the  polygon  is  decomposed  into  a  plurality  of 
convex  polygons  along  the  direction  of  one  axis 
and  trapezoidal  partitioning  is  applied  to  each  con- 

35  vex  polygon  along  the  one  axis,  whereby  process- 
ing  for  sorting  vertices  is  executed  in  a  short  period 
of  time  and  processing  for  sorting  the  sides  of 
trapezoids  is  unnecessary. 

40  SUMMARY  OF  THE  INVENTION 

The  figure  of  an  optical  waveguide  approxi- 
mated  by  a  polygon  is  specified  by  data  of  a 
sequence  of  vertices.  In  order  to  partition  the  figure 

45  of  this  optical  waveguide  into  trapezoids,  a  pre- 
scribed  linear  axis  is  set,  the  figure  of  the  optical 
waveguide  is  partitioned  by  a  group  of  straight 
lines  passing  through  the  vertices  and  lying  per- 
pendicular  to  the  linear  axis.  When  two  adjacent 

50  straight  lines  intersect  the  outline  of  the  optical 
waveguide  at  two  points  each,  each  point  of  inter- 
section  is  taken  as  being  a  vertex  of  a  trapezoid 
and  vertex  data  is  output  as  a  set  for  each  trape- 
zoid.  In  a  case  where  two  adjacent  straight  lines 

55  intersect  the  outline  of  the  optical  waveguide  at  2«n 
(n^2)  points  each,  trapezoids  corresponding  to  an 
optical  waveguide  portion  and  trapezoids  corre- 
sponding  to  a  non-optical  waveguide  portion  are 

4 
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discriminated,  and  data  of  a  sequence  of  vertices 
of  the  figure  of  the  optical  waveguide  is  converted 
to  a  set  of  data  of  a  sequence  of  trapezoid  vertices 
solely  of  the  optical  waveguide  portion. 

If  this  arrangement  is  adopted,  figure  data  of  an 
optical  waveguide  that  has  been  created  by  a  pro- 
gram  dedicated  to  layout  can  be  converted  auto- 
matically  to  input  data  for  simulating  the  char- 
acteristics  of  the  optical  waveguide.  The  efficiency 
at  which  optical  waveguides  are  designed  can  be 
improved  upon  by  exploiting  the  output  data  of  the 
program  dedicated  to  layout. 

Further,  the  figure  of  an  optical  waveguide  ap- 
proximated  by  a  polygon  is  specified  by  data  of  a 
series  of  vertices.  In  order  to  partition  the  figure  of 
this  optical  waveguide  into  trapezoids,  a  prescribed 
linear  axis  is  set,  the  figure  of  the  optical 
waveguide  is  decomposed  into  convex  polygons, 
along  the  direction  of  one  axis,  not  having  a  con- 
cavity  in  the  direction  of  the  linear  axis,  and  each 
decomposed  convex  polygon  along  the  direction  of 
the  one  axis  is  partitioned  into  trapezoids  having 
two,  first  and  second,  sides  perpendicular  to  the 
linear  axis.  If  this  arrangement  is  adopted,  even 
when  the  figure  is  such  that  a  straight  waveguide 
and  a  curved  waveguide  branch  from  each  other, 
the  straight  waveguide  portion  is  not  partitioned 
into  trapezoids.  Further,  even  if  a  polygon  is  a 
complicated  one,  the  polygon  is  decomposed  into 
a  plurality  of  convex  polygons  along  the  direction 
of  the  one  axis  and  trapezoidal  partitioning  is  ap- 
plied  to  each  convex  polygon  along  the  one  axis. 
As  a  result,  processing  for  sorting  vertices  is  ex- 
ecuted  in  a  short  period  of  time  and  processing  for 
sorting  the  sides  of  trapezoids  can  be  dispensed 
with,  thus  making  it  possible  to  shorten  processing 
time. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1(a),  (b)  are  diagrams  for  describing  the 
principles  of  the  present  invention; 
Fig.  2  is  a  diagram  showing  the  configuration  of 
a  system  for  designing  and  analyzing  an  optical 
waveguide  circuit; 
Fig.  3  is  a  diagram  for  describing  an  example  of 
the  figure  of  an  optical  waveguide  created  by  a 
program  dedicated  to  layout  as  well  as  an  ap- 
proximation  of  polygon  vertices; 
Fig.  4  is  a  diagram  for  describing  a  group  of 
trapezoids,  which  are  necessary  for  entry  for 
simulation  of  waveguide  characteristics,  as  well 
as  a  sequence  of  vertices  of  the  trapezoids; 
Figs.  5(a),  (b),  (c)  are  diagrams  for  describing 
the  partitioning  (according  to  a  first  embodiment) 
of  a  figure  by  Z-axis  intercept  lines  passing 
through  the  vertices  of  a  polygon; 

Fig.  6  is  a  processing  flowchart  of  trapezoidal 
partitioning  according  to  the  first  embodiment; 
Figs.  7(a),  (b),  (c)  are  diagrams  for  describing  a 
technique  (according  to  a  second  embodiment) 

5  for  converting  data  indicative  of  the  figure  of  an 
optical  waveguide; 
Fig.  8  is  a  processing  flowchart  of  trapezoidal 
partitioning  according  to  the  second  embodi- 
ment; 

io  Fig.  9  is  a  block  diagram  of  a  trapezoidal  parti- 
tioning  apparatus  according  to  the  second  em- 
bodiment; 
Fig.  10  is  a  diagram  for  describing  an  example 
of  application  of  trapezoidal  partitioning; 

is  Fig.  11  is  a  diagram  for  describing  the  results  of 
simulating  waveguide  characteristics; 
Fig.  12  is  a  diagram  (part  1)  for  describing  a 
third  embodiment; 
Fig.  13  is  a  diagram  (part  2)  for  describing  a 

20  third  embodiment; 
Fig.  14  is  a  flowchart  of  a  main  routine  of 
processing  for  trapezoidal  partitioning  according 
to  the  third  embodiment; 
Fig.  15  is  a  processing  flowchart  for  detecting 

25  internal  cusps  and  a  pair  of  serial  internal  cusps; 
Fig.  16  is  a  diagram  for  describing  external 
cusps; 
Fig.  17  is  a  diagram  for  describing  internal 
cusps; 

30  Fig.  18  is  a  diagram  for  describing  outer  product 
of  vectors; 
Fig.  19  is  a  diagram  (part  1)  for  describing  a  pair 
of  serial  internal  cusps; 
Fig.  20  is  a  diagram  (part  2)  for  describing  a  pair 

35  of  serial  internal  cusps; 
Fig.  21  is  a  diagram  (part  3)  for  describing  a  pair 
of  serial  internal  cusps; 
Fig.  22  is  a  flowchart  of  processing  for  de- 
composition  of  a  convex  polygon  along  the  di- 

40  rection  of  one  axis; 
Fig.  23  is  a  block  diagram  of  a  trapezoidal 
partitioning  apparatus  according  to  the  third  em- 
bodiment; 
Fig.  24  is  a  diagram  for  describing  a  procedure 

45  for  designing  an  optical  waveguide;  and 
Fig.  25(a),  (b)  is  a  diagram  for  describing  prob- 
lems  encountered  in  the  prior  art. 

Best  Mode  for  Carrying  Out  the  Invention 
50 

(a)  Overview  of  the  invention 

Fig.  1  is  a  diagram  for  describing  an  overview 
of  the  present  invention. 

55  In  Fig.  1(a),  numeral  11  denotes  the  figure  of 
an  optical  waveguide  approximated  by  a  polygon, 
21  a  prescribed  linear  axis,  namely  a  linear  axis 
(the  Z  axis,  for  example)  set  in  the  direction  of  light 
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propagation  so  as  to  lie  perpendicular  to  the  end 
facet  for  an  incident  optical  beam  12  of  the  optical 
waveguide,  and  31  s  (i  =  1,  2,  •••)  a  group  of 
trapezoids  for  a  case  where  the  figure  of  the  optical 
waveguide  is  partitioned  into  trapezoids. 

In  Fig.  1(b),  11  denotes  the  figure  of  the  optical 
waveguide  approximated  by  a  polygon,  21  the  lin- 
ear  axis  (the  Z  axis)  set  so  as  to  lie  perpendicular 
to  the  end  facet  for  an  incident  optical  beam  12  of 
the  optical  waveguide,  and  51  i  (i  =  1,  2,  3)  convex 
polygons,  along  the  direction  of  the  one  axis,  not 
having  a  convexity  in  the  direction  of  the  linear 
axis. 

The  figure  1  1  of  the  optical  waveguide  approxi- 
mated  by  the  polygon  is  specified  by  data  of  a 
sequence  of  vertices  A,  B,  I.  In  order  to 
partition  the  figure  1  1  of  this  optical  waveguide  into 
trapezoids,  the  prescribed  linear  axis  21  is  set,  the 
figure  1  1  Of  the  optical  waveguide  is  partitioned  by 
a  group  of  straight  lines  41  j  (i  =  1,2,  •  •  •)  passing 
through  the  vertices  A,  B,  •  •  •  ,  I  and  lying  per- 
pendicular  to  the  linear  axis  21  .  When  two  adjacent 
straight  lines  41  @„  41i+1  intersect  the  outline  of  the 
optical  waveguide  at  two  points  each,  each  point  of 
intersection  is  taken  as  being  a  vertex  of  a  trape- 
zoid  31  i  and  vertex  data  is  output  as  a  set  for  each 
trapezoid.  Though  the  trapezoids  have  two  (first 
and  second)  sides  perpendicular  to  the  linear  axis 
21,  included  as  a  special  case  is  a  triangle  in  which 
two  adjacent  vertices  of  a  trapezoid  coincide  on  the 
first  or  second  side. 

In  a  case  where  two  adjacent  straight  lines  41  @„ 
41i+1  each  intersect  the  outline  of  the  optical 
waveguide  at  2«n  (n^2)  points,  trapezoids  corre- 
sponding  to  an  optical  waveguide  portion  and  tra- 
pezoids  corresponding  to  a  non-optical  waveguide 
portion  are  discriminated,  and  data  of  a  sequence 
of  vertices  of  the  figure  of  the  optical  waveguide  is 
converted  to  a  set  of  data  of  a  sequence  of  trape- 
zoid  vertices  solely  of  the  optical  waveguide  por- 
tion. 

If  this  arrangement  is  adopted,  figure  data  of  an 
optical  waveguide  that  has  been  created  by  a  pro- 
gram  dedicated  to  layout  can  be  converted  auto- 
matically  to  input  data  for  simulating  the  waveguide 
characteristics  of  the  optical  waveguide.  The  effi- 
ciency  at  which  optical  waveguides  are  designed 
can  be  improved  upon  by  exploiting  the  output 
data  of  the  program  dedicated  to  layout. 

Further,  the  figure  1  1  of  the  optical  waveguide 
approximated  by  the  polygon  is  specified  by  data 
of  a  sequence  of  vertices  a',  b',  •  •  •,  k'.  In  order  to 
partition  the  figure  1  1  of  this  optical  waveguide  into 
trapezoids,  the  prescribed  linear  axis  21  is  set,  the 
figure  of  the  optical  waveguide  is  decomposed  into 
convex  polygons  51  1,  51  2,  51  3,  along  the  direction 
of  one  axis,  not  having  a  convexity  in  the  direction 
of  the  linear  axis,  and  each  decomposed  convex 

polygon  along  the  direction  of  the  one  axis  is 
partitioned  into  trapezoids  having  two  (first  and 
second)  sides  perpendicular  to  the  linear  axis.  The 
processing  for  decomposing  a  convex  polygon 

5  along  the  direction  of  one  axis  includes  obtaining  a 
vertex  (internal  cusp)  f  of  a  concave  portion  in  the 
direction  of  the  linear  axis  21  in  the  figure  of  the 
optical  waveguide  using  the  vertex-sequence  data 
of  the  figure  11  of  the  optical  waveguide,  and 

10  decomposing  the  figure  11  of  the  optical 
waveguide  into  the  convex  polygons  51  1,  51  2,  51  3 
along  the  direction  of  one  axis  by  a  straight  line  61 
passing  through  the  internal  cusp  and  lying  per- 
pendicular  to  the  linear  axis  21. 

15  If  this  arrangement  is  adopted,  even  when  the 
figure  is  such  that  a  straight  waveguide  and  a 
curved  waveguide  branch  from  each  other,  the 
straight  waveguide  portion  is  not  partitioned  into 
trapezoids.  Further,  even  if  a  polygon  is  a  com- 

20  plicated  one,  the  polygon  is  decomposed  into  a 
plurality  of  convex  polygons  along  the  direction  of 
the  one  axis  and  trapezoidal  partitioning  is  applied 
to  each  convex  polygon  along  the  one  axis.  As  a 
result,  processing  for  sorting  vertices  is  executed  in 

25  a  short  period  of  time.  Moreover,  processing  for 
sorting  the  sides  of  trapezoids  can  be  dispensed 
with,  thus  making  it  possible  to  shorten  processing 
time. 

30  (b)  Configuration  of  system  for  designing  and  ana- 
lyzing  optical  waveguide  circuit 

Fig.  2  is  a  diagram  showing  the  configuration  of 
a  system  for  designing  and  analyzing  an  optical 

35  waveguide  circuit.  Numeral  1  denotes  a  CAD  tool 
dedicated  to  layout  of  a  waveguide  circuit.  This  is 
made  of  the  Sigraph-Optic  V3.0,  manufactured  by 
Siemens  Niksdorf,  which  has  provided  good  results 
in  Europe.  The  CAD  tool  1  dedicated  to  layout 

40  outputs  a  graphics  data  file  2  by  a  GDS  II  format 
standardized  for  creation  of  a  photomask.  More 
specifically,  the  optical  waveguide  11  is  approxi- 
mated  by  a  polygon,  as  shown  in  Fig.  3,  and  the 
coordinate  values  of  vertices  A,  B,  •  •  •  ,  I  construct- 

45  ing  the  polygon  displayed  and  output  upon  being 
arrayed  in  order  in  the  clockwise  direction.  Numeral 
2a  denotes  a  magnetic  tape  for  storing  the  graph- 
ics  data  file,  and  2b  represents  a  photomask  cre- 
ated  from  the  graphics  data  file.  Though  a  case  in 

50  which  the  vertices  A,  B,  •  •  •  ,  I  are  arrayed  clock- 
wise  is  illustrated  in  the  example  described  above, 
these  vertices  may  of  course  be  arrayed  in  the 
counter-clockwise  direction. 

A  tool  3  for  analyzing  optical  waveguides  is,  by 
55  way  of  example,  the  BPM-CNET/Alcor  V2.1,  manu- 

factured  by  France  Telecom,  for  simulating 
waveguide  characteristics  (for  obtaining  the 
waveguide  characteristics)  by  BPM  (the  beam 
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propagation  method).  The  tool  3  for  analyzing  op- 
tical  waveguides  uses  its  own  segment  file  (parti- 
tion  file)  format  suited  to  the  features  of  the  optical 
waveguide  for  the  purpose  of  entering  the  graphics 
information  of  interest.  That  is,  the  tool  partitions 
the  figure  11  of  the  optical  waveguide  into  trape- 
zoids  31  1  ,  312,  31  3  ,  •  •  •  31g,  as  shown  in  Fig.  4,  in 
such  a  manner  that  the  figure  of  the  optical 
waveguide  1  1  will  change  gradually  in  the  direction 
of  light  propagation,  and  employs  sets  of  vertex 
data  a,  b,  c,  d;  e,  f,  g,  h;  i,  j,  k,  I;  •  •  •  ;  u,  v,  w,  x  of 
the  respective  trapezoids  as  data  specifying  the 
figure  11  of  the  optical  waveguide.  In  general, 
points  constructing  a  trapezoid  are  shared  by  a 
plurality  of  trapezoids.  For  example,  points  b,  e  and 
the  same  points,  points  c  and  h  are  the  same 
points,  and  so  forth. 

Numeral  4  designates  a  data  format-conversion 
tool  according  to  the  present  invention  for  convert- 
ing  photomask-creating  CAD  data  (data  indicative 
of  the  sequence  of  vertices  of  the  optical 
waveguide  approximated  by  a  polygon),  which  has 
been  output  by  the  CAD  tool  1  dedicated  to  layout, 
to  data  (data  indicative  of  the  sequence  of  trape- 
zoid  vertices)  for  BPM  simulation  input.  Numeral  5 
denotes  a  segment  file  composed  of  a  set  of  data 
indicative  of  a  sequence  of  trapezoid  vertices. 

(c)  First  embodiment  of  method  of  trapezoidal  par- 
titioning  according  to  the  invention 

Fig.  5  is  a  diagram  for  describing  a  first  em- 
bodiment  of  trapezoidal  partitioning  according  to 
the  present  invention.  Numeral  11  denotes  the  fig- 
ure  of  an  optical  waveguide  approximated  by  a 
polygon.  The  coordinates  (vertex-sequence  data)  of 
the  vertices  A,  B,  •  •  •  ,  I  of  the  approximating 
polygon  are  output  in  order  in  the  clockwise  or 
counter-clockwise  direction  by  the  CAD  tool  1  dedi- 
cated  to  layout.  Numeral  21  denotes  the  prescribed 
linear  axis,  namely  a  linear  axis  (the  Z  axis,  for 
example)  set  in  the  direction  of  light  propagation  so 
as  to  lie  perpendicular  to  the  end  facet  for  an 
incident  optical  beam  12  of  the  optical  waveguide, 
31  i  (i  =  1,  2,  •••)  the  group  of  trapezoids  for  a 
case  where  the  figure  of  the  optical  waveguide  is 
partitioned  into  trapezoids,  and  41  j  (i  =  1,2,  •••)  
the  group  of  straight  lines  passing  through  the 
vertices  A,  B,  •  •  •  ,  and  lying  perpendicular  to  the 
linear  axis  21  . 

In  order  to  partition  the  figure  1  1  of  the  optical 
waveguide  into  trapezoids,  the  linear  axis  (Z  axis) 
21  is  set  in  the  direction  of  light  propagation  so  as 
to  lie  perpendicular  to  the  end  facet  for  an  incident 
optical  beam  12  of  the  optical  waveguide,  and  the 
figure  1  1  of  the  optical  waveguide  is  partitioned  by 
the  group  of  straight  lines  41  j  (i  =  1,  2,  •••)  
passing  through  the  vertices  A,  B,  •  •  •  ,  I  and  lying 

perpendicular  to  the  linear  axis  21  . 
Among  the  points  of  intersection  between  two 

adjacent  straight  lines  41  @„  41i+1  and  the  outline  of 
the  optical  waveguide,  points  of  intersection  [the 

5  white  circles  in  Fig.  5(a)]  other  than  vertices  [the 
black  circles  in  Fig.  5(a)]  are  computed.  Next,  the 
coordinates  of  the  vertices  (A,  B,  B',  I)  of  the  first 
trapezoid  31  1  from  the  left  side  are  output  as  a  set, 
then  the  coordinates  of  the  vertices  (B,  H',  H,  B')  of 

10  the  second  trapezoid  31  2  from  the  left  side  are 
output  as  a  set.  Thereafter,  and  in  similar  fashion, 
the  coordinates  of  the  vertices  (D,  E,  F,  D')  of  the 
last  trapezoid  are  eventually  output  as  a  set. 

Though  the  trapezoids  have  two  (first  and  sec- 
15  ond)  sides  perpendicular  to  the  linear  axis  21, 

included  as  a  special  case  are  triangles  31  0,  31  7  in 
each  of  which  two  adjacent  vertices  on  the  first  or 
second  side  of  a  trapezoid  coincide,  as  indicated 
by  the  dashed  lines  in  Fig.  5(c). 

20  Fig.  6  is  a  flowchart  of  processing  for 
trapezoidal  partitioning  according  to  the  first  em- 
bodiment. 

Data  indicative  of  the  figure  of  an  optical 
waveguide  output  by  the  CAD  tool  1  dedicated  to 

25  layout  and  stored  on  a  memory  medium  is  read  in 
(step  101).  It  should  be  noted  that  the  figure  11  of 
the  optical  waveguide  is  approximated  by  a  poly- 
gon  and  that  the  coordinates  (vertex-sequence 
data)  of  the  vertices  A,  B,  •  •  •  ,  I  constructing  the 

30  polygon  have  been  stored  on  the  memory  medium 
in  order  in  the  clockwise  direction.  Further,  the 
coordinate  axes  are  such  that  the  Z  axis  is  set  as 
the  direction  of  light  propagation  and  the  X  axis  is 
set  perpendicular  to  the  Z  axis. 

35  Next,  the  Z-axis  coordinate  of  each  vertex  of 
the  polygon  is  read  (step  102)  and  the  Z  coordi- 
nates  are  sorted  in  ascending  order  (step  103). 
That  is,  the  group  of  straight  lines  (Z-axis  intercept 
lines)  41  1  (i=  1,  2,  •••)  passing  through  the  ver- 

40  tices  A,  B,  C,  •  •  •  ,  I  of  the  polygon  and  lying 
perpendicular  to  the  Z  axis  are  sorted  in  ascending 
order  of  the  Z-axis  coordinates. 

Thereafter,  one  combination  of  two  adjacent  Z- 
axis  intercept  lines  is  produced  (step  104)  and  the 

45  coordinates  of  points  of  intersection  between  these 
two  adjacent  Z-axis  intercept  lines  and  the  outline 
of  the  polygon  (the  sides  of  the  polygon)  are  com- 
puted  (step  105).  That  is,  among  the  points  of 
intersection  between  two  adjacent  straight  lines  41  @„ 

50  41i+1  and  the  outline  of  the  optical  waveguide, 
points  of  intersection  [the  white  circles  in  Fig.  5(a)] 
other  than  vertices  [the  black  circles  in  Fig.  5(a)] 
are  computed. 

Next,  the  coordinates  of  the  vertices  (A,  B,  B', 
55  I)  of  the  first  trapezoid  31  1  are  made  a  set  (step 

106)  and  the  coordinates  of  these  four  vertices  are 
recorded  in  an  output  file  as  the  trapezoid  vertices 
of  the  first  trapezoid  (step  107).  This  is  followed  by 

7 



11 EP  0  647  862  A1 12 

checking  to  see  whether  processing  has  been  ap- 
plied  to  the  combinations  of  all  adjacent  Z-axis 
intercept  lines  (step  108).  If  processing  has  not 
been  completed,  then  the  processing  from  step 
104  onward  is  executed  for  the  next  adjacent  Z- 
axis  intercept  lines.  Trapezoid  vertices  are  record- 
ed  in  the  output  file  for  the  combination  of  all 
adjacent  Z-axis  intercept  lines. 

If  this  arrangement  is  adopted,  figure  data  of  an 
optical  waveguide  that  has  been  created  by  a  pro- 
gram  dedicated  to  layout  can  be  converted  auto- 
matically  to  input  data  for  simulating  the  waveguide 
characteristics  of  the  optical  waveguide.  The  effi- 
ciency  at  which  optical  waveguides  are  designed 
can  be  improved  upon  by  exploiting  the  output 
data  of  the  program  dedicated  to  layout. 

(d)  Second  embodiment  of  method  of  trapezoidal 
partitioning  according  to  the  invention 

In  the  first  embodiment,  a  case  is  illustrated  in 
which  the  two  adjacent  straight  lines  41  j,  41i+1  each 
intersect  the  outline  of  the  optical  waveguide  at  two 
points.  In  general,  however,  each  line  intersects  the 
outline  at  2«n  (n^2)  points.  Fig.  7  shows  an  exam- 
ple  of  an  optical  waveguide  in  such  case.  This  is 
an  example  in  which  the  optical  waveguide  11 
branches  into  two  portions.  There  are  n  branches, 
depending  upon  the  optical  waveguide.  As  evident 
from  Fig.  7,  the  Z-axis  intercept  lines  41  3,  41  +  ,  41  5 
intersect  the  sides  of  the  polygon  at  2«n  (=  4) 
points.  In  such  case,  it  is  necessary  to  distinguish 
the  optical  waveguide  portions  11a,  11b  from  a 
non-optical  waveguide  portion  11c  and  output  the 
trapezoid  vertices  solely  of  the  optical  waveguide 
portions.  In  other  words,  it  is  unnecessary  to  output 
the  coordinates  of  the  four  vertices  of  each  of  the 
trapezoids  FB1J1  (this  is  a  triangle  because  adja- 
cent  vertices  of  the  trapezoid  coincide),  B1  EGJ1 
and  EDHG  in  the  non-optical  waveguide  11c. 

Thus,  in  a  case  where  the  adjacent  straight 
lines  41  1,  41i+1  each  intersect  the  outline  of  the 
optical  waveguide  at  2«n  (n^2)  points,  processing 
for  excluding  the  trapezoids  of  the  non-optical 
waveguide  is  required. 

(d-1)  Control  of  trapezoidal  partitioning  according  to 
the  second  embodiment 

Fig.  8  is  a  processing  flowchart  of  trapezoidal 
partitioning  according  to  the  invention  which  takes 
into  consideration  the  case  where  intersection  oc- 
curs  at  2«n  (n^2)  points.  It  should  be  noted  that  the 
area  delimited  by  adjacent  Z-axis  intercept  lines 
shall  be  referred  to  as  a  "slab". 

Data  indicative  of  the  figure  of  an  optical 
waveguide  output  by  the  CAD  tool  1  (Fig.  2)  dedi- 
cated  to  layout  and  stored  on  a  memory  medium  is 

read  in  and  the  number  of  vertices  is  counted  and 
designated  by  ZCOUNT  (step  201).  It  should  be 
noted  that  the  figure  1  1  of  the  optical  waveguide  is 
approximated  by  a  polygon  and  that  the  coordi- 

5  nates  (vertex-sequence  data)  of  the  vertices  A,  B, 
•  •  •  ,  K  constructing  the  polygon  have  been  stored 
on  the  memory  medium  in  order  in  the  clockwise 
direction.  Further,  the  coordinate  axes  are  such  that 
the  Z  axis  is  set  as  the  direction  of  light  propaga- 

10  tion  and  the  X  axis  is  set  perpendicular  to  the  Z 
axis. 

Next,  the  Z-axis  coordinate  of  each  vertex  of 
the  polygon  is  read  and  stored  in  memory  (step 
202)  and  the  Z  coordinates  are  sorted  in  ascending 

15  order  (step  203).  If  sorting  is  finished,  the  first  value 
of  the  Z  coordinates  of  the  vertices  is  made  ZTOP 
(step  204)  and  a  counter  V  of  the  number  of 
vertices  is  made  2  (step  205). 

Next,  a  check  is  performed  to  determine 
20  whether  V  >  ZCOUNT  holds  (step  206).  If  this 

relation  holds  processing  for  trapezoidal  partitioning 
is  terminated.  If  V   ̂ COUNT  holds,  however,  the  V- 
th  Z  coordinate  of  the  results  of  sorting  is  made 
ZBOT  (step  207).  This  is  followed  by  listing  all 

25  sides,  which  construct  the  outline,  present  within 
the  area  (slab)  delimited  by  two  straight  lines  (Z- 
axis  intercept  lines)  passing  through  ZTOP  and 
ZBOT  and  lying  perpendicular  to  the  Z  axis  (step 
208).  For  instance,  in  the  example  of  the  figure  1  1 

30  of  the  optical  waveguide  of  Fig.  7,  two  sides  AF1  , 
F2K  are  present  in  the  slab  between  the  Z-axis 
intercept  lines  41  1,  41  2;  four  sides  F1  B,  B1  F,  FJ1  , 
JF2  are  present  in  the  slab  between  the  Z-axis 
intercept  lines  412,  413;  four  sides  BE1  ,  EB1  ,  J1G, 

35  G1J  are  present  in  the  slab  between  the  Z-axis 
intercept  lines  41  3,  41  4  ;  and  four  sides  E1C,  DE, 
GH,  IG1  are  present  in  the  slab  between  the  Z-axis 
intercept  lines  41  4,  41  5.  Since  the  slab  between  the 
Z-axis  intercept  lines  41  1  ,  41  2  initially  is  the  slab  of 

40  interest,  the  two  sides  AF1  ,  F2K  are  listed  at  step 
208.  It  should  be  noted  that  a  side  is  specified  by 
its  two  end  points. 

Next,  the  sides  listed  are  then  sorted  in  as- 
cending  order  of  the  X  coordinates  (step  209).  For 

45  example,  of  the  two  end  points  of  a  side,  the  end 
point  having  the  smaller  Z  coordinate  is  selected. 
Sides  are  sorted  based  upon  the  smaller  X  coordi- 
nate  of  the  selected  end  points. 

Thereafter,  two  neighboring  sides  are  com- 
50  bined  (sides  are  combined  so  as  not  to  overlap 

each  other),  a  total  of  four  end  points  of  the  two 
sides  are  recorded  in  an  output  file  as  the  coordi- 
nates  of  the  trapezoid.  If  other  combinations  of  two 
other  neighboring  sides  exist,  then  a  total  of  four 

55  end  points  of  the  two  sides  are  successively  re- 
corded  in  the  output  file  as  the  coordinates  of 
trapezoids  in  similar  fashion  (step  210).  In  the  ex- 
ample  of  Fig.  7,  the  coordinates  of  vertices  A,  F1  , 
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F2,  K  are  recorded  in  the  output  file  as  vertex- 
sequence  data  of  the  first  trapezoid  since  the  slab 
between  the  Z-axis  intercepts  41  1,  41  2  is  the  slab 
of  interest. 

Next,  ZBOT  is  made  ZTOP  (ZBOT  -  ZTOP; 
step  211),  the  vertex  counter  V  is  counted  up  by 
one  (V  +  1  -@  V;  step  212)  and  the  processing  from 
step  206  onward  is  repeated. 

In  a  case  where  the  slab  between  the  Z-axis 
intercept  lines  41  2,  41  3  is  the  slab  of  interest,  the 
four  sides  Fi  B,  Bi  F,  FJi  ,  JF2  reside  within  this 
slab,  these  are  listed  at  step  208  and  the  sides  are 
sorted  at  step  209  in  the  order  Fi  B  -@  Bi  F-»  FJi  -@ 
JF2.  Next,  at  step  210,  two  neighboring  sides  are 
combined  in  the  following  manner:  (side  Fi  B,  side 
Bi  F),  (side  FJi  ,  side  JF2).  The  total  of  four  end 
points  (Fi  ,  B,  Bi  ,  F)  of  the  first  two  neighboring 
sides  Fi  B,  Bi  F  are  output  as  the  vertices  of  a 
trapezoid,  and  then  the  total  of  four  end  points  (F, 
Ji  ,  J,  F2)  of  the  second  two  neighboring  sides  FJi  , 
JF2  are  output  as  the  vertices  of  a  trapezoid. 

If  this  arrangement  is  adopted,  even  in  a  case 
where  the  two  adjacent  straight  lines  41  j,  41i+1 
each  intersect  the  outline  of  the  optical  waveguide 
at  2«n  (n^2)  points,  figure  data  of  an  optical 
waveguide  created  by  a  program  dedicated  to  lay- 
out  can  be  converted  to  input  data  for  simulating 
the  waveguide  characteristics  of  the  optical 
waveguide  automatically,  and  the  efficiency  at 
which  optical  waveguides  are  designed  can  be 
improved  upon  by  exploiting  the  output  data  of  the 
program  dedicated  to  layout. 

(d-2)  Construction  of  trapezoidal  partitioning  ap- 
paratus  according  to  the  second  embodiment 

Fig.  9  is  a  block  diagram  of  a  trapezoidal 
partitioning  apparatus  for  realizing  the  trapezoidal 
partitioning  processing  of  the  second  embodiment. 
Numeral  71a  denotes  an  optical-waveguide  figure 
read-in  unit  for  reading  in  the  figure  data  of  an 
optical  waveguide,  counting  the  number  of  vertices 
and  setting  ZCOUNT,  71b  a  vertex-sequence  data 
memory  for  storing  the  coordinates  of  the  vertices 
constructing  the  figure  of  the  optical  waveguide, 
71c  a  Z-coordinate  sorter  for  reading  the  Z-axis 
coordinate  of  each  vertex  of  the  polygon  and  sor- 
ting  the  Z  coordinates  in  ascending  order,  71  d  a 
sorted-result  memory  for  storing  the  results  of  sor- 
ting,  and  71  e  a  controller  for  managing  the  vertex 
count  ZCOUNT,  ZTOP,  ZBOT  and  the  vertex  coun- 
ter  V  and  for  performing  overall  control.  Initially,  the 
first  value  of  the  results  of  sorting  is  made  ZTOP, 
the  counter  V  for  the  number  of  vertices  is  made  2 
(V  =  2)  and  the  second  value  of  the  results  of  sor- 
ting  is  made  ZBOT. 

Numeral  71  f  denotes  an  intersection  arithmetic 
unit  for  computing  points  of  intersection  between 

two  straight  lines  (the  Z-axis  intercept  lines),  which 
pass  through  ZTOP  and  ZBOT  and  lie  perpendicu- 
lar  to  the  set  linear  axis  (the  Z  axis),  and  the  outline 
of  the  optical  waveguide,  71  g  an  intersection  mem- 

5  ory  for  storing  the  coordinates  of  the  points  of 
intersection,  71  h  a  side  generator  for  generating 
and  listing  all  sides,  which  construct  the  outline  of 
the  optical  waveguide,  present  within  the  area 
(slab)  delimited  by  two  straight  lines  (Z-axis  inter- 

io  cept  lines)  passing  through  ZTOP  and  ZBOT  and 
lying  perpendicular  to  the  Z  axis,  71  i  an  X-direction 
side  sorter  for  sorting  the  listed  sides  in  the  as- 
cending  order  of  the  X  coordinates,  71  j  a  two- 
neighboring-side  combining  unit  for  combining  two 

is  neighboring  sides  in  such  a  manner  that  the  sides 
will  not  overlap  each  other,  and  71k  a  trapezoid 
vertex-data  output  unit  for  outputting  a  total  of  four 
end  points  of  two  neighboring  sides  as  the  vertices 
of  a  trapezoid  and  successively  outputting  a  total  of 

20  four  end  points  of  two  other  neighboring  sides  as 
the  vertices  of  a  trapezoid  in  the  same  manner. 
Numeral  71m  denotes  a  linear-axis  setting  unit 
which  specifies  the  linear  axis  (Z  axis).  This  unit 
sets  the  linear  axis  (Z  axis)  21  so  as  to  lie  per- 

25  pendicular  to  the  end  facet  for  an  incident  optical 
beam  12  of  the  optical  waveguide.  That  is,  the 
linear  axis  is  set  in  the  direction  in  which  light 
propagates. 

The  controller  71  e  instructs  the  optical- 
30  waveguide  figure  read-in  unit  71a  to  read  in  the 

figure  data  of  the  optical  waveguide.  As  a  result, 
the  optical-waveguide  figure  read-in  unit  71a  reads 
the  vertex-sequence  data  constructing  the  figure  of 
the  optical  waveguide  from  the  memory  medium, 

35  such  as  a  magnetic  tape,  stores  the  vertex-se- 
quence  data  in  the  memory  71b,  identifies  the 
vertex  count  VCOUNT  and  inputs  this  count  to  the 
controller  71  e.  The  Z-coordinate  sorter  71c  reads 
the  Z-axis  coordinate  of  each  vertex  of  the  polygon, 

40  sorts  them  in  ascending  order  and  stores  the  re- 
sults  of  sorting  in  the  sorted-result  memory  71  d. 

When  sorting  of  the  Z-axis  coordinates  is  com- 
pleted,  the  controller  71  e  takes  the  first  value  of  the 
results  of  sorting,  makes  this  value  ZTOP,  incre- 

45  ments  the  vertex-count  counter  V  to  2  (V  =  2),  takes 
the  second  value  of  the  results  of  sorting  and 
makes  this  value  ZBOT. 

The  coordinate  arithmetic  unit  71  f  computes 
points  of  intersection  between  two  straight  lines 

50  (the  Z-axis  intercept  lines),  which  pass  through 
ZTOP  and  ZBOT  and  lie  perpendicular  to  the  Z 
axis,  and  the  outline  of  the  optical  waveguide,  and 
stores  these  points  in  the  intersection  coordinate 
memory  71  g.  The  side  generator  71  h  generates 

55  and  lists  all  sides  which  construct  the  outline  of  the 
optical  waveguide  delimited  by  the  two  Z-axis  inter- 
cept  lines  and  present  within  the  slab.  Thereafter, 
the  X-direction  side  sorter  71  i  sorts  the  listed  sides 
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in  ascending  order  of  the  X  coordinates,  and  the 
two-neighboring-side  combining  unit  71j  combines 
two  neighboring  sides  in  such  a  manner  that  the 
sides  will  not  overlap  each  other.  The  trapezoid 
vertex-data  output  unit  71k  outputs  a  total  of  four 
end  points  of  two  neighboring  sides  as  the  vertices 
of  a  trapezoid  and  successively  outputs  a  total  of 
four  end  points  of  two  other  neighboring  sides  as 
the  vertices  of  a  trapezoid  in  the  same  manner. 

If  output  of  vertex  data  of  trapezoids  construct- 
ed  by  all  two  neighboring  sides  is  completed,  the 
controller  71  e  takes  ZBOT  and  makes  it  ZTOP 
(ZBOT  -@  ZTOP)  and  counts  up  the  vertex  counter 
V  by  one  (V  +  1  -@  V).  Next,  the  controller  71  e 
checks  to  determine  whether  V  >  ZCOUNT  holds. 
If  it  does,  trapezoidal  partitioning  processing  is 
terminated.  If  V   ̂ ZCOUNT  holds,  the  V-th  Z 
coordinate  of  the  results  of  sorting  the  Z  coordi- 
nates  is  made  ZBOT. 

This  is  followed  by  using  the  new  ZTOP,  ZBOT 
to  execute  processing  similar  to  that  described 
above  and  then  outputting  the  trapezoid  vertex 
data. 

(d-3)  Verification  of  performance 

Fig.  10  is  a  diagram  for  describing  a  case  in 
which  the  second  embodiment  of  the  invention  is 
applied  to  an  optical  waveguide  having  one  input 
and  eight  outputs.  Numeral  11  in  Fig.  10  denotes 
the  figure  of  an  optical  waveguide  which  succes- 
sively  bifurcates  into  a  total  of  eight  branches.  The 
horizontal  axis  is  the  Z  axis  and  the  vertical  axis  is 
the  X  axis.  Since  a  large  number  of  trapezoids 
become  necessary  in  the  curved  portions  of  the 
optical-waveguide  configuration,  the  density  of  the 
Z-axis  intercept  lines  41  j  (i  =  1,  2,  •••)  becomes 
high.  The  Z-axis  intercept  lines  in  the  linear  por- 
tions  of  the  optical-waveguide  configuration  have  a 
low  density.  Though  approximately  ten  minutes  is 
required  for  inputs  to  the  optical-waveguide  con- 
figuration  1  1  ,  conversion  to  the  data  string  of  trape- 
zoid  vertices  of  the  optical-waveguide  configuration 
was  completed  in  several  tens  of  seconds. 

Fig.  11  shows  the  results  of  simulating  the 
characteristics  of  the  waveguide  by  inputting  the 
vertex-sequence  data  of  the  trapezoids,  which  have 
been  obtained  by  the  method  of  the  invention,  to 
the  BPM  analyzing  tool  3  (Fig.  2).  The  intensity 
distribution  of  light  and  the  degree  of  leakage  of 
light  are  evident  at  a  glance.  The  wavelength  of 
incident  light  was  1.55  urn,  the  width  of  the 
waveguide  was  6  urn,  the  bifurcation  angle  was  4°  , 
and  the  effective  refractive  indices  of  the  substrate 
and  waveguide  were  1  .444  and  1  .455,  respectively. 
The  total  excess  loss  due  to  branching  was  found 
to  be  0.5  dB.  Thus,  appropriate  analytical  results 
were  obtained. 

(e)  Third  embodiment  of  method  of  trapezoidal 
partitioning  according  to  the  invention 

(e-1)  Overview  of  the  third  embodiment 
5 

Figs.  12  and  13  are  diagrams  for  describing  a 
third  embodiment  of  the  method  of  trapezoidal  par- 
titioning  according  to  the  present  invention. 

As  shown  in  Fig.  12,  in  a  case  where  the 
io  optical-waveguide  configuration  11  has  concavities 

61a,  61b,  61c,  61  d  along  the  direction  of  the  linear 
axis  (Z  axis),  the  optical-waveguide  configuration  is 
decomposed  into  convex  polygons  51  1  ~  51  g  (Figs. 
12,  13),  along  one  axis,  not  having  concavities 

is  along  the  direction  of  the  Z  axis.  Next,  the  process- 
ing  for  trapezoidal  partitioning  according  to  the  first 
embodiment  is  applied  to  each  of  the  decomposed 
convex  polygons  51  1  -51  g  along  the  one  axis  to 
partition  these  polygons  into  groups  of  trapezoids 

20  (see  the  dashed  lines  in  Fig.  13),  and  a  data  string 
of  indicating  the  vertices  of  each  trapezoid  is  out- 
put. 

If  this  arrangement  is  adopted,  even  when  the 
figure  of  the  optical  waveguide  is  such  that  it 

25  branches  into  a  straight  waveguide  and  a  curved 
waveguide,  the  straight  waveguide  portion  is  not 
partitioned  into  trapezoids.  Further,  even  if  a  poly- 
gon  is  a  complicated  one,  the  polygon  is  decom- 
posed  into  a  plurality  of  convex  polygons  along  the 

30  direction  of  the  one  axis  and  trapezoidal  partition- 
ing  is  applied  to  each  convex  polygon  along  the 
one  axis.  As  a  result,  processing  for  sorting  ver- 
tices  is  executed  in  a  short  period  of  time  and 
processing  for  sorting  sides  within  a  slab  can  be 

35  dispensed  with,  thus  making  it  possible  to  shorten 
processing  time. 

(e-2)  Processing  for  trapezoidal  partitioning  accord- 
ing  to  the  third  embodiment 

40 
Fig.  14  is  a  general  flowchart  of  processing  for 

trapezoidal  partitioning  according  to  the  third  em- 
bodiment.  The  optical-waveguide  configuration  is 
decomposed  into  convex  polygons  along  the  direc- 

45  tion  of  one  axis,  wherein  the  polygons  do  not  have 
convexities  along  the  direction  of  the  Z  axis  (301). 
Next,  processing  for  trapezoidal  partitioning  is  ap- 
plied  to  each  of  the  decomposed  convex  polygons 
along  the  one  axis  and  a  data  string  of  the  vertex 

50  data  of  each  trapezoid  is  output  (step  302). 
The  processing  for  partitioning  into  the  poly- 

gons  along  one  axis  is  performed  by  specifying  the 
coordinates  of  vertices  A  ~  Z  of  the  optical- 
waveguide  configuration  11  (Fig.  12)  by  vertex- 

55  sequence  data  arrayed  in  order  in  the  clockwise 
direction,  obtaining  vertices  (internal  cusps)  G,  V,  X 
of  concave  portions  and  a  pair  of  serial  internal 
cusps  LM  along  the  Z  axis  in  the  optical-waveguide 
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configuration  using  the  vertex-sequence  data  of  the 
optical-waveguide  configuration,  and  decomposing 
the  optical-waveguide  configuration  1  1  into  the  con- 
vex  polygons  51  1  ~  51  g  along  one  axis  by  straight 
lines  passing  through  the  internal  cusps  and  a  pair 
of  serial  internal  cusps  and  lying  perpendicular  to 
the  Z  axis. 

(e-3)  Processing  for  detecting  internal  cusps  and  a 
pair  of  serial  internal  cusps 

Fig.  15  is  a  flowchart  of  processing  for  detect- 
ing  internal  cusps  and  a  pair  of  serial  internal 
cusps. 

First,  data  indicative  of  the  figure  of  an  optical 
waveguide  output  by  the  CAD  tool  1  dedicated  to 
layout  and  stored  on  a  memory  medium  is  read  in 
and  the  number  N  of  vertices  is  discriminated  and 
stored.  Further,  a  loop  counter  I  is  initialized  (steps 
401,  402).  It  should  be  noted  that  the  figure  11 
(Fig.  12)  of  the  optical  waveguide  is  approximated 
by  a  polygon  and  that  the  coordinates  (vertex- 
sequence  data)  of  the  vertices  A,  B,  •  •  •  ,  Z  con- 
structing  the  polygon  have  been  stored  on  the 
memory  medium  in  order  in  the  clockwise  direc- 
tion.  Further,  the  coordinate  axes  are  such  a  linear 
axis  (the  Z  axis)  is  set  as  the  direction  of  light 
propagation  and  the  X  axis  is  set  perpendicular  to 
the  Z  axis. 

Next,  the  loop  counter  I  is  counted  up  (I  +  1  -@ 
I;  step  403)  and  the  coordinates  of  the  l-th,  (l  +  1)th, 
(l  +  2)th  and  (l  +  3)th  vertices  P[l],  P[l  +  1],  P[l  +  2], 
P[l  +  3]  are  read  in  from  memory  (step  404).  It 
should  be  noted  that  the  l-th  vertex  is  henceforth 
denoted  by  P[l]  or  Pi. 

It  is  then  determined  whether  1  +  1  is  equal  to 
the  total  number  N  of  vertices  (step  405).  If  the  two 
are  equal,  then  processing  for  detecting  internal 
cusps  and  a  pair  of  serial  internal  cusps  is  termi- 
nated  and  processing,  described  below,  for  parti- 
tioning  into  convex  polygons  along  the  direction  of 
one  axis  is  executed  (step  406). 

If  1  +  1  <  N  holds,  then  a  first  vector  PiPi+1  and 
a  second  vector  Pi+1Pi+2  are  computed  (step  407). 
Next,  it  is  determined  whether  the  signs  of  the  Z- 
axis  components  Z[PiPi+1],  Z[Pi+1Pi+2]  of  the  first 
and  second  vectors  are  positive,  negative  or  zero 
(step  408).  If  the  signs  are  identical,  i.e.,  if  [PjPi+i] 
x  Z[Pi+1Pi+2]  is  positive,  then  the  vertex  P[l  +  1]  is 
not  an  internal  cusp  and  does  not  construct  a  pair 
of  serial  internal  cusps.  The  program  therefore  re- 
turns  to  step  403,  I  is  counted  up  and  processing 
from  this  point  onward  is  repeated. 

However,  if  the  signs  of  the  Z-axis  components 
Z[PjPi+i],  Z[Pi+1Pi+2]  of  the  first  and  second  vec- 
tors  are  different,  i.e.,  if  [PjPi+i]  x  Z[Pi+1Pi+2]  is 
negative,  the  possibility  of  an  internal  cusp  exists. 
Accordingly,  the  outer  product  of  the  first  and  sec- 

ond  vectors  is  computed  (step  409).  Next,  it  is 
determined  whether  the  outer  product  of  the  vec- 
tors  is  positive  or  not  (step  410).  If  the  outer 
product  of  the  vectors  is  negative,  then  the  vertex 

5  P[l  +  1]  is  not  an  internal  cusp  but,  as  shown  in 
Figs.  16(a),  (b),  is  a  point  (an  external  cusp)  at 
which  the  optical-waveguide  configuration  projects 
toward  the  outside.  As  a  result,  the  program  returns 
to  step  403,  I  is  counted  up  and  processing  is 

io  repeated  from  this  point  onward. 
If  the  outer  product  of  the  vectors  is  positive, 

on  the  other  hand,  then  the  vertex  P[l  +  1]  is  a 
vertex  (internal  cusp)  of  a  concave  portion  of  the 
optical-waveguide  configuration  11.  Accordingly, 

is  1  +  1  and  the  coordinates  of  the  vertex  P[l  +  1  ]  are 
written  in  memory  as  an  internal  cusp  (step  411), 
the  program  returns  to  step  403,  I  is  counted  up 
and  processing  is  repeated  from  this  point  onward. 

Fig.  18  is  a  diagram  for  describing  the  outer 
20  product  of  vectors.  The  outer  product  of  vectors  a, 

b  is  a  vector  that  is  perpendicular  to  the  vectors  a, 
b  and  has  a  magnitude  equal  to  the  area  |a||b|sin0 
of  a  parallelogram  decided  by  these  vectors.  By 
convention,  the  sense  of  this  vector  is  the  direction 

25  (positive)  of  advance  of  a  right-hand  screw  when 
the  screw  is  turned  through  an  angle  of  less  than 
180°  from  vector  a  to  vector  b.  Accordingly,  in  a 
case  where  the  vertex  P[l  +  1  ]  is  an  external  cusp, 
as  shown  in  Fig.  16,  rotation  from  the  first  vector  to 

30  the  second  vector  is  greater  than  180°  and,  hence, 
the  outer  product  of  the  vectors  is  negative.  How- 
ever,  in  a  case  where  the  vertex  P[l  +  1  ]  is  an 
internal  cusp,  as  shown  in  Fig.  17,  rotation  from  the 
first  vector  to  the  second  vector  is  less  than  180° 

35  and,  hence,  the  outer  product  of  the  vectors  is 
positive. 

In  a  case  where  [PjPi+i]  x  Z[Pi+1Pi+2]  is  zero 
at  step  408,  the  Z  coordinate  of  the  second  vector 
is  zero  and  there  is  a  possibility  that  the  second 

40  vector  is  a  side  connected  by  a  pair  of  serial 
internal  cusps. 

Accordingly,  a  third  vector  Pi+2Pi+3  is  com- 
puted  and  it  is  determined  whether  the  signs  of  the 
Z-axis  components  Z[PiPi+1],  Z[Pi+2Pi+3]  of  the  first 

45  and  third  vectors  are  positive  or  negative  (step 
412).  If  the  signs  are  identical,  then  the  figure  is 
shown  in  Figs.  19(a),  (b).  Since  the  second  vector 
is  not  a  side  connected  by  a  pair  of  serial  internal 
cusps,  the  program  therefore  returns  to  step  403,  I 

50  is  counted  up  and  processing  from  this  point  on- 
ward  is  repeated.  If  the  signs  differ,  however,  the 
outer  product  of  the  first  and  second  vectors  is 
computed  (step  409)  and  then  it  is  determined 
whether  the  outer  product  of  the  vectors  is  positive 

55  or  not  (step  410).  If  the  outer  product  of  the  vectors 
is  negative,  then,  as  shown  in  Figs.  20(a),  (b),  the 
second  vector  is  a  side  at  which  the  optical- 
waveguide  configuration  projects  toward  the  out- 
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side.  As  a  result,  the  program  returns  to  step  403,  I 
is  counted  up  and  processing  is  repeated  from  this 
point  onward. 

If  the  outer  product  of  the  vectors  is  positive, 
on  the  other  hand,  then  the  second  vector  con- 
structs  a  side  connected  by  a  pair  of  serial  internal 
cusps,  as  shown  in  Figs.  21(a),  (b).  Hence,  the  side 
Pi+1Pi+2  is  written  in  memory  as  a  side  connected 
by  a  pair  of  serial  internal  cusps.  In  actuality,  I  +  1 
and  the  coordinates  of  Pi+1  are  written  in  memory 
as  an  internal  cusp  (step  411),  the  program  returns 
to  step  403,  I  is  counted  up  and  processing  is 
repeated  from  this  point  onward.  Thereafter,  the 
above-described  processing  is  repeated  to  execute 
detection  of  all  internal  cusps  and  a  pair  of  serial 
internal  cusps  of  the  optical-waveguide  configura- 
tion. 

(e-4)  Processing  for  convex  polygon  decomposition 
along  one  axis 

Fig.  22  is  a  flowchart  of  processing  for  convex 
polygon  decomposition  along  one  axis. 

If  detection  of  internal  cusps  and  pairs  of  serial 
internal  cusps  is  finished,  the  figure  of  the  optical 
waveguide  is  decomposed  into  convex  polygons 
along  one  axis.  It  should  be  noted  that  the  pairs  of 
serial  internal  cusps  have  been  stored  in  memory 
as  internal  cusps. 

First,  sorting  processing  is  executed  to  rear- 
range  the  internal  cusps,  which  have  been  stored  in 
memory,  in  ascending  order  of  the  Z-axis  coordi- 
nates  (step  501).  Next,  the  internal  cusps  are  read 
in  according  to  the  sorted  order  and  the  total 
number  M  of  the  internal  cusps  is  stored  (steps 
502,  503). 

The  operation  1  -@  K  is  performed,  a  straight 
line  (Z-axis  intercept)  Z[K]  passing  through  the  K-th 
internal  cusp  and  lying  perpendicular  to  the  Z  axis 
is  drawn  (step  504),  a  point  a,  (i  =  1  ,  2,  •  •  •  L)  of 
intersection  between  the  Z-axis  intercept  line  and 
the  outline  of  the  optical  waveguide  (the  side  of  the 
polygon)  is  computed  and  the  point  of  intersection 
is  written  in  an  intersection  coordinate  file  (steps 
505,  506). 

This  is  followed  by  sorting  the  points  of  inter- 
section  according  to  their  X  coordinates  and  using 
the  X  coordinate  of  the  K-th  internal  cusp  to  decide 
points  ai-i,  a-,  of  intersection  immediately  preced- 
ing  and  immediately  succeeding  the  internal  cusp 
(steps  507,  508).  The  figure  of  the  optical 
waveguide  is  partitioned  into  two  (first  and  second) 
convex  polygons  along  one  axis  and  a  remaining 
polygon  by  a  line  segment  connecting  the  point 
ai-!  of  intersection  and  the  K-th  internal  cusp  and  a 
line  segment  connecting  the  point  a-,  of  intersection 
and  the  K-th  internal  cusp. 

Next,  the  numbers  of  the  sequence  of  vertices 
of  the  convex  polygons  along  the  one  axis  are 
arrayed  in  the  clockwise  direction  (or  the  counter- 
clockwise  direction  if  desired)  in  such  a  manner 

5  that  the  point  a,-̂   of  intersection  and  the  K-th 
internal  cusp  become  the  starting  point  and  end 
point,  or  the  end  point  and  starting  point,  of  the  first 
convex  polygon  along  the  one  axis.  Similarly,  the 
numbers  of  the  sequence  of  vertices  of  the  convex 

io  polygons  along  the  one  axis  are  arrayed  in  the 
clockwise  direction  in  such  a  manner  that  the  point 
a-,  of  intersection  and  the  K-th  internal  cusp  be- 
come  the  starting  point  and  end  point,  or  the  end 
point  and  starting  point,  of  the  second  convex 

is  polygon  along  the  one  axis  (step  509). 
Thereafter,  the  polygon  obtained  by  eliminating 

the  first  and  second  convex  polygons  along  one 
axis  from  the  figure  of  the  optical  waveguide  is 
regarded  as  being  the  figure  of  a  new  optical 

20  waveguide  and  the  vertex-sequence  data  of  the 
figure  of  this  optical  waveguide  is  arrayed  in  the 
clockwise  direction.  In  actuality,  the  vertex  se- 
quence  of  the  figure  of  the  new  optical  waveguide 
is  created  by  excluding  the  vertex  sequence  which 

25  constructs  the  first  and  second  convex  polygons 
along  one  axis  from  the  vertex  sequence  of  the 
figure  of  the  original  optical  waveguide  (though  it 
should  be  noted  that  the  points  aj_i,  a-,  of  intersec- 
tion  and  the  K-th  internal  cusp  are  not  excluded) 

30  (step  510). 
The  vertex-sequence  data  of  the  first  and  sec- 

ond  convex  polygons  along  one  axis  is  written  in  a 
file  (step  511).  Next,  K  is  incremented  (K  +  1  -@  K; 
step  512)  and  it  is  determined  whether  K-1  is  equal 

35  to  the  total  number  M  of  internal  cusps  (step  513). 
In  a  case  where  K-1  <  M  holds,  the  processing 
from  step  504  onward  is  repeated  with  regard  to 
the  new  optical-waveguide  figure  created  at  step 
510.  In  a  case  where  K-1  =  M  holds,  processing 

40  for  decomposition  of  convex  polygons  along  one 
axis  is  ended. 

Thereafter,  each  decomposed  convex  polygon 
along  the  one  axis  is  partitioned  into  a  group  of 
trapezoids  by  applying  the  trapezoidal  partitioning 

45  processing  of  the  first  embodiment,  and  the  data 
string  of  the  vertices  of  each  trapezoid  is  output. 

Thus,  if  the  figure  of  an  optical  waveguide  is 
decomposed  into  a  plurality  of  convex  polygons 
along  the  direction  of  one  axis  and  trapezoidal 

50  partitioning  processing  is  applied  to  each  decom- 
posed  convex  polygon  along  the  one  axis,  the 
straight  waveguide  portion  of  an  optical  waveguide 
having  a  figure  which  branches  into  a  straight 
waveguide  and  a  curved  waveguide  is  not  par- 

55  titioned  into  trapezoids.  Further,  when  a  polygon  is 
a  complicated  one,  the  polygon  is  decomposed 
into  a  plurality  of  convex  polygons  along  the  direc- 
tion  of  one  axis  and  trapezoidal  partitioning  is  ap- 

12 
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plied  to  each  convex  polygon  along  the  one  axis. 
As  a  result,  processing  for  sorting  vertices  is  ex- 
ecuted  in  a  short  period  of  time  and  processing  for 
sorting  sides  inside  a  slab,  as  in  the  prior  art,  is 
unnecessary.  This  makes  it  possible  to  shorten 
processing  time. 

(e-5)  Construction  of  trapezoidal  partitioning  ap- 
paratus  according  to  the  third  embodiment 

Fig.  23  is  a  block  diagram  of  a  trapezoidal 
partitioning  apparatus  for  realizing  the  trapezoidal 
partitioning  processing  of  the  third  embodiment. 
Numeral  81a  denotes  an  optical-waveguide  figure 
read-in  unit  for  reading  in  the  figure  data  of  an 
optical  waveguide,  81b  a  vertex-sequence  data 
memory  for  storing  the  coordinates  of  the  vertices 
constructing  the  figure  of  the  optical  waveguide, 
81c  a  vector  arithmetic  unit  for  computing  first, 
second  and  third  vectors  using  consecutive  ver- 
tices  P[l],  P[l  +  1],  P[l  +  2],  P[l  +  3]  of  the  optical- 
waveguide  figure,  81  d  a  vector  outer-product 
arithmetic  unit  for  computing  the  outer  product  of 
the  first  and  second  vectors,  81  e  a  vector-sign 
discriminator  for  discriminating  the  signs  (inclusive 
of  zero)  of  the  Z-axis  components  of  two  vectors  of 
interest,  81  f  an  internal-cusp/side  connected  by  a 
pair  of  serial  internal  cusps  detector  for  detecting 
internal  cusps  and  a  pair  of  serial  internal  cusps  of 
the  figure  of  an  optical  waveguide,  81  g  an  internal- 
cusp/side  connected  by  a  pair  of  serial  internal 
cusps  memory,  81  h  a  unit  for  decomposing  convex 
polygons  along  one  axis,  81  i  a  convex-polygon 
memory  for  storing  vertex-sequence  data  of  de- 
composed  convex  polygons  along  one  axis,  81  j  a 
trapezoid  generator  for  applying  trapezoidal  parti- 
tioning  processing  of  the  first  embodiment  to  each 
of  the  convex  polygons  along  one  axis  to  partition 
these  convex  polygons  into  trapezoids,  and  output- 
ting  the  data  string  of  the  vertices  of  each  trape- 
zoid,  81k  a  controller  for  performing  overall  control, 
and  81m  a  linear-axis  setting  unit  for  specifying  a 
linear  axis.  The  controller  sets  the  linear  axis  (Z 
axis)  21  so  as  to  lie  perpendicular  to  the  end  facet 
for  an  incident  optical  beam  of  the  optical 
waveguide.  That  is,  the  linear  axis  is  set  in  the 
direction  in  which  light  propagates. 

The  trapezoidal  partitioning  apparatus  is  also 
capable  of  being  realized  by  hardware  of  micro- 
computer  construction.  Though  the  present  inven- 
tion  has  been  described  on  the  basis  of  embodi- 
ments,  the  invention  can  be  modified  in  various 
ways  in  accordance  with  the  gist  of  the  invention 
described  in  the  claims.  These  modifications  are 
not  excluded  from  the  invention. 

Thus,  in  accordance  with  the  present  invention, 
figure  data  of  an  optical  waveguide  as  created  by  a 
program  dedicated  to  layout  can  be  automatically 

converted  to  input  data  for  simulating  the  char- 
acteristics  of  the  optical  waveguide.  The  efficiency 
of  optical-waveguide  designing  can  be  raised  by 
exploiting  the  output  data  of  the  program  dedicated 

5  to  layout. 
Further,  since  a  format  for  recording  optical- 

waveguide  figure  data  already  standardized  can  be 
utilized,  it  is  possible  to  exploit  conventional  soft- 
ware  resources  and  a  universal  system  for  design- 

io  ing  optical  waveguides  can  be  realized. 
Furthermore,  in  accordance  with  the  present 

invention,  even  if  two  adjacent  Z-axis  intercept 
lines  intersect  the  outline  of  an  optical  waveguide 
at  2«n  (n^2)  points  each,  figure  data  of  an  optical 

is  waveguide  as  created  by  a  program  dedicated  to 
layout  can  be  automatically  converted  to  input  data 
for  simulating  waveguide  characteristics  of  the  op- 
tical  waveguide.  The  efficiency  of  optical- 
waveguide  designing  can  be  raised  by  exploiting 

20  the  output  data  of  the  program  dedicated  to  layout. 
Further,  according  to  the  present  invention,  the 

figure  of  an  optical  waveguide  is  decomposed  into 
a  plurality  of  simple  convex  polygons  along  one 
axis  and  trapezoidal  partitioning  processing  is  ap- 

25  plied  to  each  of  the  decomposed  convex  polygons 
along  the  axis.  As  a  result,  even  conversion  of 
more  complicated  figure  data  requiring  accuracy, 
as  in  the  case  of  a  waveguide  having  multiple 
branches,  can  be  carried  out  efficiently  and  without 

30  error. 
Furthermore,  in  accordance  with  the  invention, 

the  figure  of  an  optical  waveguide  is  decomposed 
into  a  plurality  of  simple  convex  polygons  along 
one  axis  and  trapezoidal  partitioning  processing  is 

35  applied  to  each  of  the  decomposed  convex  poly- 
gons  along  the  axis.  As  a  result,  if  the  figure  of  the 
optical  waveguide  branches  into  a  straight 
waveguide  and  a  curved  waveguide,  the  straight 
waveguide  portion  is  not  partitioned  into  trapezoids. 

40  Furthermore,  in  accordance  with  the  invention, 
even  if  the  figure  of  an  optical  waveguide  is  a 
complicated  polygon,  the  figure  is  decomposed 
into  a  plurality  of  simple  convex  polygons  along 
one  axis  and  trapezoidal  partitioning  processing  is 

45  applied  to  each  of  the  decomposed  convex  poly- 
gons  along  the  axis.  As  a  result,  the  number  of 
vertices  of  convex  polygons  along  one  axis  is  re- 
duced  and  processing  for  sorting  the  vertices  can 
be  executed  in  a  short  period  of  time.  Moreover, 

50  processing  for  sorting  sides  inside  a  slab,  as  in  the 
prior  art,  is  unnecessary.  This  makes  it  possible  to 
shorten  processing  time. 

Furthermore,  by  applying  the  present  invention 
to  design  of  an  optical  waveguide  requiring  a  large 

55  number  of  photomask  patterns  (layer  patterns)  for 
exposure,  which  design  is  difficult  to  realize  in  the 
prior  art  owing  to  the  enormous  labor  involved,  it  is 
possible  to  reduce  the  labor  required  for  design.  It 
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is  also  possible  to  analyze  a  complicated  structure, 
such  as  an  optical  waveguide  with  graded  index. 

Claims 

1.  A  trapezoidal  partitioning  method  for  partition- 
ing  a  geometrical  figure  of  an  optical 
waveguide  approximated  by  a  polygon  into 
trapezoids,  comprising: 

setting  a  prescribed  linear  axis;  and 
partitioning  the  figure  of  said  optical 

waveguide  into  trapezoids  each  having  two, 
first  and  second,  sides  perpendicular  to  said 
linear  axis. 

2.  A  trapezoidal  partitioning  method  according  to 
claim  1,  wherein  said  trapezoids  include  tri- 
angles  in  each  of  which  two  adjacent  vertices 
on  the  first  or  second  side  of  each  of  trape- 
zoids  coincide. 

3.  A  trapezoidal  partitioning  method  according  to 
claim  2,  further  comprising: 

specifying  the  figure  of  said  optical 
waveguide  by  vertex-sequence  data;  and 

converting  said  vertex-sequence  data  into 
a  set  of  vertex-sequence  data  for  each  trape- 
zoid. 

4.  A  trapezoidal  partitioning  method  according  to 
claim  3,  further  comprising: 

partitioning  the  figure  of  the  optical 
waveguide  by  a  group  of  straight  lines  passing 
through  vertices  of  the  figure  of  said  optical 
waveguide  and  lying  perpendicular  to  said  lin- 
ear  axis; 

taking  each  points  as  being  verticec  of  a 
trapezoid,  when  two  adjacent  said  straight  lines 
intersect  an  outline  of  the  optical  waveguide  at 
said  two  points  each;  and 

converting  the  vertex-sequence  data  of  the 
figure  of  the  optical  waveguide  into  a  set  of 
vertex-sequence  data  for  each  trapezoid. 

5.  A  trapezoidal  partitioning  method  according  to 
claim  3,  further  comprising: 

discriminating  trapezoids  corresponding  to 
an  optical  waveguide  portion  and  trapezoids 
corresponding  to  a  non-optical  waveguide  por- 
tion,  when  said  two  adjacent  straight  lines  in- 
tersect  an  outline  of  the  optical  waveguide  at 
2«n  (n^2)  points  each;  and 

converting  vertex-sequence  data  of  the  fig- 
ure  of  the  optical  waveguide  to  a  set  of  trape- 
zoid  vertex-sequence  data  solely  of  the  optical 
waveguide  portion. 

6.  A  trapezoidal  partitioning  method  according  to 
claim  1  ,  wherein  said  linear  axis  is  set  so  as  to 
lie  perpendicular  to  an  end  facet  of  the  optical 
waveguide  for  an  incident  optical  beam. 

5 
7.  A  trapezoidal  partitioning  method  for  partition- 

ing  a  figure  of  an  optical  waveguide  approxi- 
mated  by  a  polygon  into  trapezoids,  compris- 
ing: 

io  setting  a  prescribed  linear  axis; 
decomposing  the  figure  of  said  optical 

waveguide  into  convex  polygons  which  do  not 
have  concavities  in  the  direction  of  said  linear 
axis;  and 

is  partitioning  each  of  the  decomposed  con- 
vex  polygons  into  trapezoids  having  two,  first 
and  second,  sides  lying  perpendicular  to  said 
linear  axis. 

20  8.  A  trapezoidal  partitioning  method  according  to 
claim  7,  further  comprising: 

specifying  the  figure  of  said  optical 
waveguide  by  vertex-sequence  data; 

obtaining  vertices  of  concave  portions  (in- 
25  ternal  cusps)  in  the  direction  of  said  linear  axis 

and  a  pair  of  serial  concave  points  lying  per- 
pendicular  to  said  linear  axis  in  the  figure  of 
the  optical  waveguide  using  the  vertex-se- 
quence  data  of  the  figure  of  the  optical 

30  waveguide;  and 
decomposing  the  figure  of  the  optical 

waveguide  into  convex  polygons  by  straight 
lines  passing  through  said  internal  cusps  and 
said  serial  concave  points  and  lying  perpen- 

35  dicular  to  said  linear  axis. 

9.  A  trapezoidal  partitioning  method  according  to 
claim  8,  wherein  said  vertex-sequence  data  is 
arrayed  in  order,  starting  from  a  prescribed 

40  vertex,  in  the  clockwise  or  counter-clockwise 
direction  along  an  outline  of  the  optical 
waveguide. 

10.  A  trapezoidal  partitioning  method  according  to 
45  claim  9,  wherein  when  signs  of  components, 

along  said  linear  axis,  of  a  first  vector  from  a 
vertex  immediately  preceding  a  vertex  of  inter- 
est  to  the  vertex  of  interest  and  a  second 
vector  from  the  vertex  of  interest  to  a  vertex 

50  immediately  succeeding  the  vertex  of  interest 
differ  and,  moreover,  a  vector  outer  product  of 
the  first  and  second  vectors  is  positive,  the 
vertex  of  interest  is  detected  as  an  internal 
cusp. 

55 
11.  A  trapezoidal  partitioning  method  according  to 

claim  9,  wherein  a  vector  from  a  vertex  imme- 
diately  preceding  a  vertex  of  interest  to  the 

14 
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vertex  of  interest  is  designated  a  first  vector,  a 
vector  from  the  vertex  of  interest  to  a  vertex 
immediately  succeeding  the  vertex  of  interest 
is  designated  by  a  second  vector  and  a  vector 
from  the  vertex  immediately  succeeding  the 
vertex  of  interest  to  the  next  vertex  is  des- 
ignated  by  a  third  vector,  and  when  a  compo- 
nent  of  the  second  vector  along  the  linear  axis 
is  zero,  signs  of  components  of  the  first  vector 
and  third  vector  along  said  linear  axis  differ 
and,  moreover,  a  vector  outer  product  of  the 
first  and  second  vector  is  positive,  a  pair  of 
points  consisting  of  the  vertex  of  interest  and 
the  immediately  succeeding  vertex  is  detected 
as  said  serial  concave  points. 

12.  A  trapezoidal  partitioning  method  according  to 
claim  7,  wherein  said  trapezoids  include  tri- 
angles  in  each  of  which  two  adjacent  vertices 
on  the  first  or  second  side  of  each  of  said 
trapezoids  coincide. 

13.  A  trapezoidal  partitioning  method  according  to 
claim  12,  further  comprising: 

specifying  the  figure  of  said  optical 
waveguide  by  vertex-sequence  data;  and 

converting  said  vertex-sequence  data  of 
the  figure  of  said  optical  waveguide  into  a  set 
of  vertex-sequence  data  for  each  trapezoid. 

14.  A  trapezoidal  partitioning  method  according  to 
claim  7,  wherein  said  linear  axis  is  set  so  as  to 
lie  perpendicular  to  an  end  facet  of  the  optical 
waveguide  for  an  incident  optical  beam. 

15.  A  trapezoidal  partitioning  apparatus  for  parti- 
tioning  a  figure  of  an  optical  waveguide  ap- 
proximated  by  a  polygon  into  trapezoids,  com- 
prising: 

means  for  specifying  the  figure  of  said 
optical  waveguide  by  vertex-sequence  data; 

means  for  partitioning  the  figure  of  the 
optical  waveguide  by  a  group  of  straight  lines 
passing  through  vertices  of  the  figure  of  said 
optical  waveguide  and  lying  perpendicular  to 
said  linear  axis;  and 

means  for  outputting  a  set  of  trapezoid 
vertex-sequence  data  for  each  trapezoid  hav- 
ing  two,  first  and  second,  sides  lying  per- 
pendicular  to  said  linear  axis  obtained  by  said 
partitioning. 

16.  A  trapezoidal  partitioning  apparatus  according 
to  claim  15,  wherein  said  trapezoids  include 
triangles  in  each  of  which  two  adjacent  vertices 
on  the  first  or  second  side  of  each  of  said 
trapezoids  coincide. 

17.  A  trapezoidal  partitioning  apparatus  according 
to  claim  15,  further  comprising  a  trapezoid 
vertex-sequence  data  output  unit  which,  when 
two  adjacent  straight  lines  intersect  an  outline 

5  of  the  optical  waveguide  at  2«n  (n^2)  points 
each,  converts  vertex-sequence  data  of  the 
figure  of  the  optical  waveguide  to  a  set  of 
trapezoid  vertex-sequence  data  solely  of  the 
optical  waveguide  portion  and  outputs  the  tra- 

io  pezoid  vertex-sequence  data. 

18.  A  trapezoidal  partitioning  apparatus  for  parti- 
tioning  a  figure  of  an  optical  waveguide  ap- 
proximated  by  a  polygon  into  trapezoids,  com- 

15  prising: 
means  for  specifying  the  figure  of  said 

optical  waveguide  by  vertex-sequence  data; 
means  for  decomposing  the  figure  of  said 

optical  waveguide  into  convex  polygons,  which 
20  do  not  have  concavities  in  the  direction  of  a 

prescribed  linear  axis; 
means  for  partitioning  the  convex  polygons 

into  trapezoids  by  a  group  of  straight  lines 
passing  through  vertices  of  the  convex  poly- 

25  gons  and  lying  perpendicular  to  said  linear 
axis;  and 

means  for  outputting  a  set  of  trapezoid 
vertex-sequence  data  for  each  trapezoid  which 
is  obtained  by  said  partitioning  and  has  two, 

30  first  and  second,  sides  lying  perpendicular  to 
said  linear  axis. 

19.  A  trapezoidal  partitioning  apparatus  according 
to  claim  18,  wherein  said  trapezoids  include 

35  triangles  in  each  of  which  two  adjacent  vertices 
on  the  first  or  second  side  coincide. 

20.  A  trapezoidal  partitioning  apparatus  according 
to  claim  19,  further  comprising: 

40  means  for  computing  a  vector  outer  prod- 
uct  of  a  first  vector  from  a  vertex  immediately 
preceding  a  vertex  of  interest  to  the  vertex  of 
interest  and  a  second  vector  from  the  vertex  of 
interest  to  a  vertex  immediately  succeeding 

45  the  vertex  of  interest; 
means  for  comparing  signs  of  compo- 

nents,  along  said  linear  axis,  of  the  first  and 
second  vectors;  and 

means  for  detecting  the  vertex  of  interest 
50  as  said  internal  cusp  when  the  signs  of  the 

components,  along  said  linear  axis,  of  the  first 
and  second  vectors  differ  and,  moreover,  said 
vector  outer  product  is  positive. 

55  21.  A  trapezoidal  partitioning  method  according  to 
claim  19,  further  comprising: 

means  for  comparing  signs  of  compo- 
nents,  along  said  linear  axis,  of  said  first  vector 

15 
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and  a  third  vector  from  the  vertex  immediately 
succeeding  the  vertex  of  interest  to  the  next 
vertex;  and 

means  for  detecting  a  pair  of  points  con- 
sisting  of  the  vertex  of  interest  and  the  imme-  5 
diately  succeeding  vertex  as  said  serial  con- 
cave  points  when  the  component  of  the  sec- 
ond  vector  along  said  linear  axis  is  zero,  the 
vector  outer  product  is  positive  and,  moreover, 
signs  of  components  of  the  third  vector  and  10 
first  vector  along  said  linear  axis  differ. 

22.  An  apparatus  for  automatically  designing  an 
optical  waveguide  comprising: 

means  for  displaying  figure  of  an  optical  is 
waveguide  on  the  basis  of  vertex-sequence 
coordinate  data  obtained  by  approximating  the 
figure  by  a  polygon; 

means  for  obtaining  waveguide  character- 
istics  by  approximating  the  figure  of  the  optical  20 
waveguide  by  coordinate  data  of  a  group  of 
trapezoids  comprising  trapezoids  each  of 
which  has  two  sides  lying  perpendicular  to 
direction  of  propagation  of  incident  light;  and 

converting  means  for  converting  the  ver-  25 
tex-sequence  coordinate  data  of  the  figure  of 
said  optical  waveguide  to  the  coordinate  data 
of  said  group  of  trapezoids. 
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