
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  4 1 4   8 2 7   B 1  

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  18.05.94  ©  Int.  CI.5:  G02B  6/06,  G02B  6/36,  
H04N  1/036,  G02B  6 /38  

©  Application  number:  89911209.8 

@  Date  of  filing:  29.09.89 

©  International  application  number: 
PCT/US89/04203 

©  International  publication  number: 
WO  90/04193  (19.04.90  90/09) 

©  METHOD  OF  MAKING  A  FIBER  OPTIC  ARRAY. 

®  Priority:  07.10.88  US  254758  ©  Proprietor:  EASTMAN  KODAK  COMPANY 
343  State  Street 

@  Date  of  publication  of  application:  Rochester  New  York  14650-2201  (US) 
06.03.91  Bulletin  91/10 

©  Inventor:  KAUKEINEN,  Joseph,  Yorks 
©  Publication  of  the  grant  of  the  patent:  41  Luncourt  Park 

18.05.94  Bulletin  94/20  Rochester,  NY  14612(US) 
Inventor:  TYO,  Eileen,  Marie 

©  Designated  Contracting  States:  3366  East  Lake  Road 
DE  FR  GB  Livonia,  NY  14487(US) 

©  References  cited: 
DE-A-  3  149  907  ©  Representative:  Buff,  Michel  et  al 
US-A-  4  265  514  Kodak-Pathe 

Departement  des  Brevets  et  Licences  CRT 
PATENT  ABSTRACTS  OF  JAPAN,  vol.  9,  no.  Centre  de  Recherches  et  de  Technologie 
101  (P-353)(1824),  2  May  1985  ;  &  JP-A-59  224  Zone  Industrielle 
805  F-71102  Chalon  sur  Saone  Cedex  (FR) 

IEEE  Journal  of  Quantum  Electronics  vol. 
QE-16,  no.  2,  February  1980,  IEEE  (New  York, 
US),  pp  165-169;  Y.  Fujii  et  al.:  "Optical  de- 
multiplexer  using  a  silicon  echelette  grat- 
ing". 

00 

CM 
00 

5  
Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



EP  0 414  827  B1 

PATENT  ABSTRACTS  OF  JAPAN,  vol.  8,  no. 
137  (P-282)(1574),  26  June  1984  ;  &  JP-A-59 
38  711 

PATENT  ABSTRACTS  OF  JAPAN,  vol.  8,  no. 
133  (P-281)(1570),  20  June  1984  ;  &  JP-A-59 
36  214 

2 



EP  0  414  827  B1 

Description 

The  present  invention  relates  to  a  method  of  making  a  fiber  optic  array,  and  more  Particularly,  to  a 
method  of  making  such  an  array  which  results  in  an  improved  packing  density  of  the  optical  fibers. 

5  It  is  known  in  the  prior  art  to  use  an  array  of  optical  fibers  in  a  print  head  which  is  used  to  record 
information  on  a  light-sensitive  recording  medium.  The  fibers  can  be  arranged  with  their  output  ends  in  a 
linear  array  extending  in  a  direction  transverse  to  the  direction  of  movement  of  the  recording  medium,  and  a 
light  source,  such  as  a  light-emitting  diode  or  a  diode  laser,  can  be  connected  to  each  of  the  fibers  at  an 
input  end.  The  light  in  each  of  the  fibers  is  modulated  in  accordance  with  an  information  signal  to  produce  a 

io  desired  image.  Focusing  means  can  be  used  in  front  of  each  fiber  to  cause  the  light  to  be  focused  to  a 
paint  on  the  recording  medium.  It  is  desirable  for  the  arrays  of  optical  fibers  to  have  a  high  packing  density, 
i.e.,  a  high  number  of  fibers  per  unit  width  of  the  array,  in  order  to  limit  the  amount  of  data  buffering  needed 
to  produce  the  output  image.  There  is  a  problem,  however,  in  using  increasingly  thinner  fibers  to  increase 
the  packing  density.  As  the  fibers  are  made  thinner,  handling  and  alignment  of  the  fibers  becomes  more 

75  difficult,  and  the  thinner  fibers  are  more  likely  to  break  in  the  assembly  process. 
In  U.S  Pat.  No.  4,389,655,  there  is  shown  an  optical  device  for  non-impact  recording  in  which  the 

recording  head  includes  a  linear  array  of  optical  fibers.  The  recording  head  comprises  an  adjustment  plate 
having  a  plurality  of  grooves  therein,  and  an  optical  fiber  is  secured  in  each  of  the  grooves.  In  one 
embodiment  of  the  invention,  the  fibers  have  been  arranged  in  grooves  which  converge  toward  the  output 

20  end  of  the  array  to  closely  space  the  output  ends  of  the  fibers.  A  problem  with  this  arrangement  is  that  the 
output  ends  of  the  fibers  are  not  disposed  at  a  right  angle  to  the  end  of  the  substrate,  and  thus,  corrective 
optics  must  be  used  to  obtain  a  optimum  exposure  pattern  on  a  recording  medium. 

JP-A-61-138214  describes  a  fiber  array  comprising  a  plurality  of  individual  sets  of  grooves  formed  on  a 
substrate  separated  from  each  other,  the  jacketed  parts  of  the  fibers  being  inserted  into  the  set  of  grooves 

25  at  the  rear  end  of  the  substrate,  the  exposed  cladding  of  the  fibers  being  maintained  at  the  other  end  of  the 
substrate  by  means  of  a  fiber  positioning  block  formed  with  the  plural  fiber  inserting  holes  on  the  extension 
lines  of  guiding  grooves  26  and  provided  to  the  front  of  said  grooves.  Such  a  mounting  implies  to  insert  the 
end  of  the  fibers  in  the  holes  of  the  positioning  block  before  inserting  the  jacketed  parts  of  the  fibers  in  the 
set  of  grooves  at  the  rear  end  of  the  substrate,  which  complicates  drastically  the  manufacturing  of  such  a 

30  fiber  array.  IEEE  J.  of  Quantum  Electr.,  QE-12,  Nr  2,  p.  165-169  discloses  a  process  of  manufacturing 
grating  grooves. 

It  is  an  object  of  the  present  invention  to  overcome  the  problems  in  the  prior  art  noted  above  and  to 
provide  an  improved  method  of  making  a  fiber  optic  array  for  use  in  scanning  devices. 

In  accordance  with  one  aspect  of  the  invention,  there  is  provided  a  method  of  making  a  fiber  optic  array 
35  from  jacketed  optical  fibers  (12),  the  the  jacket  of  each  fiber  forming  said  array  being  removed  at  one  end 

to  expose  the  cladding  of  each  fiber  at  said  one  end,  said  method  further  comprising  the  steps  of  : 
a)  reducing  the  diameter  of  a  portion  of  the  cladding  at  said  one  end  by  etching  ; 
b)  forming  a  plurality  of  sets  of  grooves  in  a  substrate,  each  set  of  grooves  being  separated  from  each 
other  by  an  area  on  said  substrate  with  each  groove  of  each  set  being  in  alignment  with  the 

40  corresponding  grooves  of  the  other  sets  ; 
c)  inserting  the  jackets  of  optical  fibers  in  the  set  of  grooves  at  one  end  (15)  of  the  substrate  and  fixing 
the  jackets  therein  ; 
d)  inserting  the  exposed  cladding  ends  of  said  fibers  in  the  remaining  sets  of  grooves  and  fixing  the 
fibers  in  said  remaining  sets  of  grooves,  the  pitch  of  the  grooves  in  successive  sets  decreasing  as  the 

45  fibers  approach  the  end  of  the  substrate  opposite  to  said  one  end. 
The  fiber  optic  array  of  the  present  invention  includes  an  array  of  optical  fibers  supported  in  grooves 

formed  in  a  substrate.  The  grooves  are  arranged  in  aligned  sets,  and  each  set  of  grooves  is  separated  by 
planar  areas  on  the  substrate  which  are  coplanar  with  the  bottoms  of  the  grooves.  At  an  input  end  of  the 
substrate  is  a  set  of  grooves  which  are  sized  to  receive  the  jackets  of  the  optical  fibers,  and  sets  of  grooves, 

50  which  are  adapted  to  receive  the  cladding  of  the  fibers,  are  spaced  along  the  substrate  to  an  output  end  of 
the  substrate.  The  pitch  of  the  grooves  in  successive  sets  decreases  as  the  fibers  approach  the  output  end 
of  the  substrate  in  order  to  draw  the  fibers  closer  together  at  the  output  end.  In  one  embodiment  of  the 
present  invention,  sets  of  closely  spaced  V-shaped  grooves  are  etched  in  a  silicon  substrate,  and  an  optical 
fiber  having  a  cladding  portion  of  reduced  diameter  is  inserted  in  each  of  the  grooves  to  form  a  linear  array 

55  of  fibers.  An  adhesive  is  used  to  secure  the  fibers  in  the  grooves. 
A  principal  advantage  of  the  array  of  the  present  invention  is  that  the  optical  fibers  can  be  supported  on 

the  substrate  in  close  proximity  to  each  other  in  a  manner  which  does  not  damage  the  fibers  or  affect  the 
performance  of  the  fibers.  As  a  result  of  supporting  the  fibers  in  sets  of  grooves  separated  by  planar  areas, 

3 
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the  fibers  can  be  placed  in  grooves  of  increasingly  smaller  pitch  without  being  forced  through  sharp  turns 
which  would  damage  the  fibers.  Further,  the  planar  areas  between  the  grooves  facilitate  the  cementing  of 
the  fibers  in  the  grooves. 

A  further  advantage  of  the  array  of  the  present  invention  is  that  a  very  high  packing  density  is  obtained 
5  as  a  result  of  using  fibers  in  which  the  cladding  diameter  at  one  end  is  relatively  small.  Moreover,  the  fibers 

are  constructed  such  that  they  have  the  strength  and  rigidity  to  be  handled  in  the  same  manner  as  fibers 
which  do  not  have  ends  of  reduced  diameter.  Outputs  from  the  closely  spaced  and  independently- 
addressable  fibers  can  be  imaged  onto  a  receiving  medium  through  a  single  train  of  optics  with  diffraction- 
limited  performance. 

io  Embodiments  of  the  present  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the 
accompanying  drawings  in  which: 

Fig.  1  is  a  perspective  view  of  a  fiber  optic  array  which  has  been  made  in  accordance  with  the  present 
invention; 
Fig.  2  is  an  enlarged  elevational  view  of  a  portion  of  one  end  of  the  array  showing  the  spacing  of  the 

is  grooves  and  the  location  of  an  optical  fiber  in  a  groove; 
Fig.  3  is  a  plan  view  of  the  substrate  used  in  the  present  invention; 
Fig.  4  is  a  view  of  a  fiber  which  has  been  prepared  for  etching; 
Fig.  5  is  a  view  of  a  fiber  after  etching; 
Fig.  6A-6C  are  sectional  views  taken  along  the  lines  6A-6A,  6B-6B,  and  6C-6C,  respectively,  in  Fig.  3; 

20  and 
Figs.  7-13  are  views  showing  the  sequence  of  steps  for  forming  grooves  in  the  substrate. 
With  reference  to  Fig.  1,  there  is  shown  a  fiber  optic  array  10  which  has  been  made  in  accordance  with 

the  present  invention.  Fiber  optic  array  10  comprises  three  optical  fibers  12  which  are  supported  on  a 
substrate  16.  The  full  length  of  only  one  of  the  fibers  12  is  shown  in  order  to  more  clearly  illustrate  various 

25  features  of  the  invention;  It  will  be  understood,  however,  that  each  of  the  fibers  12  is  identical  and  extends 
the  full  length  of  substrate  16.  Each  of  the  fibers  12  is  connected  by  means  of  an  optical  fiber  connector  18 
to  another  optical  fiber  20.  Optical  fiber  connector  18  can  be  of  the  type  shown  in  commonly-assigned  U.S. 
Pat.  No.  4,723,830,  entitled  Optical  Fiber  Connectors,  issued  Feb.  9,  1988.  Each  optical  fiber  20  is 
connected  to  a  light  source  22,  such  as  a  diode  laser  or  a  light-emitting  diode.  Each  light  source  22  in  array 

30  10  can  be  modulated  according  to  an  information  signal  in  a  well-known  manner.  Array  10  can  be  used  to 
record  information  on  a  light-sensitive  medium  (not  shown)  such  as  a  photoconductor  or  photographic  film. 
Array  10  can  also  be  used  as  an  optical  scanner  (not  shown)  in  which  light  reflected  from  an  object  is 
transmitted  through  the  optical  fibers  to  photosensitive  elements. 

As  shown  in  Figs.  4  and  5,  each  of  the  optical  fibers  12  includes  a  jacket  30,  a  cladding  32,  and  a  core 
35  34.  Jacket  30  has  been  removed  from  an  end  31  of  the  fiber  12  to  expose  the  cladding  32,  and  in  a 

cladding  portion  33  (Fig.  5),  the  diameter  of  the  cladding  is  substantially  reduced  so  that  the  portions  33  can 
be  more  closely  spaced  relative  to  each  other.  A  tapered  cladding  portion  36  is  formed  at  one  end  of 
portion  33.  A  fiber  suitable  for  use  in  the  present  invention  is  a  special  Single-mode  fiber  made  by  Corning 
Glass  Works,  Fiber  No.  56704121  ,KHI.  This  fiber  is  made  of  silica  with  germanium  doping  in  the  core  34. 

40  The  jacket  30  has  a  diameter  of  250  urn,  the  cladding  32  has  a  diameter  of  125  urn,  and  the  core  34  has  a 
diameter  of  4  urn. 

Although  the  invention  herein  is  described  using  optical  fibers  having  ends  of  reduced  diameter,  the 
array  of  the  present  invention  can  also  utilize  fibers  in  which  the  diameter  of  the  cladding  is  the  same 
throughout  the  length  of  the  fiber. 

45  As  shown  in  Fig.  1,  fibers  12  extend  from  an  input  end  15  of  array  10  which  supports  jackets  30  of  the 
fibers  to  an  output  end  17  of  the  array,  and  the  fibers  12  are  closest  together  at  end  17.  Fibers  12  are 
mounted  in  sets  of  grooves  28a-28g  which  are  formed  in  substrate  16  and  are  separated  by  planar  areas 
29a-29f  in  the  substrate  16.  Grooves  28a-28g  in  each  set  are  separated  by  lands  25a-25g,  respectively. 
Grooves  28a  are  generally  rectangular  in  cross  section,  as  shown  in  Fig.  6A,  and  grooves  28b-28g  are 

50  generally  V-shaped  in  cross  section  as  shown  in  Fig.  6B.  In  a  preferred  embodiment,  the  areas  29a-29f  are 
coplanar  with  the  the  groove  tips  or  bottoms  of  adjacent  grooves;  one  of  the  groove  tips  is  shown  at  27b  in 
Fig.  6B. 

As  shown  in  Fig.  2,  a  glass  plate  21  extends  over  the  fibers  12  in  grooves  28g,  and  a  similar  plate  (not 
shown)  extends  over  the  fibers  12  at  each  of  the  other  sets  of  grooves  28a-28f.  These  glass  plates  are  very 

55  essential  in  the  fabrication  of  array  10  as  will  be  explained  hereinafter.  The  glass  plates  21  have  been 
omitted  in  Fig.  1  in  order  to  more  clearly  show  elements  of  the  present  invention.  At  each  set  of  grooves 
28a-28g,  a  plate  21  extends  over  the  fibers  12  and  the  grooves,  and  as  shown  in  Fig.  2,  an  epoxy  23  fills 
the  void  areas  between  the  plate  21,  the  substrate  16  and  the  fibers  12. 

4 
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Grooves  28a-28g  are  arranged  to  space  fibers  12  progressively  closer  together  in  the  direction  of  output 
end  17  of  the  array  10.  The  progressively  closer  spacing  is  accomplished  by  decreasing  the  pitch  p  (Fig. 
6B)  of  the  grooves  in  successive  sets  of  grooves  28a-28g.  As  shown  in  Fig.  6B,  the  pitch  p  of  the  grooves 
includes  the  width  W  of  the  grooves  and  width  S  of  the  lands  25a-25g.  The  pitch  p  can  be  changed  by 

5  changing  the  width  S  of  the  land,  or  by  changing  the  width  W  of  the  grooves,  or  by  changing  both  S  and  W. 
Grooves  28a  are  sized  to  receive  the  jackets  30  of  fibers  12.  Grooves  28b-28f  are  adapted  to  receive 

the  cladding  32  of  the  fibers  12,  and  grooves  28g  are  adapted  to  receive  the  cladding  portions  33  of 
reduced  diameter.  It  is  important  that  the  jackets  30  remain  on  fibers  12  on  substrate  16  for  a  certain  length 
of  the  fibers  to  lend  stability  to  array  10.  In  some  embodiments,  it  may  be  desirable  for  the  cladding  portion 

io  33  to  extend  into  other  sets  of  the  grooves  28b-28f.  The  dimensions  of  the  grooves  28a-28g  will  depend  on 
the  size  and  type  of  fiber  used  in  array  10.  For  a  single  mode  fiber  of  the  type  described  above,  obtainable 
from  Corning  Glass  Works,  the  grooves  28a  are  from  about  255  to  about  280  urn  wide,  and  grooves  28b- 
28f  are  about  155  urn  wide;  the  dimensions  of  grooves  28g  for  various  sizes  of  cladding  portion  33  are 
given  in  Table  I  which  follows.  Starting  with  grooves  28b  and  progressing  through  successive  sets  of  to 

is  grooves  28g,  the  grooves  28b-28g  are  separated  by  lands  25b-25g  having  progressively  thinner  widths  S  in 
order  to  draw  the  fibers  12  closer  together  at  end  17  of  the  array  10.  For  example,  the  widths  S  of  the  lands 
25a-25g  can  be,  respectively,  25,  100,  76,  53,  29,  5,  and  4  urn. 

In  one  illustrative  example  of  the  present  invention,  the  length  of  the  substrate  16  is  about  75  mm,  the 
width  of  the  substrate  is  about  25  mm,  and  the  substrate  is  about  525  urn  thick.  The  length  of  the  grooves 

20  28a  is  about  10  mm,  the  length  of  grooves  28b-28f  is  about  2  mm,  and  the  length  of  grooves  28g  is  about 
25  mm.  The  length  of  planar  areas  29a-29e  is  about  4  mm,  and  the  length  of  planar  area  29f  is  about  10 
mm. 

The  dimensions  of  grooves  28g  and  of  portions  33  of  fibers  12  are  indicated  in  Fig.  2  where  W  is  the 
width  of  a  groove  28g,  /3  is  the  half  angle  of  a  groove  28g,  S  is  the  width  of  the  land  25a  between  adjacent 

25  grooves  28g,  and  P  is  the  channel  separation,  that  is  the  distance  between  the  grooves  28g  at  the  bottoms 
27g  thereof.  D  is  the  diameter  of  cladding  portion  33  of  a  fiber  12.  The  angle  /3  is  about  35°  when  the 
grooves  28g  are  etched  in  silicon;  however,  other  angles  can  be  used.  The  dimensions  of  grooves  28g  for 
various  diameters  D  are  shown  in  Table  I. 

30  TABLE  I 

D(u.m)  W(u.m)  S(u.m)  P(um) 

10  12  4  16 
20  24  4  28 
30  36  4  40 
40  49  4  53 
50  61  4  65 
100  146  4  150 

40 

Fiber  Etching 

In  Fig.  4,  there  is  shown  a  fiber  12  in  which  the  jacket  30  has  been  removed  from  a  portion  thereof  in 
preparation  for  an  etching  step.  Fiber  12  is  etched  in  hydrofluoric  acid  (HF)  in  order  to  reduce  the  diameter 
of  cladding  32  from,  for  example,  125  urn  to  a  diameter  as  small  as  10  urn.  The  nominal  etching  rate  at 
room  temperature  is  1.00  u.m/min.  The  diameter  of  portion  33  must  be  large  enough  so  there  is  no  coupling 
of  light  between  adjacent  fibers.  For  best  results,  the  diameter  of  the  cladding  in  portion  33  should  be  at 
least  10  urn. 

A  fiber  12,  after  etching,  is  shown  in  Fig.  5  During  the  etching  process,  the  ends  of  fibers  12  are  placed 
in  the  hydrofluoric  acid,  and  the  tapered  portion  36  is  formed  above  the  surface  of  the  HF  acid  as  a  result  of 
capillary  action.  It  has  been  found  that  the  tapered  portion  36  has  a  beneficial  effect  in  that  the  bending 
strength  of  the  fiber  12  is  substantially  greater  than  it  would  be  if  there  were  a  sharp  change  from  the 
normal  diameter  of  cladding  32  to  the  cladding  portion  33  of  reduced  diameter.  The  core  34  of  fiber  12  is 
etched  faster  than  the  cladding  34;  as  a  result,  a  concave  tip  (not  shown)  is  formed  on  core  34  which  must 
be  removed  by  polishing  after  the  etching  step. 

5 
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Substrate  Preparation 

The  substrate  16  is  preferably  formed  from  a  silicon  wafer  (not  shown)  by  photolithographic  means. 
With  reference  to  Figs.  7-13,  there  are  shown  the  steps  for  forming  the  grooves  28b-28g  and  planar  areas 

5  29a-29f  in  the  wafer.  As  shown  in  Fig.  7,  a  layer  50  of  Si3N+  is  formed  on  a  silicon  wafer  52,  and  as  shown 
in  Fig.  8,  a  negative  photoresist  53  is  formed  over  the  Si3N+  layer  50.  The  negative  photoresist  53  can  be, 
for  example,  photopolymerizable  plastic  such  as  negative  photoresist,  type  747,  supplied  by  KTI  Chemical, 
Inc.  Photoresist  53  is  exposed  with  ultraviolet  light  through  a  mask  54  (Fig.  9).  The  ultraviolet  light  can  be 
provided  by  mercury  vapor  lamps.  In  the  next  step,  the  photoresist  is  developed,  using,  for  example, 

io  Projection  Developer  obtainable  from  KTI  Chemical,  Inc.,  to  remove  the  unexposed  portions  of  photoresist, 
as  shown  in  Fig.  10.  Next,  the  Si3N+  layer  50  is  etched,  using  plasma  etching,  and  the  photoresist  53  is 
stripped,  as  shown  in  Fig.  11.  The  exposed  portions  of  wafer  52  are  then  etched  to  form  the  grooves  28a- 
28g,  indicated  at  28  in  Fig.  12,  and  the  planar  areas  29a-29f  of  substrate  16.  After  the  grooves  and  planar 
areas  are  formed,  the  Si3N+  layer  50  is  removed  by  plasma  etching,  and  the  wafer  52  appears  as  shown  in 

is  Fig.  13.  It  has  been  found  that  removal  of  the  Si3N+  layer  50  is  a  very  important  step,  since  the  adhesive 
used  to  cement  the  fibers  12  in  the  grooves  does  not  adhere  well  to  the  Si3N+  under  all  conditions.  The 
wafer  52  is  cleaned  before  and  after  etching  using  acetone  and  deionized  water,  and  the  wafer  is  then 
blown  dry  with  nitrogen. 

The  process  described  above  is  used  to  form  grooves  28b  -  28g  and  planar  areas  29a  -  29f  in  substrate 
20  16.  Grooves  28a  at  end  15  of  the  substrate  16  are  formed  last,  and  they  are  formed  with  a  diamond  blade. 

Grooves  28a  are  adapted  to  receive  the  jackets  30  of  the  fibers  12.  In  one  illustrative  example,  the  grooves 
28a,  as  shown  in  Fig.  6A  are  generally  rectangular  in  cross  section;  and  the  width  W  is  between  about  255 
and  about  280  urn,  the  depth  d  is  about  150  urn,  and  the  width  S  of  the  lands  25a  is  about  25  urn. 

Great  care  must  be  used  in  the  mounting  of  fibers  12  on  substrate  16  due  the  fragility  and  relatively 
25  small  size  of  the  fibers  12.  In  a  first  step,  the  fibers  are  arranged  parallel  to  each  other  in  a  holder  (not 

shown)  having  channels  to  receive  the  jackets  30.  The  jackets  30  of  the  aligned  fibers  30  are  then  inserted 
in  the  grooves  28a  on  substrate  16.  A  glass  plate,  for  example,  a  plate  such  as  plate  21  shown  in  Fig.  2,  is 
placed  over  the  jackets  30  in  grooves  28a.  The  glass  plate  can  be  about  150  urn  thick  and  should  be  of  a 
size  to  extend  over  grooves  28a.  The  glass  plate  is  held  in  place  by  a  needle  in  a  micropositioner,  model 

30  221,  obtainable  from  Rucker  and  Kolls.  An  ultraviolet  light  curable  epoxy  is  introduced  between  the  glass 
plate  and  substrate  16,  and  the  epoxy  is  drawn  into  grooves  28a  around  the  jackets  30  of  fibers  12  by 
means  of  capillary  action.  The  epoxy  is  cured  by  ultraviolet  light  which  is  directed  onto  epoxy  through  the 
glass  plate.  The  cladding  32  of  fibers  12  is  then  eased  into  grooves  28b-28g  of  progressively  finer  pitch, 
and  the  fibers  12  are  cemented  in  place  in  each  set  of  grooves  28b-28g  by  means  of  a  glass  plate  and  UV 

35  curable  epoxy  as  described  previously;  that  is,  the  glass  plate  is  placed  directly  over  the  fibers  12  in  the 
grooves,  held  in  position  by  a  micropositioner,  and  UV  curable  epoxy  is  introduced  around  the  fibers  12  in 
the  grooves  by  means  of  capillary  action. 

The  planar  areas  29a-29f  provide  an  area  in  which  the  fibers  12  are  drawn  closer  together  between  the 
sets  of  generally  parallel  grooves  28b-28g  of  progressively  smaller  pitch.  The  planar  areas  29a-29f  are  also 

40  important  in  the  assembly  steps  just  described  in  that  they  provide  a  means  for  viewing  the  fibers  to 
determine  if  the  fibers  are  actually  aligned,  since  it  is  very  difficult  to  see  the  fibers  in  the  sets  of  grooves 
28b-28g. 

When  the  fibers  12  have  been  cemented  in  grooves  28a-28g,  a  portion  of  the  array  facet  19  is  removed 
by  means  of  a  dicing  saw  (not  shown),  and  the  facet  19  is  then  polished.  The  dicing  saw  can  be  a  resin 

45  impregnated  diamond  blade,  and  the  dicing  step  can  be  accomplished  by  cutting  through  the  glass  plate 
covering  cladding  portions  33,  optical  fibers  12  and  the  substrate  16  simultaneously. 

An  important  element  of  the  present  invention  is  the  adhesive  used  to  cement  the  fibers  12  to  the 
substrate  16.  The  adhesive  must  have  low  viscosity  for  good  capillary  action  and  a  lower  refractive  index 
than  that  of  the  cladding  32  to  minimize  radiation  loss  and  cross  talk  between  fibers  12.  After  the  adhesive 

50  has  cured,  there  should  be  low  stress  on  the  fiber  to  minimize  micro-bending  loss,  and  the  adhesive  should 
have  adequate  hardness  to  insure  a  polished  surface  of  high  quality.  A  suitable  adhesive  is  Norland  61 
adhesive  which  can  be  obtained  from  the  Norland  Co.  However,  a  preferred  adhesive  is  Lamdek®  U  V 
Adhesive,  Catalog  No.  177  6921,  which  can  be  obtained  from  Dymax  Engineering  Adhesives,  a  division  of 
the  American  Chemical  and  Engineering  Co.,  Torrington,  CT. 

55  In  an  illustrative  example  of  the  present  invention,  an  array  10  was  formed  from  single  mode  fibers 
having  a  core  diameter  of  about  4  urn  and  a  cladding  diameter  of  about  125  urn.  The  portions  33  were 
etched  to  a  diameter  of  about  15  urn,  the  length  of  portions  33  was  about  25  mm,  and  the  channel 
separation  (P)  between  grooves  28g  on  substrate  16  was  about  28  urn.  The  fibers  12  were  mounted  on  a 
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substrate  16  as  shown  in  Fig.  1.  The  array  thus  formed  was  evaluated  for  taper/packaging  loss,  cross-talk 
level,  and  the  output-beam  quality.  The  taper/packaging  loss  is  an  indication  of  the  radiation  loss  due  to 
fiber  taper,  to  etched  cladding,  and  to  packaging  stress  in  comparison  to  the  radiation  loss  due  to  these 
factors  from  a  single  mode  fiber  which  has  not  been  etched.  It  was  found  that  the  propagation  characteris- 

5  tics  of  the  optical  field  were  changed  very  little  due  to  the  etching  and  packaging  processes.  Thus,  a 
substantial  increase  in  packing  density  has  been  achieved  in  the  array  of  the  present  invention  while 
maintaining  the  necessary  efficiency  of  the  fibers. 

It  will  be  apparent  that  the  number  and  spacing  of  fibers  12  can  be  changed  to  meet  the  needs  of  a 
particular  application.  An  array  (not  shown)  could  extend  the  full  length  of  a  recording  medium,  or  a 

io  recording  head  (not  shown)  could  include  a  plurality  of  arrays  arranged  side-by-side  or  in  parallel  rows.  An 
array  10  can  also  be  used  to  produce  various  print  formats,  the  format  produced  being  determined  by  the 
sequence  of  operation  of  the  light  sources  to  the  individual  fibers. 

Claims 
15 

I.  A  method  of  making  a  fiber  optic  array  from  jacketed  optical  fibers  (12),  the  jacket  (30)  of  each  fiber 
(12)  forming  said  array  being  removed  at  one  end  to  expose  the  cladding  (32)  of  each  fiber  (12)  at  said 
one  end,  said  method  further  comprising  the  steps  of  : 

a)  reducing  the  diameter  of  a  portion  of  the  cladding  (32)  at  said  one  end  by  etching  ; 
20  b)  forming  a  plurality  of  sets  of  grooves  (28a-28g)  in  a  substrate  (16),  each  set  of  grooves  (28a-28g) 

being  separated  from  each  other  by  an  area  (29a-29f)  on  said  substrate  (16)  with  each  groove  of 
each  set  being  substantially  in  alignment  with  the  corresponding  grooves  of  the  other  sets  ; 
c)  inserting  the  jackets  (30)  of  optical  fibers  (12)  in  the  set  of  grooves  (28a)  at  one  end  (15)  of  the 
substrate  and  fixing  the  jackets  (30)  therein  ; 

25  d)  inserting  the  exposed  cladding  ends  of  said  fibers  in  the  remaining  sets  of  grooves  (28b-28g)  and 
fixing  the  fibers  (12)  in  said  remaining  sets  of  grooves  (28b-28g),  the  pitch  (p)  of  the  grooves  (28a- 
28g)  in  successive  sets  decreasing  as  the  fibers  approach  the  end  of  the  substrate  (19)  opposite  to 
said  one  end  (15). 

30  2.  A  method  according  to  claim  1  ,  characterized  in  that  said  grooves  are  V-shaped  grooves. 

3.  A  method  according  to  claim  1  or  2,  characterized  in  that  said  pitch  (p)  is  decreased  by  changing  the 
width  (s)  of  the  lands  (25a-25g)  between  two  adjacent  grooves. 

35  4.  A  method  according  to  claim  1  or  2  characterized  in  that  said  pitch  (p)  is  decreased  by  changing  the 
width  (w)  of  the  grooves. 

5.  A  method  according  to  any  of  claims  1  to  4  characterized  in  that  said  cladding  portion  exhibits  a 
tapered  portion  (36)  between  the  reduced  diameter  cladding  portion  (33)  and  the  non  reduced  diameter 

40  cladding  portion  (32). 

6.  A  method  according  to  claim  5  characterized  in  that  said  tapered  portion  (36)  is  formed  by  etching. 

7.  A  method,  as  defined  in  any  of  claims  1  to  6  wherein  certain  sets  of  said  grooves  (28b-28g)  are  formed 
45  by  photolithographic  techniques. 

8.  A  method,  as  defined  in  any  claims  1  to  7  wherein  said  areas  (2ga-2gf)  are  planar  areas  which  are 
generally  coplanar  with  bottoms  of  said  grooves. 

50  9.  A  method,  as  defined  in  claim  8  wherein  said  planar  areas  (29a-29f)  are  formed  by  photolithographic 
techniques. 

10.  A  method  of  making  a  fiber  optic  array,  as  defined  in  any  of  claims  1  to  9  wherein  said  fibers  (12)  are 
fixed  in  said  grooves  (28a-28g)  by  a  cement  curable  by  ultraviolet  light. 

55 
II.  A  method  of  making  a  fiber  array,  as  defined  in  any  of  claims  1  to  10  wherein  said  one  set  of  grooves 

are  formed  in  one  end  (11)  of  the  substrate  by  a  saw. 

7 



EP  0  414  827  B1 

12.  A  method  according  to  claim  1  wherein  said  sets  of  grooves  and  areas  between  said  sets  of  grooves 
are  formed  by  etching  through  a  mask  (54)  of  Si3N+,  said  mask  (54)  being  removed  by  plasma  etching. 

13.  A  method  according  to  claim  11  wherein  said  cement  is  UV  adhesive. 
5 

Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  faseroptischen  Anordnung  aus  umhullten  optischen  Fasern  (12),  bei 
dem  die  jede  Faser  (12)  der  Anordnung  umgebende  Hulle  (30)  an  einem  Ende  entfernt  wird,  urn  den 

io  Mantel  (32)  der  Faser  (12)  an  diesem  einen  Ende  freizulegen,  dadurch  gekennzeichnet,  dal3 
a)  der  Durchmesser  eines  Abschnitts  des  Mantels  (32)  an  diesem  einen  Ende  durch  Atzen 
verkleinert  wird, 
b)  in  einem  Substrat  (16)  mehrere  Gruppen  von  Nuten  (28a  -  28g)  ausgebildet  werden,  von  denen 
jede  Gruppe  (28a  -  28g)  von  der  anderen  durch  eine  Zwischenflache  (29a  -  29f)  des  Substrats  (16) 

is  getrennt  ist  und  jede  Nut  einer  jeden.  Gruppe  mit  den  entsprechenden  Nuten  der  anderen  Gruppen 
im  wesentlichen  ausgerichtet  ist, 
c)  die  Hullen  (30)  optischer  Fasern  (12)  an  einem  Ende  (15)  des  Substrats  in  die  Gruppe  von  Nuten 
(28a)  eingefuhrt  und  in  diesen  Nuten  befestigt  werden  und 
d)  die  freiliegenden  Mantelenden  der  Fasern  in  die  ubrigen  Gruppen  von  Nuten  (28b  -  28g) 

20  eingefuhrt  und  die  Fasern  (12)  in  den  Nuten  dieser  Gruppen  (28b  -  28g)  befestigt  werden,  wobei  die 
Abstande  (p)  der  Nuten  (28a  -  28g)  in  aufeinanderfolgenden  Gruppen  mit  zunehmender  Annaherung 
der  Fasern  an  das  dem  Ende  (15)  gegenuberliegende  Ende  (19)  des  Substrats  abnehmen. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dal3  die  Nuten  V-formig  ausgebildet  werden. 
25 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dal3  der  Nutenabstand  (p)  durch  Verande- 
rung  der  Breite  (s)  der  jeweils  zwischen  zwei  benachbarten  Nuten  liegenden  Zwischenbereiche  (25a  - 
25g)  verringert  wird. 

30  4.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dal3  der  Nutenabstand  (p)  durch  Verande- 
rung  der  Nutenbreite  (w)  verringert  wird. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  dal3  der  Mantelabschnitt 
zwischen  seinem  Teil  (33)  mit  verkleinertem  Durchmesser  und  seinem  Teil  (32)  mit  nicht  verkleinertem 

35  Durchmesser  eine  Verjungung  (36)  aufweist. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  dal3  die  Verjungung  (36)  durch  Atzen  erzeugt 
wird. 

40  7.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  daS  bestimmte  Gruppen  von 
Nuten  (28b  -  28g)  mittels  fotolithografischer  Techniken  hergestellt  werden. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  7,  dadurch  gekennzeichnet,  dal3  die  Zwischenflachen  (29a- 
29f)  im  allgemeinen  in  der  Ebene  der  Basisflache  der  Nuten  verlaufende  plane  Flachen  darstellen. 

45 
9.  Verfahren  nach  Anspruch  8,  dadurch  gekennzeichnet,  dal3  die  planen  Zwischenflachen  (29a  -  29f) 

mittels  fotolitografischer  Techniken  hergestellt  werden. 

10.  Verfahren  zur  Herstellung  einer  faseroptishen  Anordung  nach  einem  der  Anspruche  1  bis  9,  dadurch 
50  gekennzeichnet,  dal3  die  Fasern  (12)  mit  einem  durch  ultraviolettes  Licht  hartbaren  Bindemittel  in  den 

Nuten  (28a  -  28g)  befestigt  werden. 

11.  Verfahren  zur  Herstellung  einer  faseroptischen  Anordnung  gemaB  einem  der  Anspruche  1  bis  10, 
dadurch  gekennzeichnet,  dal3  die  eine  Gruppe  von  Nuten  in  dem  einen  Ende  (15)  des  Substrats  mittels 

55  einer  Sage  ausgeschnitten  wird. 

12.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dal3  die  Gruppen  von  Nuten  und  ihre  Zwischen- 
bereiche  durch  Atzen  durch  eine  Maske  (54)  aus  Si3N+  hindurch  erzeugt  werden  und  dal3  die  Maske 
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(54)  durch  Plasmaatzung  entfernt  wird. 

13.  Verfahren  nach  Anspruch  11,  dadurch  gekennzeichnet,  dal3  es  sich  bei  dem  Bindemittel  urn  einen  UV- 
Klebstoff  handelt. 

5 
Revendicatlons 

1.  Procede  de  fabrication  d'un  reseau  de  fibres  optiques  a  partir  de  fibres  optiques  (12)  munies  de  gaine, 
la  gaine  (30)  de  chaque  fibre  (12)  formant  le  reseau  etant  retiree  a  une  premiere  extremite  afin  que  le 

io  revetement  (32)  de  chaque  fibre  (12)  soit  expose  a  la  premiere  extremite,  le  procede  comprenant  en 
outre  les  etapes  suivantes  : 

a)  la  reduction  du  diametre  d'une  partie  du  revetement  (32)  a  la  premiere  extremite  par  attaque, 
b)  la  formation  de  plusieurs  jeux  de  gorges  (28a-28g)  dans  un  substrat  (16),  chaque  jeu  de  gorges 
(28a-28g)  etant  separe  des  autres  par  une  zone  (29a-29f)  sur  le  substrat  (16),  chaque  gorge  de 

is  chaque  jeu  etant  pratiquement  alignee  sur  les  gorges  correspondantes  des  autres  jeux, 
c)  I'insertion  des  gaines  (30)  des  fibres  optiques  (12)  dans  le  jeu  de  gorges  (28a)  a  une  premiere 
extremite  (15)  du  substrat  et  la  fixation  des  gaines  (30)  dans  ces  gorges,  et 
d)  I'insertion  des  extremites  exposees  du  revetement  des  fibres  dans  les  jeux  restants  de  gorges 
(28b-28g)  et  la  fixation  des  fibres  (12)  dans  les  jeux  restants  de  gorges  (28b-28g),  le  pas  (p)  des 

20  gorges  (28a-28g)  des  jeux  successifs  diminuant  lorsque  les  fibres  se  rapprochent  de  I'extremite  du 
substrat  (19)  opposee  a  la  premiere  extremite  (15). 

2.  Procede  selon  la  revendication  1  ,  caracterise  en  ce  que  les  gorges  sont  du  type  ayant  une  forme  en  V. 

25  3.  Procede  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  le  pas  (p)  est  reduit  par  changement  de  la 
largeur  (s)  des  portees  (25a-25g)  placees  entre  deux  gorges  adjacentes. 

4.  Procede  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  le  pas  (p)  est  reduit  par  changement  de  la 
largeur  (w)  des  gorges. 

30 
5.  Procede  selon  I'une  quelconque  des  revendications  1  a  4,  caracterise  en  ce  que  la  partie  de 

revetement  presente  une  partie  effilee  (36)  entre  la  partie  (33)  de  revetement  de  diametre  reduit  et  la 
partie  (32)  de  revetement  de  diametre  non  reduit. 

35  6.  Procede  selon  la  revendication  5,  caracterise  en  ce  que  la  partie  effilee  (36)  est  formee  par  attaque. 

7.  Procede  selon  I'une  quelconque  des  revendications  1  a  6,  dans  lequel  certains  jeux  de  gorges  (28b- 
28g)  sont  formes  par  des  techniques  photolithographiques. 

40  8.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  lesdites  zones  (29a-29f)  sont 
des  zones  planes  qui  sont  coplanaires  de  fagon  generale  avec  le  fond  des  gorges. 

9.  Procede  selon  la  revendication  8,  dans  lequel  les  zones  planes  (29a,  29f)  sont  formees  par  les 
techniques  photolithographiques. 

45 
10.  Procede  de  fabrication  d'un  reseau  de  fibres  optiques,  tel  que  defini  selon  I'une  quelconque  des 

revendications  1  a  9,  dans  lequel  les  fibres  (12)  sont  fixees  dans  les  gorges  (28a-28g)  par  une  colle  qui 
durcit  sous  Taction  de  la  lumiere  ultraviolette. 

50  11.  Procede  de  fabrication  d'un  reseau  de  fibres  tel  que  defini  dans  I'une  quelconque  des  revendications  1 
a  10,  dans  lequel  le  premier  jeu  de  gorges  est  forme  a  une  premiere  extremite  (11)  du  substrat  a  I'aide 
d'une  scie. 

12.  Procede  selon  la  revendication  1,  dans  lequel  les  jeux  de  gorges  et  les  zones  comprises  entre  les  jeux 
55  de  gorges  sont  formes  par  attaque  a  travers  un  masque  (54)  de  ShN ,̂  le  masque  (54)  etant  retire  par 

attaque  par  un  plasma. 
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13.  Procede  selon  la  revendication  11,  dans  lequel  la  colle  est  un  adhesif  sensible  a  Taction  des 
ultraviolets. 
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