
J )  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0   0 9 8   5 8 2  

B 1  

Publication  number: 

EUROPEAN  PATENT  SPECIFICATION 

IntCI.4:  G  03  F  7 / 0 2  Date  of  publication  of  patent  specification:  13.09.89 

Application  number:  83106553.7 

Date  of  filing:  05.07.83 

Method  for  patterning  layer  having  high  reflectance  using  photosensitive  material. 

Priority:  05.07.82  JP  115449/82 Proprietor:  KABUSHIKI  KAISHA  TOSHIBA 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210  (JP) 

©  Date  of  publication  of  application: 
18.01.84  Bulletin  84/03 

Inventor:  Ueno,  Tsunehisa 
Daiichi-Fuji-so  3-20-12,  Maehara-cho 
Koganei-shi  Tokyo  (JP) 
Inventor:  Kamata,  Yutaka 
B-102,  Sunnywell-Sengoku  175-9,  Kozukue-cho 
Kohoku-ku  Yokohama-shi  (JP) 
Inventor:  Miyazaki,  Sinji 
Toshiba-lsogo-Daiyon-ryo  3-7,  Shiomidai 
Isogo-ku  Yokohama-shi  (JP) 

Publication  of  the  grant  of  the  patent: 
13.09.89  Bulletin  89/37 

Designated  Contracting  States: 
DEFRGB 

References  cited: 
DE-A-1  597  597 
DE-A-2924475 
DE-A-3  234066 
FR-A-2197  235 
GB-A-2040498 
US-A-4261792 

JOURNAL  OF  APPLIED  PHYSICS,  vol.  50,  no.  3, 
March  1979,  pages  1212-1214,  American 
Institute  of  Physics,  New  York,  US;  H.A.M. 
VAN  DEN  BERG  et  al.:  "Antiref  lection  coatings 
on  metal  layers  for  photolithographic 
purposes" 

Representative:  Lehn,  Werner,  Dipl.-lng.  et  al 
Hoffmann,  Eitle  &  Partner  Patentanwalte 
Arabellastrasse  4 
D-8000  Miinchen  81  (DE) 

CM 
0 0  
U )  
0 0  
O  
o  
o  

a .  
i n  

References  cited: 
IBM  TECHNICAL  DISCLOSURE  BULLETIN,  vol. 
14,  no.  3,  August  1971,  pages  795-796,  New 
York,  US;  V.  SADAGOPAN:  "Anti-interference 
and  antiref  lection  coatings  for  chromium 
masks" 

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). 

Courier  Press,  Leamington  Spa,  England. 



EP  0  098  582  B1 

References  cited: 
JAPANESE  JOURNAL  OF  APPLIED  PHYSICS, 
PROCEEDINGS  OF  THE  8TH  CONFERENCE 
1976  ON  SOLID-STATE  DEVICES,  supplement 
16-1,  vol.  16,  1977,  pages  351-354;  S. 
MATSUYAMA  et  al.:  "Fabrication  of  3  mum 
bubble  80  kbit  chips" 



EP  0  098  582  B1 

short  dashed  line  3'a.  In  the  worst  case,  a  discon- 
nection  3'c  may  be  formed.  Needless  to  say,  a 
semiconductor  device  having  such  an  aluminum 
wiring  layer  3'  cannot  perform  its  intended  func- 

5  tion. 
On  the  other  hand,  when  an  aluminum  wiring 

layer  as  described  above  is  obtained  using  a 
negative-working  photoresist,  the  above-men- 
tioned  problem  is  not  encountered  since  the 

w  positional  relationship  between  the  transparent 
and  nontransparent  regions  of  the  photomask 
used  is  the  opposite  of  that  described  above. 
However,  incident  light  for  hardening  a  predeter- 
mined  part  of  a  negative-working  photoresist  film 

is  is  reflected  by  the  aluminum  layer  underlying  the 
negative-working  photoresist  film.  Then,  the 
reflected  light  and  the  incident  light  cause  inter- 
ference  in  the  negative-working  photoresist  film 
to  generate  intense  standing  waves,  which  leads 

20  to  nonuniform  exposure  of  the  photoresist  film  in 
the  direction  of  its  thickness.  The  photoresist  film 
is  exposed  only  to  weak  light,  especially  in  the 
vicinity  of  the  surface  of  the  aluminum  layer. 
When  such  a  photoresist  film  is  developed,  the 

25  portion  thereof  which  ought  to  remain  instead 
separates  away. 

This  phenomenon  associated  with  a  negative- 
working  photoresist  is  also  experienced  with  a 
positive-working  photoresist.  In  the  latter  case, 

30  the  portion  of  the  positive-working  photoresist 
film  which  is  to  be  removed  remains  unremoved, 
and  the  aluminum  wiring  layer  may  be  short- 
circuited  by  any  adjacent  aluminum  wiring  layer. 
This  short-circuiting  will  also  occur  when  the 

35  positive-working  photoresist  4  is  replaced  by  a 
negative-working  photoresist  and  the  same 
photomask  5  is  used  as  shown  in  Fig.  1. 

The  phenomena  as  described  above  are  ■■ 
encountered  not  only  in  the  patterning  of 

40  aluminum  layers  but  also  in  the  patterning  of 
other  inorganic  conductive  material  layers  having 
a  high  reflectance. 

The  above  problems  may  be  partially  off-set  by 
the  techniques  disclosed  in  GB—  A—  2  040  498. 

45  However,  it  is  desired  to  improve  the  effective- 
ness  of  the  light-absorbing  layer  in  order  to 
improve  the  etching  precision. 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  method  which  allows  high- 

50  precision  patterning  of  a  layer  having  a  high 
reflectance. 

It  is  another  object  of  the  present  invention  to 
provide  a  method  for  patterning  a  high  reflect- 
ance  layer  which  will  not  cause  separation  of  a 

55  photosensitive  material  film  and  disconnection  or 
short-circuiting  of  a  patterned  layer  when  such  a 
layer,  having  a  high  reflectance  with  respect  to 
incident  light,  is  patterned  using  a  photosensitive 
material  film. 

60  According  to  the  invention,  the  method  defined 
in  the  first  paragraph  of  this  specification  is 
characterized  in  that  said  light-absorbing  film 
comprises  at  least  one  light-absorbing  material 
selected  from  the  group  consisting  of  silicon 

65  nitride,  silicon  oxide,  and  aluminum  oxide  which 

Description 

The  present  invention  relates  to  a  method  for 
manufacturing  a  semiconductor  device  and  to  a 
method  for  patterning  a  layer  having  a  high 
reflectance,  comprising  the  steps  of:  forming  a 
photosensitive  material  film  over  a  layer  having  a 
high  reflectance;  irradiating  a  selected  region  of 
said  photosensitive  material  film  with  an  expos- 
ing  incident  light;  developing  said  photosensitive 
material  film  to  form  a  first  pattern;  and  selec- 
tively  etching  said  layer  having  the  high  reflect- 
ance  using  said  first  pattern  as  a  mask,  wherein  a 
light-absorbing  film  is  formed  between  said  high 
reflectance  layer  and  said  photosensitive  material 
film,  said  first  pattern  is  used  as  a  mask  to 
selectively  etch  said  light-absorbing  film,  thereby 
forming  a  second  pattern,  and  said  second 
pattern  is  used  as  a  mask  to  selectively  etch  said 
high  reflectance  layer. 

Such  a  method  is  known  from  GB—  A— 
2  040  498. 

In  the  manufacture  of  semiconductor  devices,  a 
conductive  layer  such  as  an  aluminum  layer  is 
patterned  using  a  photosensitive  material  film  in 
order  to  obtain  a  wiring  layer.  A  positive-  or 
negative-working  photoresist  is  used  as  a  photo- 
sensitive  material  film.  As  is  well  known,  the 
portion  of  a  positive-working  photoresist  which  is 
exposed  decomposes  and  can  be  removed  by 
developing,  thereby  providing  an  etching  mask 
used  in  etching  a  conductive  layer.  Conversely, 
the  portion  of  a  negative-working  photoresist 
which  is  exposed  is  hardened  and  the  portion 
which  is  not  exposed  can  be  removed  by  develop- 
ing,  thereby  providing  an  etching  mask. 

A  conventional  method  for  etching  an 
aluminum  layer  using  a  positive-working  photo- 
resist  will  be  described  with  reference  to  Fig.  1  .  An 
aluminum  layer  3  is  formed  by,  for  example, 
vapor  deposition  on  a  semiconductor  wafer  1 
through  an  oxide  film  2.  A  positive-working 
photoresist  film  4  is  formed  on  the  aluminum 
layer  3.  A  photomask  5  having  a  non-transparent 
region  5a  und  a  transparent  region  5b  is  arranged 
above  this  structure. 

Collimated  light  6  from  a  light  source  (not 
shown)  is  transmitted  only  through  the  trans- 
parent  region  5b  of  the  photomask  5  and  exposes 
the  photoresist  film  4  in  a  predetermined  pattern. 
If  the  oxide  film  2  has  an  inclined  surface  2a  and 
the  aluminum  layer  3  correspondingly  has  an 
inclined  surface  3a,  light  is  reflected  due  to  the 
high  reflectance  of  aluminum.  The  transverse 
reflected  light  6a  exposes  the  portion  of  the 
photoresist  film  4  which  should  not  be  exposed. 
When  this  happens,  a  desired  etching  mask 
pattern  cannot  be  obtained  after  developing. 
When  the  aluminum  layer  3  is  etched  using  the 
photoresist  film  having  such  a  mask  pattern,  an 
aluminum  wiring  layer  3'  as  shown  in  Fig.  2  is 
obtained.  Referring  to  Fig.  2,  an  edge  line  3'b  of 
the  aluminum  wiring  layer  3'  close  to  the  inclined 
surface  2a  does  not  extend  to  a  correct  pattern 
edge  line  indicated  by  an  alternating  long-and- 
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have  nonstoichiometric  compositions,  and 
amorphous  silicon  and  has  a  ratio  of  transmitted 
light  intensity  to  incident  light  intensity  of  not 
more  than  30%. 

In  the  specification  and  claims,  "the  ratio  of  5 
transmitted  light  intensity  to  incident  light  inten- 
sity"  means  the  percentage  of  the  intensity  of 
reflected  light  with  respect  to  the  intensity  of  the 
incident  light. 

This  invention  can  be  more  fully  understood  10 
from  the  following  detailed  description  when 
taken  in  conjunction  with  the  accompanying 
drawings,  in  which: 

Fig.  1  is  a  schematic  view  showing  a  conven- 
tional  patterning  method;  15 

Fig.  2  is  a  plan  view  showing  a  patterned  layer 
formed  by  the  conventional  patterning  method; 

Figs.  3  and  4  are  schematic  views  for  explaining 
a  patterning  method  according  to  the  present 
invention;  20 

Fig.  5  is  a  plan  view  showing  a  patterned  layer 
formed  by  the  patterning  method  of  the  present 
invention;  and 

Figs.  6  to  8  are  graphs  showing  the  light- 
absorption  characteristics  or  respective  light-  25 
absorbing  films  used  in  the  present  invention. 

The  present  invention  will  now  be  described 
with  referecne  to  the  accompanying  drawings. 

The  basic  steps  of  the  method  of  the  present 
invention  will  now  be  described  with  reference  to  30 
Figs.  3  to  5.  In  the  embodiment  shown  in  these 
figures,  the  present  invention  is  applied  to 
patterning  of  a  conductive  layer  having  a  high 
reflectance  using  a  positive-working  photoresist. 

Referring  to  Fig.  3,  a  conductive  layer  13  having  35 
a  high  reflectance  is  formed  through  an  insulating 
film  12  on  a  semiconductor  substrate  11  which 
has  predetermined  semiconductor  regions  (not 
shown)  formed  by  doping  an  impurity.  Sub- 
sequently,  a  light-absorbing  film  21  is  formed  on  40 
the  conductive  layer  13.  The  light-absorbing  film 
21  has  a  ratio  of  transmitted  light  intensity  to 
incident  light  intensity  of  30%  or  less. 

After  forming  a  positive-working  photoresist 
film  14  on  the  light-absorbing  film  21,  the  posi-  45 
tive-working  photoresist  film  14  is  irradiated  with 
collimated  light  16  through  a  photomask  15 
having  a  nontransparent  region  15a  and  a  trans- 
parent  region  15b.  Light  transmitted  through  the 
transparent  region  15b  exposes  the  positive-  50 
working  photoresist  film  14  in  a  predetermined 
pattern,  and  the  irradiated  portion  of  the  film  14 
decomposes.  Even  if  the  insulating  film  12  has  an 
inclined  surface  12a  and  the  conductive  layer  13 
has  a  corresponding  inclined  surface  13a,  the  55 
incident  light  is  absorbed  during  transmission 
within  the  light-absorbing  film  21  and  may  not 
reach  the  surface  of  the  conductive  layer  13.  Even 
if  the  light  reaches  and  is  reflected  by  the  inclined 
surface  13a,  the  intensity  of  such  reflected  light  is  60 
30%  or  less  of  that  of  the  incident  light  so  that  it  is 
incapable  of  exposing  the  photoresist  film  14. 

The  incident  light  on  the  flat  portion  of  the 
conductive  layer  13  is  absorbed  while  it  is  being 
transmitted  through  the  light-absorbing  film  21.  65 

Accordingly,  even  if  the  light  reaches  and  is 
reflected  by  the  surface  of  the  conductive  layer  13, 
the  reflected  light  is  weaker  than  the  incident 
light,  does  not  cause  interference  with  the  inci- 
dent  light,  and  so  does  not  cause  standing  waves. 

After  the  photoresist  film  14  is  exposed  in  a 
predetermined  pattern  according  to  the  pattern  of 
the  photomask  15,  it  is  developed  anb  is  post- 
baked  to  form  a  photoresist  pattern  14'.  Using  the 
photoresist  pattern  14'  as  a  mask,  the  light- 
absorbing  film  21  is  selectively  etched  to  form  a 
light-absorbing  pattern  21'  (Fig.  4). 

Finally,  after  the  conductive  layer  13  is  selec- 
tively  etched  using  the  light-absorbing  pattern  21' 
as  an  etching  mask,  the  photoresist  pattern  14' 
and  the  light-absorbing  pattern  21'  are  sequen- 
tially  removed,  thereby  forming  a  conductive 
pattern  13'  (Fig.  5)  with  a  high  precision.  As 
shown  in  Fig.  5,  an  edge  line  13'a  of  the  conduc- 
tive  pattern  13'  which  is  at  the  side  of  the  inclined 
surface  12'a  of  the  insulating  film  12  is  sharp,  as 
intended. 

As  has  been  described  earlier,  the  light-absorb- 
ing  film  used  in  the  method  of  the  present 
invention  has  a  ratio  of  transmitted  light  intensity 
to  incident  light  intensity  of  30%  or  less.  In  other 
words,  when  the  incident  light  intensity  is  given 
as  lo  and  the  transmitted  light  intensity  is  given  as 
I,  the  following  relation  is  satisfied: 

(I/Io)x100^30 (A) 

As  is  well  known,  the  transmitted  light  intensity 
is  given  by: 

I=loxe-Qt (B) 

where  a  is  the  absorption  coefficient  and  t  is  the 
film  thickness.  It  can  be  seen  that  the  transmitted 
light  intensity  I  is  dependent  on  both  the  thickness 
and  the  absorption  coefficient  of  the  film  through 
which  the  light  is  transmitted.  Therefore,  in  order 
to  obtain  a  light-absorbing  film  which  will  satisfy 
relation  (A)  above,  the  material  (which  is  a  factor 
determining  the  absorption  coefficient)  and  the 
thickness  of  the  film  must  be  properly  controlled. 
According  to  the  present  invention,  the  layer  to  be 
patterned  has  a  thickness  of  0.2  to  1  urn,  and  the 
light-absorbing  film  generally  has  a  thickness  of 
1,000  to  5,000  A.  Accordingly,  the  material  of  the 
light-absorbing  film  is  determined  so  as  to  satisfy 
relation  (A)  above  with  a  film  thickness  which  is 
within  this  range. 

The  material  of  the  light-absorbing  film  may  be 
selected  from  those  which  are  frequently  used  in 
the  manufacture  of  semiconductor  devices. 
Examples  of  such  materials  include  silicon  nitride 
or  oxide,  aluminum  oxide,  and  amorphous  sili- 
con.  However,  it  should  be  noted  that,  except  for 
amorphous  silicon,  the  chemical  compositions  of 
these  light-absorbing  materials  do  not  corre- 
spond  to  their  stoichiometries.  More  specifically, 
the  silicon  nitride  has  an  intermediate  composi- 
tion  between  that  of  amorphous  silicon  and  that 
of  trisilicon  tetranitride  (Si3N4).  The  silicon  oxide 
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of  500  W.  As  may  be  seen  from  this  graph,  in 
order  to  prepare  a  silicon  nitride  film  which 
satisfies  relation  (A)  for  light  having  a  wavelength 
of  450  nm  or  less,  the  flow  rate  of  nitrogen  gas 

5  should  be  about  250  cc/min  or  less. 
When  silicon  nitride  films  were  prepared  under 

the  same  conditions  as  those  of  the  films  of  Fig.  7, 
except  that  the  high-frequency  power  was  varied 
and  the  flow  rate  of  nitrogen  gas  was  kept  at  100 

w  cc/min,  the  absorption  characteristics  shown  in 
Fig.  8  were  obtained.  As  may  be  seen  from  this 
graph,  in  order  to  prepare  a  silicon  nitride  film 
which  satisfies  relation  (A)  for  light  having  a 
wavelength  of  450  nm  or  less,  the  high-frequency 

75  power  should  be  about  270  W  or  lower. 
In  this  manner,  when  a  silicon  nitride  film  is 

prepared  by  plasma  CVD,  a  light-absorbing  film 
having  desired  light-absorbing  characteristics 
may  be  formed  by  suitably  selecting  the  con- 

20  ditions  such  as  the  degree  of  vacuum  in  the 
reaction  chamber,  the  flow  rate  of  the  carrier  gas, 
or  the  high-frequency  output. 

When  a  light-absorbing  film  is  prepared  by 
photo-CVD,  its  composition  may  be  controlled 

25  according  to  the  compositions  of  the  starting 
materials.  When  a  light-absorbing  film  is  pre- 
pared  by  ion  plating,  its  composition  may  be 
controlled  by  the  atmospheric  composition. 

In  any  case,  the  conditions  for  preparing  a  light- 
so  absorbing  film  may  be  easily  determined  by 

.  simple  preliminary  experiments. 
The  present  invention  can  be  suitably  adapted 

for  patterning  a  film  which  has  a  high  reflectance 
(90%  or  higher)  and  which  has  a  metallic  gloss, 

35  such  as  a  vapor-deposited  aluminum  film,  a 
polycrystalline  silicon  film,  a  tungsten  film,  a 
molybdenum  film  or  a  molybdenum  silicide  film. 
The  light-absorbing  film  has  a  better  adhesion 
strength  with  such  a  conductive  film  than  does  a 

40  photoresist  film.  Therefore,  when  a  conductive 
layer  is  etched  (by  e.g.,  chemical  dry  etching,  wet 
etching,  electrolytic  etching  or  the  like)  using  the 
light-absorbing  film  as  an  etching  mask,  the 
conductive  layer  is  not  etched  at  its  portion 

45  underlying  the  light-absorbing  film. 
Since  the  etching  ratio  of  the  light-absorbing 

film  and  a  conductive  layer  is  large  (especially  in 
dry  etching)  except  for  a  combination  of  amorph- 
ous  silicon  and  polycrystalline  silicon,  the  con- 

so  ductive  layer  may  be  patterned  with  higher  preci- 
s i o n . .  

Since  a  thin  light-absorbing  film  (5,000  A  or 
less)  may  be  used,  micropatteming  may  be  per- 
formed. 

55 
Example  1 

After  a  silicon  substrate  was  doped  with  an 
impurity  to  form  semiconductor  regions  by  the 
conventional  method,  an  oxide  layer  was  formed 

60  thereover.  A  contact  hole  partially  exposing  the 
semiconductor  region  was  formed  in  the  oxide 
layer.  The  resultant  structure  resembles  that 
shown  in  Fig.  3.  Aluminum  was  vapor-deposited 
on  the  structure  to  a  thickness  of  1  urn.  A  silicon 

65  nitride  film  of  3,000  A  thickness  was  formed  on 

has  a  composition  intermediate  between  amorph- 
ous  silicon  and  silicon  dioxide  (SiO2).  The 
aluminum  oxide  has  a  composition  intermediate 
between  aluminum  and  alumina  (AI2O3). 

A  light-absorbing  material  having  such  a  non- 
stoichiometrical  composition  may  be  prepared  by 
various  techniques  well  known  per  se  in  the  art 
such  as  plasma  chemical  vapor  deposition 
(plasma  CVD),  photochemical  vapor  deposition 
(photo-CVD),  or  ion  plating.  For  example,  the 
silicon  nitride  is  prepared  from  a  mixture  of  silane 
and  ammonium  by  plasma  CVD  or  photo-CVD. 
The  silicon  nitride  may  also  be  prepared  by  ion 
plating  in  a  nitrogen-containing  atmosphere 
using  silicon  as  a  plating  source.  The  silicon  oxide 
may  be  prepared  by  any  of  the  above-mentioned 
techniques.  The  aluminum  oxide  may  be  con- 
veniently  prepared  by  ion  plating  in  an  oxygen- 
containing  atmosphere  using  aluminum  as  a  plat- 
ing  source.  Amorphous  silicon  is  prepared  from 
silane  by  plasma  CVD  or  photo-CVD. 

The  light-absorbing  characteristics  of  the  light- 
absorbing  film  material  thus  prepared  change  in 
accordance  with  the  deposition  conditions.  An 
example  involving  the  silicon  nitride  prepared 
from  a  mixture  of  silane  and  ammonium  by 
plasma  CVD  will  now  be  considered.  The  factor 
which  most  influences  the  light-absorbing  charac- 
teristics  of  the  silicon  nitride  is  the  degree  of 
vacuum  in  the  reaction  chamber.  The  mixing  ratio 
of  silane  and  ammonium,  the  flow  rate  of  a  carrier 
gas  (e.g.,  nitrogen)  and  high-frequency  power  are 
also  important  factors,  but  to  a  lesser  extent. 
Accordingly,  the  silicon  nitride  film  to  satisfy 
relation  (A)  may  be  formed  by  a  suitable  selection 
of  these  factors. 

Fig.  6  shows  the  percent  absorption  {(lo-l)/ 
IOX100)}  of  the  silicon  nitride  films  (1500  A 
thickness)  for  light  having  a  given  wavelength.  A 
diffusion  furnace-type  or  tube-type  plasma  reac- 
tion  apparatus  (available  from  PMS,  Inc.  or  ASM, 
Inc.)  was  used  which  is  capable  of  varying  the 
degree  of  vacuum  in  the  reaction  chamber  to 
some  extent.  The  degree  of  vacuum  was  varied 
under  the  conditions  of  a  molar  ratio  of 
ammonium  to  silane  (NH3/SiH4)  of  8,  a  tempera- 
ture  of  300  to  350°C,  a  flow  rate  of  nitrogen  gas 
(carrier  gas)  of  100  cc/min,  and  a  high-frequency 
power  of  300  W.  As  may  be  seen  from  the  graph 
shown  in  Fig.  6,  in  order  to  prepare  a  silicon 
nitrogen  film  which  satisfies  relation  (A)  (70%  or 
more  percent  absorption)  for  light  having  a 
wavelength  of  450  nm  or  less  (to  which  conven- 
tional  positive-  or  negative-working  photoresists 
are  sensitive),  the  degree  of  vacuum  in  the  reac- 
tion  chamber  needs  to  be  about  1.8  Torr  or 
higher. 

Fig.  7  shows  the  percent  absorption  of  the 
silicon  nitride  films  (1500  A  thickness)  formed  by 
using  a  bell  jar-type  plasma  reaction  apparatus 
available  from  AMT,  Inc.  The  flow  rate  of  nitrogen 
gas  as  a  carrier  gas  was  varied  using  a  reaction 
chamber  at  a  vacuum  pressure  of  0.2  to  0.3  Torr,  a 
temperature  of  300  to  350°C,  a  molar  ratio  of  NH3/ 
SiH4  from  0.5  to  0.8,  and  a  high-frequency  power 
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be  patterend  may  not  be  substantially  present 
and  standing  waves  may  not  be  produced. 

According  to  the  present  invention,  short-cir- 
cuiting  or  disconnection,  which  is  usually  caused 
by  reflected  light  from  a  conductive  layer  having  a 
high  reflectance  or  by  standing  waves,  will  not  be 
caused.  The  photoresist  film  will  also  not  be 
easily  separated,  resulting  in  a  higher  yield  and 
better  reliability  of  semiconductor  devices. 

In  the  embodiment  described  above,  light  is 
used  as  the  incident  radiation.  However,  the 
present  invention  is  not  limited  in  this  respect.  For 
example,  the  present  invention  may  be  similarly 
applied  to  the  direct  exposure  method  using  an 
electron  beam  or  to  a  method  utilizing  X-rays. 

Claims 

the  aluminum  layer  under  the  following  con- 
ditions: 

Plasma  reaction  apparatus  used:  AMP-3300 
available  from  AMT,  Inc. 

NlVSihU  solar  ratio:  0.5 
Degree  of  vacuum  in  reaction  chamber:  0.2Torr 
Flow  rate  of  nitrogen  gas:  200  cc/min 
High-frequency  output:  500  W 
A  commercially  available  positive-working 

photoresist  (photosensitive  wavelength  of  436 
nm)  was  deposited  to  a  thickness  of  12,000  A  on 
the  obtained  silicon  nitride  film,  and  pre-baked. 
After  placing  a  photomask  having  a  predeter- 
mined  pattern  at  a  predetermined  position,  the 
photoresist  was  exposed  to  the  predetermined 
pattern  using  an  ultra  high-voltage  mercury  lamp, 
and  was  then  developed.  The  remaining  photo- 
resist  film  had  a  desired  pattern  and  was  post- 
baked.  Using  the  post-baked  photoresist  film  as  a 
mask,  the  silicon  nitride  film  was  selectively 
removed  by  chemical  dry  etching.  Using  the 
remaining  silicon  nitride  film  as  a  mask  and 
without  removing  the  photoresist  film,  the 
aluminum  layer  was  selectively  removed  by  reac- 
tive  ion  etching.  Thereafter,  the  remaining  photo- 
resist  film  was  removed  by  oxygen  plasma  etch- 
ing.  Subsequently,  the  remaining  silicon  nitride 
film  was  removed  by  chemical  dry  etching. 

The  patterned  aluminum  layer  had  a  desired 
pattern  (which  resembled  the  pattern  13'  shown 
in  Fig.  5)  and  had  a  sharp  edge. 

Etching  of  the  aluminum  layer  may  be  per- 
formed  instead  after  removal  of  the  photoresist 
film. 

Comparative  Example 
Procedures  similar  to  those  in  Example  1  were 

followed  except  that  a  silicon  nitride  film  was  not 
used.  The  aluminum  layer  obtained  had  an  edge 
which  did  not  extend  to  the  desired  edge. 

As  has  been  described  above,  the  principle  of 
the  present  invention  utilizes  the  fact  that  a 
plasma  CVD  silicon  nitride  film,  a  photo-CVD 
silicon  nitride  film,  an  amorphous  silicon  film,  a 
silicon  oxide  film  or  silicon  nitride  film  formed  by 
ion  plating,  or  an  aluminum  oxide  film  each  has 
different  spectral  characteristics  and  different 
nontransparent  wavelengths  for  ultraviolet  or  far 
ultraviolet  rays  depending  upon  their  deposition 
conditions.  Utilising  this,  a  light  absorbing  film 
which  has  a  sufficiently  low  ratio  of  transmitted 
light  intensity  to  incident  light  intensity  which  is 
negligible  with  respect  to  the  exposure  sensitivity 
of  the  photoresist  film  is  formed  between  a  layer 
to  be  patterned  and  a  photoresist  film.  Accord- 
ingly,  light  transmitted  through  the  photoresist 
film  is  decreased  in  intensity  while  passing 
through  the  light  absorbing  film.  Even  if  the  light 
is  reflected  by  the  layer  to  be  patterned  the 
reflected  light  is  decreased  in  intensity  in  the  light 
absorbing  film  again.  Even  if  exposure  light 
becomes  incident  on  the  photoresist  film  again, 
the  reflected  light  can  only  provide  negligible 
effects  on  the  spectral  characteristics  of  the 
photoresist.  Thus,  reflected  light  from  the  layer  to 

10 

15 

1.  A  method  for  patterning  a  layer  (13)  having  a 
20  high  reflectance,  comprising  the  steps  of:  forming 

a  photosensitive  material  film  (14)  over  a  layer 
(13)  having  a  high  reflectance;  irradiating  a 
selected  region  of  said  photosensitive  material 
film  (14)  with  an  exposing  incident  light;  develop- 

25  ing  said  photosensitive  material  film  to  form  a 
first  pattern  (14');  and  selectively  etching  said 
layer  (13)  having  the  high  reflectance  using  said 
first  pattern  (14')  as  a  mask,  wherein  a  light- 
absorbing  film  (21)  is  formed  between  said  high 

30  reflectance  layer  (13)  and  said  photosensitive 
material  film  (14),  said  first  pattern  (14')  is  used  as 
a  mask  to  selectively  etch  said  light-absorbing 
film  (21),  thereby  forming  a  second  pattern  (2V), 
and  said  second  pattern  is  used  as  a  mask  to 

35  selectively  etch  said  high  reflectance  layer  (13), 
characterised  in  that  said  light-absorbing  film  (21) 
comprises  at  least  one  light-absorbing  matecial 
selected  from  the  group  consisting  of  silicon 
nitride,  silicon  oxide,  and  aluminum  oxide  which 

40  have  nonstoichiometric  compositions,  and 
amorphous  silicon  and  has  a  ratio  of  transmitted 
light  intensity  to  incident  light  intensity  of  not 
more  than  30%. 

2.  A  method  according  to  claim  1,  characterized 
45  in  that  said  light-absorbing  material  (21)  is  formed 

by  plasma  CVD,  photo-CVD  or  ion  plating. 
3.  A  method  according  to  claim  2,  characterized 

in  that  said  light-absorbing  material  (21)  is  formed 
by  plasma  CVD  in  which  a  degree  of  vacuum  of  an 

so  atmosphere  including  raw  materials  is  controlled 
so  as  to  establish  said  ratio  of  the  transmitted 
light  intensity  to  the  incident  light  intensity. 

4.  A  method  according  to  claim  2,  characterized 
in  that  said  light-absorbing  material  (21)  is  formed 

55  by  plasma  CVD  in  which  a  flow  rate  of  nitrogen 
gas  as  a  carrier  gas  is  controlled  so  as  to  establish 
said  ratio  of  the  transmitted  light  intensity  to  the 
incident  light  intensity. 

5.  A  method  according  to  claim  2,  characterized 
60  in  that  said  light-absorbing  material  (21  )  is  formed 

by  plasma  CVD  in  which  a  high-frequency  power 
is  controlled  so  as  to  establish  said  ratio  of  the 
transmitted  light  intensity  to  the  incident  light 
intensity. 

65  6.  A  method  according  to  any  one  of  the 
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nen  Lichtintensitat  zu  der  auffallenden  Lichtinten- 
sitat  hergestelltwird. 

5.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  dalS  das  lichtabsorbierende  Material  (21) 

5  durch  Plasma-CVD-Verfahren  gebildet  wird,  in 
welchem  eine  Hochfrequenzleistung  derart  kon- 
trolliert  wird,  dafc  das  Verhaltnis  der  durchgelas- 
senen  Lichtintensitat  zu  der  auffallenden  Lichtin- 
tensitat  hergestellt  wird. 

10  6.  Verfahren  nach  einem  der  vorhergehenden 
Anspriiche,  dadurch  gekennzeichnet,  dalS  die 
Schicht  (13)  mit  hohem  Ruckstrahlungsvermogen 
Aluminium,  polykristallines  Silizium,  Wolfram, 
Molybdan  oder  Molybdan-Silizid  enthalt. 

15  7.  Verfahren  nach  einem  der  Anspriiche  1  bis  6, 
dadurch  gekennzeichnet,  dafc  das  photoempfind- 
liche  Material  (14)  ein  positiv  arbeitender  Fotore- 
sist  ist. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  6, 
20  dadurch  gekennzeichnet,  da(5  das  photoempfind- 

liche  Material  (14)  ein  negativ  arbeitender  Fotore- 
sist  ist. 

9.  Verfahren  zur  Herstellung  einer  Halbleitervor- 
richtung  einschlielSend  ein  verfahren  nach  einem 

25  der  vorhergehenden  Anspruche. 

Revendications 

1.  Procede  de  mise  en  forme  d'une  couche  (13) 
30  ayant  un  pourvior  reflecteur  eleve,  consistant:  a 

former  une  pellicule  de  matiere  photosensible 
(14)  sur  une  couche  (13)  ayant  un  pouvoir  reflec- 
teur  eleve;  a  irradier  une  region  selectionnee  de 
ladite  pellicule  de  matiere  photosensible  (14)  avec 

35  de  la  lumiere  incidente  d'exposition;  a  develop- 
per  ladite  pellicule  de  matiere  photosensible  pour 
former  une  premiere  configuration  (14');  et  a 
graver  selectivement  ladite  couche  (13)  ayant  le 
pouvoir  reflecteur  eleve  en  utilisant  ladite  pre- 

40  miere  configuration  (14')  comme  un  masque, 
dans  lequel  une  pellicule  absorbant  la  lumiere 
(21)  est  formee  entre  ladite  couche  de  pouvoir 
reflecteur  eleve  (13)  et  ladite  pellicule  de  matiere 
photosensible  (14),  ladite  premiere  configuration 

45  (14')  etant  utilisee  comme  un  masque  pour  graver 
selectivement  ladite  peHicule  absorbant  la 
lumiere  (21),  formant  ainsi  une  seconde  configu- 
ration  (21  ')  et  ladite  seconde  configuration  etant 
utilisee  comme  un  masque  pour  graver  selective- 

50  ment  ladite  couche  de  pouvoir  reflecteur  eleve 
(13),  caracterise  en  ce  que  ladite  pellicule  absor- 
bant  la  lumiere  (21)  consiste  en  au  moins  une 
matiere  absorbant  la  lumiere  choisie  dans  le 
groupe  comprenant  le  nitrure  de  silicium,  I'oxyde 

55  de  silicium  et  I'oxyde  d'aluminium  qui  ont  des 
compositions  non  steochiometriques  et  le  sili- 
cium  amorphe  et  ayant  un  rapport  d'intensite  de 
lumiere  transmise  a  I'intensite  de  lumiere  inci- 
dente  ne  depassante  pas  30%. 

60  2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  ladite  matiere  absorbant  la  lumiere  (21) 
est  formee  par  CVD  au  plasma,  photo-CVD  ou 
placage  ionique. 

3.  Procede  selon  la  revendication  2,  caracterise 
65  en  ce  que  ladite  matiere  absorbant  la  lumiere  (21  ) 

preceding  claims,  characterized  in  that  said  tayer 
(13)  having  the  high  reflectance  comprises 
aluminum,  polycrystalline  silicon,  tungsten, 
molybdenum  or  molybdenum  silicide. 

7.  A  method  according  to  any  one  of  claims  1  to 
6  characterized  in  that  said  photosensitive 
material  (14)  is  a  positive-working  photoresist. 

8.  A  method  according  to  any  one  of  claims  1  to 
6  characterized  in  that  said  photosensitive 
material  (14)  is  a  negative-working  photoresist. 

9.  A  method  of  manufacturing  a  semiconductor 
device  including  a  method  according  to  any  one 
of  the  preceding  claims. 

Patentanspriiche 

1.  Verfahren  zur  Bildung  eines  Musters  in  einer 
Schicht  (13)  mit  einem  hohen  Ruckstrahlungsver- 
mogen,  welches  die  folgenden  Schritte  enthalt: 
Bilden  eines  photoempfindlichen  Materialfilms 
(14)  iiber  einer  Schicht  (13)  mit  einem  hohen 
Ruckstrahlungsvermogen;  Bestrahlen  eines  aus- 
gewahlten  Bereichs  des  photoempfindlichen 
Materialfilms  (14)  mit  einem  belichtenden  auffal- 
lenden  Licht;  Entwickeln  des  photoempfindlichen 
Materialfilms,  urn  ein  erstes  Muster  (14')  zu  bil- 
den;  und  selektives  Atzen  der  Schicht  (13)  mit 
hohem  Ruckstrahlungsvermogen  unter  Verwen- 
dung  des  ersten  Musters  (14')  als  eine  Maske, 
wodurch  ein  lichtabsorbierender  Film  (21) 
zwischen  der  Schicht  (13)  mit  hohem  Ruckstrah- 
lungsvermogen  und  dem  photoempfindlichen 
Materialfilm  (14)  gebildet  wird,  und  das  Muster 
(14')  als  eine  Maske  verwendet  wird,  urn  den 
lichtabsorbierenden  Film  (21)  selektiv  zu  atzen, 
wodurch  ein  zweites  Muster  (21')  gebildet  wird, 
und  das  zweite  Muster  als  eine  Maske  verwendet 
wird,  urn  die  Schicht  (13)  mit  hohem  Ruckstrah- 
lungsvermogen  selektiv  zu  atzen,  dadurch 
gekennzeichnet,  dalS  der  lichtabsorbierende  Film 
(21)  wenigstens  ein  lichtabsorbierendes  Material 
enthalt,  das  aus  der  Gruppe  bestehend  aus  Sili- 
ziumnitrid,  Siliziumoxid  und  Aluminiumoxid,  die 
nichtstoichiometrische  Zusammensetzungen  auf- 
weisen,  und  amorphem  Silizium  ausgewahlt  ist, 
und  ein  Verhaltnis  von  durchgelassener  Lichtin- 
tensitat  zu  auffallender  Lichtintensitat  nicht  gro- 
Ber  als  30%  aufweist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da(3  das  lichtabsorbierende  Material  (21) 
durch  Plasma-CVD,  Photo-CVD  oder  lonenimplat- 
tieren  gebildet  wird. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  das  lichtabsorbierende  Material  (21) 
durch  Plasma-CVD  gebildet  wird,  in  welchem  eine 
GrolSe  des  Vakuums  einer  Atmosphare,  die  Roh- 
stoffe  enthalt,  derart  kontrolliert  wird,  dafc  das 
Verhaltnis  der  durchgelassenen  Lichtintensitat  zu 
der  auffallenden  Lichtintensitat  hergestellt  wird. 

4.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  das  lichtabsorbierende  Material  (21) 
durch  Plasma-CVD-Verfahren  gebildet  wird,  in 
welchem  eine  StromungsgroBe  von  als  ein  Tra- 
gergas  dienendem  Stickstoffgas  derart  kontrol- 
liert  wird,  daB  das  Verhaltnis  der  durchgelasse- 
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6.  Procede  selon  I'une  quelconque  des 
revendications  precedentes,  caracterise  en  ce 
que  ladite  couche  (13)  ayant  le  pouvoir  reflec- 
teur  eleve  consiste  en  de  I'aluminium,  du  sili- 
cium  polycrystallin,  du  tungstene,  du  molyb- 
dene  ou  du  siiiciure  de  molybdene. 

7.  Procede  selon  I'une  quelconque  des 
revendications  1  a  6,  caracterise  en  ce  que 
ladite  matiere  photosensible  (14)  est  une 
matiere  photosensible  positive. 

8.  Procede  selon  I'une  quelconque  des 
revendications  1  a  6,  caracterise  en  ce  que 
ladite  matiere  photosensible  (14)  est  une 
matiere  photosensible  negative. 

9.  Procede  de  fabrication  d'un  dispositif 
semi-conducteur  comprenant  un  procede  selon 
I'une  quelconque  des  revendications  prece- 
dentes. 

est  formee  par  CVD  au  plasma,  dans  lequel  un 
degre  de  vide  d'une  atmosphere  contenant  des 
matieres  brute  est  controle  de  maniere  a  eta- 
blir  ledit  rapport  entre  I'intensite  de  la  lumiere 
transmise  et  I'intensite  de  la  lumiere  incidente. 

4.  Procede  selon  la  revendication  2,  caracte- 
rise  en  ce  que  ladite  matiere  absorbant  la 
lumiere  (21)  est  formee  par  CVD  au  plasma, 
dans  lequel  le  debit  d'azote  comme  gaz  vehi- 
cule  est  controle  de  maniere  a  etablir  ledit  rap- 
port  entre  I'intensite  de  la  lumiere  transmise  et 
I'intensite  de  la  lumiere  incidente. 

5.  Procede  selon  la  revendication  2,  caracte- 
rise  en  ce  que  ladite  matiere  absorbant  la 
lumiere  (21)  est  formee  par  CVD  au  plasma, 
dans  lequel  la  puissance  a  haute  frequence  est 
controlee  afin  d'etablir  ledit  rapport  entre  I'in- 
tensite  de  la  lumiere  transmise  et  I'intensite  de 
la  lumiere  incidente. 
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