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)escription 

Jackground  of  the  Invention 
:ield  of  the  Invention 

The  present  invention  relates  to  a  mask  (X-ray 
nask)  employed  in  the  X-ray  lithography  and 
nore  particularly  to  an  X-ray  mask  making  it 
>ossible  to  form  a  minute  pattern  having  a  high 
:ontrast  and  suitable  especially  for  the  manufac- 
ure  of  various  semiconductor  devices  having  a 
ligh  density  of  integrated  circuits. 

description  of  the  Prior  Art 
As  is  generally  known,  the  X-ray  lithography  is 

i  technique  to  replicate  a  pattern  onto  an  object  to 
je  processed  by  selectively  irradiating  the  object 
with  X-rays  through  an  X-ray  mask. 

The  X-ray  mask  generally  has  such  a  cross- 
sectional  structure  as  shown  in  Fig.  1  and  includes 
3  membrane  2  having  a  high  permeability  to  X- 
ays  and  secured  by  a  ring-shaped  support  frame 
I  (usually  made  of  Si),  and  a  mask  pattern  3 
tormed  on  the  membrane  2  and  made  of  a 
naterial  having  a  low  permeability  to  X-rays,  i.e., 
j  high  linear  absorption  coefficient. 

An  object  to  be  processed  is  placed  on  one  side 
of  the  X-ray  mask,  and  X-rays  are  applied  from 
the  other  side.  Thereby,  a  pattern  having  a  shape 
corresponding  to  the  mask  pattern  3  is  replicated 
onto  the  object. 

To  form  the  membrane  2  of  the  X-ray  mask,  it  is 
possible  to  employ  a  large  variety  of  organic  or 
inorganic  materials,  e.g.,  polyimide,  Si,  BN,  Si3N4 
or  Si02.  In  addition,  it  is  possible  to  employ  a 
single-layer  or  laminated  membrane  made  of  one 
or  more  of  these  materials. 

In  "IBM  Technical  Disclosure  Bulletin  10  (Janu- 
ary  1968),  11  26  to  1127",  a  method  for  fabricating 
metal  masks  is  disclosed  which  can  be  used  in  the 
photoresist  processing  of  electronic  components. 
According  to  this  method,  the  metal  layer  is 
applied  on  a  film  of  photoresist  adhesive  paste 
covering  a  glass  substrate  said  metal  masks 
consisting  of  a  copper  layer  electroless  deposited 
and  a  nickel  layer  applied  by  electro-plating. 
Consequently,  the  metal  mask  consists  of  two 
layers  similar  in  thickness. 

In  US—  PS  3,443,915,  there  has  been  disclosed 
an  optical  mask  and  a  method  for  its  fabrication 
wherein  a  support  member  is  covered  with  a 
continuous  layer  of  a  conductive  material  which 
consists  of  one  of  the  metals  chromium,  tantalum 
or  titanium,  optionally  plated  with  an  additional 
layer  of  gold,  nickel  or  copper  to  improve  the 
adherence  and  continuity  of  the  plated  metal  of 
the  subsequent  nickel,  copper  or  chromium  layer 
to  form  the  mask  pattern.  The  layer  of  continuous 
conductive  material,  however,  has  been  demon- 
strated  to  influence  the  throwing  power  of  the 
mask  and  therefore  to  be  disadvantageous  for  the 
intended  purposes. 

On  the  other  hand,  as  the  material  for  the  mask 
pattern  3,  Au  (gold)  is  generally  employed. 

The  reasons  for  employing  Au  are  that  Au  has  a 
high  linear  absorption  coefficient  (a  low  permea- 

bility)  with  respect  to  x-rays,  tnat  au  is  cnemicany 
stable  and  long  in  life  and  that  it  is  easy  to  form  a 
film  from  Au  by  vacuum  deposition  or  plating. 

Since  Au  is  expensive,  however,  the  X-ray  mask 
;  employing  the  same  in  inevitably  expensive, 

which  constitutes  a  serious  obstacle  to  a  wider 
application  of  the  X-ray  lithography  to  manufac- 
ture  of  semiconductor  devices. 

o  Summary  of  the  Invention 
Accordingly,  a  primary  object  of  the  invention  is 

to  provide  an  X-ray  mask  which  is  low  in  cost 
while  having  the  above-mentioned  advantages  of 
the  mask  pattern  made  of  Au,  thereby  to  solve  the 

'5  above-mentioned  problem  of  the  prior  art. 
To  this  end,  according  to  the  invention,  there  is 

provided  an  X-ray  mask  having  a  membrane  of  an 
X-ray  transmitting  material  formed  on  an  annular 
support  frame,  and  a  mask  pattern  of  an  X-ray 

>o  absorbing  material  formed  on  said  membrane, 
said  mask  being  characterized  by  that  said  mask 
pattern  is  a  laminated  film  constituted  by  a  nickel 
film  and  a  thin  film  formed  from  another  metallic 
material,  the  thickness  of  said  nickel  film  being  at 

is  least  ten  times  greater  than  the  thickness  of  said 
thin  film. 

Brief  Description  of  the  Drawings 
Fig.  1  shows  an  example  of  a  cross-sectional 

?o  structure  of  an  X-ray  mask; 
Fig.  2  is  a  chart  showing  the  dependence  of  the 

linear  absorption  coefficient  of  several  kinds  of 
metal  on  wavelength;  and 

Figs.  3  to  6  are  curves  for  describing  effects  of 
35  the  invention. 

Detailed  Description  of  the  Preferred  Embodi- 
ments 

The  wavelength  of  X-rays  employed  in  the  X- 
40  ray  lithography  is  desirable  to  be  shorter  for 

improving  the  penetrability  thereof  through  the 
membrane  of  an  X-ray  mask,  while  the 
wavelength  is  desirable  to  be  longer  for  increas- 
ing  the  absorption  of  the  X-rays  by  the  mask 

45  pattern  3  and  an  X-ray  resist. 
For  answering  both  the  above-mentioned  pur- 

poses,  the  wavelength  of  the  X-rays  employed  is 
generally  selected  within  a  region  from  several 
tenths  of  nm  to  several  nm.  The  linear  absorption 

so  coefficients  of  several  metals  with  respect  to  X- 
rays  having  wavelengths  within  the  region  were 
measured  to  obtain  the  results  shown  in  Fig.  2. 

As  will  be  clear  from  Fig.  2,  the  wavelength- 
linear  absorption  characteristic  of  W  is  close  to 

55  that  of  Au.  From  this  point  of  view,  W  can  be 
employed  for  the  mask  pattern  of  the  X-ray  mask 
in  place  of  Au. 

However,  the  W  film  formed  by  evaporation 
disadvantageously  has  an  extremely  large  resi- 

60  dual  stress.  In  addition,  there  is  no  practical 
plating  method  for  forming  a  W  film. 

Mo  shows  a  higher  linear  absorption  coefficient 
than  Ni,  Cr  and  Ti  in  the  wavelength  region  below 
about  0.5  nm.  Mo,  however,  has  a  noticeable 

65  absorption  edge  near  a  wavelength  of  0.5  nm,  and 

3 
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he  linear  absorption  coefficient  of  Mo  in  the 
wavelength  region  larger  than  about  0.5  nm  is 
mailer  than  that  of  Ni  and  Cr.  Therefore,  Mo  is 
lot  very  advantageous  for  the  whole  wavelength 
egion  employed  in  the  X-ray  lithography. 

On  the  other  hand,  Ni  has  no  absorption  edge  in 
i  wavelength  region  from  0.15  to  1.2  nm  and  still 
las  a  linear  absorption  coefficient  equal  to  that  of 
û  and  W  in  a  wavelength  region  from  about  0.6 

0  about  1.3  nm. 
In  addition,  Ni  is,  as  a  matter  of  course,  easily 

ormed  by  evaporation,  and  it  is  possible  to  form 
1  film  more  easily  than  the  case  of  Au  by  employ- 
ng  plating  also.  In  other  words,  it  is  difficult  to 
orm  an  Au'film  by  electroless  plating,  and  it  is 
lecessary  to  deposit  a  ground  metal  film 
jeforehand  in  such  a  case.  In  the  case  of  Ni, 
lowever,  it  is  easy  to  form  a  film  by  electroless 
dating  without  any  ground  metal  film. 

Moreover,  since  a  fine  oxide  layer  is  formed  on 
he  surface  simply  by  exposing  Ni  to  an  ordinary 
atmosphere,  such  as  air  and  the  like,  the  mask 
sattern  made  of  Ni  is  chemically  stable  and  long 
n  life.  Thus,  it  has  been  made  clear  that  Ni  has 
nany  advantages  as  an  X-ray  mask  material. 

It  is  needless  to  say  that  the  price  of  Ni  is  far 
ower  than  that  of  Au.  Therefore,  if  an  Ni  film  is 
smployed  as  a  mask  pattern,  it  is  possible  to  form 
an  X-ray  mask  much  more  useful  than  the  con- 
ventional  X-ray  masks. 

It  is  to  be  noted  that  the  absorption  edge 
wavelengths  of  Ni  are  1.222  nm,  1.42  nm,  1.45  nm 
and  so  forth,  while  the  absorption  edge 
wavelengths  of  Au  are  0.3936  nm,  0.4518  nm, 
0.5374  nm,  and  so  forth. 

Accordingly,  the  wavelength  region  where  the 
linear  absorption  coefficients  of  Au  and  Ni  are 
equal  to  each  other  is  precisely  from  0.5374  to 
1.22  nm. 

Example  1 
A  plurality  of  Si  wafers  each  having  one  ground 

surface  were  prepared,  and  the  following  four 
kinds  of  substrates  were  formed:  (1)  a  substrate 
having  a  polyimide  film  of  2  urn  thickness 
depdsited  on  the  Si  wafer  ground  surface;  (2)  a 
substrate  having  an  Si3N4film  of  0.1  urn  thickness 
formed  on  the  Si  wafer  ground  surface  and  a 
polycrystalline  Si  film  of  1  urn  thickness  lami- 
nated  thereon;  (3)  a  substrate  having  an  Si3N4 
film  of  0.1  urn  thickness  formed  on  the  Si  wafer 
ground  surface  and  a  BN  film  of  2  urn  thickness 
laminated  thereon  by  CVD  (Chemical  Vapor 
Deposition);  and  (4)  a  substrate  having  a  BN  film 
of  2  urn  thickness  formed  on  the  Si  wafer  ground 
surface. 

A  resist  film  having  a  thickness  of  2  urn  was 
applied  to  the  whole  surface  of  each  of  the 
substrates,  and  a  resist  pattern  of  0.5  um  in  lower 
limit  was  formed  by  known  1/10  reducing  projec- 
tion  method  and  electron  beam  lithography.  It  is 
to  be  noted  that  the  reverse  side  of  each  substrate 
was  covered  with  the  above-mentioned  resist  film 
so  that  the  Si  surface  would  not  be  exposed. 

Next,  the  substrate  surfaces  were  activated  by  a 

mixed  soluton  or  tin  cnionae  ana  panaaium 
chloride.  After  rinsing,  the  substrates  were  dipped 
in  an  electroless  plating  solution  having  nickel 
sulfate  and  sodium  citrate  as  principal  com- 

j  ponents  to  carry  out  plating  under  80°C  ±  10°C.  It 
is  to  be  noted  that  ammonium  sulfate  and  sodium 
hydrogenhypophosphite  were  added  to  the  plat- 
ing  solution  in  order  to  control  the  pH  thereof. 

An  Ni  film  was  formed  on  the  whole  surface  of 
o  each  substrate  by  electroless  plating  treatment. 

The  film  thickness  of  the  Ni  film  obtained  can  be 
controlled  so  as  to  be  a  desired  value  by  varying 
the  plating  time.  For  example,  if  plating  is  carried 
out  for  30  minutes  to  two  hours,  then  the  Ni  film 

s  thickness  can  be  controlled  in  a  range  between 
0.5  and  1.5  um. 

If  the  resist  pattern,  together  with  the  Ni  film 
deposited  thereon,  is  removed,  the  Ni  film 
deposited  directly  on  the  Si  wafer  surface  is  left. 

>.o  As  a  result,  a  mask  pattern  constituted  by  the  Ni 
film  is  formed. 

When  the  Si  wafer  is  selectively  etched  from  the 
reverse  side  thereof  to  remove  Si  on  a  desired 
portion,  an  X-ray  mask  is  formed  which  has  the 

is  support  frame  1  constituted  by  the  remaining  Si 
wafer,  the  membrane  2  and  the  mask  pattern  3 
constituted  by  the  Ni  film,  as  shown  in  Fig.  1  in 
cross  section. 

In  this  example,  four  kinds  of  membranes  were 
30  formed  as  the  membrane  2,  as  mentioned  above, 

and  mask  patterns  constituted  by  the  Ni  films 
were  formed  on  these  membranes.  It  was  poss- 
ible  to  form  the  mask  patterns  without  any 
problem. 

35  In  addition,  although  the  Ni  films  were  formed 
by  what  is  called  lift-off  method  in  this  example, 
methods  other  than  the  lift-off  method  are  avail- 
able. 

More  specifically,  if  the  resist  pattern  is  formed 
40  after  the  surface  of  the  membrane  deposited  on 

the  Si  wafer  is  activated,  the  resist  pattern  is  not 
activated. 

Therefore,  if  the  electroless  plating  is  carried 
out  under  this  state,  Ni  will  not  be  deposited  on 

45  the'  resist  pattern,  but  Ni  will  selectively  be 
deposited  on  the  exposed  surface  of  the  mem- 
brane  to  form  a  mask  pattern. 

Thus,  a  mark  pattern  is  formed  with  a  higher 
accuracy  than  that  in  case  of  forming  the  mask 

50  pattern  by  the  lift-off  method. 
The  formation  of  a  mask  pattern  by  electroless 

plating  has  no  need  of  providing  a  ground  con- 
ductor  layer  under  the  Ni  film.  Therefore,  the 
throwing  power  is  excellent,  and  the  residual 

55  stress  of  the  obtained  film  is  small.  In  addition, 
the  dimensional  accuracy  is  high.  Accordingly,  it 
is  possible  to  form  an  extremely  excellent  X-ray 
mask. 

It  is  to  be  noted  that  in  the  case  where  the  mask 
so  pattern  is  formed  from  not  Ni  solely  but  a  plurality 

of  materials  having  Ni  as  a  principal  component, 
it  is  only  necessary  to  dissolve  these  materials 
into  the  plating  solution  beforehand. 

For  example,  in  case  of  forming  an  Ni-W  mask 
65  pattern,  it  can  be  formed  simply  by  dissolving  a 

4 
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esired  amount  of  sodium  tungstate  into  an 
lectroless  plating  solution  including  nickel  sul- 
ate. 

Example  2 
A  plurality  of  X-ray  masks  were  formed  accord- 

ig  to  the  method  shown  in  Example  1,  which 
nasks  have  polyimide  films  of  2  um  thickness  as 
nembranes  formed  on  one  surface  of  respective 
li  wafers  and  mask  patterns,  formed  thereon, 
onstituted  by  Ni  films  different  in  thickness  from 
iach  other. 
Through  these  X-ray  masks,  resist 

PMM  A:  Poly-Methyl  Methacrylate)  films  dis- 
losed  at  the  rear  of  the  respective  X-ray  masks 
vere  irradiated  with  Al-K  rays  having  a 
vavelength  of  0.834  nm  and  then  developed.  The 
emaining  thickness  ratio  (the  ratio  in  thickness 
>etween  the  remaining  resist  film  on  the  portion 
ihielded  by  the  Ni  film  and  the  remaining  resist 
ilm  on  the  portion  not  shielded)  of  each  resist 
>attem  obtained  was  measured  to  obtain  the 
esults  shown  in  Fig.  3. 

For  comparison,  the  result  obtained  in  case  of 
imploying  an  Au  film  of  0.6  um  thickness  in  place 
)f  the  Ni  film  is  also  shown  by  a  broken  line. 

As  will  be  obvious  from  Fig.  3,  as  the  Ni  film 
hickness  becomes  larger,  the  remaining  thick- 
less  ratio  of  the  resist  pattern  obtained  becomes 
arger,  so  that  the  contrast  is  improved.  More- 
aver,  if  the  film  thicknesses  are  the  same,  Ni 
nakes  it  possible  to  obtain  a  contrast  sub- 
stantially  equal  to  that  in  the  case  of  Au.  There- 
:ore,  it  has  been  confirmed  that  Ni  can  satis- 
:actorily  be  employed  instead  of  Au,  which  is 
ligher  in  price  than  Ni. 

Example  3 
It  is  also  possible  to  obtain  a  high  contrast 

similar  to  that  in  the  case  where  Ni  is  solely 
employed,  as  shown  in  Example  2,  by  employing 
an  intermetallic  compound  having  Ni  as  a  princi- 
pal  component. 

Resist  patterns  were  formed  by  employing 
mask  patterns  constituted  by  Ni3Sn,  TiNi3  and 
WNi4  films  of  0.6  um  thickness,  respectively,  in  a 
manner  similar  to  that  of  Example  2.  The  remain- 
ing  thickness  ratio  of  each  resist  pattern  after 
development  was  measured  to  obtain  the  results 
shown  in  Fig.  4.  For  comparison,  the  result 
obtained  in  case  of  employing  an  Ni  film  equal  in 
film  thickness  to  the  above  is  also  shown  in  Fig.  4. 

Since  the  mass  absorption  coefficient  of  Sn 
with  respect  to  Al-K  rays  is  small,  the  contrast 
obtained  when  Ni3Sn  is  employed  is  lower  than 
the  contrasts  obtained  when  other  intermetallic 
compounds  are  employed.  However,  the  mask 
pattern  formed  from  the  Ni3Sn  has  a  contrast  high 
enough  to  be  put  into  practical  use. 

It  is  a  matter  of  course  that  it  is  possible  to 
obtain  a  similarly  high  contrast  by  not  only 
employing  a  mask  pattern  constituted  by  a  single 
layer  film  made  of  an  intermetallic  compound 
including  Ni  but  also  forming  a  mask  pattern  by 
laminating  other  metal  films  on  the  Ni  film.  In 

addition,  tne  masK  pattern  can  ue  ais>u  pui  muu 
practical  use  if  the  Ni  film  includes  a  small 
amount  of  other  elements,  such  as  cobalt  and  the 
like. 

r 
Example  4 

Fig.  5  shows  the  relationship  between  the  X-ray 
doses  in  the  case  where  Ni  film  patterns  of 
various  thicknesses  are  irradiated  with  a  charac- 

o  teristic  X-ray  having  a  wavelength  of  1.213  nm 
generated  from  the  Ne  gas  plasma  and  the 
remaining  thickness  ratio  of  resists  after  develop- 
ment.  As  will  be  apparent  from  Fig.  5,  it  has  been 
made  known  that  if  an  Ni  film  of  0.4  um  thickness 

5  is  employed,  the  amount  of  the  X-ray  reaching  the 
resist  film  is  decreased  to  substantially  Vs  of  that 
in  case  of  employing  no  Ni  film,  and  it  is  possible 
to  obtain  a  contrast  of  5. 

o  Example  5 
One  problem  concerning  the  mask  in  the  semi- 

conductor  lithographic  process  is  the  mask  defect 
density.  One  of  the  main  factors  in  the  mask 
defect  is  the  attachment  of  dust  to  the  mask,  and 

5  the  dust  is  generally  removed  by  spraying  an 
organic  solvent  of  conducting  an  ultrasonic  clean- 
ing  in  an  organic  solvent. 

In  the  X-ray  mask,  the  corrosion  of  the  mask 
pattern  due  to  the  organic  solvent  cleaning  and 

to  the  exfoliation  of  the  mask  pattern  due  to  the 
corrosion  may  increase  the  mask  defect,  resulting 
in  the  reduction  of  the  mask  life.  Fig.  6  shows  the 
results  of  investigation  of  the  relationship 
between  the  numbers  of  cleaning  treatment  and 

is  the  mask  defect  density  in  the  case  where  as  the 
cleaning  organic  solvents,  Tricrene,  acetone  and 
alcohol  are  employed,  and  an  ultrasonic  cleaning 
is  carried  out  for  each  solvent  for  five  minutes, 
and  thereafter,  the  mask  patterns  are  dried  in  an 

to  N2  atmosphere  of  1  50°C  for  ten  minutes.  From  the 
results,  the  following  has  been  found.  Namely, 
when  Ni  is  solely  employed  as  a  mask  pattern 
forming  material,  as  compared  with  the  mask 
employing  Au,  the  defect  density  increases  when 

45  the  number  of  times  of  cleaning  treatment  is 
above  50.  However,  even  when  the  number  of 
times  of  cleaning  treatment  is  100,  the  defect 
density  is  only  on  the  order  of  0.05  defects/cm2, 
which  shows  that  the  Ni  film  pattern  can  suffi- 

50  ciently  be  put  into  practical  use.  In  addition,  if  an 
Au  film  having  a  thickness  of  50  nm  is  deposited 
on  the  upper  and  side  surfaces  of  the  Ni  film 
pattern,  it  can  have  a  life  equal  to  that  of  a  mask 
pattern  formed  from  Au  solely,  as  shown  in  Fig.  6. 

55 
Example  6 

According  to  the  method  shown  in  Example  1,  a 
resist  film  was  formed  all  over  the  polyimide  film 
formed  on  each  of  Si  wafers,  and  a  resist  pattern 

60  was  formed  in  the  same  manner  as  that  in 
Example  1  after  the  surface  of  the  resist  film  was 
made  hydrophobic. 

Then,  the  substrate  surface  was  activated  in  the 
same  manner  as  in  Example  1.  Since  the  resist 

65  surface  was  hydrophobic  as  mentioned  above. 
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lowever,  the  resist  surface  was  not  activated, 
Dut  only  the  exposed  surface  of  the  polyimide 
Um  was  activated. 

Therefore,  when  electroless  plating  of  Ni  was 
:arried  out  under  this  state,  the  Ni  was  selec- 
:ively  deposited  on  the  surface  of  the  activated 
solyimide  film  but  was  not  deposited  on  the 
■esist  film,  so  that  a  mask  pattern  was  formed 
without  employing  the  lift-off  method. 

Although  various  methods  are  available  for 
naking  the  resist  hydrophobic,  such  a  method 
■nay  be  employed  that  a  resist  conventionally 
amployed,  e.g.,  a  positive-type  novolak  resist 
[trade  name:  AZ1350J,  made  by  Shippley)  is 
applied  and  then  brought  into  contact  with  a 
olasma  including  F,  such  as  CF4  and  the  like. 

If  a  resist  having  a  hydrophobic  nature  in  itself 
is  employed,  as  a  matter  of  course,  the  resist  can 
be  used  as  it  is,  without  any  need  for  such  a 
treatment  for  making  the  resist  hydrophobic. 

The  film  thickness  range  of  the  mask  patterns 
capable  of  being  used  in  the  invention,  needless 
to  say,  differs  depending  on  the  wavelength  and 
energy  of  the  X-rays  employed.  It  is,  however, 
preferable  that  the  film  thickness  of  the  mask 
patterns  formed  from  Ni  films  should  be  within  a 
range  between  about  0.4  and  about  2  um  under 
conditions  generally  employed.  A  mask  pattern 
film  thickness  smaller  than  about  0.4  um  lowers 
the  contrast  to  make  it  difficult  to  form  an  excel- 
lent  resist  pattern.  On  the  other  hand,  a  mask 
pattern  film  thickness  larger  than  about  2  um 
makes  it  difficult  to  highly  accurately  form  a 
mask  pattern  having  an  excellent  cross-sectional 
configuration  in  the  case  where  the  pattern  width 
dimension  is  in  the  submicron  region,  for 
example. 

In  the  case  where  a  mask  pattern  is  constituted 
by  a  single-layer  film  made  of  an  intermetallic 
compound  including  Ni  or  a  laminated  film  of  an 
Ni  film  and  other  materials,  it  is  only  required  to 
correct  the  film  thickness  range  in  the  case  of  an 
Ni  film  only  according  to  the  Ni  content  of  the 
mask  pattern  and  the  X-ray  absorption 
coefficient  of  other  material  employed. 

Although  the  membrane  is,  as  a  matter  of 
course,  required  to  have  a  mechanical  strength 
sufficient  for  stably  holding  the  mask  pattern 
formed  thereon,  if  the  film  thickness  of  the  mem- 
brane  is  excessively  large,  the  amount  of  trans- 
mitted  X-rays  is  decreased  to  make  the  X-ray 
exposure  duration  longer. 

For  this  reason,  the  film  thickness  of  the  mem- 
brane  is  selected  to  fall  between  about  2  and 
about  10  um,  although  the  range  slightly  differs 
depending  on  the  material  for  the  membrane. 

As  will  be  fully  understood  from  the  foregoing 
description,  the  X-ray  mask  in  accordance  with 
the  invention  is  much  lower  in  price  than  the 
conventional  X-ray  mask  employing  an  Au  film 
as  a  mask  pattern  for  absorbing  X-rays,  and  it 
can  obtain  a  contrast  substantially  equal  to  that 
obtained  by  the  conventional  X-ray  mask  with 
respect  to  X-rays  having  wavelengths  of  about 
0.5  to  about  1.3  nm. 

In  addition,  the  life  of  the  mask  tram  tne 
viewpoint  of  the  defect  density  is  satisfactory  in 
practical  use.  Moreover,  although  it  is  difficult  to 
form  a  mask  pattern  from  Au  by  employing 

5  electroless  plating,  it  is  easy  to  form  a  mask 
pattern  from  Ni  by  electroless  plating,  so  that  a 
mask  pattern  constituted  by  an  Ni  film  can  easily 
be  formed  with  an  extremely  high  accuracy. 

to  Claims 

1.  An  X-ray  mask  having  a  membrane  (2)  of  an 
X-ray  transmitting  material  formed  on  an  annular 
support  frame  (1),  and  a  mask  pattern  (3)  of  an  X- 

15  ray  absorbing  material  formed  on  said  mem- 
brane  (2)  characterized  in  that  said  mask  pattern 
(3)  is  a  laminated  film  constituted  by  a  nickel  film 
and  a  thin  film  formed  from  another  metallic 
material,  the  thickness  of  said  nickel  film  being  at 

20  least  ten  times  greater  than  the  thickness  of  said 
thin  film. 

2.  The  X-ray  mask  of  claim  1,  characterised  in 
that  said  laminated  film  is  resistant  to  cleaning 
by  or  in  organic  solvents. 

25  3.  The  X-ray  mask  of  claims  1  or  2,  charac- 
terised  in  that  said  laminated  film  is  constituted 
by  a  nickel  film  and  a  gold  film,  the  latter  being 
coated  on  said  nickel  film. 

4.  The  X-ray  mask  of  any  of  claims  1  to  3, 
30  wherein  said  membrane  (2)  is  a  single-layer  or 

laminated  film  formed  from  at  least  one  kind  of 
material  selected  from  the  group  consisting  of 
polyimide.  Si,  Si02,  BN  and  Si3N4. 

5.  The  X-ray  mask  of  any  of  claims  1  to  4, 
35  wherein  said  support  frame  (1)  is  made  of  sili- 

con. 

Patentanspriiche 

40  1.  Rontgenstrahlen-Maske  mit  einer  an  einem 
ringformigen  Tragrahmen  (1)  ausgebildeten 
Membran  (2)  aus  Rontgenstrahlen  transmittie- 
rendem  Material  und  einem  auf  der  Membran  (2) 
ausgebildeten  Maskenmuster  (3)  aus  einem 

45  Rontgenstrahlen  absorbierenden  Material, 
dadurch  gekennzeichnet,  daft  das  Maskenmuster 
(3)  ein  geschichteter  Film  ist,  der  von  einem 
Nickelfilm  und  einem  aus  einem  weiteren  metal- 
lischen  Material  bestehenden  dunnen  Film  gebil- 

50  det  ist,  wobei  die  Dicke  des  Nickelfilms  minde- 
stens  zehn  Mai  groBer  ist  als  die  des  dunnen 
Films. 

2.  Rontgenstrahlen-Maske  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daft  der  geschichtete 

55  Film  hinsichtlich  Reinigung  mittels  oder  in  orga- 
nischen  Losungsmitteln  bestandig  ist. 

3.  Rontgenstrahlen-Maske  nach  Anspruch  1 
oder  2,  dadurch  gekennzeichnet,  daft  der 
geschichtete  Film  von  einem  Nickelfilm  und 

60  einem  Goldfilm  gebildet  ist,  wobei  der  letztere 
auf  den  Nickelfilm  anfgetragen  ist. 

4.  Rontgenstrahlen-Maske  nach  einem  der 
Anspruche  1  bis  3,  wobei  die  Membran  (2)  ein 
einschichtiger  oder  geschichteter  Film  ist,  der 

65  aus  mindestens  einer  Materialart  der  Gruppe 

6 
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>lyimid.  Si,  Si02,  BN  und  S3l\l4  geouoet  ist. 
5.  Rontgenstrahlen-Maske  nach  einem  der 
nspruche  1  bis  4,  wobei  derTragrahmen  (1)  aus 
lizium  besteht. 

5 
svendications 

1.  Masque  pour  rayons  X  possedant  une  mem- 
•ane  (2)  en  un  materiau  transmettant  les  rayons 
realisee  sur  un  cadre  support  annulaire  (1),  et  10 

ri  motif  de  masque  (3)  en  un  materiau  absorbant 
s  rayons  X  realise  sur  ladite  membrane  (2), 
jracterise  en  ce  que  ledit  motif  de  masque  (3)  est 
n  film  feuillete  constitue  d'une  pellicule  de  nickel 
t  d'une  pellicule  mince  realisee  a  partir  d'un  15 
Litre  materiau  metallique,  I'epaisseur  de  ladite 
ellicule  de  nickel  etant  au  moins  dix  fois  supe- 
eure  a  I'epaisseur  de  ladite  pellicule  mince. 

i..  masque  puui  iayui»/\  ■  ■  ~  ■  ~-  ■  — 
caracterise  en  ce  que  ledit  film  feuillete  resiste  a 
i  nettoyage  par  ou  dans  des  solvants  organi- 
jes. 
3.  Masque  pour  rayons  X  selon  la  revendication 
ou  2,  caracterise  en  ce  que  ledit  film  feuillete  est 
institue  d'une  pellicule  de  nickel  et  d'une  pelli- 
jle  d'or,  cette  derniere  etant  deposee  sur  ladite 
Bllicule  de  nickel. 
4.  Masque  pour  rayons  X  selon  I'une  quelcon- 
ue  des  revendications  1  a  3,  dans  lequel  ladite 
lembrane  (2)  est  une  unique  couche  ou  un  film 
luillete  realise  a  partir  d'au  moins  un  type  de 
lateriau  choisi  parmi  le  groupe  consistant  en 
olyimide,  Si,  Si02,  BN  et  Si3N4. 
5.  Masque  pour  rayons  X  selon  I'une  quelcon- 

ue  des  revendications  1  a  4,  dans  lequel  ledit 
3dre  support  (1)  est  realise  en  silicium. 

/ 
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