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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention 

This  invention  relates  to  novel  barbituric  acid  compounds  and  more  particularly  to  such  compounds  which 
are  useful  as  deep  ultraviolet  (DUV)  photoresist  sensitizers,  to  a  general  method  of  synthesis  for  these  sen- 
sitizers,  to  positive  photoresist  compositions  incorporating  said  sensitizers  and  to  the  method  for  providing  posi- 

w  tive  photoresist  layers  which  incorporate  these  sensitizers. 
The  invention  contemplates  the  provision  of  novel  barbituric  compounds,  per  se,  although  the  invention 

will  be  described  primarily  with  reference  to  the  use  of  compounds  of  this  kind  with  reference  to  positive  photo- 
resist  compositions  and  to  the  application  thereof  in  the  manufacture  of  semiconductor  components. 

15  DESCRIPTION  OF  THE  PRIOR  ART 

Photoresists  are  materials  which  change  their  solubility  in  a  developer  solution  after  the  photoresist  has 
been  exposed  to  actinic  radiation,  such  as  to  ultraviolet  radiation.  Photoresist  compositions  comprise  a  photo- 
sensitive  compound  (hereafter  sometimes  called  sensitizer  or  photosensitizer),  a  film  forming  polymeric  resin 

20  and  a  solvent.  There  are  other  types  of  compositions  possible,  such  as  a  photosensitive  polymer  in  an  approp- 
riate  solvent  for  example.  The  photoresist  composition  is  applied  to  a  substrate  which  is  to  be  patterned  and 
the  solvent  is  then  usually  removed,  as  with  heat,  leaving  the  photoresist  as  a  thin  film  covering  the  substrate. 
As  a  consequence  of  the  exposure  to  radiation  of  the  photoresist,  a  different  solubility  rate  results  between  the 
exposed  and  unexposed  (masked  over)  portions  of  a  resist  film  that  yields  a  surface  relief  pattern  after  the 

25  development.  Those  photoresists  which  become  more  soluble  in  a  developer  solution  in  the  exposed  regions 
are  referred  to  as  "positive"  photoresists.  Those  which  become  less  soluble  in  the  exposed  regions  are  referred 
to  as  "negative"  photoresists.  The  present  invention  deals  with  a  class  of  those  compounds  suitable  for  use  in 
positive  photoresist  compositions. 

Positive  photoresists  typically  comprise  an  aqueous  alkali  soluble  resin,  such  as  novolac  resin  or 
30  poly(p-hydroxystyrene),  and  a  diazonaphthoquinone  sulfonic  acid  ester  sensitizer.  The  resin  and  sensitizer  are 

applied  such  as  by  spin  coating,  spray  coating,  or  other  suitable  means  from  an  organic  solvent  or  solvent  mixt- 
ure  onto  a  substrate,  such  as  a  silicon  wafer  or  a  chrome-plated  glass  plate.  The  developer  used  to  process 
the  positive  photoresists  are  aqueous  alkaline  solutions,  such  as  sodium  metasilicate,  potassium  hydroxide, 
tetramethyl  ammonium  hydroxide  and  ammonium  hydroxide.  The  developer  removes  the  areas  of  the  coated 

35  photoresist  film  that  have  been  exposed  to  light  or  other  form  of  irradiation  so  as  to  produce  a  relief  pattern  in 
the  photoresist  film. 

The  application  of  a  photosensitive  film  to  various  substrates  is  an  essential  step  in  the  fabrication  of  inte- 
grated  circuits.  The  substrates  are  generally  silicon  wafers  which  may  have  a  thin  oxide  coating  or  other  coating 
such  as  silicon  nitride  or  aluminum.  The  photosensitive  film  is  used  to  pattern  the  substrate  in  a  series  of  steps 

40  including  exposure  (through  a  mask  pattern),  development  to  yield  a  relief  pattern  in  the  resist  layer  and  sub- 
strate  etch  to  transfer  that  pattern  into  the  substrate  material.  It  is  essential  that  the  mask  pattern  be  accurately 
reproduced  in  the  substrate  etch  pattern.  To  achieve  this  high  degree  of  accuracy,  the  mask  pattern  must  be 
well  resolved  by  the  photoresist  layer.  The  laws  of  optics  and  diffraction  dictate  that  resolution  will  improve  as 
the  wavelength  of  the  irradiation  is  shortened.  Thus,  photoresists  capable  of  operating  in  the  deep  ultraviolet 

45  (DUV)  region  (200-300nm)  will  be  capable  of  higher  potential  resolution  than  those  resists  limited  to  operating 
in  the  near  ultraviolet  (NUV)  region  (300-400nm).  Conventional  photoresists  employing  novolac  resins  as  the 
alkali  soluble,  film  forming  polymers  are  highly  absorbing  in  the  DUV  region  in  films  of  approximately  one  micron 
thickness  and  so  cannot  be  used  in  that  region.  Diazonaphthoquinone  sulfonic  acid  esters  are  commonly  used 
as  sensitizers  in  conventional  NUV  photoresists.  While  these  ester  sensitizers  are  photoactive  in  the  DUV,  they 

so  exhibit  several  serious  limitations  for  use  as  DUV  photosensitizers.  These  sensitizers  exhibit  intense  absorp- 
tions  in  the  DUV  region,  making  the  resist  composition  excessively  absorptive  as  well.  These  DUV  absorptions 
are  also  poorly  photobleached  by  the  exposing  radiation  so  that  the  film's  absorbance  is  not  greatly  diminished 
during  the  irradiation  process.  Ideally,  the  sensitizer  photoproduct  should  be  nonabsorbing  in  the  region  of 
irradiation  used  to  expose  the  resist  so  that  all  absorbed  light  does  useful  chemistry,  thereby  maximizing  sen- 

55  sitivity.  These  prior  art  sensitizers  also  possess  NUV  absorption  bands  which  allow  them  to  be  used  in  con- 
ventional  NUV  photoresists.  However,  this  NUV  response  would  be  considered  a  drawback  in  a  true  DUV  resist, 
as  it  would  necessitate  filtering  the  exposure  source  to  remove  long  wavelength  radiation  to  prevent  degra- 
dation  of  the  resolution. 
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Accordingly,  it  is  apparent  that  a  need  exists  for  new  photosensitive  compounds  and  for  formulations  which 
contain  sensitizers  designed  specifically  to  operate  effectively  in  the  DUV  spectral  region  during  the  process 
of  integrated  circuit  manufacture.  ,The  present  invention  discloses  a  class  of  compounds  which  is  especially 
well  suited  to  perform  in  the  desired  region. 

5  Other  attempts  have  been  made  to  design  a  photoresist  system  for  the  DUV  region.  For  example, 
Reichmanis,  Wilkins,  Chandross  and  Gooden,  as  described  in  UK  Patent  Application  2,099,168  have  demon- 
strated  several  systems  based  on  the  photochemistry  of  ortho-nitrobenzyl  groups  attached  to  both  polymers 
and  sensitizer  molecules.  Another  disclosure  is  that  of  the  use  of  ortho-nitrobenzyl  chemistry  for  photoresists 
as  in  U.S.  Patent  3,849,137. 

w  Chemistry  suitable  for  DUV  photoresists  also  includes  that  of  chain  scission  of  high  molecular  weight 
polymer  into  lower  molecular  weight  polymer.  In  this  case,  the  energy  of  the  DUV  light  is  sufficient  to  rupture 
bonds  in  the  polymer  chain,  resulting  in  lower  molecular  weight  material  of  increased  solubility.  The  most  com- 
mon  example  of  this  technique  uses  poly(methyl  methacrylate).  The  primary  drawbacks  of  this  resist  are  the 
need  for  high  exposure  doses  to  yield  a  sufficient  difference  in  molecular  weights  and  the  need  to  use  an 

15  organic  solvent  as  the  developing  medium. 
Another  example  of  DUV  photoresist  technology  involves  the  use  of  DUV  excimer  lasers  of  high  instan- 

taneous  f  luence  to  ablate  away  selected  areas  of  the  photoresist  film.  This  technique  has  been  referred  to  as 
laser  photo-ablation.  See,  for  example,  the  U.S.  Patent  No.  4,414,059. 

Still  another  disclosure  relating  to  DUV  sensitizers  is  found  in  European  Patent  Application  0  129  694,  which 
20  describes  compounds  based  on  diazohomotetramic  acid  for  use  in  photoresist  compositions. 

Further  background  on  photoresist  processes  and  requirements,  including  reference  to  photoresists  espe- 
cially  designed  for  the  DUV  region  is  presented  in  the  American  Chemical  Society  Symposium  Series  #266, 
Materials  for  Microlithography,  L.  F.  Thompson,  Ed.,  ACS  1984,  M.  J.  Bowden,  "A  Perspective  on  Resist  Mate- 
rials  for  Fine-Line  Lithography". 

25  Also,  while  the  1,3  dimethyl-5-diazobarbituric  acid  has  been  disclosed  by  Von  Bruno  Kokel,  et  al.  in  the 
German  publication  Angew.  Chem.  92(9)  74  (1980),  neither  the  compounds  of  the  invention  nor  the  usefulness 
as  sensitizers  for  the  positive  photoresist  composition  has  been  known  prior  to  our  discovery. 

SUMMARY  OF  THE  INVENTION 
30 

In  accordance  with  the  invention,  a  novel  class  of  compounds  and  their  use  as  positive  photoresist  sen- 
sitizers  is  provided  which  exhibits  superior  light  sensitivity  performance  in  the  deep  ultraviolet  region. 

The  novel  sensitizers  of  the  present  invention  comprise  the  substituted  derivatives  of  5-diazobarbituric  acid 
selected  from  the  monochromophoric  and  bichromophoric  derivatives,  respectively,  having  the  structural  for- 

35  mulas: 
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10 

wherein  and  R2  are  substituents  selected  from  the  group  consisting  of  C3  to  C12  alkyl,  cyclohexyl,  benzyl, 
and  C2  to  C6  aralkyl  groups,  R3  and  R4  are  substituents  selected  from  the  group  consisting  of  to  C12  alkyl, 

15  cyclohexyl,  benzyl  and  C2  to  C6  aralkyl  groups  and  R5  is  selected  from  the  group  consisting  of  a,co  -disubstituted 
C2  to  C12  alkyl,  methylene  dicyclohexyl  or  to  C6  dialkylphenylene  groups. 

Specific  compounds  of  the  invention  when  employed  in  positive  photoresist  formulations  provide  only  DUV 
response  with  an  absorption  maximum  at  about  260  nm.  In  addition,  these  specific  compounds  contain  non- 
absorbing  alkyl  groups  that  allow  efficient  photobleaching  of  the  sensitizer  during  exposure. 

20  Because  the  sensitizers  of  the  present  invention  are  designed  to  function  only  in  the  DUV  region,  they 
require  the  use  of  appropriate  photoresist  resins  for  workable  admixtures.  The  novolac  type  resins  that  are  used 
in  the  NUV  resists,  for  example,  are  not  suitable  due  to  their  high  absorbance  (opacity)  in  this  spectral  region. 
Useful  resins  which  may  be  used  are  the  aqueous  alkaline  soluble  resins  which  include  copolymers  of 
maleimide  with  4-isopropylstyrene  or  4-ethylstyrene  or  4-methylstyrene  or  2,4-dimethylstyrene  or  styrene  or  a 

25  resin  consisting  of  a  homopolymer  of  maleimide.  Resins  of  this  kind  are  described,  for  example,  in  co-pending 
commonly  assigned  U.S.  Application  of  F.  R.  Hopf,  et.  al.,  Serial  No.  547,815,  filed  November  1,  1983.  These 
resins  possess  the  attributes  necessary  for  a  DUV  photoresist  resin.  Such  attributes  include  low  absorbance 
in  the  spectral  region  of  interest,  solubility  in  aqueous  alkaline  developer  solution,  compatability  with  the  photo- 
resist  sensitizer  and  solvent,  ability  to  form  a  film  by  spin  coating  from  an  appropriate  photoresist  solvent,  adhe- 

30  sion  to  the  substrate,  thermal  stability  to  the  processing  conditions,  physical  and  chemical  stability  to  the 
substrate  etching  conditions  and  ease  of  removal  from  the  substrate  at  the  conclusion  of  processing.  These 
resins  are  known  to  form  useful  photoresist  compositions  with  the  photosensitizers  of  the  present  invention.  A 
typical  resin  used  in  Examples  1-10  of  the  present  invention,  consists  of  a  1:1  copolymer  of  4-tert-butylstyrene 
and  maleimide.  The  use  of  the  sensitizers  of  the  invention  is  not  limited  to  use  with  any  particular  resin  or  those 

35  described  as  illustrative;  the  sensitizers  of  the  invention  are  capable  of  being  used  with  other  polymeric  resins 
which  fulfill  the  requirements  of  a  DUV  photoresist  resin  as  described  hereinabove. 

The  sensitizer  compounds  of  the  invention  used  in  preparing  the  photoresist  formulations  are  blended  in 
a  polymer/sensitizer  ratio  ranging  from  about  3:1  to  10:1  (by  weight)  with  a  suitable  polymer  and  solvent  useful 
for  forming  films  of  the  mixture,  e.g.  4-tert-butylstyrene/maleimide  copolymer  in  2-methoxyethyl  ether  (dig- 

40  lyme).  The  mixture  may  be  applied  by  spin  coating  onto  silicon  wafers  and  then  baked  to  remove  the  diglyme 
leaving  dry  films  of  approximately  1  nm  thickness.  The  film  is  exposed  through  a  resolution  mask,  e.g.  chrome 
on  quartz,  to  approximately  50  mJ/cm2  of  DUV  irradiation  centered  at  260nm.  The  exposed  films  are  then 
developed  in  aqueous  alkaline  medium  to  produce  a  positive  relief  image,  i.e.  with  good  film  retention  in  the 
unirradiated  areas  and  complete  clearing  to  the  substrate  in  the  irradiated  areas. 

45 
BRIEF  DESCRIPTION  OF  THE  DRAWING 

Fig.  1  is  a  scanning  electron  microscope  photo  of  the  relief  image  (photoresist  lines)  of  a  film  prepared 
with  a  photoresist  composition  containing  the  novel  diazobarbituric  acid  compounds  according  to  the  invention. 

50  Fig.  2  is  a  scanning  electron  microscope  photo  showing  developed  image  holes  in  the  resist  film  on  a  silicon 
substrate. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

55  In  producing  the  novel  photoresist  composition  of  the  invention  the  key  ingredient  of  the  photoresist  is  the 
novel  diazobarbituric  acid  photosensitizer  compound  that  is  incorporated  into  the  sensitizer-resin-solvent 
composition.  In  accordance  with  the  present  invention  the  sensitizer  compounds,  which  upon  exposure  to  light 
(in  the  appropriate  spectral  region)  become  more  soluble  in  aqueous  alkaline  developers,  comprise  the  1,3- 

4 
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disubstituted-5-diazobarbituric  acids,  i.e.,  monochromophoric  structures  of  the  formula: 

10 

5 
I  . 

15  and  bichromophoric  structures  of  the  formula: 

II  . 

20 

25 

wherein  and  R2  are  substituents  selected  from  the  group  consisting  of  C3  to  C12  alkyl,  cyclohexyl,  benzyl 
30  and  C2  to  C6  aralkyl  groups,  wherein  R3  and  R4  are  substituents  selected  from  the  group  consisting  of  to 

C12  alkyl,  cyclohexyl,  benzyl  and  C2  to  C6  aralkyl  groups  and  R5  is  selected  from  the  group  consisting  of  a,  m- 
disubstituted  C2  to  C12  alkyl,  methylene  dicyclohexyl  or  to  C6  dialkylphenylene. 

The  substituents  of  these  compounds  can  be  selected  so  that  a  compound  may  exhibit  only  DUV  absorption 
with  maxima  at  about  260nm.  The  substitutions  may  be  selected  so  as  to  impart  NUV  absorption  as  well.  In 

35  the  preferred  embodiments,  alkyl  substituents  have  been  employed  to  achieve  the  desired  properties,  as  with 
Ri=R2=  cyclohexyl;  R3=R4=  butyl  and  R5=  dodecyl;  or  R3=R4=  cyclohexyl  and  R5=  dodecyl.  Included  among 
the  particular  preferred  diazobarbituric  acid  compounds  are:  1  ,3-dicyclohexyl-5-diazobarbituric  acid;  1  ,12-bis-(3-[1- 
cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidenetrionyl])dodecane;  1,12-bis(3-[1-n-butyl-5-diazo-2,4,6(1H,3H,H)- 
pyrimidinetrionyl])  dodecane;  1-(1-butyl)-3-cyclohexyl-5-diazobarbituricacid;  and  the  bichromophoric  compound  of 

40  the  above  formula  wherein  R3  and  R4  are  cyclohexyl  and  R5  is  methylene  dicyclohexyl. 
Typically  these  diazobarbituric  acid  sensitizers  are  compounded  in  a  suitable  polymer/sensitizer  ratio  with 

an  alkali  soluble  polymer  in  a  spinning  solvent  and  spun  onto  Si  wafers  to  produce  films  with  a  dry  thickness 
of  approximately  1  ^m.  In  the  preferred  embodiment,  any  of  the  five  sensitizers  listed  immediately  above  is 
compounded  with  4-tert  butyl  styrene/maleimide  copolymer  such  that  the  resin  to  sensitizer  ratio  is  7:1  by 

45  weight.  The  preferred  solvent  is  2-methoxyethyl  ether  (diglyme)  and  the  percent  solids  in  the  diglyme  is  25  to 
35%  by  weight  depending  on  the  film  thickness  that  is  desired.  After  spin  coating  the  substrate  with  resist,  the 
wafers  are  baked  to  remove  the  solvent;  30-40  minutes  at  80°C  in  a  convection  oven  is  preferred.  After  the 
bake,  the  film  is  exposed  to  DUV  light  through  a  chrome  on  quartz  photomask.  The  preferred  irradiation  is  40-60 
mJ/cm2  of  DUV  light  centered  at  260nm  to  match  the  absorbance  of  the  sensitizer.  After  exposure,  the  photo- 

50  resist  is  developed  in  aqueous  alkaline  solution  to  remove  those  areas  of  the  film  exposed  to  the  DUV  light 
and  thereby  produce  a  positive  relief  image  in  the  photoresist  layer. 

The  sensitizer  acts  to  decrease  the  solubility  of  the  photoresist  resin  in  the  alkaline  developer.  Upon  expos- 
ure  to  light,  the  sensitizer  undergoes  a  photochemical  reaction  to  produce  a  new  form  which  will  not  protect 
the  resin  from  dissolution  in  the  alkaline  developer.  The  form  of  the  photoreacted  sensitizer  is  presumed  to  be 

55  an  alpha-keto  carboxylic  acid,  at  least  in  the  initial  stages  after  exposure. 
The  resin  utilized  in  the  resist  is  the  film  forming  component  and  physical  vehicle  for  the  sensitizer.  As  listed 

above,  the  resin  must  possess  a  number  of  characteristics  in  order  to  perform  well  as  a  DUV  photoresist 
polymer.  The  maleimide  copolymers  with  substituted  styrenes  are  given  as  examples  of  suitable  resins  for  this 

5 
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application. 
The  solvent  used  in  preparing  the  novel  photoresist  composition  of  the  invention  is  characterized  by  having 

good  solubility  for  the  resin  and  the  sensitizers.  Preferably  also,  the  solvent  composition  should  result  in  minimal 
striations  and  excellent  wetting  properties.  In  addition  to  diglyme,  other  suitable  solvents  include  dimethyl  for- 

5  mamide,  N-methyl  pyrrolidone,  and  cyclohexanone.  The  solvent  composition  may  also  comprise  a  mixture  of 
suitable  solvents. 

The  invention  will  be  further  described  by  the  following  examples.  It  is  to  be  understood,  however,  that 
these  examples  describe  in  detail  certain  preferred  embodiments  of  the  invention. 

10  GENERAL  PROCEDURE 

Resists  were  compounded  in  diglyme  so  that  the  solids  constituted  32%  of  the  solution  by  weight.  Resist 
solutions  were  filtered  through  0.2  PTFE  filters  (Schleicher  and  Schuell)  into  clean  glass  containers.  Sub- 
strates  were  polished  silicon  wafers  (Pensilco)  or  polished  silicon  wafers  with  a  layer  of  thermally  grown  silicon 

15  dioxide  (Semimetals).  The  substrates  were  cleaned  before  use  and  exposed  to  ten  minutes  vapor  treatment 
with  1,1,1,3,3,3-hexamethyldisilazane  (HMDS),  a  common  wafer  pretreatment.  The  substrates  were  mounted 
on  the  vacuum  chuck  of  a  Headway  Research  spinner  (model  EC-101)  and  photoresist  solution  was  applied 
to  the  wafers  with  a  pipette.  Films  were  spun  so  as  to  give  a  thickness  of  approximately  1  after  baking. 
Typically,  this  involved  a  spin  speed  of  6000  rpm  for  40  seconds.  After  spinning,  the  resist  coated  wafers  were 

20  baked  for  40  minutes  at  80°C  in  a  convection  oven.  After  baking,  the  wafers  were  exposed  to  DUV  light  through 
a  resolution  mask  in  the  contact  mode.  Irradiation  was  carried  out  with  an  OAI  (Optical  Associates)  Series  30 
lightsource  fitted  with  260  nm  optics.  Lamp  output  was  further  filtered  with  a  260nm  broad  band  filter  (Omega 
Optical,  50  nm  FWHM)  to  insure  that  only  DUV  irradiation  fell  on  the  resist.  The  mask  was  chrome  on  quartz 
(Ditric  Optics)  with  feature  sizes  ranging  down  to  a  nominal  1  ^m.  Irradiation  intensity,  after  the  secondary  filter, 

25  was  calibrated  with  an  Eppley  thermopile.  The  loss  of  film  in  the  unirradiated  areas  was  determined  by  measur- 
ing  the  thickness  of  those  areas  before  and  after  development  with  a  Rudolf  FTM  interferometricfilm  thickness 
monitor.  Developed  images  were  examined  by  both  optical  and  electron  microscopy. 

EXAMPLE  1 
30 

1  ,3-dicyclohexyl-5-diazobarbituric  acid  was  compounded  in  a  polymer/sensitizer  ratio  of  6:1  (w:w)  with  4- 
tert-butylstyrene/maleimide  copolymer  in  diglyme  as  a  spinning  solvent.  The  polymer  was  produced  by  a  free 
radical  polymerization.  Resist  was  spun  on  Si  wafers  to  produce  films  with  a  dry  thickness  of  approximately  1 
nm  after  baking  40  minutes  at  80°C.  The  dry  films  were  exposed  through  a  positive  mask  with  60  mJ/cm2  of 

35  DUV  light  centered  at  260  nm.  The  exposed  films  were  developed  for  60  seconds  in  0.20  N  aqueous  potassium 
hydroxide  (KOH)  at  room  temperature  to  produce  a  positive  relief  image  with  81%  film  retention  in  the  unir- 
radiated  areas. 

EXAMPLE  2 
40 

A  resist  was  prepared  in  the  manner  of  Example  1  except  that  the  resin/sensitizer  ratio  was  changed  to 
7:1  (w:w).  The  resist  film  was  prepared  in  the  same  manner  as  in  example  1  .  Thef  ilm  was  exposed  to  48  mJ/cm2 
of  DUV  light  at  260  nm  through  a  positive  mask.  The  exposed  film  was  developed  for  230  seconds  in  0.14  N 
KOH  solution.  A  positive  relief  image  was  produced  with  75%  film  retention. 

45 
EXAMPLE  3  (Comparative) 

A  resist  was  prepared  according  to  the  procedure  of  Example  1  ,  except  that  the  sensitizer  was  1  ,3-dime- 
thyl-5-diazobarbituric  acid.  The  resist  film  was  prepared  in  the  same  manner  as  Example  1.  The  film  was  exp- 

50  osed  to  80  mJ/cm2  of  DUV  light  at  260nm  through  a  positive  mask.  The  exposed  film  was  developed  for  90 
seconds  in  0.1  5N  tetramethyl  ammonium  hydroxide  to  produce  a  relief  image  with  only  21  %  film  retention.  (This 
is  roughly  4  times  less  retention  than  that  of  Example  1,  even  though  the  exposure  was  greater.)  Thus,  although 
the  compound  wherein  R1=R2=methyl  has  been  previously  prepared,  but  not  described  in  any  lithographic  con- 
text,  we  have  shown  it  to  be  insufficient  to  serve  in  that  context  anyway.  It  is  necessary  for  the  R  groups  to  be 

55  of  sufficient  size  to  impart  a  reasonable  hydrophobicity  to  the  resist  film  for  protective  purposes. 

6 
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EXAMPLE  4 

A  resist  was  compounded  in  the  manner  of  Example  2  except  the  sensitizer  was  1,12-bis(3-[1-cyclohexyl- 
5-diazo-2,4,6  (1H,3H,5H)-pyrimidinetrionyl])dodecane.  This  comprises  a  structure  as  disclosed  in  the  speci- 

5  fication  wherein  R3=R4=  cyclohexyl  and  R5=  1,12-disubstituted  dodecane.  The  resist  film  was  exposed  to  48 
mJ/cm2  of  DUV  light  through  a  positive  mask.  The  exposed  film  was  developed  for  225  seconds  in  0.14  N  KOH 
solution.  A  positive  relief  image  was  produced  with  82%  film  retention.  A  scanning  electron  microscope  (SEM) 
photo  of  this  relief  image  appears  as  Figure  1  . 

As  shown  by  the  SEM  (scanning  electron  microscope)  micrographs  of  imaged  relief  patterns,  Fig.  1  shows 
w  free-standing  photoresist  lines  on  silicon  substrate  while  Fig.  2  shows  developed  image  holes  in  resist  film  on 

silicon.  It  is  noted  that  the  features  are  well  cleared  out  with  no  residue.  Each  Figure  (photo)  comprises  a  split- 
screen  image;  the  bottom  half  is  a  2500X  enlargement  and  the  top  half  is  a  further  5X  enlargement  (12,500X) 
of  the  area  indicated  in  the  white  box.  The  marker  bar  indicates  12  nm  on  the  bottom  half  and  2.4  nm  on  the 
top  half  of  the  photos.  The  smallest  features  have  a  nominal  width  of  one  micrometer. 

15 
EXAMPLE  5 

A  resist  was  compounded  in  the  manner  of  Example  2  except  the  sensitizer  was  1,12-bis(3-[1-n-butyl-5- 
diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane,  i.e.  the  compound  wherein  R3=R4=  n-butyl  and  R5=  1,12- 

20  disubstituted  dodecane.  The  resist  film  was  exposed  to  48  mJ/cm2  of  DUV  light  through  a  positive  mask.  The 
exposed  film  was  developed  for  135  seconds  in  0.14  N  KOH  solution  to  produce  a  positive  relief  image  with 
74%  film  retention  in  the  unirradiated  areas. 

EXAMPLE  6 
25 

Aresistwas  prepared  in  the  manner  of  Example  2.  The  film  was  prepared  and  exposed  in  the  same  manner. 
The  exposed  film  was  then  developed  55  seconds  in  0.20  N  KOH  solution  to  produce  a  positive  relief  image 
with  76%  film  retention  in  the  unirradiated  areas. 

30  EXAMPLE  7 

Aresistwas  prepared  in  the  manner  of  Example  4.  The  film  was  prepared  and  exposed  in  the  same  manner. 
The  exposed  film  was  then  developed  55  seconds  in  0.20  N  KOH  solution  to  produce  a  positive  relief  image 
with  77%  film  retention  in  the  unirradiated  areas. 

35 
EXAMPLE  8 

Aresistwas  prepared  in  the  manner  of  Example  5.  The  film  was  prepared  and  exposed  in  the  same  manner. 
The  exposed  film  was  then  developed  30  seconds  in  0.20  N  KOH  solution  to  produce  a  positive  relief  image 

40  with  72%  film  retention  in  the  unirradiated  areas. 

EXAMPLE  9 

A  resist  was  prepared  in  the  manner  of  Example  4.  The  film  was  spun  onto  a  substrate  of  Si  with  a  layer 
45  of  silicon  dioxide  (thermally  grown).  The  oxide  layer  was  885  nm  thick  and  the  wafer  was  given  the  same  pre- 

treatment  with  HMDS.  The  baking  and  exposure  followed  the  method  of  Example  4.  The  exposed  film  was 
developed  90  seconds  in  0.20  N  KOH  solution  to  produce  a  positive  relief  image  with  72%  film  retention  in  the 
unirradiated  areas. 

50  EXAMPLE  10  (Comparative) 

In  order  to  establish  the  lack  of  response  of  these  sensitizers  to  conventional  NUV  light,  a  resist  was  prep- 
ared  as  in  Example  4.  The  film  preparation  was  the  same,  but  the  irradiation  was  200  mJ/cm2  of  NUV  light  cen- 
tered  at  360  nm.  The  exposed  film  was  developed  120  seconds  in  0.20  N  KOH  solution  (approximately  twice 

55  as  long  as  in  Example  6).  There  was  no  positive  relief  image  produced  as  the  irradiated  and  unirradiated  areas 
were  of  the  same  thickness.  This  establishes  that  the  sensitizers  of  this  invention  are  not  responsive  in  the  NUV 
region,  unlike  the  diazonaphthoquinone  sulfonic  acid  esters  used  in  conventional  resists.  Thus  they  would  not 
require  the  exposure  source  to  be  filtered  to  prevent  degradation  of  the  resolution  due  to  the  presence  of  longer 
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wavelength  light. 

SYNTHESIS  OF  1,3-DIALKYL-5-DIAZOBARBITURIC  ACIDS 

5  General  Procedure 

The  1,3-dialkyl-5-diazobarbituric  acids  may  be  prepared  from  appropriate  corresponding  commercially 
available  isocyanates  and  primary  amines  as  the  starting  materials  as  indicated  by  the  following  schematic 
reactions: 

10 

15 

20 

25 

30 

35 

wherein  R  and  R'  have  the  values  above  ascribed  to  and  R2  respectively. 
40  The  synthetic  sequence  will  be  illustrated  by  the  steps  involved  in  the  synthesis  of  1-(1-butyl)-3-cyclohexyl- 

5-diazobarbituric  acid. 

EXAMPLE  11 

45  Synthesis  of  1-(1-butyl)-3-cyclohexylurea 

One  hundred  mLof  tetrahydrofuran  (THF)  was  added  to  a  dry  500  mL  round  bottom  3-neck  flask  equipped 
with  a  thermometer,  pressure  equalizing  addition  funnel  capped  with  a  drying  tube,  nitrogen  inlet  and  magnetic 
stirrer.  Then  17.24  mL  (0.15  moles)  of  98%  n-butyl  isocyanate  was  added  under  nitrogen.  Asolution  of  17.33 

so  mL  (0.1  5  moles)  of  99%  cyclohexylamine  in  46  mLof  THF  was  added  to  the  addition  funnel  and  slowly  dropped 
into  the  stirred  solution  of  n-butyl  isocyanate  at  a  rate  (about  20  min.)  which  maintained  the  temperature  below 
40°C.  The  reaction  mixture  was  stirred  for  one  hour  after  completion  of  the  addition.  The  solvent  was  removed 
by  rotary  evaporation.  The  white  residue  was  vacuum  dried  for  1  2  hours  at  room  temperature.  The  yield  of  dried, 
crystalline  white  product  was  quantitative.  The  product  melted  sharply  at  107-108°C  (uncorrected). 

55 
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EXAMPLE  12 

Synthesis  of  1-(1-butyl)-3-cyclohexyl  barbituric  acid 

5  A  solution  was  prepared  by  adding  15.87  gm  (0.080  mole)  of  1-(1-butyl)-3-cyclohexylurea  and  8.33  gm 
(0.080  mole)  of  malonic  acid  to  35  mL  of  reagent  grade  acetic  acid  in  a  250  mL  3-neck,  round  bottom  flask 
equipped  with  a  thermometer,  pressure  equalizing  dropping  funnel  capped  by  a  drying  tube,  nitrogen  inlet  and 
magnetic  stirrer.  The  stirred  mixture  was  gradually  heated  to60°C  in  a  silicone  oil  bath.  All  of  the  solid  dissolved 
before  the  temperature  reached  60°C.  A  total  of  32  mL  of  acetic  anhydride  was  added  to  the  dropping  funnel 

w  and  slowly  (over  a  period  of  about  45  min.)  dropped  into  the  stirred  reaction  flask.  The  temperature  was  gradu- 
ally  increased  to  approximately  90°C  for  7  hours,  then  allowed  to  cool  to  room  temperature  and  stand  overnight. 

The  solvent  was  removed  in  a  heated,  water-aspirated  rotary  evaporator.  The  crude  product  was  vacuum 
dried  at  50°C  for  24  hours.  The  slightly  yellow  crude  product  (20.7  gm)  was  isolated  in  97%  yield.  It  melted 
broadly  from  103-106°C.  Asample  of  crude  material  was  recrystallized  from  hotethanol/waterand  dried.  These 

15  white  crystals  sublime  above  95°C,  and  melt  at  1  07-1  08°C.  The  crude  product  was  shown  to  be  pure  by  PMR 
and  IR,  and  was  used  for  a  subsequent  synthetic  step. 

EXAMPLE  13 

20  Synthesis  of  1-(1-butyl)-3-cyclohexyl-5-diazobarbituric  acid 

80  mL  of  reagent  grade  acetonitrile  and  6.65  gm  (0.025  mole)  of  1-(1-butyl)-3-cyclohexyl  barbituric  acid 
were  added  to  a  dry  250  mL  3-neck  round  bottom  flask  equipped  with  a  thermometer,  pressure  equalizing  drop- 
ping  funnel  capped  by  a  drying  tube,  nitrogen  inlet  and  magnetic  stirrer.  The  stirred  solution  was  cooled  to  2°C 

25  in  an  ice  bath.  Then  a  solution  of  5.75  gm  (0.029  mole)  of  p-toluenesulfonyl  azide  in  20  mL  of  acetonitrile  was 
added  to  the  reaction  flask.  A  solution  of  3.20  gm  (0.0317  mole)  of  triethylamine  in  20  mL  of  reagent  grade 
dichloromethane  was  placed  in  the  dropping  funnel  and  slowly  added  to  the  reaction  flask,  while  keeping  the 
temperature  below  3°C.  The  flask  temperature  was  kept  below  3°C  for  1  hour.  The  stirred  reaction  flask  was 
allowed  to  warm  to  room  temperature  (20°C)  and  kept  at  room  temperature  for  12  hours. 

30  The  solvent  was  rotary  evaporated  at  room  temperature.  The  dark  red  residue  was  dissolved  in  350  mL 
of  dichloromethane  and  washed  with  350  mLof  5%  (w/v)  aqueous  sodium  hydroxide.  The  dichloromethane  sol- 
ution  was  washed  twice  with  300  mL  portions  of  distilled  water,  dried  over  anhydrous  sodium  sulfate  and  rotary 
evaporated  to  dryness.  The  viscous  residue  was  vacuum  dried  at  40°C  for  15  hours,  the  residue  remaining 
was  a  dark  viscous  liquid. 

35  The  crude  material  was  chromatographed  on  a  silica  gel  (Brinkman  #7733)  column  packed  with 
dichloromethane.  The  crude  product  was  added  as  a  dichloromethane  solution,  initially  eluted  with 
dichloromethane  to  remove  unreacted  p-toluenesulfonyl  azide,  then  eluted  with  2:1  (v/v)  dichlorometha- 
ne/acetonitrile  to  remove  the  desired  component  from  the  column.  After  evaporation  of  solvent,  the  slightly  yel- 
low  residue  remained  a  very  viscous  liquid  at  room  temperature. 

40 
SYNTHESIS  OF  g,to  -BIS  (3-[1-ALKYL-5-DIAZO-2,4,6  (1  H,3H,5H)-PYRIMIDINETRIONYL])  ALKANES 

General  Procedure 

45  The  above-named  compounds  were  prepared  from  commercially  available  starting  compounds  as  indi- 
cated  by  the  following  schematic  reactions: 

50 

55 
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THF 
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EXAMPLE  14 

Synthesis  of  1  ,18-dicyclohexyl-1  ,3,16,1  8-tetraaza-2,1  7-octadecanedione 

5  30.04  gm  (0.240  mole)  of  cyclohexyl  isocyanate  was  dissolved  in  400  mLof  1:1  THF/toluene  in  a  1000  mL 
round  bottom,  3-neck  flask  equipped  with  a  thermometer,  magnetic  stirrer,  pressure  equalizing  dropping  funnel, 
nitrogen  purge  and  heating  mantle.  The  solution  in  the  flask  was  heated  to  40°C.  24.04  gm  (0.240  mole)  of 
1,12-dodecanediamine  was  dissolved  in  400  mLof  1:1  THF/toluene  and  slowly  dropped  into  the  stirred,  heated 
solution  of  isocyanate.  After  addition  of  the  diamine,  an  additional  100  mL  of  toluene  was  added  to  the  flask. 

w  The  temperature  was  raised  to  80°C  and  the  reaction  mixture  was  refluxed  for  12  hours. 
The  solvent  was  removed  with  a  heated  vacuum  rotary  evaporator.  The  solid,  white  product  was  obtained 

in  quantitative  yield.  The  product  was  vacuum  dried  at  50°C  for  15  hours.  The  quite  insoluble  product  melted 
sharply  at  207-208°C. 

15  EXAMPLE  15 

Synthesis  of  1,12-bis(3-[1-cyclohexyl-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane 

20 

A  dry  3-neck,  1  000  mL  round  bottom  flask  equipped  with  magnetic  stirrer,  nitrogen  inlet,  thermometer  and 
pressure  equalizing  dropping  funnel  topped  with  a  drying  tube  was  charged  with  900  mLof  reagent  grade  glacial 
acetic  acid.  8.33  gm  (0.080  mole)  of  malonic  acid  and  18.03  gm  (0.040  mole)  of  1,18-dicyclohexyl-1,3,16,18- 

30  tetraaza-2,17-octadecanedione  were  added  to  the  flask  and  it  was  slowly  heated,  with  stirring,  in  an  oil  bath. 
All  of  the  solids  dissolved  above  a  temperature  of  85°C.  A  total  of  85  mL  of  acetic  anhydride  was  slowly  dropped 
into  the  reaction  flask  over  a  period  of  1  hour,  while  the  temperature  was  maintained  at  85-90°C.  After  acetic 
anhydride  addition,  the  stirred  solution  was  heated  at  90°C  for  seven  hours,  then  allowed  to  cool  to  room  tem- 
perature. 

35  The  solution  was  filtered  and  rotary  evaporated  to  dryness.  The  solid  was  vacuum  dried  at  50°C  for  12 
hours.  The  crude  product  was  isolated  in  >97%  yield.  Recrystallization  of  a  sample  of  crude  product  caused 
no  significant  change  in  melting  point  (17-176°C),  proton  magnetic  resonance  spectrum,  infrared  spectrum  or 
ultraviolet  spectrum. 

40  EXAMPLE  16 

Synthesis  of  1,12-bis(3-[1-cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane 

45  M  H  

50 

A  3-neck,  1000  mL  round  bottom  flask  equipped  with  magnetic  stirrer,  thermometer,  pressure  equalizing 
55  dropping  funnel  and  nitrogen  inlet  was  set  up  for  ice  bath  cooling.  8.88  gm  (0.015  mole)  of  barbituric  acid  from 

the  preceeding  synthetic  procedure  was  dissolved  in  175  mLof  dichloromethane  and  placed  in  the  flask.  150 
mL  of  acetonitrile  was  then  added  to  the  solution  of  barbituric  acid.  The  stirred  solution  was  cooled  to  3°C.  Then 
6.51  gm  (0.033  mole)  of  p-toluenesulfonyl  azide  in  30  mLof  acetonitrile  was  added  to  the  reaction  flask.  Asol- 
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ution  of  3.58  gm  (0.035  mole)  of  triethylamine  in  30  mL  of  dichloromethane  was  placed  in  the  dropping  funnel 
and  slowly  added  to  the  reaction  flask  over  a  period  of  60  minutes,  with  the  temperature  kept  below  3°C.  Initially, 
the  solution  remained  clear,  but  became  violet  colored  after  two  hours  at  3°C. 

After  3  hours  at  3°C,  the  solution  was  rotary  evaporated  to  dryness  with  a  heating  bath  temperature  of 
5  <40°C.  The  solid  reddish  residue  was  vacuum  dried  at  40°C  for  24  hours.  The  crude  material  was  dissolved 

in  a  minimum  of  dichloromethane  and  chromatographed  on  a  column  of  silica  gel  (Brinkman  #7733)  packed 
with  dichloromethane  and  eluted  with  dichloromethane/acetonitrile.  The  middle  fraction  was  retained.  A  total 
of  6.8  gm  (0.011  mole)  of  dried  product  was  obtained  by  evaporation  of  solvent  from  the  middle  cut  for  a  yield 
of  71%. 

w  A  positive  photosensitive  film  forming  composition  comprises: 
(a)  from  2  to  35  dry  weight  percent  of  a  substituted  derivative  of  5-diazobarbituric  acid  of  claim  1  ; 
(b)  from  65  percent  to  98  dry  weight  percent  of  an  aqueous  alkaline  soluble  resin  and; 
(c)  a  solvent. 
A  method  of  preparing  a  substituted  derivative  of  5-diazobarbituric  acid  of  claim  1  , 

15  comprises  the  steps  of: 
(a)  reacting  an  appropiate  isocyanate  and  a  primary  amine  to  produce  a  corresponding  disubstituted  inter- 
mediate  reaction  product; 
(b)  isolating  the  solid  intermediate  reaction  product  from  step  (a)  and  reacting  said  intermediate  product 
with  a  malonic  acid  in  the  presence  of  a  dehydrating  agent  to  yield  a  corresponding  solid  barbituric  acid, 

20  (c)  separating  the  barbituric  acid  from  step  (b);  and 
(d)  reacting  the  separated  barbituric  acid  in  a  suitable  liquid  reaction  medium  with  a  diazo  transfer  agent 
whereby  diazo  groups  are  transferred  to  the  barbituric  acid  to  yield  the  corresponding  photosensitive  bar- 
bituric  acid  compound. 
A  preferred  method  of  preparing  a  substituted  derivative  of  5-diazobarbituric  acid  of  the  formula  I,  according 

25  to  claim  1,  is  characterized  by: 
reacting  an  appropiate  isocyanate  and  a  simple  primary  amine  to  produce  a  corresponding  disubstituted 

intermediate  reaction  product  of  the  formula: 

30  R-NH-C-NH-R* 
II 

O 

35  wherein  Rand  R'  are  substituents  selected  from  the  group  consisting  of  C3  to  C12  alkyl,  cyclohexyl,  benzyl  and 
C2  to  C6  aralkyl  groups,  followed  by  the  steps  b,  c,  and  d  as  described  in  claim  10. 

A  method  of  preparing  a  substituted  derivative  of  5-diazobarbituric  acid  of  the  formula  II,  according  to  claim 
1  ,  is  characterized  by: 
reacting  an  appropiate  isocyanate  and  primary  diamine  to  produce  a  corresponding  intermediate  reaction  pro- 

40  duct  of  the  formula: 

O  O 
it  ii 

45 
R-NH-C-NH-R5-NH-C-NH-R 

wherein  R  is  a  substituent  selected  from  the  group  consisting  of  to  C12  alkyl,  cyclohexyl,  benzyl  and  C2  to 
C6  aralkyl; 

50  followed  by  steps  b,  c  and  d  as  described  in  claim  10  . 
An  intermediate  element  for  a  photosensitive  device  comprises  a  substrate  containing  thereon  a  layer  of 

a  photoresist  composition  of 
(a)  from  2  to  35  dry  weight  percent  of  a  substituted  derivative  of  5-diazobarbituric  acid  of  claim  1  , 
(b)  from  65  to  98  dry  weight  percent  of  an  aqueous  alkali  soluble  resin. 

55 
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Claims 

1.  A  substituted  derivative  of  5-diazobarbituric  acid  selected  from  those  having  the  structural  formulas: 

5 

10 

15 

25 

30 

wherein  and  R2  are  substituents  selected  from  the  group  consisting  of  C3  to  C12  alkyl,  cyclohexyl,  benzyl 
35  and  C2  to  C6  aralkyl  groups,  R3  and  R4  are  substituents  selected  from  the  group  consisting  of  to  C12 

alkyl,  cyclohexyl,  benzyl  and  C2  to  C6  aralkyl  groups  and  R5  is  selected  from  the  group  consisting  of  a,co- 
disubstituted  C2  to  C12  alkyl,  methylene  dicyclohexyl  or  to  C6  dialkylphenylene. 

2.  A  derivative  of  the  formula  I  of  claim  1  wherein  R̂   and  R2  are  as  defined  in  claim  1  . 
40 

3.  A  derivative  of  the  formula  II  of  claim  1  wherein  R3,  R4  and  R5  are  as  defined  in  claim  1  . 

4.  1  ,3-dicyclohexyl-5-diazobarbituric  acid. 

5.  1,12-bis(3-[1-cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidimetrionyl])dodecane. 
45 

6.  1,12-bis(3-[1-n-butyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

7.  1-(1-butyl)-3-cyclohexyl-5-diazobarbituric  acid. 

50  8.  The  compound  of  claim  3  where  R3  and  R4  are  cyclohexyl  and  R5  is  methyleme  dicyclohexyl. 

9.  A  positive  photosensitive  film  forming  composition  comprising: 
(a)  from  2  to  35  dry  weight  percent  of  a  substituted  derivate  of  5-diazobarbituric  acid  of  claim  1  ; 
(b)  from  65  percent  to  98  dry  weight  percent  of  an  aqueous  alkaline  soluble  resin  and; 
(c)  a  solvent. 55 

10.  A  method  of  preparing  a  substituted  derivative  of  5-diazobarbituric  acid  of  claim  1,  which  comprises  the 
steps  of: 

13 
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(a)  reacting  an  appropriate  isocyanate  and  a  primary  amine  to  produce  a  corresponding  disubstituted 
intermediate  reaction  product; 
(b)  isolating  the  solid  intermediate  reaction  product  from  step  (a)  and  reacting  said  intermediate  product 
with  a  malonic  acid  in  the  presence  of  a  deyhdrating  agent  to  yield  a  corresponding  solid  barbituric  acid, 
(c)  separating  the  barbituric  acid  from  step  (b);  and 
(d)  reacting  the  separated  barbituric  acid  in  a  suitable  liquid  reaction  medium  with  a  diazo  transfer  agent 
whereby  diazo  groups  are  transferred  to  the  barbituric  acid  to  yield  the  corresponding  photosensitive 
barbituric  acid  compound. 

11.  A  method  of  preparing  a  substituted  derivative  of  5-diazobarbituric  acid  of  the  formula  I  according  to  claim 
1  ,  characterized  by: 

reacting  an  appropriate  isocyanate  and  a  simple  primary  amine  to  produce  a  corresponding  dis- 
ubstituted  intermediate  reaction  product  of  the  formula: 

R-NH-C-NH-R  ' 

O 

wherein  R  and  R'  are  substituents  selected  from  the  group  consisting  of  C3  to  C12  alkyl,  cyclohexyl,  benzyl 
and  C2  to  C6  aralkyl  groups,  followed  by  steps  b,  c  and  d  as  described  in  claim  10. 

12.  A  method  of  preparing  a  substituted  derivative  of  5-diazobarbituric  acid  of  the  formula  II  according  to  claim 
1  characterized  by: 

reacting  an  appropriate  isocyanate  and  primary  diamine  to  produce  a  corresponding  Intermediate 
reaction  product  of  the  formula: 

O  O 
If  II 

R-NH-C-NM-R5-NH-C-NH-R 

wherein  R  is  a  substituent  selected  from  the  group  consisting  of  to  C12  alkyl  cyclohexyl,  benzyl  and  C2 
to  C6  aralkyl, 
followed  by  steps  b,  c  and  d  as  described  in  claim  10. 

13.  The  method  of  claim  10  wherein  the  dehydrating  agent  of  step  (b)  is  acetic  anhydride. 

14.  The  method  of  claim  10  wherein  the  liquid  reaction  medium  in  step  (d)  is  acetonitrile. 

15.  The  composition  of  claim  9  wherein  the  resin  (b)  is  4-tert-butylstyrene/maleimide  copolymer. 

16.  The  composition  of  claim  9  wherein  the  solvent  (c)  is  diglyme. 

17.  The  method  of  claim  10  wherein  the  photosensitive  barbituric  acid  compound  is  1,13-dicyclohexyl-5- 
diazobarbituric  acid. 

18.  The  method  of  claim  10  wherein  the  photosensitive  barbituric  acid  compound  is  1,12-bis(3-[1-cyclohexyl- 
5-diazo-2,4,6(1  H,3H,5H)-pyrimidinetrionyl])  dodecane. 

19.  The  method  of  claim  10  wherein  the  photosensitive  barbituric  acid  compound  is  1,12-bis(3-[1-n-butyl-5- 
diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

20.  The  method  of  claim  10  wherein  the  photosensitive  barbituric  acid  is  1-(1-butyl)-3-cyclohexyl-5-diazobar- 
bituric  acid. 

21.  The  method  of  claim  10  wherein  the  photosensitive  barbituric  acid  is  the  bichromophoric  compound  of  the 
general  formula  II  where  R3  and  R4  are  cyclohexyl  and  R5  is  methylene  dicyclohexyl. 

14 
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22.  An  intermediate  element  for  a  photosensitive  device  comprising  a  substrate  containing  thereon  a  layer  of 
a  photoresist  composition  of 

(a)  from  2  to  35  dry  weight  percent  of  a  substituted  derivative  of  5-diazobarbituric  acid  of  claim  1  , 
(b)  from  65  to  98  dry  weight  percent  of  an  aqueous  alkali  soluble  resin. 

23.  The  element  of  claim  22  wherein  the  substituted  derivative  of  the  diazobarbituric  acid  is  1  ,3-dicyclohexyl- 
5-diazobarbituric  acid. 

24.  The  element  of  claim  22  wherein  the  substituted  derivative  of  the  diazobarbituric  acid  is  1,12-bis-(3-(1- 
cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

25.  The  element  of  claim  22  wherein  the  substituted  derivative  of  the  diazobarbituric  acid  is  1  ,12-bis-(3-[1-n- 
butyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

26.  The  element  of  claim  22  wherein  the  photosensitive  barbituric  acid  is  1-(1-butyl)-3-cyclohexyl-5-diazobar- 
bituric  acid. 

27.  The  element  of  claim  22  wherein  the  photosensitive  barbituric  acid  is  the  bichromophoric  compound  of 
the  general  formula  II  where  R3  and  R4  are  cyclohexyl  and  R5  is  methylene  dicyclohexyl. 

Patentanspruche 

1.  Ein  substituiertes  Derivat  von  5-DiazobarbiturSaure,  ausgewahlt  unterdenjenigen,  die  folgende  Struktur- 
formel  besitzen: 

und 

worin  R̂   und  R2  Substituenten  darstellen,  ausgewahlt  aus  der  Gruppe,  die  aus  C3  -  C12  Alkyl,  Cyclohexyl, 
Benzyl  und  C2  -  C6  Aralkyl-Gruppen  besteht,  und  worin  R3  und  R4  Substituenten  darstellen,  die  aus  der 
Gruppe  ausgewahlt  sind,  die  aus  -  C12  Alkyl,  Cyclohexyl,  Benzyl  und  C2  -  C6  Aralkyl-Gruppen  besteht, 
und  worin  R5  aus  der  Gruppe  ausgewahlt  wird,  die  aus  a,co  -disubstituierten  C2  -  C12  Alkyl,  Methylendicy- 
clohexyl  oder  -  C6  Dialkylphenylen  besteht. 

15 
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2.  Derivat  der  Formel  I  des  Anspruchs  1  ,  worin  F̂   und  R2,  wie  im  Anspruch  1  angegeben,  vorliegen. 

3.  Derivat  der  Formel  II  des  Anspruchs  1,  worin  R3,  R4  und  R5,  wie  im  Anspruch  1  angegeben,  vorliegen. 

5  4.  1  ,3-Dicyclohexyl-5-diazobarbitur-Saure. 

5.  1  ,12-bis(3-[1-Cyclohexyl-5-diazo-2,4,6(1  H,3H,5H)-pyrimidinetrionyl])dodecan. 

6.  1,12-bis(3-[1-n-Butyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecan. 

10  7.  1-(1-Butyl)-3-cyclohexyl-5-diazobarbitur-Saure. 

8.  Verbindung  nach  Anspruch  3,  worin  R3  und  R4  Cyclohexyl  sind  und  R5  Methylendicyclohexyl  darstellt. 

9.  Eine  Verbindung,  die  einen  photosensitiven  Positivfilm  bildet,  umfassend: 
15  (a)  2  bis  35  Trockengewichtsprozent  eines  substituierten  Derivates  der  5-Diazobarbitur-Saure  nach  An- 

spruch  1; 
(b)  65  bis  98  Trockengewichtsprozent  eines  wassrig  alkalisch  loslichen  Harzes;  und 
(c)  ein  Losungsmittel. 

20 

25 

30 

10.  Verfahren  zum  Herstellen  eines  substituierten  Derivates  der  5-Diazobarbitur-Saure  nach  Anspruch  1,  um- 
fassend  folgende  Stufen: 

(a)  Reagieren  eines  geeigneten  Isocyanats  mit  einem  primaren  Amin  zur  Herstellung  eines  entspre- 
chend  disubstituierten  Reaktionszwischenproduktes; 
(b)  Isolieren  des  festen  Reaktionszwischenproduktes  aus  der  Stufe  (a)  und  Reagieren  des  Zwischen- 
produktes  mit  Malonsaure  in  Gegenwart  eines  Dehydrierungsmittels,  wodurch  sich  eine  entsprechende 
feste  Barbitursaure  ergibt; 
(c)  Abtrennen  der  Barbitursaure  aus  Stufe  (b);  und 
(d)  Reagieren  derabgetrennten  Barbitursaure  in  einem  geeigneten,  flussigen  Reaktionsmedium  mit  ei- 
nem  Diazouberfuhrungsmittel,  wodurch  Diazogruppen  auf  die  Barbitursaure  Ubertragen  werden,  und 
die  entsprechende  photosensitive  Barbitursaureverbindung  ergeben. 

11.  Verfahren  zur  Herstellung  eines  substituierten  Derivats  der  5-Diazobarbitur-Saure  der  Formel  I  nach  An- 
spruch  1,  gekennzeichnet  durch: 
Reagieren  eines  geeigneten  Isocyanats  und  eines  einfachen,  primaren  Amins  unter  Herstellung  eines  ent- 
sprechend  disubstituierten  Reaktionszwischenproduktes  der  Formel 

R-NH-C-NH-R  ' 

40  0 

worin  R  und  R'  Substituenten  darstellen,  die  ausgewahlt  sind  aus  der  Gruppe,  die  aus  C3  -  C12  Alkyl,  Cy- 
clohexyl,  Benzyl  und  C2  -  C6  Aralkyl-Gruppen  besteht,  gefolgt  durch  die  Stufen  b,  c  und  d,  wie  sie  in  An- 
spruch  10  beschrieben  sind. 

35 

45 

50 

55 

12.  Verfahren  zum  Herstellen  eines  substituierten  Derivats  der  5-Diazobarbitur-Saure  der  Formel  II  nach  An- 
spruch  1,  gekennzeichnet  durch: 
Reagieren  eines  geeigneten  Isocyanats  und  primaren  Diamins  unter  Herstellung  eines  entsprechenden 
Reaktionszwischenproduktes  der  Formel: 

0  0 

R-NH-C-NH-R  5  -NH-C-NH-R  , 

worin  Rein  Substituent  ist,  der  aus  der  Gruppe  ausgewahlt  wird,  die  bis  C12  Alkyl,  Cyclohexyl,  Benzyl 
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und  C2  bis  C6  Aralkyl  besteht,  gefolgt  durch  die  Stufen  b,  c  und  d,  wie  sie  in  Anspruch  10  beschrieben 
sind. 

13.  Verfahren  nach  Anspruch  10,  worin  das  Dehydrierungsmittel  der  Stufe  (b)  Essigsaureanhydrid  ist. 

14.  Verfahren  nach  Anspruch  10,  bei  dem  das  flussige  Reaktionsmedium  in  der  Stufe  (d)  Acetonitril  ist. 

15.  Verbindung  nach  Anspruch  9,  bei  der  das  Harz  (b)  4-Tert-butylstyrol/maleimid-Copolymer  ist. 

16.  Verbindung  nach  Anspruch  9,  bei  der  das  Losungsmittel  (c)  Diethylenglycol-Dimethyl-Ather  ist. 

17.  Verfahren  nach  Anspruch  10,  beiderdie  photosensitive  Barbitursaure-Verbindung  1,3-Dicyclohexyl-5-dia- 
zobarbitur-Saure  ist. 

18.  Verfahren  nach  Anspruch  10,  bei  dem  die  photosensitive  Barbitursaure-Verbindung  1,12-bis(3-[1-Cyclo- 
hexyl-5-diazo-2,4,6(1  H,3H,5H)-pyrimidinetrionyl])dodecan  ist. 

19.  Verfahren  nach  Anspruch  10,  bei  dem  die  photosensitive  Barbitursaure-Verbindung  1,12-bis(3-[1-n-Bu- 
tyl-5-diazo-2,4,6(1  H,3H,5H)-pyrimidinetrionyl)dodecan  ist. 

20.  Verfahren  nach  Anspruch  10,  bei  dem  die  photosensitive  Barbitursaure  1-(1-Butyl)-3-cyclohexyl-5-diazo- 
barbitur-Saure  ist. 

21.  Verfahren  nach  Anspruch  10,  bei  dem  die  photosensitive  Barbitursaure  eine  bichromophore  Verbindung 
dergenerellen  Formel  II  ist,  worin  R3  und  R4  Cyclohexyl  sind  und  R5  Methylendicyclohexyl  darstellt. 

22.  Ein  Zwischenelement  fur  eine  photosensitive  Vorrichtung,  umfassend  ein  Substrat,  das  mit  einer  Schicht 
einer  Photoresist-Verbindung  von 

(a)  2  bis  35  Trockengewichtsprozent  eines  substituierten  Derivats  der  5-Diazobarbitur-Saure  gemali 
Anspruch  1, 
(b)  65  bis  98  Trockengewichtsprozent  eines  wassrig,  alkalisch  loslichen  Harzes, 

versehen  ist. 

23.  Element  nach  Anspruch  22,  bei  dem  das  substituierte  Derivat  der  Diazobarbitur-Saure  1  ,3-Dicyclohexyl- 
5-diazobarbitur-Saure  ist. 

24.  Element  nach  Anspruch  22,  bei  dem  das  substituierte  Derivat  der  Diazobarbitur-Saure  1,12-bis(3-[1-Cy- 
clohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidin-trionyl])dodecan  ist. 

25.  Element  nach  Anspruch  22,  bei  dem  das  substituierte  Derivat  der  Diazobarbitur-Saure  1,12-bis(3-[1-n- 
Butyl-5-diazo-2,4,6(1  H,3H,5H)-pyrimidin-trionyl]dodecan  ist. 

26.  Element  nach  Anspruch  22,  bei  dem  die  photosensitive  Barbitursaure  1-(1-Butyl)-3-cyclohexyl-5-diazo- 
barbitur-Saure  ist. 

27.  Element  nach  Anspruch  22,  bei  dem  die  photosensitive  Barbitursaure  die  bichromophore  Verbindung  der 
generellen  Formel  II  ist,  worin  R3  und  R4  Cyclohexyl  sind  und  R5  Methylendicyclohexyl  ist. 

Revendications 

1.  Derive  substitue  de  I'acide  5-diazo  barbiturique,  choisi  parmi  ceux  ayant  les  formules  developpees  sui- 
vantes: 

17 
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I  . V t °  

et 

I I .  

0   0  

dans  lesquelles  R̂   et  R2  sont  des  substituants  choisis  parmi  les  groupes  alkyle  en  C3  a  C12,  cyclohexyle, 
benzyle  et  aralkyle  en  C2  a  C6,  R3  et  R4  sont  des  substituants  choisis  parmi  les  groupes  alkyle  en  a 

30  C12,  cyclohexyle,  benzyle  et  aralkyle  en  C2  a  C6,  et  R5  est  choisi  parmi  les  groupes  alkyle  a,  to  -disubstitues 
en  C2  a  C12,  methylene  dicyclohexyle  et  di(alkyl)  en  a  C6)  phenylene. 

2.  Derive  de  formule  I  selon  la  revendication  1  ,  dans  lequel  R̂   et  R2  sont  tels  que  def  inis  dans  la  revendication 
1. 

3.  Derive  de  formule  II  selon  la  revendication  1  ,  dans  lequel  R3,  R4  et  R5  sont  tels  que  def  inis  dans  la  reven- 
dication  1. 

4.  Acide  1,3-dicyclohexyl-5-diazobarbiturique. 

5.  1,12-bis(3-[1-cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

6.  1,12-bis(3-[1-n-butyl-5-diazo-2,4,6(1H,3H,5H)  pyrimidinetrionyl])dodecane. 

7.  Acide  1-(1-butyl)-3-cyclohexyl-5-diazobarbiturique. 

8.  Compose  selon  la  revendication  3,  dans  lequel  R3  et  R4  sont  des  groupes  cyclohexyle,  et  R5  represente 
un  groupe  methylene  dicyclohexyle. 

9.  Composition  f  ilmogene  photosensible  positive,  comprenant: 
(a)  de  2  a  35  %  en  poids  a  sec  d'un  derive  substitue  d'acide  5-diazobarbiturique  selon  la  revendication 
1; 
(b)  de  65  a  98  %  en  poids  a  sec  d'une  resine  soluble  en  solution  aqueuse  basique;  et 
(c)  un  solvant. 

10.  Procede  de  preparation  d'un  derive  substitue  de  I'acide  5-diazobarbiturique  selon  la  revendication  1  ,  dans 
lequel: 

(a)  onfaitreagirun  isocyanate  approprieetune  amine  primaire,  pourformerun  produitde  reaction  inter- 
mediate  disubstitue  correspondant; 
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(b)  on  isole  le  produit  de  reaction  intermediate  solide  de  I'etape  (a),  et  on  fait  reagir  ce  produit  inter- 
mediate,  avec  un  acide  malonique,  en  presence  d'un  agent  de  deshydratation,  pour  obtenir  un  acide 
barbiturique  solide  correspondant  ; 
(c)  on  separe  I'acide  barbiturique  produit  dans  I'etape  (b);  et 

5  (d)  on  fait  reagir  I'acide  barbiturique  separe,  dans  un  milieu  reaction  nel  liquide  approprie,  avec  un  agent 
de  transfert  de  groupe  diazo,  de  sorte  que  des  groupes  diazo  sont  transferes  a  I'acide  barbiturique, 
pour  former  le  compose  derive  d'acide  barbiturique  photosensible  correspondant. 

11.  Procede  de  preparation  d'un  derive  substitue  d'acide  5-diazobarbiturique  de  formule  I  selon  la  revendi- 
10  cation  1,  caracterise  en  ce  qu'il  comprend  les  etapes  consistant: 

afaire  reagir  un  isocyanate  approprie  etune  simple  amine  primaire,  pourformerun  produit  de  reac- 
tion  intermediate  disubstitue  correspondant,  de  formule: 

R-HH-C-NH-R  ' 
15 H 

0 

dans  laquelle  R  et  R'  sont  des  substituants  choisis  parmi  les  groupes  alkyle  en  C3  a  C12,  cyclohexyle,  ben- 
zyle  et  aralkyle  en  C2  a  C6,  puis  on  effectue  les  etapes  b,  c  et  d  ainsi  que  cela  est  decrit  dans  la  revendi- 
cation  10. 

12.  Procede  de  preparation  d'un  derive  substitue  d'acide  5-diazobarbiturique  de  formule  II  selon  la  revendi- 
cation  1,  caracterise  en  ce  qu'il  comprend  les  etapes  consistant: 

a  faire  reagir  un  isocyanate  approprie  et  une  diamine  primaire,  pour  former  un  produit  de  reaction 
intermediate  correspondant,  de  formule: 

O  O 

R-NH-C-NH-R5-HH-C-NH-R 

dans  laquelle  R  represente  un  substituant  choisi  parmi  les  groupes  alkyle  en  a  C12,  cyclohexyle,  benzyle 
et  aralkyle  en  C2  a  C6,  puis  on  effectue  les  etapes  b,  c  et  d  ainsi  que  cela  a  ete  decrit  dans  la  revendication 
10. 

13.  Procede  selon  la  revendication  10,  dans  lequel  I'agent  de  deshydratation  de  I'etape  (b)  est  I'anhydride 
acetique. 

14.  Procede  selon  la  revendication  10,  dans  lequel  le  milieu  reactionnel  liquide  de  I'etape  (d)  est  I'acetonitrile. 

15.  Composition  selon  la  revendication  9,  dans  laquelle  la  resine  (b)  est  un  copolymere  4-tert-butylsty- 
rene/maleimide. 

45  16.  Composition  selon  la  revendication  9,  dans  laquelle  le  solvant  (c)  est  le  diglyme. 

17.  Procede  selon  la  revendication  10,  dans  lequel  le  compose  photosensible  derive  d'acide  barbiturique  est 
I'acide  1  ,3-dicyclohexyl-5-barbiturique. 

50  18.  Procede  selon  la  revendication  10,  dans  lequel  le  derive  photosensible  derive  d'acide  barbiturique  est  le 
1,12-bis(3-[1-cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

19.  Procede  selon  la  revendication  10,  dans  lequel  le  derive  photosensible  d'acide  barbiturique  est  le  1,12- 
bis(3-[1-n-butyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

55  20.  Procede  selon  la  revendication  10,  dans  lequel  I'acide  barbiturique  photosensible  est  I'acide  1-(1-butyl)- 
3-cyclohexyl-5-diazobarbiturique. 
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21.  Procede  selon  la  revendication  10,  dans  lequel  I'acide  barbiturique  photosensible  est  le  compose  bichro- 
mophore  de  formule  generale  II  dans  laquelle  R3  et  R4  represented  des  groupes  cyclohexyle,  et  R5  repre- 
sente  un  groupe  methylene  dicyclohexyle. 

22.  Element  intermediate  pour  dispositif  photosensible,  comprenant  un  substrat  comportant  une  couche 
d'une  composition  photoresistante  contenant: 

(a)  de  2  a  35  %  en  poids  a  sec  d'un  derive  substitue  d'acide  5  -  diazobarbiturique  selon  la  revendication 
1; 
(b)  de  65  a  98  %  en  poids  a  sec  d'une  resine  soluble  en  solution  basique  aqueuse. 

23.  Element  selon  la  revendication  22,  dans  lequel  le  derive  substitue  de  I'acide  diazobarbiturique  est  I'acide 
1,3-dicyclohexyl-5-barbiturique. 

24.  Element  selon  la  revendication  22,  dans  lequel  le  derive  substitue  de  I'acide  diazobarbiturique  est  le  1,12- 
bis(3-[1-cyclohexyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

25.  Element  selon  la  revendication  22,  dans  lequel  le  derive  subititue  de  I'acide  diazobarbiturique  est  le  1  ,12- 
bis(3-[1-n-butyl-5-diazo-2,4,6(1H,3H,5H)-pyrimidinetrionyl])dodecane. 

26.  Element  selon  la  revendication  22,  dans  lequel  le  derive  d'acide  barbiturique  photosensible  est  I'acide  1- 
(1-butyl)-3-cyclohexyl-5-diazobarbiturique. 

27.  Element  selon  la  revendication  22,  dans  lequel  le  derive  d'acide  barbiturique  photosensible  est  le  compose 
bichromophore  de  formule  generale  II  dans  laquelle  R3  et  R4  represented  des  groupes  cyclohexyle,  et 
R5  represents  un  groupe  methylene  dicyclohexyle. 
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