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(54)  Positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition. 

(57)  A  resin  composition  comprising  (A)  a  copolymer  obtained  by  copolymerising  (a)  acrylic  acid  and/or 
methacrylic  acid,  (b)  at  least  one  compound  bearing  a  group  unsatable  to  acid  such  as  t-amyl  acrylate  or 
t-amyl  methacrylate  and  (c)  a  copolymerizable  monomer  such  as  n-butyl  acrylate  and  (B)  a  photoacid 
generator  is  effective  for  providing  electrodeposition  baths  with  good  water  dispersion  stability  and  may 
be  used  to  produce  electrodeposited  films  having  high  sensitivity  and  high  resolution. 
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BACKGROUND  OF  THE  INVENTION 

This  invention  related  to  a  positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition, 
an  electrodeposition  bath  using  the  same,  an  electrodeposition  process  and  a  process  for  producing  printed 

5  circuit  boards. 
As  processes  for  forming  resist  patterns  on  surfaces  of  substrates,  there  has  frequently  been  used  a  pro- 

cess  comprising  forming  a  photosensitive  layer  on  a  substrate  surface,  irradiating  the  photosensitive  layerwith 
actinic  light,  followed  by  development.  As  to  formation  of  photosensitive  layer,  there  have  been  known,  for 
example,  dip  coating,  roll  coating,  curtain  coating,  etc.,  using  a  photosensitive  resin  composition  solution  (a 

w  coating  fluid),  and  a  laminating  process  wherein  a  photosensitive  film  which  is  obtained  by  forming  a  photo- 
sensitive  layer  on  a  substrate  film  previously  is  laminated  on  a  substrate  surface  using  a  laminator,  etc.  Among 
these  processes,  the  laminating  process  using  the  photosensitive  film  are  mainly  employed  particularly  in  the 
field  of  printed  circuit  board  production  due  to  formation  of  the  photosensitive  layer  with  a  uniform  thickness 
easily. 

15  With  recent  progress  of  higher  density  and  higher  precision  of  printed  circuit  boards,  resist  patterns  having 
higher  quality  are  required  now.  That  is,  there  are  required  resist  patterns  having  no  pin  holes  and  good  in  adhe- 
sion  to  an  underlying  substrate  surface.  In  order  to  meet  such  a  requirement,  the  laminating  process  using  the 
photosensitive  film  and  nowemployed  mainly  is  to  be  known  having  a  limit.  According  to  the  laminating  process, 
conformability  to  unevenness  of  substrate  surface  caused  by  scars  at  the  time  of  substrate  production,  unun- 

20  iformity  of  polishing,  meshes  of  glass  cloth  present  in  an  inner  layer  of  substrate,  ununiformity  of  pits  and  the 
like  of  copper  plating  on  the  surface,  is  poor,  resulting  in  difficulty  in  obtaining  sufficient  adhesiveness.  Such 
difficulty  can  be  removed  to  some  extent  by  carrying  out  the  lamination  of  photosensitive  film  under  reduced 
pressure  (Japanese  Patent  Examined  Publication  No.  59-3740),  but  a  special  and  expensive  apparatus  is 
necessary  for  such  a  purpose. 

25  Under  such  circumstances,  solution  coating  processes  such  as  dip  coating,  roll  coating,  curtain  coatings, 
etc.  have  been  noticed  again  recently.  But  these  processes  have  problems  in  that  control  of  film  thickness  is 
difficult,  uniformity  of  film  thickness  is  insufficient,  pin  holes  are  generated,  and  the  like. 

Recently,  there  is  proposed  a  new  process  for  forming  a  photosensitive  film  by  electrodeposition  (Japanese 
Patent  Unexamined  Publication  No.  62-235496).  According  to  this  process,  there  are  advantages  in  that  (1) 

30  adhesiveness  of  a  resist  to  a  substrate  is  improved,  (2)  conformability  to  unevenness  of  substrate  surface  is 
good,  (3)  a  photosensitive  film  with  a  uniform  film  thickness  can  be  formed  in  a  short  time,  (4)  since  the  coating 
fluid  is  an  aqueous  solution,  pollution  of  working  circumstances  can  be  prevented,  and  there  is  no  problem  in 
prevention  of  disasters.  Thus,  there  are  made  some  proposals  as  to  positive  type  photosensitive  electrodep- 
osition  which  seems  to  be  effective  for  producing  printed  circuit  boards  having  through-holes.  In  most  cases, 

35  a  quinonediazido  group  as  a  photosensitive  group  is  used,  but  there  are  problems  in  that  photosensitivity  is 
low  and  water  disposition  stability  of  photosensitive  materials  is  poor. 

On  the  other  hand,  as  a  pattern  forming  process  for  producing  electronic  parts  such  as  semiconductor  ele- 
ments,  magnetic  bubble  memories,  integrated  circuits,  etc.,  there  are  proposed  processes  using  many  chemical 
amplified  system  positive  type  photosensitive  materials  comprising  a  compound  which  can  generate  an  acid 

40  upon  irradiation  with  actinic  light,  and  a  compound  which  is  decomposed  by  the  acid  generated  and  shows  a 
property  of  enhancing  solubility  in  a  developing  solution.  These  processes  can  be  expected  to  show  extremely 
higher  sensitivity  than  the  process  of  using  the  quinonediazido  group.  But  such  materials  have  not  practically 
been  used  for  electrodeposition.  This  is  because  known  chemical  amplified  positive  type  photosensitive  mate- 
rials  are  dissolved  in  organic  solvents  and  used  for  forming  photosensitive  films  by  a  coating  method,  so  that 

45  these  materials  cannot  be  dispersed  in  water  as  they  are  and  thus  cannot  be  used  as  an  electrodeposition  coat- 
ing  resin  composition.  In  order  to  use  these  materials  for  electrodeposition,  it  is  necessary  to  fundamentally 
reconstitute  chemical  amplified  positive  type  photosensitive  materials. 

SUMMARY  OF  THE  INVENTION 
50 

It  is  objects  of  the  present  invention  to  provide  a  positive  type  photosensitive  electrodeposition  coating  resin 
composition  with  high  sensitivity,  and  high  resolution,  an  electrodeposition  bath  good  in  stability  (water  disper- 
sion  stability  of  photosensitive  material),  a  process  for  electrodeposition  using  the  said  resin  composition,  and 
a  process  for  producing  a  printed  circuit  board  using  said  resin  composition. 

55  The  present  invention  provides  a  positive  type  photosensitive  anionic  electrodeposition  coating  resin 
composition  comprising 

2 
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(A)  a  copolymer  obtained  by  copolymerizing  as  essential  components 

(a)  at  least  one  member  selected  from  the  group  consisting  of  acrylic  acid  and  methacrylic  acid, 
(b)  at  least  one  compound  having  an  unstable  group  against  an  acid,  for  example,  t-butyl  methacrylate, 

5  t-butyl  acrylate,  t-amyl  methacrylate,  t-amyl  acrylate,  isobornyl  methacrylate  and  isobornyl  acrylate,  and 
(c)  a  polymerizable  monomer  capable  of  forming  a  homopolymer  having  a  glass  transition  temperature  of 
0°C  or  lower,  and 

(B)  a  compound  cable  of  generating  an  acid  when  exposed  to  actinic  light. 
10 

The  present  invention  also  provides  an  electrodeposition  bath  using  the  above-mentioned  resin  compo- 
sition. 

The  present  invention  further  provides  a  process  for  electrodeposition  comprising  dipping  a  substrate  at 
least  a  surface  of  which  has  electroconductivity  in  the  above-mentioned  electrodeposition  both,  and  applying 

15  a  direct  current  while  making  the  substrate  as  an  anode  to  form  an  electrodeposited  film. 
The  present  invention  still  further  provides  a  process  for  producing  a  printed  circuit  board  characterized  by 

subjecting  the  resulting  electrodeposited  film  obtained  as  mentioned  above  to  exposure  to  light  and  develop- 
ment. 

20  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  copolymer  (A)  is  obtained  by  copolymerizing  (a)  at  least  one  member  selected  from  the  group  con- 
sisting  of  acrylic  acid  and  methacrylic  acid,  (b)  at  least  one  compound  having  an  unstable  group  against  an 
acid,  e.g.,  t-butyl  methacrylate,  t-buthyl  acrylate,  t-amyl  methacrylate,  t-amyl  acrylate,  isobornyl  methacrylate 

25  and  isobornyl  acrylate,  and 
(c)  a  polymerizable  monomer  capable  of  forming  a  homopolymer  having  a  glass  transition  temperature 

of  0°C  or  higher. 
As  the  monomer  component  (a),  there  are  used  acrylic  acid  and/or  methacrylic  acid.  It  is  preferable  to  use 

the  component  (a)  so  as  to  make  the  acid  number  of  the  resulting  copolymer  (A)  preferably  20  to  230,  more 
30  preferably  40  to  150.  When  the  acid  number  is  less  than  20,  there  is  a  tendency  to  lower  water  dispersibility 

and  waterdispersion  stability  of  the  positive  type  photosensitive  anionic  electrodeposition  coating  resin  compo- 
sition  of  the  present  invention  after  an  addition  of  a  base,  followed  by  addition  of  water  as  explained  later,  and 
to  precipitate  the  composition.  On  the  other  hand,  when  the  acid  number  is  more  than  230,  there  is  a  tendency 
to  lower  surface  appearance  of  the  photosensitive  film  after  electrodeposition.  Acrylic  acid  and  methacrylic  acid 

35  can  be  used  alone  or  as  a  mixture  thereof. 
Using  amount  of  the  component  (a)  is  preferably  2  to  35  parts  by  weight,  more  preferably  5  to  23  parts  by 

weight,  per  100  parts  by  weight  of  the  total  amounts  of  monomers  constituting  the  copolymer  (A).  When  the 
amount  is  less  than  2  parts  by  weight,  there  is  a  tendency  to  lessen  dispersibility  of  the  coating  composition 
and  to  lower  stability  and  electrodeposition  properties.  On  the  other  hand,  when  the  amount  is  more  than  35 

40  parts  by  weight,  there  is  a  tendency  to  lower  uniformity  of  resulting  coated  film  and  resistance  to  developer. 
As  the  component  (b),  there  is  used  at  least  one  compound  having  an  unstable  group  against  an  acid,  for 

example,  t-butyl  methacrylate,  t-butyl  acrylate,  t-amyl  methacrylate,  t-amyl  acrylate,  isobornyl  methacrylate, 
isobornyl  acrylate,  etc. 

More  concretely,  t-butyl  methacrylate  and  t-butyl  acrylate  can  be  used  alone  or  as  a  mixture  thereof. 
45  It  is  also  possible  to  use  t-amyl  methacrylate  and  t-amyl  acrylate  alone  or  as  a  mixture  thereof. 

It  is  further  possible  to  use  isobornyl  methacrylate  of  the  formula: 

50 

55 

CH3 

CH3 

OOC-C=CH2 

3 
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and  isobornyl  acrylate  of  the  formula: 

5  H2C  |  CH2 
H3C-C-CH3 

H2C  ^   CH 

10  
|  

^   
OOC-C=CH2 

CH3 

15  alone  or  as  a  mixture  thereof. 
Among  these  components  (b),  from  the  viewpoint  of  water  dispersion  stability,  the  use  of  tert-amyl 

(meth)acrylate  and  isobornyl  (meth)acrylate  is  preferable,  the  use  of  tert-amyl  (meth)acrylate  is  more  prefer- 
able,  and  the  use  of  tert-amyl  methacrylate  is  particularly  preferable. 

Using  amount  of  the  component  (b)  is  preferably  10  to  80  parts  by  weight,  more  preferably  20  to  60  parts 
20  by  weight,  per  100  parts  by  weight  of  the  total  amounts  of  monomers  consitituting  the  copolymer  (A).  When 

the  amount  is  less  than  10  parts  by  weight,  there  is  a  tendency  to  lower  photosensitivity.  On  the  other  hand, 
when  the  amount  is  more  than  80  parts  by  weight,  there  is  a  tendency  to  lower  electrodeposition  properties 
due  to  too  high  glass  transition  temperature  of  the  copolymer  (A). 

As  the  component  (c),  there  is  used  a  polymerizable  monomer  capable  of  forming  a  homopolymer  having 
25  a  glass  transition  temperature  of  0°C  or  lower. 

The  homopolymer  obtained  from  the  copolymerizable  monomer  (c)  should  have  a  glass  transition  tempera- 
ture  of  0°C  or  lower.  The  glass  transition  temperature  can  be  measured  by  a  conventional  thermal  analysis 
method,  preferably  by  a  differential  scanning  calorimetric  method  (DSC). 

Examples  of  such  copolymerizable  monomers  are  ethyl  acrylate,  isopropyl  acrylate,  n-propyl  acrylate,  iso- 
30  butyl  acrylate,  2-ethylhexyl  acrylate,  n-hexyl  methacrylate,  n-octyl  methacrylate,  n-decyl  methacrylate,  etc. 

Among  these  monomers,  n-butyl  acrylate  and  2-ethylhexyl  acrylate  are  preferable.  These  monomers  can  be 
used  alone  or  as  a  mixture  thereof. 

Using  amount  of  the  component  (c)  is  preferably  5  to  75  parts  by  weight,  more  preferably  20  to  60  parts 
by  weight,  per  1  00  parts  by  weight  of  the  total  amounts  of  monomers  constituting  the  copolymer  (A).  When  the 

35  amount  is  less  than  5  parts  by  weight,  the  glass  transition  temperature  of  the  homopolymer  becomes  too  high, 
resulting  in  showing  a  tendency  to  lower  electrodeposition  properties.  On  the  other  hand,  when  the  amount  is 
more  than  75  parts  by  weight,  the  glass  transition  temperature  of  the  copolymer  (A)  becomes  too  low,  resulting 
in  showing  a  tendency  to  increase  sticking  (or  tackiness)  of  coated  film  after  electrodeposition. 

Particularly  preferable  amounts  of  the  monomers  (a),  (b)  and  (c)  constituting  the  copolymer  (A)  are  5  to  23 
40  parts  by  weight  of  the  component  (a),  20  to  60  parts  by  weight  of  the  component  (b),  and  20  to  60  parts  by 

weight  of  the  component  (c),  per  1  00  parts  by  weight  of  the  total  of  the  components  (a),  (b)  and  (c). 
The  copolymer  (A)  may  further  contain  one  or  more  monomers  other  than  the  polymerizable  monomers 

(a),  (b)  and  (c)  mentioned  above.  Examples  of  such  monomers  are  methyl  acrylate,  methyl  methacrylate,  ethyl 
methacrylate,  n-butyl  methacrylate,  cyclohexyl  methacrylate,  norbornyl  methacrylate,  norbornenyl  methacry- 

45  late,  mesityl  methacrylate,  phenetyl  methacrylate,  adamantyl  methacrylate,  tricyclo[5.2.1.02'6]deca-8-(or  9)-yl 
methacrylate,  dicyclopentenyloxyethyl  methacrylate,  dicyclopentenyl  methacrylate,  tetrahydrofurfuryl  methac- 
rylate,  2,2,2-trifluoroethyl  methacrylate,  diacetoneacrylamide,  acrylonitrile,  styrene,  vinyltoluene,  etc.  These 
monomers  can  be  used  alone  or  as  a  mixture  thereof.  These  monomers  can  be  used  in  amounts  of  preferably 
50  parts  by  weight  or  less,  more  preferably  30  parts  by  weight  or  less,  per  100  parts  by  weight  of  the  total  of 

50  copolymerizable  monomers  (a),  (b)  and  (c). 
The  copolymer  (A)  can  generally  be  obtained  by  solution  polymerization  of  the  polymerizable  monomers 

in  an  organic  solvent  using  a  polymerization  initiator  such  as  azobisisobutyronitrile,  azobisdimethylvaleronitrile, 
benzoyl  peroxide,  or  the  like.  As  the  organic  solvent,  the  use  of  hydrophilic  organic  solvent  such  as  dioxane, 
methoxyethanol,  ethoxyethanol,  diethylene  glycol,  orthe  like  is  preferable  considering  that  such  an  organic  sol- 

55  vent  is  also  used  for  electrodeposition.  When  a  hydrophobic  organic  solvent  such  as  toluene,  xylene,  benzene, 
etc.  is  mainly  used,  such  a  solvent  should  be  removed  by  distillation  after  copolymerization  and  a  hydrophilic 
organic  solvent  should  be  substituted  therefor. 

The  copolymer  (A)  has  a  weight  average  molecular  weight  (converted  to  standard  polystyrene)  of  preferably 

4 
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5,000  to  150,000,  more  preferably  20,000  to  90,000.  When  the  molecular  weight  is  less  than  5,000,  mechanical 
strength  of  a  resist  becomes  weak.  On  the  other  hand,  when  the  molecular  weight  is  more  than  150,000,  there 
is  a  tendency  to  lower  electrodeposition  properties  and  to  lower  surface  appearance  of  coated  film. 

The  copolymer  (A)  has  a  glass  transition  temperature  of  preferably  0°  to  100°C,  more  preferably  10°  to 
5  70°C,  particularly  preferably  20°  to  50°C.  When  the  glass  transition  temperature  is  too  low,  there  is  a  tendency 

to  increase  sticking  of  coated  film.  On  the  other  hand,  when  the  glass  transition  temperature  is  too  high,  there 
is  a  tendency  to  lower  electrodeposition  properties. 

The  copolymer  (A)  is  preferably  used  in  an  amount  of  60  to  99.999  parts  by  weight,  more  preferably  80  to 
99.9  parts  by  weight,  per  100  parts  by  weight  of  the  total  weight  of  the  copolymer  (A)  and  the  component  (B). 

w  When  the  amount  is  less  than  60  parts  by  weight,  stability  of  electrodeposition  bath  and  coated  film  against 
light  and  heat  is  lowered.  On  the  other  hand,  when  the  amount  is  more  than  99.999  parts  by  weight,  there  is  a 
tendency  to  undesirably  make  the  photosensitivity  too  low. 

As  the  compound  capable  of  generating  an  acid  when  exposed  to  actinic  light  (hereinafter  referred  to  as 
"photoacid  generator"),  there  can  be  used  phosphonium  salts,  sulfonium  salts,  diazonium  salts  and  iodonium 

15  salts,  individually  containing  AsF63,  CI043,  BF43,  SbF63  or  PF63  group;  oxazole  derivatives,  e.g., 

N  —  N 

20 CH3  ~ ^ Q ^ ~   CH=CH-C^  ^C-CC^3»  

N  —  N 
25 

30 

N  —  N 

35 n - C 4 H 9 0 - ( Q ) -   CH=CH-C^  C-CBr3  , 
O 

40 
N  —  N 

3 L   
.  

I  
O  CH=CH—  CC^3,  e t c . ;  

45 
s-triazine  derivatives,  e.g., 

50 

55 

5 
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N 

N  
Y N  

CC£3 

c ^ 3 c  

CC^3 

disulfone  derivatives,  e.g., 

- a  

6 
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imidosulfonate  derivatives,  e.g.. 
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nitrobenzyl  derivatives  of  the  formula: 

S03CH2 

N02 

wherein  R  is  an  alkyl  group  preferably  having  1  to  6  carbon  atoms,  for  example, 

8 
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OCH3 

35 

Among  these  compounds,  the  oxazole  derivatives,  s-triazine  derivatives,  disulfone  derivatives,  imidosul- 
fonate  derivatives  and  nitrobenzyl  derivatives,  all  having  no  ionic  bond  in  their  molecules  (having  no  salt  struc- 
ture),  are  preferable  from  the  viewpoint  of  photosensitivity.  Particularly,  the  nitrobenzyl  derivatives  are  more 

40  preferable. 
The  photoacid  generator  (B)  is  used  in  an  amount  of  preferably  0.001  to  40  parts  by  weight  more  preferably 

0.1  to  20  parts  by  weight,  per  100  parts  by  weight  of  the  total  weight  of  the  components  (A)  and  (B).  When  the 
amount  is  less  than  0.001  part  by  weight,  the  photosensitivity  becomes  too  low,  while  when  the  amount  is  more 
than  40  parts  by  weight,  there  is  a  tendency  to  lower  the  stability  of  water  dispersibility  of  electrodeposition  bath. 

45  The  positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition  of  the  present  inven- 
tion  may  contain  a  compound  (a  sensitizer)  which  can  increase  an  acid  generation  efficiency  of  the  photoacid 
generator. 

Examples  of  the  sensitizerare  anthracene,  phenanthrene,  pyrene,  thioxanthone,  benzophenone,  anthrone, 
Michler's  ketone,  9-fluorenone,  phenothiazine,  etc. 

50  The  sensitizer  can  be  used  in  molar  ratio  of  sensitizer/photoacid  generator  in  the  range  of  preferably  0.01/1 
to  20/1,  more  preferably  0.1/1  to  5/1. 

The  positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition  of  the  present  inven- 
tion  may  contain  one  or  more  dyes,  pigments,  plasticizers,  adhesion  accelerating  agents,  inorganic  fillers,  and 
the  like  additives. 

55  The  resin  composition  of  the  present  invention  containing  the  components  (A)  and  (B)  as  major  components 
can  be  made  into  an  electrodeposition  coating  solution  preferably  by  dissolving  the  components  (A)  and  (B) 
and,  if  necessary,  other  additives  mentioned  above,  in  a  hydrophilic  organic  solvent  uniformly.  As  the 
hydrophilic  organic  solvent,  there  can  be  used  dioxane,  methoxyethanol,  ethoxyethanol,  diethylene  glycol,  etc., 

9 
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alone  or  as  a  mixture  thereof.  The  organic  solvent  is  used  preferably  in  an  amount  of  300  parts  by  weight  or 
less  per  100  parts  by  weight  of  the  total  solid  components. 

Then,  a  base  is  added  to  the  resulting  solution  to  neutralize  the  carboxyl  group  containing  in  the  copolymer 
(A),  resulting  in  making  solubilization  in  water  or  dispersion  in  water  easy. 

5  As  the  base,  there  can  be  used  triethylamine,  monoethanolamine,  diethanolamine,  diisopropylamine, 
dimethylaminoethanol,  morpholine,  ammonia,  sodium  hydroxide,  etc.,  alone  or  as  a  mixture  thereof. 

The  base  is  used  in  an  amount  of  preferably  0.3  to  1.0  equivalent  weight  per  equivalent  weight  of  the  car- 
boxyl  group  in  the  copolymer  (A).  When  the  amount  is  less  than  0.3  equivalent  weight,  there  is  a  tendency  to 
lower  water  dispersion  stability  in  the  electrodeposition  bath,  while  when  the  amount  is  more  than  1  .0  equivalent 

w  weight,  the  thickness  of  coated  film  (photosensitive  layer)  after  electrodeposition  becomes  thin  and  there  is  a 
tendency  to  undesirably  lower  storage  stability. 

Then,  an  electrodeposition  bath  is  prepared  by  adding  water  to  the  resulting  composition  for  dissolving  or 
dispersing  the  composition  in  water. 

The  electrodeposition  bath  preferably  has  a  solid  content  of  5  to  20%  by  weight  and  pH  of  6.0  to  9.0,  more 
15  preferably  7.0  to  9.0.  When  the  pH  is  too  low,  the  dispersion  becomes  worse  so  as  to  make  electrophoresis 

difficult.  On  the  other  hand,  when  the  pH  is  higher  than  9.0,  there  often  brings  about  redissolution  of  once  elec- 
trodeposited  film,  resulting  in  failing  to  form  the  film.  In  order  to  maintain  the  pH  in  the  above-mentioned  pref- 
erable  range,  a  base  as  mentioned  above  can  be  added  in  later  stage  for  adjustment. 

In  order  to  enhance  the  water  dispersibility  or  dispersion  stability  of  the  positive  type  photosensitive  anionic 
20  electrodeposition  coating  resin  composition,  it  is  possible  to  add  a  surfactant  such  as  monionic,  anionic, 

cationic,  and  the  like  surfactant. 
Further,  in  order  to  increase  a  coating  amount  at  the  time  of  electrodeposition,  it  is  possible  to  add  a 

hydrophobic  solvent  such  as  toluene,  xylene,  2-ethylhexyl  alcohol,  etc. 
Using  the  resulting  electrodeposition  bath,  electrodeposition  can  be  carried  out  by  dipping  a  substrate  in 

25  the  electrodeposition  bath  and  usually  applying  a  direct  current  of  50  to  400  V  using  the  substrate  as  an  anode 
for  10  seconds  to  5  minutes.  It  is  preferable  to  control  the  temperature  of  electrodeposition  bath  at  15  to  30°C. 
The  substrate  should  have  a  surface  or  surfaces  covered  with  a  metal  such  as  iron,  aluminum,  copper,  zinc, 
or  the  like,  or  an  alloy  thereof,  or  other  electroconductive  material  (e.g.  polypyrrole)  and  show  electroconduc- 
tivity. 

30  After  electrodeposition,  a  coated  material  is  taken  out  of  the  electrodeposition  bath,  washed  with  water, 
drained  and  dried  with  hot  air,  etc.  When  the  drying  temperature  is  too  high,  there  is  a  fear  of  decomposing  the 
unstable  group  against  an  acid,  e.g.  the  tert-butyl  ester  group,  tert-amyl  ester  group,  or  isobornyl  ester  group 
in  the  positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition.  Thus,  it  is  preferable 
todryat110°C  or  lower. 

35  The  thickness  of  thus  obtained  coated  film  (photosensitive  layer)  is  preferably  2  to  50  urn.  When  the  film 
thickness  is  less  than  2  urn,  the  film  is  poor  in  resistance  to  developer  and  in  the  case  of  using  the  coated  film 
in  the  production  of  printed  circuit  boards,  there  is  a  tendency  to  be  poor  in  resistance  to  etching  solution  and 
in  etch  factor  when  subjected  to  etching  treatment  after  forming  a  resist  pattern.  On  the  other  hand,  when  the 
film  thickness  is  more  than  50  urn,  resolution  of  resist  pattern  often  lowers. 

40  The  coated  film  is  then  irradiated  imagewisely  with  actinic  light  to  generate  an  acid  on  the  light  exposed 
portions,  and  if  necessary,  heated  at  80°  to  140°C  for  1  to  20  minutes,  and  then  developed  for  removing  the 
light  exposed  portions  to  obtain  a  resist  pattern. 

As  a  light  source  of  actinic  light,  there  can  be  preferably  used  those  emitting  a  light  of  300  to  450  nm  in 
wavelength,  for  example,  mercury  vapor  arc,  carbon  arc,  xenone  arc,  etc. 

45  The  development  can  usually  be  carried  out  by  spraying  an  alkaline  aqueous  solution  of,  e.g.  sodium  hyd- 
roxide,  sodium  carbonate,  potassium  hydroxide,  etc.,  or  by  dipping  in  such  an  alkaline  aqueous  solution. 

Thus,  a  printed  circuit  board  with  high  density  and  high  precision  can  be  produced  by  exposing  to  light  and 
developing  an  electrodeposited  film  formed  on  a  substrate. 

The  present  invention  is  illustrated  by  way  of  the  following  Examples. 
50 

Reference  Example  1 

Copolymers  (A-1)  to  (A-4)  were  prepared  as  follows. 

55  (A-1) 

In  a  flask  equipped  with  a  stirrer,  a  reflux  condenser,  a  thermometer,  a  dropping  funnel,  and  a  nitrogen 
introducing  pipe,  1130  g  of  dioxane  was  placed  and  heated  to  90°C  with  stirring  while  introducing  a  nitrogen 
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gas  thereinto.  When  the  temperature  became  constant  at  90°C,  a  mixed  fluid  of  100  g  of  methacrylic  acid,  500 
g  of  tert-butyl  methacrylate,  400  g  of  n-butyl  acrylate  and  10  g  of  azobisisobutyronitrile  was  added  dropwise  to 
the  flask  in  3  hours,  followed  by  stirring  at  90°Cfor  3  hours.  Then,  a  solution  obtained  by  dissolving  3  g  of  azobis- 
dimethylvaleronitrile  in  100  g  of  dioxane  was  added  dropwise  to  the  flask  in  10  minutes,  followed  by  stirring  at 

5  90°C  for  4  hours. 
The  thus  obtained  copolymer  (A-1)  had  a  weight  average  molecular  weight  of  45,000  and  an  acid  number 

of  65. 
The  solid  content  of  the  copolymer  solution  was  45.2%  by  weight. 

10  (A-2) 

In  the  same  flask  as  used  in  (A-1),  1  130  g  of  propylene  glycol  monomethyl  ether  was  placed  and  heated 
to  90°C  with  stirring,  while  introducing  a  nitrogen  gas  thereinto.  When  the  temperature  became  constant  at 
90°C,  a  mixed  fluid  of  77  g  of  methacrylic  acid,  350  g  of  tert-butyl  methacrylate,  450  g  of  2-ethylhexyl  acrylate, 

15  123  g  of  methyl  methacrylate  and  7  g  of  azobisisobutyronitrile  was  added  dropwise  to  the  flask  in  3  hours,  fol- 
lowed  by  stirring  at  90°C  for  3  hours.  Then,  a  solution  obtained  by  dissolving  3  g  of  azobisdimethylvaleronitrile 
in  1  00  g  of  propylene  glycol  monomethyl  ether  was  added  dropwise  to  the  flask  in  1  0  minutes,  followed  by  stir- 
ring  at  90°C  for  4  hours. 

The  thus  obtained  copolymer  (A-2)  had  a  weight  average  molecular  weight  of  53,000  and  an  acid  number 
20  of  50.5. 

The  solid  content  of  the  copolymer  solution  was  45.1%  by  weight. 

(A-3) 

25  In  the  same  flask  as  used  in  (A-1),  1  130  g  of  propylene  glycol  monopropyl  ether  was  placed  and  heated 
to  80°C  with  stirring,  while  introducing  a  nitrogen  gas  thereinto.  When  the  temperature  became  constant  at 
80°C,  a  mixed  fluid  of  141  g  of  acrylic  acid,  620  g  of  tert-butyl  methacrylate,  239  g  of  2-ethylhexyl  acrylate,  and 
10  g  of  azobisisobutyronitrile  was  added  dropwise  to  the  flask  in  3  hours,  followed  by  stirring  at80°Cfor4  hours. 
Then,  a  solution  obtained  by  dissolving  3  g  of  azobisdimethylvaleronitrile  in  100  g  of  propylene  glycol  monop- 

30  ropyl  ether  was  added  dropwise  to  the  flask  in  10  minutes,  followed  by  stirring  at  80°C  for  6  hours. 
The  thus  obtained  copolymer  (A-3)  had  a  weight  average  molecular  weight  of  63,000  and  an  acid  number 

of  110.5. 
The  solid  content  of  the  copolymer  solution  was  45.3%  by  weight. 

35  (A-4) 

In  the  same  flask  as  used  in  (A-1),  1  130  g  of  propylene  glycol  monopropyl  ether  was  placed  and  heated 
to  100°C  with  stirring,  while  introducing  a  nitrogen  gas  thereinto.  When  the  temperature  became  constant  at 
1  00°C,  a  mixed  fluid  of  54  g  of  methacrylic  acid,  290  g  of  tert-butyl  methacrylate,  200  g  of  n-butyl  acrylate,  256 

40  g  of  methyl  methacrylate,  200  g  of  ethyl  acrylate  and  1  0  g  of  azobisisobutyronitrile  was  added  dropwise  to  the 
flask  in  3  hours,  followed  by  stirring  at  100°Cfor  3  hours.  Then,  a  solution  obtained  by  dissolving  3  g  of  azobis- 
dimethylvaleronitrile  in  100  g  of  propylene  glycol  monopropyl  ether  was  added  dropwise  to  the  flask  in  10 
minutes,  followed  by  stirring  at  100°C  for  4  hours. 

The  thus  obtained  copolymer  (a-4)  had  a  weight  average  molecular  weight  of  31,000  and  an  acid  number 
45  of  36.1. 

the  solid  content  of  the  copolymer  solution  was  45.1%  by  weight. 

Example  1 

so  To221  gofthecopolymer(A-1)solution,  1  g  of  2-(p-methoxyphenyl)-4,6-bis(trichloromethyl)-s-triazine  was 
added,  followed  by  addition  of  9.5  g  of  triethylamine  for  neutralization.  Then,  780  g  of  deionized  waterwas  added 
dropwise  gradually  to  the  resulting  fluid  with  stirring  to  give  an  electrodeposition  bath  (pH  7.9). 

Example  2 
55 

To  222  g  of  the  copolymer  (A-2)  solution,  2  g  of  2-(p-methoxystyryl)-4,6-bis(trichloromethyl)-s-triazine  was 
added,  followed  by  addition  of  8.2  g  of  triethylamine  for  neutralization.  Then,  780  g  of  deionized  waterwas  added 
dropwise  gradually  to  the  resulting  fluid  with  stirring  to  give  an  electrodeposition  bath  (pH  8.4). 

11 
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Example  3 

To  221  g  of  the  copolymer  (A-3)  solution,  2  g  of  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  an 
ethyl  group  and  50  g  of  dioxane  were  added  and  dissolved,  followed  by  addition  of  12  g  of  triethylamine  for 

5  neutralization.  Then,  730  g  of  deionized  water  was  added  dropwise  gradually  to  the  resulting  fluid  with  stirring 
to  give  an  electrodeposition  bath  (pH  7.2). 

Example  4 

w  To  222  g  of  the  copolymer  (A-4)  solution,  4  g  of  nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  a  butyl 
group  and  50  g  of  dioxane  were  added,  followed  by  addition  of  6.5  g  of  triethylamine  for  neutralization.  Then, 
780  g  of  deionized  waterwas  added  dropwise  gradually  to  the  resulting  fluid  with  stirring  to  give  an  electrodep- 
osition  bath  (pH  8.9). 

15  Comparative  Example  1 

A  copolymer  was  synthesized  under  the  same  conditions  as  (A-1)  except  for  using  the  same  amount  of 
methyl  methacrylate  in  place  of  n-butyl  acrylate  (the  component  (c))  in  the  monomer  composition  of  (A-1).  The 
resulting  copolymer  had  a  weight  average  molecular  weight  of  46,000  and  an  acid  number  of  65.  The  solid  con- 

20  tent  of  the  copolymer  solution  was  45.3%  by  weight. 
Using  the  resulting  copolymer  solution,  an  electrodeposition  bath  was  prepared  in  the  same  manner  as 

described  in  Example  1. 
In  each  electrodeposition  bath  obtained  in  Examples  1  to  4  and  Comparative  Example  1  (water  dispersion 

stability  of  each  electrodeposition  bath  being  shown  in  Table  1),  a  substrate  of  copper-clad  glass  epoxy  laminate 
25  (MCL-E-62,  a  trade  name,  mfd.  by  Hitachi  Chemical  Company,  Ltd.)  as  an  anode  and  a  stainless  steel  plate 

(SUS  304,  a  size  of  200  mm  x  75  mm  x  1  mm)  as  a  cathode  were  dipped.  A  direct  current  of  150  V  was  applied 
for  3  minutes  at  25°C  to  form  an  electrodeposited  film  on  the  surface  of  copper-clad  laminate,  which  was  washed 
with  water,  drained  and  dried  at  80°C  for  15  minutes  (the  film  thickness  after  dried  and  surface  appearance  of 
coated  film  being  shown  in  Table  1). 

30  Then,  the  resulting  film  was  exposed  to  light  via  a  photomask  with  a  dose  of  800  mJ/cm2  from  a  3  kW 
ultrahigh  pressure  mercury  lamp,  followed  by  heating  at  130°C  for  10  minutes.  After  cooling  the  substrate, 
development  was  carried  out  by  spraying  an  aqueous  solution  of  1%  sodium  carbonate  (spraying  pressure: 
1.0  kg/cm2).  The  photosensitivity  and  the  resolution  are  shown  in  Table  1. 

As  is  clear  from  Table  1,  the  water  dispersion  stability  of  each  electrodeposition  bath  of  the  present  inven- 
35  tion  is  remarkably  good.  Further,  the  photosensitivity  of  resist  is  high,  so  that  a  good  resist  pattern  with  high 

resolution  is  formed. 
On  the  other  hand,  the  electrodeposition  bath  of  Comparative  Example  1  is  worse  in  the  water  dispersion 

stability  compared  with  Examples  1  to  4.  Further,  the  film  thickness  obtained  under  the  same  electrodeposition 
conditions  as  Examples  1  to  4  is  thinner  than  those  of  Examples  1  to  4.  Electrodeposition  properties  such  as 

40  surface  appearance  of  coated  film  are  remarkably  poor.  As  to  photosensitive  properties,  the  photosensitivity 
of  Comparative  Example  1  has  a  tendency  to  lower.  In  addition,  the  resolution  is  low  probably  due  to  poor  sur- 
face  state  of  the  film. 

45 

50 

55 
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Reference  Example  2 

copolymers  (A-5)  to  (A-8)  were  prepared  as  follows. 

5  (A-5) 

The  process  of  (A-1)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
methacrylic  acid  100  g 
tert-amyl  methacrylate  650  g 

w  n-butyl  acrylate  250  g 
azobisisobutyronitrile  10  g 

The  thus  obtained  copolymer  (A-5)  had  a  weight  average  molecular  weight  of  38,000  and  an  acid  number 
of  65.2. 

The  solid  content  of  the  copolymer  solution  was  45.1%  by  weight. 
15 

(A-6) 

The  process  of  (A-2)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
methacrylic  acid  77  g 

20  tert-amyl  methacrylate  310  g 
2-ethylhexyl  acrylate  450  g 
methyl  methacrylate  163  g 
azobisisobutyronitrile  7  g 

The  thus  obtained  copolymer  (A-6)  had  a  weight  average  molecular  weight  of  45,000  and  an  acid  number 
25  of  50.2. 

the  solid  content  of  the  copolymer  solution  was  45.3%  by  weight. 

(A-7) 

30  The  process  of  (A-3)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
acrylic  acid  141  g 
tert-amyl  methacrylate  500  g 
2-ethylhexyl  acrylate  359  g 
azobisisobutyronitrile  10  g 

35  The  thus  obtained  copolymer  (A-7)  had  a  weight  average  molecular  weight  of  51  ,000  and  an  acid  number 
of  111.1. 

The  solid  content  of  the  copolymer  solution  was  45.1%  by  weight. 

(A-8) 
40 

The  process  of  (A-4)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
acrylic  acid  54  g 
tert-amyl  methacrylate  250  g 
n-butyl  acrylate  200  g 

45  methyl  methacrylate  296  g 
ethyl  acrylate  200  g 
azobisisobutyronitrile  10  g 

The  thus  obtained  copolymer  (A-8)  had  a  weight  average  molecular  weight  of  27,000  and  an  acid  number 
of  37.2. 

so  The  solid  content  of  the  copolymer  solution  was  45.5%  by  weight. 

Example  5 

To  222  g  of  the  copolymer  (A-5)  solution,  1  g  of  2-(p-methoxyphenyl)-4,6-bis(trichloromethyl)-s-triazine  and 
55  3  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  a  propyl  group  were  added,  followed  by  addition 

of  9.5  g  of  triethylamine  for  neutralization.  Then,  780  g  of  deionized  water  was  added  dropwise  gradually  to 
the  resulting  fluid  with  stirring  to  give  an  electrodeposition  bath  (pH  7.9). 
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Example  6 

To  221  g  of  the  copolymer  (A-6)  solution,  2  g  of  2-(p-methoxystyryl)-4,6-bis(trichloromethyl)-s-triazine  and 
1  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  an  ethyl  group  were  added,  followed  by  addition 

5  of  8.2  g  of  triethylamine  for  neutralization.  Then,  780  g  of  deionized  water  was  added  dropwise  gradually  with 
stirring  to  the  resulting  fluid  to  give  an  electrodeposition  bath  (pH  8.4). 

Example  7 

w  To  222  g  of  the  copolymer  (A-7)  solution,  2  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is 
an  ethyl  group  and  50  g  of  dioxane  were  added  and  dissolved,  followed  by  addition  of  12  g  of  triethylamine  for 
neutralization.  Then,  730  g  of  deionized  waterwas  added  dropwise  gradually  with  stirring  to  give  an  electrodep- 
osition  bath  (pH  7.3). 

15  Example  8 

To  220  g  of  the  copolymer  (A-8)  solution,  4  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  a 
butyl  group  and  50  g  of  dioxane  were  added,  followed  by  addition  of  6.5  g  of  triethylamine  for  neutralization. 
Then,  780  g  of  deionized  water  was  added  dropwise  gradually  with  stirring  to  give  an  electrodeposition  bath 

20  (pH  8.8). 

Comparative  Example  2 

A  copolymer  was  synthesized  under  the  same  conditions  as  (A-5)  except  for  using  the  same  amount  of 
25  methyl  methacrylate  in  place  of  n-butyl  acrylate  (the  component  (c))  in  the  monomer  composition  of  (A-5).  The 

resulting  copolymer  had  a  weight  average  molecular  weight  of  37,000  and  an  acid  number  of  65.  The  solid  con- 
tent  of  the  copolymer  solution  was  45.4%  by  weight. 

Using  the  resulting  copolymer  solution,  an  electrodeposition  bath  was  prepared  in  the  same  manner  as 
described  in  Example  5. 

30  In  each  electrodeposition  bath  obtained  in  Examples  5  to  8  and  Comparative  Example  2  (water  dispersion 
stability  of  each  electrodeposition  bath  being  shown  in  Table  2),  a  substrate  of  copper-clad  glass  epoxy  laminate 
(MCL-E-61,  a  trade  name,  mfd.  by  Hitachi  Chemical  Company,  Ltd.)  as  an  anode  and  a  stainless  steel  plate 
(SUS  304,  a  size  of  200  mm  x  75  mm  x  1  mm)  as  a  cathode  were  dipped.  A  direct  current  of  150  V  was  applied 
for  3  minutes  at  25°C  to  form  an  electrodeposited  film  on  the  surface  of  copper-clad  laminate,  which  was  washed 

35  with  water,  drained  and  dried  at  80°C  for  15  minutes  (the  film  thickness  after  dried  and  surface  appearance  of 
the  obtained  film  being  shown  in  Table  2). 

Then,  the  resulting  film  was  exposed  to  light  via  a  photomask  with  a  dose  of  800  mJ/cm2  from  a  3  kW 
ultrahigh  pressure  mercury  lamp,  followed  by  heating  at  130°C  for  10  minutes.  After  cooling  the  substrate, 
development  was  carried  out  by  spraying  an  aqueous  solution  of  1%  sodium  carbonate  (spraying  pressure: 

40  1.0  kg/cm2).  The  photosensitivity  and  the  resolution  are  shown  in  Table  2. 
As  is  clear  from  Table  2,  the  water  dispersion  stability  of  each  electrodeposition  bath  of  the  present  inven- 

tion  is  remarkably  good.  Further,  the  photosensitivity  of  resist  is  high,  so  that  a  good  resist  pattern  with  high 
resolution  is  formed. 

On  the  other  hand,  the  electrodeposition  bath  of  Comparative  Example  2  is  worse  in  the  water  dispersion 
45  stability  compared  with  Examples  5  to  8.  Further,  the  film  thickness  obtained  under  the  same  electrodeposition 

conditions  as  Examples  5  to  8  is  thinner  than  those  of  Examples  5  to  8.  Electrodeposition  properties  such  as 
surface  appearance  of  coated  film  are  remarkably  poor.  As  to  photosensitive  properties,  the  photosensitivity 
of  Comparative  Example  2  has  a  tendency  to  lower.  In  addition,  the  resolution  is  low  probably  due  to  poor  sur- 
face  state  of  the  film. 

50 
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Reference  Example  3 

Copolymers  (A-9)  to  (A-1  2)  were  prepared  as  follows. 

5  (A-9) 

The  process  of  (A-1)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
methacrylic  acid  100  g 
isobornyl  acrylate  650  g 

w  n-butyl  acrylate  250  g 
azobisisobutyronitrile  10  g 

The  thus  obtained  copolymer  (A-9)  had  a  weight  average  molecular  weight  of  36,000  and  an  acid  number 
of  65.0. 

The  solid  content  of  the  copolymer  solution  was  45.1%  by  weight. 
15 

(A-10) 

The  process  of  (A-2)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
methacrylic  acid  77  g 

20  isobornyl  methacrylate  310  g 
2-ethylhexyl  acrylate  450  g 
methyl  methacrylate  163  g 
azobisisobutyronitrile  7  g 

The  thus  obtained  copolymer  (A-10)  had  a  weight  average  molecular  weight  of  44,000  and  an  acid  number 
25  of  50.6. 

The  solid  content  of  the  copolymer  solution  was  45.0%  by  weight. 

(A-11) 

30  The  process  of  (A-3)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
acrylic  acid  141  g 
isobornyl  acrylate  500  g 
2-ethylhexyl  acrylate  359  g 
azobisisobutyronitrile  10  g 

35  The  thus  obtained  copolymer  (A-11)  had  a  weight  average  molecular  weight  of  50,000  and  an  acid  number 
of  111.4. 

The  solid  content  of  the  copolymer  solution  was  44.6%  by  weight. 

(A-1  2) 
40 

The  process  of  (A-4)  in  Reference  Example  1  was  repeated  except  for  using  the  following  mixed  fluid: 
methacrylic  acid  54  g 
isobornyl  methacrylate  250  g 
n-butyl  acrylate  200  g 

45  methyl  methacrylate  296  g 
ethyl  acrylate  200  g 
azobisisobutyronitrile  10  g 

The  thus  obtained  copolymer  (A-1  2)  had  a  weight  average  molecular  weight  of  25,000  and  an  acid  number 
of  37.7. 

so  The  solid  content  of  the  copolymer  solution  was  45.2%  by  weight. 

Example  9 

To  223  g  of  the  copolymer  (A-9)  solution,  1  g  of  2-(p-methoxyphenyl)-4,6-bis(trichloromethyl)-s-triazine  and 
55  3  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  a  propyl  group  were  added,  followed  by  addition 

of  9.4  g  of  triethylamine  for  neutralization.  Then,  780  g  of  deionized  water  was  added  dropwise  gradually  to 
the  resulting  fluid  with  stirring  to  give  an  electrodeposition  bath  (pH  7.8). 

17 
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Example  10 

To  222  g  of  copolymer  (A-10)  solution,  2  g  of  2-(p-methoxstyryl)-4,6-bis(trichloromethyl)-s-triazne  and  1  g 
of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  an  ethyl  group  were  added,  followed  by  addition  of 

5  8.3  g  of  triethylamine  for  neutralization.  Then,  780  g  of  deionized  waterwas  added  dropwise  gradually  with  stir- 
ring  to  the  resulting  fluid  to  give  an  electrodeposition  bath  (pH  8.3). 

Example  1  1 

w  To  224  g  of  copolymer  (A-11)  solution,  2  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is  an 
ethyl  group  and  50  g  of  dioxane  were  added  and  dissolved,  followed  by  addition  of  12  g  of  triethylamine  for 
neutralization.  Then,  730  g  of  deionized  waterwas  added  dropwise  gradually  with  stirring  to  give  an  electrodep- 
osition  bath  (pH  7.2). 

15  Example  12 

To  221  g  of  the  copolymer  (A-1  2)  solution,  4  g  of  a  p-nitrobenzyl  derivative  of  the  formula  (I)  wherein  R  is 
a  butyl  group  and  50  g  of  dioxane  were  added,  followed  by  addition  of  6.6  g  of  triethylamine  for  neutralization. 
Then,  780  g  of  deionized  water  was  added  dropwise  gradually  with  stirring  to  give  an  electrodeposition  bath 

20  (pH  8.9). 

Comparative  Example  3 

A  copolymer  was  synthesized  under  the  same  conditions  as  (A-9)  except  for  using  the  same  amount  of 
25  methyl  acrylate  in  place  of  n-butyl  acrylate  (the  component  (c))  in  the  monomer  composition  of  (A-9).  The  result- 

ing  copolymer  had  a  weight  average  molecular  weight  of  37,000  and  an  acid  number  of  65.  The  solid  content 
of  the  copolymer  solution  was  45.4%  by  weight. 

Using  the  resulting  copolymer  solution,  an  electrodeposition  bath  was  prepared  in  the  same  manner  as 
described  in  Example  9. 

30  Each  electrodeposition  bath  obtained  in  Examples  9  to  12  and  Comparative  Example  3  was  subjected  to 
evaluation  of  the  water  dispersion  stability  by  observing  days  to  generate  a  precipitate  from  the  initial  time  of 
electrodeposition  bath  while  allowing  to  stand.  The  results  are  shown  in  Table  3. 

In  each  electrodeposition  bath  obtained  in  Examples  9  to  12  and  Comparative  Example  3,  a  substrate  of 
copper-clad  glass  epoxy  laminate  (MCL-E-61,  a  trade  name,  mfd.  by  Hitachi  Chemical  Company,  Ltd.)  as  an 

35  anode  and  a  stainless  steel  plate  (SUS  304,  a  size  of  200  mm  x  75  mm  x  1  mm)  as  a  cathode  were  dipped.  A 
direct  current  of  150  V  was  applied  for  3  minutes  at  25°C  to  form  an  electrodeposited  film  on  the  surface  of 
copper-clad  laminate,  which  was  washed  with  water,  drained  and  dried  at  80°C  for  15  minutes  (the  film  thick- 
ness  after  dried  and  surface  appearance  of  the  obtained  film  being  shown  in  Table  3). 

Then,  the  resulting  film  was  exposed  to  light  via  a  photomask  with  a  dose  of  800  mJ/cm2  from  a  3  kV 
40  ultrahigh  pressure  mercury  lamp,  followed  by  heating  at  140°C  for  10  minutes.  After  cooling  the  substrate, 

development  was  carried  out  by  spraying  an  aqueous  solution  of  1%  by  weight  sodium  carbonate  (spraying 
pressure:  1  .0  kg/cm2).  The  photosensitivity  and  the  resolution  were  measured  and  shown  in  Table  3.  The  photo- 
sensitivity  was  evaluated  by  step  tablets  using  photomasks  having  an  optical  density  of  0.05  at  a  first  step  and 
an  increasing  optical  density  of  0.15  per  each  step. 

45  As  is  clear  from  Table  3,  the  water  dispersion  stability  of  each  electrodeposition  bath  of  the  present  inven- 
tion  is  remarkably  good.  Further,  the  photosensitivity  of  resist  is  high,  so  that  a  good  resist  pattern  with  high 
resolution  is  formed. 

On  the  other  hand,  the  electrodeposition  bath  of  Comparative  Example  3  is  worse  in  the  water  dispersion 
stability  compared  with  Examples  9  to  12.  Further,  the  film  thickness  obtained  under  the  same  electrodeposition 

so  conditions  as  Examples  9  to  12  is  thinner  than  those  of  Examples  9  to  12.  Electrodeposition  properties  such 
as  surface  appearance  of  coated  film  are  remarkably  poor.  As  to  photosensitive  properties,  the  photosensitivity 
of  Comparative  Example  3  has  a  tendency  to  lower.  In  addition,  the  resolution  is  low  probably  due  to  poor  sur- 
face  state  of  the  film. 

55 
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Comparative  Example  4 

A  copolymer  was  synthesized  under  the  same  conditions  as  (A-8)  except  for  using  the  same  amount  of 
methyl  methacrylate  in  place  of  n-butyl  acrylate  (the  component  (c))  in  the  monomer  composition  of  (A-8).  The 

5  resulting  copolymer  (P-2)  had  a  weight  average  molecular  weight  of  29,000  and  an  acid  number  of  40.3.  The 
solid  content  of  the  copolymer  solution  was  45.4%  by  weight.  Using  the  resulting  copolymer  solution,  an  elec- 
trodeposition  bath  was  prepared  in  the  same  manner  as  described  in  Example  8. 

Comparative  Example  5 
10 

A  copolymer  was  synthesized  under  the  same  conditions  as  (A-1)  except  for  using  the  same  amount  of 
methyl  methacrylate  in  place  of  tert-butyl  methacrylate  (the  component  (b))  in  the  monomer  composition  of  (A- 
1).  The  resulting  copolymer  (P-3)  had  a  weight  average  molecular  weight  of  38,000  and  an  acid  number  of  64.9. 
The  solid  content  of  the  copolymer  solution  was  45.5%  by  weight.  Using  the  resulting  copolymer  solution,  an 

15  electrodeposition  bath  was  prepared  in  the  same  manner  as  described  in  Example  1. 

Comparative  Example  6 

Using  the  copolymer  solution  (P-3)  in  place  of  copolymer  solution  (A-1)  and  the  same  amount  of  1,2- 
20  naphthoquinonediazido-5-sulfonate  ester  of  2,3,4-trihydroxybenzophenone  in  place  of  2-(p-methoxyphenyl)- 

4,6-bis(trichloromethyl)-s-triazine  (the  component  (B)),  an  electrodeposition  bath  was  prepared  in  the  same 
manner  as  described  in  Example  1. 

As  mentioned  above,  the  water  dispersion  stability  of  each  electrodeposition  bath  of  present  invention  is 
remarkably  good.  Furhter,  the  photosensitivity  of  resist  is  high,  so  that  a  good  resist  pattern  with  high  resolution 

25  is  formed,  which  shows  that  the  present  invention  is  good  for  producing  higher  density  printed  circuit  boards 
without  causing  cutting  of  circuits  or  short-circuit. 

On  the  other  hand,  the  electrodeposition  bath  of  Comparative  Examples  1  and  2  using  the  copolymer  syn- 
thesized  with  methyl  methacrylate  capable  of  forming  a  homopolymer  having  a  glass  transition  temperature  of 
100°C  or  higher  in  place  of  the  component  (c)  are  worse  in  the  water  dispersion  stability  compared  with  Exam- 

30  pies  1  to  12.  Further,  the  film  thickness  obtained  under  the  same  electrodeposition  conditions  as  Examples  1 
to  12  is  thinner  than  those  of  Examples  1  to  12,  and  surface  appearance  of  coated  film  is  worse,  so  that  elec- 
trodeposition  properties  are  remarkably  poor.  As  to  photosensitive  properties,  the  photosensitivity  of  Compara- 
tive  Examples  4  has  a  tendency  to  lower.  In  addition,  the  resolution  is  low  probably  due  to  poor  surface  state 
of  film. 

35  In  case  of  Comparative  Example  5  using  the  copolymer  synthesized  with  methyl  methacrylate  which  has 
no  unstable  group  against  an  acid  in  place  of  the  component  (b),  electrodeposition  properties  are  the  same  as 
Examples  1  to  12,  but  the  exposure  part  cannot  be  developed,  resulting  in  showing  no  photosensitivity. 

In  case  of  Comparative  Example  6  using  1,2-naphthoquinonediazido-5-sulfonate  ester  of  2,3,4-trihyd- 
roxybenzophenone  in  place  of  the  component  (B),  further,  the  film  thickness  obtained  under  the  same  elec- 

40  trodeposition  conditions  as  Examples  1  to  12  is  smaller  than  those  of  Examples  1  to  12,  and  surface  appearance 
of  coated  film  is  worse,  so  that  electrodeposition  properties  are  remarkably  poor,  and  the  stability  of  the  elec- 
trodeposition  bath  is  worse.  As  to  photosensitive  properties,  Comparative  Example  6  has  a  tendency  to  lower 
the  photosensitivity.  In  addition,  the  resolution  is  low  probably  due  to  poor  surface  state  of  film. 

As  is  clear  from  these  results,  various  improvements  of  properties  shown  in  Examples  1  to  12  are  obtained 
45  by  using  the  positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition  comprising  a 

copolymer  (A)  obtained  from  particularly  a  compound  having  an  unstable  group  against  an  acid  and  a  photoacid 
generator  (B). 

As  mentioned  above,  the  waterdispersion  stability  of  electrodeposition  baths  using  the  positive  type  photo- 
sensitive  anionic  electrodeposition  coating  resin  compositions  of  the  present  invention  is  remarkably  high. 

so  Further,  electrodeposited  films  (photosensitive  films)  obtained  by  electrodeposition  using  such  electrodeposi- 
tion  baths  are  remarkably  excellent  in  photosensitivity  and  high  in  the  resolution  to  form  a  resist  pattern  with 
desirable  good  shape. 

The  resulting  resist  pattern  can  be  used  as  a  relief.  Further,  by  forming  a  resist  pattern  using  a  copper-clad 
laminate  as  a  substrate  and  conducting  etching  or  plating,  or  the  like,  a  printed  circuit  board  with  remarkably 

55  high  in  precision  and  density  can  be  produced. 

20 



EP  0  489  560  A1 

Claims 

1.  A  positive  type  photosensitive  anionic  electrodeposition  coating  resin  composition  comprising 
(A)  a  copolymer  comprising  residues  of 

(a)  acrylic  acid  or  methacrylic  acid  or  both, 
(b)  at  least  one  polymerisble  compound  bearing  a  group  which  is  unstable  in  the  presence  of  an 
acid,  and 
(c)  a  polymerizable  monomer  capable  of  forming  a  homopolymer  having  a  glass  transition  tempera- 
ture  of  0°C  or  lower,  and 

(B)  a  compound  capable  of  generating  an  acid  when  wxposed  to  actinic  light. 

2.  A  composition  according  to  claim  1,  wherein  the  component  (b)  is  selected  from  t-butyl  methacrylate,  t- 
butyl  acrylate,  t-amyl  methacrylate,  t-amyl  acrylate,  isobornyl  methacrylate,  isobornyl  acrylate  and  mixt- 
ures  of  two  or  more  thereof. 

3.  A  composition  according  to  claim  1  ,  wherein  the  component  (b)  is  t-butyl  methacrylate,  t-butyl  acrylate  or 
a  mixture  thereof. 

4.  A  composition  according  to  claim  1  ,  wherein  the  component  (b)  is  t-amyl  methacrylate,  t-amyl  acrylate  or 
a  mixture  thereof. 

5.  a  composition  according  to  claim  1,  wherein  the  component  (b)  is  isobornyl  methacrylate,  isobornyl  acry- 
late  or  a  mixture  thereof. 

6.  A  composition  according  to  any  one  of  claims  1  to  5  wherein  the  component  (c)  is  n-butyl  acrylate,  and 
2-ethylhexyl  acrylate  or  a  mixture  thereof. 

7.  A  composition  according  to  any  one  of  claims  1  to  6  wherein  the  component  (b)  is  a  compound  of  the  for- 
mula  (I) 

( I )  

OR 

|  NO2 
OR 

wherein  R  is  an  alkyl  group. 

8.  An  electrodeposition  bath  comprising  a  composition  according  to  any  one  of  claim  1  to  7. 

9.  Use  of  a  composition  according  to  any  one  of  claims  1  to  7  or  an  electrodeposition  bath  according  to  claim 
8  in  electrodeposition  using  a  substate  as  an  anode. 

10.  A  process  for  producing  a  printed  circuit  board  comprising  forming  an  electrodeposited  film  on  a  substrate 
by  use  of  a  composition  according  to  any  one  of  claims  1  to  7  or  an  electrodepsition  bath  according  to 
claim  8  and  then  exposing  the  film  to  light  and  developing  the  exposed  film. 
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