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(54)  Direct  plating  of  an  orifice  plate  onto  a  holder 

(57)  An  orifice  plate  is  fabricated  for  use  in  an  ink  jet 
printer.  Initially,  a  mandrel  is  provided,  and  a  holder  is 
aligned  to  the  mandrel.  The  mandrel  and  the  holder  are 
maintained  in  intimate  contact  and  at  equal  electrical  po- 
tential.  The  mandrel  and  the  holder  are  placed  at  ca- 

thodic  polarity.  A  plating  material  is  then  applied  to  the 
combined  mandrel  and  holder  to  cause  the  mandrel  and 
holder  to  form  a  single  orifice  plate  directly  bonded  to 
the  holder.  The  mandrel  is  then  removed  from  the  orifice 
plate. 
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Description 

Technical  Field 

The  present  invention  relates  to  continuous  ink  jet 
printers  and,  more  particularly,  to  improved  construction 
for  the  orifice  plate. 

Background  Art 

Ink  jet  printing  systems  are  known  in  which  a  print 
head  defines  one  or  more  rows  of  orifices  which  receive 
an  electrically  conductive  recording  fluid,  such  as  for  in- 
stance  a  water  base  ink,  from  a  pressurized  fluid  supply 
manifold  and  eject  the  fluid  in  rows  of  parallel  streams. 
Printers  using  such  print  heads  accomplish  graphic  re- 
production  by  selectively  charging  and  deflecting  the 
drops  in  each  of  the  streams  and  depositing  at  least 
some  of  the  drops  on  a  print  receiving  medium,  while 
others  of  the  drops  strike  a  drop  catcher  device. 

In  one  type  of  ink  jet  printer,  the  print  head  includes 
a  manifold,  defining  a  fluid  receiving  reservoir,  to  which 
is  bonded  a  relatively  thin  orifice  plate,  defining  the  rows 
of  orifices.  The  orifice  plate  is  made  of  electroplated 
nickel  or  beryllium-copper  electroplated  with  nickel.  The 
orifice  plate  is  somewhat  flexible. 

Currently  in  the  art,  an  orifice  plate  is  bonded  to  a 
holder,  such  as  a  droplet  generator  body,  by  first  elec- 
troplating  the  orifice  plate  on  a  mandrel  and  then  remov- 
ing  the  orifice  plate  from  the  mandrel.  The  orifice  plate 
is  then  typically  bonded  onto  the  orifice  plate  holder  by 
using  an  epoxy.  Of  course,  it  is  also  possible,  by  using 
the  right  kind  of  mandrel,  to  epoxy  bond  the  orifice  plate 
to  a  holder  or  droplet  generator  while  the  orifice  plate  is 
still  on  the  mandrel. 

Unfortunately,  several  problems  exist  with  prior  art 
orifice  plate  fabrication  techniques.  One,  debris  is  intro- 
duced  from  the  technique  of  applying  the  epoxy  fillet. 
Second,  the  epoxy  bond  diminishes  efficiency  of  acous- 
tic  energy  transfer.  The  epoxy  thickness  variation  and 
the  variation  in  the  distance  the  epoxy  is  from  the  orifices 
along  the  array  will  cause  variations  in  the  amount  of 
acoustic  energy  transferred  to  the  filaments  and  hence 
variations  in  the  breakoff  length  of  the  filaments  along 
the  array.  Also,  handling  of  the  delicate  orifice  foil  of  the 
current  art  introduces  out-of-flatness  in  the  plane  of  the 
orifice  plate  and  a  non-straightness  of  the  orifices  along 
the  orifice  array. 

It  is  seen  then  that  there  exists  a  need  for  an  im- 
proved  orifice  plate  fabrication  which  overcomes  the 
problems  associated  with  the  prior  art. 

Summary  of  the  Invention 

This  need  is  met  by  the  direct  orifice  plate  plating 
method  according  to  the  present  invention,  wherein  the 
orifice  plate  is  bonded  directly  from  the  mandrel  onto  the 
holder,  by  means  of  plating. 

In  accordance  with  one  aspect  of  the  present  inven- 
tion,  a  method  of  bonding  an  orifice  plate  onto  a  holder 
for  an  ink  jet  printer  uses  direct  plating.  Initially,  the  hold- 
er  is  aligned  to  the  mandrel  and  the  two  parts  are  kept 

5  in  very  close  proximity,  preferably  in  intimate  contact, 
and  at  the  same  electrical  potential.  The  holder  and  the 
mandrel  are  then  placed  at  cathodic  polarity.  The  plating 
material  on  the  two  parts  will  then  grow  together,  forming 
a  single  orifice  plate  directly  bonded  to  the  holder.  The 

10  mandrel  can  then  be  removed  by  peeling,  if  the  adhe- 
sion  of  the  plated  material  is  less  on  the  mandrel  than 
the  holder,  or  by  etching  the  mandrel  away. 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  an  orifice  plate  wherein  the  plate  is  bonded 

is  directly  from  the  mandrel  onto  a  holder  or  droplet  gen- 
erator.  This  provides  the  advantage  of  eliminating  the 
use  of  epoxy  on  the  flexible  orifice  plate.  Acoustic  ener- 
gy  will  be  transferred  more  uniformly  through  a  stiffer 
orifice  plate  holder/epoxy/fluid  manifold  structure  than 

20  the  orifice  plate/epoxy/fluid  manifold  structure.  The 
epoxy  can  be  eliminated  if  the  orifice  plate  is  directly 
plated  to  the  fluid  manifold.  It  is  a  further  object  of  the 
present  invention  to  provide  such  an  orifice  plate  where- 
in  the  bonding  is  accomplished  by  means  of  plating.  This 

25  provides  the  advantage  of  allowing  for  the  orifice  plate 
to  be  a  mechanically  stiffer  structure.  Being  a  mechan- 
ically  stiffer  structure  will  greatly  reduce  the  out-of-flat- 
ness  in  the  plane  of  the  array  and  the  nonstraightness 
of  the  orifices  along  the  array.  Also  the  mechanically 

30  stiffer  structure  will  transfer  acoustic  energy  more  uni- 
formly  along  the  array  which  will  improve  the  uniformity 
of  the  breakoff  lengths  of  the  filaments  along  the  array. 

Other  objects  and  advantages  of  the  invention  will 
be  apparent  from  the  following  description,  the  accom- 

35  panying  drawings  and  the  appended  claims. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  prior  art  cross  sectional  view  of  an  orifice 
40  plate  bonded  to  a  fluid  manifold; 

Fig.  2  is  a  cross  sectional  view  of  an  orifice  plate 
holder  in  close  proximity  to  a  mandrel,  in  accord- 
ance  with  the  present  invention; 
Fig.  3  is  a  cross  sectional  view  of  the  orifice  plate 

45  holder  and  mandrel  of  Fig.  2  electroplated  with  nick- 
el,  in  accordance  with  the  present  invention; 
Fig.  4  is  a  cross  sectional  view  of  an  integrated  or- 
ifice  plate  holder  and  orifice  plate,  in  accordance 
with  the  present  invention;  and 

so  Fig.  5  is  a  cross  sectional  view  of  an  orifice  plate 
directly  plated  onto  a  fluid  manifold,  in  accordance 
with  the  present  invention. 

Detailed  Description  of  the  Preferred  Embodiments 
55 

Currently  in  the  art,  the  orifice  plate  is  made  by  elec- 
troplating  metal  onto  a  mandrel.  A  mandrel  can  be  de- 
fined  as  a  form  which  when  electroplated  gives  a  metal 
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part  with  the  desired  features.  The  features  are  formed 
by  having  areas  on  the  mandrel  which  do  not  electro- 
plate.  This  is  accomplished  by  having  areas  on  the  man- 
drel  which  are  made  os  a  dielectric  material.  The  dielec- 
tric  material  can  be  material  put  on  top  of  a  conductive 
material  such  as  photoresist.  Another  method  of  man- 
drel  construction  is  to  coat  a  dielectric  material  with  a 
conductive  surface.  The  dielectric  areas  are  then  ob- 
tained  by  etching  through  the  conductive  surface  down 
to  the  dielectric,  such  as  are  described  in  U.S.  Patent 
No.  4,773,971  ;  and  copending,  commonly  assigned  pat- 
ent  application  Serial  No.  08/331  ,060,  filed  October  28, 
1994,  both  totally  incorporated  herein  by  reference.  Ei- 
ther  style  of  mandrel  can  be  used  to  directly  plate  orifice 
plates  onto  a  holder,  in  accordance  with  the  present  in- 
vention.  The  type  of  mandrel  with  a  dielectric  on  a  con- 
ductive  surface  shall  be  used  to  demonstrate  the  meth- 
od  of  directly  plating  an  orifice  plate  onto  a  holder.  The 
mandrel  is  then  placed  into  a  metal  electroplating  bath, 
e.g.  nickel  or  nickel  alloy.  Metal  is  then  electroplated  on- 
to  the  mandrel  where  only  areas  devoid  of  the  dielectric 
material  accept  the  electroplated  nickel.  The  orifice 
plate  can  then  be  removed  from  the  mandrel.  This  proc- 
ess  is  described  in  U.S.  Pat.  No.  4,184,925,  totally  in- 
corporated  herein  by  reference. 

Referring  now  to  Fig.  1,  orifice  plate  10  is  bonded 
to  manifold  12,  with  suitable  bonding  means  such  as 
epoxy  1  4,  at  the  periphery  of  the  orifice  plate.  This  bridg- 
es  and  closes  the  manifold  opening  leading  to  fluid  res- 
ervoir  1  6.  As  a  consequence,  orifices  in  the  orifice  plate 
10  are  in  direct  fluid  communication  with  the  reservoir 
1  6.  As  fluid  is  applied  under  pressure  to  the  fluid  receiv- 
ing  reservoir,  it  flows  through  fluid  channel  1  8,  to  orifices 
of  the  orifice  plate  1  0,  and  emerges  from  each  orifice  as 
a  fluid  filament.  The  fluid  filament  then  breaks  at  its  tip 
into  a  succession  of  fluid  drops.  The  length  of  the  fila- 
ment  can  be  controlled  by  the  amount  of  stimulation  am- 
plitude  applied  to  the  filament  from  piezoelectric  crystals 
20  attached  to  the  fluid  manifold  12.  It  is  desirable  to 
have  all  the  filament  lengths  along  the  array  to  be  the 
same.  This  is  called  synchronous  breakoff. 

In  accordance  with  one  aspect  of  the  present  inven- 
tion,  a  method  of  bonding  an  orifice  plate  onto  a  holder 
for  an  ink  jet  printer  uses  direct  plating.  Referring  now 
to  Fig.  2,  initially  an  orifice  plate  holder  22  is  aligned  to 
a  mandrel  24  and  the  two  parts  are  kept  in  very  close 
proximity,  preferably  in  intimate  contact,  and  at  the  same 
electrical  potential.  The  holder  and  the  mandrel  are  then 
placed  at  cathodic  polarity.  The  orifice  is  formed  as  the 
electroplated  metal  grows  on  the  conductive  portion  of 
the  mandrel  and  around  a  photoresist  peg  26.  If  neces- 
sary,  metal  can  be  deposited  thick  enough  to  go  over 
part  of  the  top  of  the  peg. 

Continuing  with  Fig.  2  and  referring  to  Fig.  3,  plating 
material,  such  as  electroplated  nickel  28,  is  applied  to 
the  combined  holder  and  mandrel.  The  holder  22  and 
the  mandrel  24  will  then  grow  together,  forming  a  single 
orifice  plate  directly  bonded  to  the  holder.  The  mandrel 

can  then  be  removed  by  peeling,  if  the  adhesion  of  the 
plated  material  is  less  on  the  mandrel  than  the  holder, 
or  by  etching  the  mandrel  away,  as  is  illustrated  in  Fig.  4. 

Referring  now  to  Fig.  5,  there  is  illustrated  a  cross 
5  sectional  view  of  an  orifice  plate  30  manufactured  in  ac- 

cordance  with  the  present  invention,  directly  plated  onto 
fluid  manifold  12.  In  comparing  Fig.  5  of  the  present  in- 
vention  with  Fig.  1  of  the  prior  art,  the  differences  be- 
tween  the  present  invention  and  the  prior  art  are  quite 

10  clear.  Specifically,  the  epoxy  1  4  layer  of  the  prior  art  has 
been  eliminated  with  the  present  invention.  In  Fig.  5,  an 
anode  may  be  axially  located  at  location  32,  down  the 
interior  of  the  fluid  manifold  cavity.  An  electrolyte  is 
pumped  through  the  fluid  manifold  cavity  during  the  plat- 

's  ing  process  to  assure  that  the  concentration  of  metal 
ions  being  plated  is  uniform  throughout  the  length  of  the 
fluid  manifold  cavity.  If  the  concentration  of  metal  ions 
is  not  uniform,  then  the  orifice  plate  will  not  be  uniform 
in  thickness  along  the  array,  resulting  in  a  variation  in 

20  the  diameter  of  the  orifices  along  the  array. 

Industrial  Applicability  and  Advantages 

The  present  invention  is  useful  in  the  field  of  ink  jet 
25  printing,  and  has  the  advantage  of  eliminating  the  use 

of  epoxy  on  the  flexible  orifice  plate.  Acoustic  energy  will 
be  transferred  more  uniformly  through  a  stiffer  orifice 
plate  holder/epoxy/fluid  manifold  structure  than  the  ori- 
fice  plate/epoxy/fluid  manifold  structure.  It  is  a  further 

30  advantage  of  the  present  invention  that  it  allows  for  the 
orifice  plate  to  be  a  mechanically  stiffer  structure.  Being 
a  mechanically  stiffer  structure  will  greatly  reduce  the 
out-of  -flatness  in  the  plane  of  the  array  and  the  non- 
straightness  of  the  orifices  along  the  array.  Also  the  me- 

35  chanically  stiffer  structure  will  transfer  acoustic  energy 
more  uniformly  along  the  array  which  will  improve  the 
uniformity  of  the  breakoff  lengths  of  the  filaments  along 
the  array. 

Having  described  the  invention  in  detail  and  by  ref- 
40  erence  to  the  preferred  embodiment  thereof,  it  will  be 

apparent  that  other  modifications  and  variations  are 
possible  without  departing  from  the  scope  of  the  inven- 
tion  defined  in  the  appended  claims. 

45 
Claims 

1  .  A  method  of  fabricating  an  orifice  plate  for  an  ink  jet 
printer  comprising  the  steps  of: 

50 
providing  a  mandrel; 
aligning  a  holder  to  the  mandrel; 
placing  the  mandrel  and  the  holder  at  cathodic 
polarity; 

55  applying  a  plating  material  to  the  mandrel  and 
the  holder  to  cause  the  mandrel  and  the  holder 
to  form  a  single  orifice  plate  directly  bonded  to 
the  holder. 

25 

30 

35 

40 

45 

50 

3 



5  EP  0  784  105  A2  6 

2.  A  method  of  fabricating  an  orifice  plate  as  claimed 
in  claim  1  further  comprising  the  step  of  maintaining 
the  mandrel  and  the  holder  in  intimate  contact. 

3.  A  method  of  fabricating  an  orifice  plate  as  claimed  s 
in  claim  1  further  comprising  the  step  of  maintaining 
the  mandrel  and  the  holder  at  equal  electrical  po- 
tential. 

4.  A  method  of  fabricating  an  orifice  plate  as  claimed  10 
in  claim  1  further  comprising  the  step  of  removing 
the  mandrel  from  the  orifice  plate. 

5.  A  method  of  fabricating  an  orifice  plate  as  claimed 
in  claim  4  wherein  the  step  of  removing  the  mandrel  15 
from  the  orifice  plate  comprises  the  step  of  peeling 
the  mandrel  from  the  orifice  plate. 

6.  A  method  of  fabricating  an  orifice  plate  as  claimed 
in  claim  4  wherein  the  step  of  removing  the  mandrel  20 
from  the  orifice  plate  comprises  the  step  of  etching 
the  mandrel  off  the  orifice  plate. 
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