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©  Hydrophobic  coating  for  a  front  face  of  a  printhead  in  an  ink  jet  printer. 

©  A  coating  (22)  for  a  front  face  of  printhead  (10)  in  a  thermal  ink  jet  printer  enables  the  directionality  of  an  ink 
jet  to  be  maintained  for  the  printing  lifetime  of  the  printer.  The  coating  controls  the  wetting  characteristics  of  the 
front  face  to  prevent  ink  accumulation  on  the  front  face.  The  coating  (22)  comprises  an  epoxy  adhesive  resin 
such  as  EPON  1001F  doped  with  a  silicone  rubber  compound  such  as  RTV  732.  The  coating  (22)  can  be 
provided  in  the  form  of  a  24%  solution  of  EPON  1001F  in  a  30:70  mixture  of  xylene  and  methyl  iso-butyl  ketone 
by  weight  doped  with  1%  by  weight  of  RTV  732.  An  adhesion  promoter  such  as  an  aminosilane  can  be  included 
in  the  coating  to  increase  bond  strength  between  the  coating  and  printhead  front  face. 
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The  present  invention  relates  to  a  coating  for  a  front  face  of  a  printhead  in  an  ink  jet  printer  and,  more 
particularly  to  a  hydrophobic  coating  for  a  front  face  of  a  printhead  in  an  ink  jet  printer  ,  irrespective  of 
whether  it  is  a  continuous  or  a  drop-on-demand  type,  which  controls  the  wetting  characteristics  of  the  front 
face  to  prevent  ink  accumulation  on  the  front  face  and  ensure  the  directionality  of  a  jet  of  ink  ejected  from 

5  the  various  nozzles  of  the  printhead. 
In  ink  jet  printing,  a  printhead  is  provided,  the  printhead  having  at  least  one  ink-filled  channel  for 

communication  with  an  ink  supply  chamber  at  one  end  of  the  ink-filled  channel.  An  opposite  end  of  the  ink- 
filled  channel  has  a  nozzle  opening  from  which  droplets  of  ink  are  ejected  onto  a  recording  medium.  In 
accordance  with  the  ink  droplet  ejection,  the  printhead  forms  an  image  on  the  recording  medium. 

io  The  ink  droplets  are  formed  as  ink  forms  a  meniscus  at  each  nozzle  opening  prior  to  being  ejected 
from  the  printhead.  After  a  droplet  is  ejected,  additional  ink  surges  to  the  nozzle  opening  to  reform  the 
meniscus. 

The  direction  of  the  ink  jet  determines  the  accuracy  of  placement  of  the  droplet  on  the  receptor 
medium  ,  which,  in  turn,  determines  the  quality  of  printing  performed  by  the  printer.  Accordingly,  precise  jet 

75  directionality  is  an  important  property  of  a  high  quality  printhead.  Precise  jet  directionality  ensures  that  ink 
droplets  will  be  placed  precisely  where  desired  on  the  printed  document.  Poor  jet  directionality  results  in 
the  generation  of  deformed  characters  and  visually  objectionable  banding  in  half  tone  pictorial  images. 
Particularly  with  the  newer  generation  of  thermal  ink  jet  printers  having  higher  resolution  enabling  printing  at 
at  least  300  dots  per  inch,  improved  print  quality  is  demanded  by  customers. 

20  Currently  available  ink  jet  printers  provide  accurate  placement  of  ink  droplets  on  a  page  for  only  a  very 
limited  period  of  time.  The  current  printers  do  not  maintain  high  print  quality  by  maintaining  the  direc- 
tionality  of  the  ink  jet  throughout  the  entire  printing  lifetime  of  the  printer. 

A  major  source  of  ink  jet  misdirection  is  associated  with  improper  wetting  of  the  front  face  of  the 
printhead  containing  at  least  one  nozzle  opening.  One  factor  which  adversely  affects  jet  directional  accuracy 

25  is  the  interaction  of  ink  previously  accumulated  on  the  front  face  of  the  printhead  with  the  exiting  droplets. 
This  accumulation  is  a  direct  consequence  of  the  forces  of  surface  tension,  the  accumulation  becoming 
progressively  severe  with  aging  due  to  oxidation  of  the  front  face  of  the  printhead.  Ink  may  accumulate  on 
the  printhead  front  face  due  to  either  overflow  during  the  refill  surge  of  ink  or  the  splatter  of  small  droplets 
resulting  from  the  process  of  ejecting  droplets  from  the  printhead.  When  accumulated  ink  on  the  front  face 

30  of  the  printhead  makes  contact  with  ink  in  the  channel  (and  in  particular  with  the  ink  meniscus  at  the  nozzle 
orifice),  the  meniscus  distorts,  resulting  in  an  imbalance  of  forces  acting  on  the  ejected  droplet.  This 
distortion  leads  to  ink  jet  misdirection.  This  wetting  phenomenon  becomes  more  troublesome  after 
extensive  use  of  the  printhead  as  the  front  face  either  oxidizes  or  becomes  covered  with  dried  ink  film.  As  a 
result,  gradual  deterioration  of  the  generated  image  quality  occurs.  One  way  of  avoiding  these  problems  is 

35  to  control  the  wetting  characteristics  of  the  printhead  front  face  so  that  no  accumulation  of  ink  occurs  on  the 
front  face  even  after  extensive  printing.  Thus,  in  order  to  provide  accurate  ink  jet  directionality,  wetting  of 
the  front  face  of  the  printhead  is  preferably  suppressed.  This  can  be  achieved  by  rendering  the  printhead 
front  face  hydrophobic. 

In  thermal  ink  jet  printing,  a  thermal  energy  generator,  usually  a  solid  state  resistor,  is  located  in  the 
40  channels  near  the  nozzle  openings  at  a  predetermined  distance  from  the  nozzle  openings.  The  resistors  are 

individually  addressed  with  a  voltage  pulse  to  momentarily  vaporize  the  ink  and  form  a  bubble  which  expels 
the  ink  droplet.  As  the  bubble  grows,  the  ink  bulges  from  the  nozzle  and  is  contained  as  the  meniscus  by 
the  surface  tension  of  the  ink.  The  rapidly  expanding  vapor  bubble  pushes  the  column  of  ink  filling  the 
channel  toward  the  nozzle  opening.  At  the  end  of  the  current  pulse,  the  heater  rapidly  cools,  and  the  vapor 

45  bubble  begins  to  collapse.  However,  because  of  inertia,  most  of  the  column  of  ink  that  received  an  impulse 
from  the  exploding  bubble  continues  its  forward  motion  and  is  ejected  from  the  nozzle  opening  as  an  ink 
droplet.  As  the  bubble  begins  to  collapse,  the  ink  remaining  in  the  channel  between  the  nozzle  opening  and 
the  bubble  starts  to  move  toward  the  collapsing  bubble,  causing  a  volumetric  contraction  of  the  ink  at  the 
nozzle  and  resulting  in  the  separation  of  the  bulging  ink  as  a  droplet.  The  acceleration  of  the  ink  out  of  the 

50  nozzle  while  the  bubble  is  growing  provides  the  necessary  momentum  and  velocity  to  the  droplet  in  a 
substantially  straight  line  direction  toward  the  recording  medium.  However,  puddling  of  ink  in  contact  with 
the  nozzle  opening  in  the  front  face  of  the  thermal  ink  jet  printhead  will  cause  deflection  of  the  droplet  from 
a  straight  line  path  and,  accordingly,  misdirection.  Therefore,  the  wetting  characteristics  of  the  front  face  of 
the  printhead  are  critical  to  accurate  printing. 

55  All  the  different  types  of  ink  jet  printheads  include  an  array  of  nozzles.  Such  nozzles  of  a  thermal  print 
head  may  be  formed  of  silicon  wafers  using  orientation  dependent  etching  (ODE)  techniques.  The  use  of 
silicon  wafers  is  advantageous  because  ODE  techniques  can  form  structures,  such  as  nozzles,  on  the 
wafers  in  a  highly  precise  manner.  Moreover,  the  structures  can  be  fabricated  efficiently  at  low  cost.  The 
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resulting  nozzles  are  generally  triangular  in  cross-section.  Thermal  ink  jet  printheads  made  by  the  above- 
mentioned  ODE  techniques  typically  comprise  a  channel  plate  which  contains  a  plurality  of  nozzle-defining 
channels  located  in  a  lower  surface  thereof  bonded  to  a  heater  plate  having  a  plurality  of  resistive  heater 
elements  formed  on  an  upper  surface  thereof,  the  heater  plate  being  arranged  so  that  a  heater  element  is 

5  located  in  each  channel.  The  upper  surface  of  the  heater  plate  may  include  an  insulative  layer  which  is 
patterned  to  form  recesses  exposing  the  individual  heating  elements.  The  insulative  layer  is  referred  to  as  a 
"pit  layer"  and  is  sandwiched  between  the  channel  plate  and  the  heater  plate  so  that  the  nozzle  containing 
front  face  may  have  three  layers:  1)  the  channel  plate;  2)  the  pit  layer;  and  3)  the  heater  plate. 

The  heater  and  channel  plates  are  typically  formed  from  silicon,  while  the  pit  layer,  sandwiched 
io  between  the  heater  and  channel  plates,  is  formed  from  a  polymer.  Since  the  front  face  of  the  printhead 

includes  these  different  materials,  a  coating  material,  such  as  a  water-repellent  material,  will  not  adhere 
equally  well  to  these  different  materials  resulting  in  a  coating  which  is  not  uniformly  ink  repellent.  Thus,  it  is 
difficult  to  provide  a  surface  coating  which  is  uniformly  ink  repellent  over  a  long  period  of  time  for  ink  jet 
printheads. 

is  Additionally,  the  printer  is  typically  used  in  ink  which  contains  a  glycol  and  water.  Glycols  and  other 
similar  materials  are  referred  to  as  humectants,  which  substances  promote  the  retention  of  moisture.  For  a 
coating  material  to  be  effective  for  any  length  of  time,  it  must  both  repel  and  be  resistant  to  glycol- 
containing  inks. 

Further,  it  is  difficult  to  apply  a  coating  to  a  face  of  an  ink  jet  nozzle  opening.  Many  materials  will  not 
20  adhere  sufficiently  to  the  silicon  wafer  face.  While  it  is  desirable  to  suppress  the  wetting  property  of  the 

nozzle  jet  surface,  it  may  be  undesirable  to  allow  any  coating  material  to  enter  the  channel  of  the  nozzle.  If 
the  walls  of  the  channel  become  coated  with  ink-repellent  material,  proper  refill  of  the  channel  may  be 
inhibited.  Refill  of  each  channel  depends  on  surface  tension  and  must  be  completed  in  time  for  the 
subsequent  volley  of  droplets  to  be  fired.  If  the  refill  process  is  not  complete  by  the  time  the  next  droplet  is 

25  fired,  the  meniscus  may  not  be  flush  with  the  outer  edge  of  the  nozzle  opening,  resulting  in  misdirection. 
Further,  an  incompletely  filled  channel  causes  the  ink  droplet  size  to  vary,  which  also  leads  to  print  quality 
degradation. 

U.S.  Patent  No.  4,392,907  to  Shirato  et  al.  discloses  a  method  for  producing  a  printhead  for  ejecting  a 
recording  liquid  in  an  action  chamber  from  an  orifice  in  a  state  of  small  droplets.  The  printhead  comprises  a 

30  flat  plate  provided  on  a  substrate.  A  protective  layer  and  a  filling  layer  can  be  provided  on  the  substrate. 
The  protective  and  filling  layers  prevent  the  direct  contact  of  a  heating  resistor  or  electrode  with  the 
recording  liquid  or  ink,  preventing  the  oxidation  of  the  resistor  or  electrode  and  the  composition  of  the  ink. 
The  reference  provides  no  disclosure  of  a  coating  for  the  front  face  of  the  printhead  to  ensure  the 
directionality  of  ink  droplets  ejected  therefrom. 

35  U.S.  Patent  Nos.  4,555,062  and  4,583,690  to  You  disclose  ionic  surface  preparations  for  nozzles  used  in 
spraying  ink  droplets  and  ink  jet  printers.  An  oppositely  charged  ionic  anti-wetting  agent  is  dissolved  in  the 
sprayed  fluid  to  reduce  the  wetting  of  the  nozzle  surfaces.  The  preparation  is  not  applied  to  the  front  face  of 
a  printhead  to  prevent  the  accumulation  of  ink  thereon. 

Thus,  the  ability  to  change  the  wetting  characteristics  of  the  front  face  of  a  printhead  to  simply  and 
40  effectively  ensure  directionality  of  an  ink  droplet  is  needed. 

An  object  of  the  present  invention  is  to  provide  an  ink  jet  printhead  which  ensures  the  directionality  of 
ejected  ink  droplets  by  providing  an  ink  jet  printhead  having  a  front  face  with  low  wettability. 

Another  object  of  the  present  invention  is  to  strive  to  provide  an  ink  jet  printhead  having  a  front  face 
which  prevents  ink  accumulation  at  the  nozzle  openings,  and  which  maintains  directionality  of  an  ink  jet 

45  throughout  the  entire  printing  lifetime  of  a  printer. 
Accordingly,  the  present  invention  provides  a  coating  for  a  printhead,  the  coating  being  defined  by  the 

appended  claims,  and  the  coating  being  provided  on  a  front  face  of  an  ink  jet  printhead.  The  coating 
controls  the  wetting  characteristics  of  the  front  face  to  prevent  ink  accumulation  on  the  front  face.  The 
coating  comprises  an  epoxy  adhesive  resin  such  as  EPON  1001F,  for  example,  doped  with  a  silicone 

50  rubber  compound  such  as  RTV  732.  The  coating  can  be  provided  in  the  form  of  a  24%  solution  of  EPON 
1001F  and  a  30:70  mixture  of  xylene  and  methyl  iso-butyl  ketone  by  weight  doped  with  1%  by  weight  of 
RTV  732.  Such  a  coating  enables  the  directionality  of  an  ink  jet  to  be  maintained  for  the  printing  lifetime  of 
the  printer.  An  adhesion  promoter  such  as  a  silane  component,  for  example,  can  also  be  included  to  provide 
a  highly  adherent,  long  lasting  coating. 

55  The  invention  will  be  described  in  detail  further  with  reference  to  the  following  drawings  in  which  like 
reference  numerals  refer  to  like  elements  and  wherein: 

Figure  1  is  a  front  view  of  a  printhead  in  accordance  with  an  embodiment  of  the  present  invention;  and 
Figure  2  is  a  cross-sectional  view  of  the  printhead  of  Figure  1  taken  along  line  ll-ll. 
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Referring  now  to  the  drawings  and  particularly  to  Figure  1  thereof,  a  printhead  10  is  illustrated  in 
accordance  with  the  present  invention.  Printhead  10  includes  a  first  or  upper  substrate  12  and  a  second  or 
lower  substrate  14.  The  substrates  are  formed  of  dielectric  or  semiconductor  material,  such  as  silicon,  GaAs 
(gallium  arsenide),  glass,  sapphire,  alumina,  AIN  (aluminum  nitride)  or  BeO  (beryllium  oxide).  The  semicon- 

5  ductor  substrates  may  be  doped. 
Upper  substrate  12  is  a  channel  plate  having  elongated  V-shaped  channels  16  formed  in  a  bottom 

thereof  by  ODE  techniques,  for  example.  Lower  substrate  14  is  an  actuator  plate  having  a  plurality  of 
resistive  heater  elements  (not  shown)  formed  in  an  upper  surface  thereof.  The  heater  elements  of  actuator 
plate  14  correspond  in  number  and  position  to  the  channels  16  in  channel  plate  12. 

io  Channel  plate  12  and  actuator  plate  14  are  coupled  to  one  another  for  example,  by  bonding,  such  that 
the  resistive  heater  elements  face  the  channels  16.  Channels  16  define  ink  channels  which  communicate 
with  an  ink  manifold  (not  shown).  Once  the  channel  plate  and  actuator  plate  are  coupled  to  one  another,  to 
achieve  coplanarity  along  the  front  face  of  the  printhead  10  to  produce  nozzles  18,  a  dicing  action,  for 
example,  is  performed. 

is  To  avoid  ink  accumulation  on  the  front  face  of  the  printhead  adjacent  the  nozzles  18,  a  hydrophobic 
coating  22,  as  illustrated  in  Figure  2,  is  provided  on  the  printhead  front  face  20.  This  hydrophobic  coating 
22  changes  the  wetting  characteristics  of  the  front  face  to  prevent  ink  from  accumulating  near  the  nozzles 
and  interfering  with  the  jetting  of  the  ink  droplets. 

Coating  22  comprises  a  silicone  rubber  compound  as  a  dopant  and  an  epoxy  adhesive  resin.  For 
20  illustrative  purposes,  the  silicone  rubber  compound  RTV  732  made  by  Dow  Corning  and  the  epoxy  adhesive 

resin  EPON  1001F  made  by  Shell  Oil  Company  are  described.  Coating  22  may  also  include  an  adhesion 
promoter  such  as  a  silane  component  in  order  to  obtain  a  more  strongly  adherent  and  longer  lasting 
coating. 

The  coating  will  be  further  explained  with  reference  to  the  following  example. 
25 

EXAMPLE 

A  24%  solution  of  EPON  1001F  in  a  30:70  mixture  of  xylene  and  methyl  iso-butyl  ketone  by  weight  was 
doped  with  1%  by  weight  of  Dow  Corning  RTV  732.  The  solution  was  stirred  overnight.  A  film  of  the 

30  solution  was  spun  on  a  mylar  wafer  by  dispensing  3  ml  of  the  solution  on  the  wafer,  and  spinning  the  wafer 
at  2000  RPM  for  twenty  seconds.  The  film  was  then  transferred  to  the  front  faces  of  individual  dies  by 
placing  the  EPON-coated  mylar  disk  against  the  dies,  previously  heated  to  65  °  C  and  either  using  a  roller 
coater  or  a  straight-edge  blade  to  transfer  the  coating  from  the  mylar  disk  to  the  die.The  coated  dies  are 
then  annealed  at  160°C  for  1  hour.  After  the  film  was  annealed,  the  film  was  cooled  to  room  temperature. 

35  The  contact  angles  of  the  film  were  measured  against  different  solvents.  The  values  obtained  were  as 
follows: 

Advancing  Angle  Receding  Angle 

Water  110°,  114°,  114°  97°,  90°,  90° 
Ink  1  95°,  97°,  105°  73°,  79°,  70° 
Ink  2  83  °  ,  85  °  ,  84  °  48  °  ,  57  °  ,  55  ° 
Ink  3  69  °  ,  70  °  ,  69  °  53  °  ,  49  °  ,  39  ° 

In  accordance  the  obtained  values,  it  can  be  seen  that  both  the  advancing  and  receding  contact  angles 
were  maintained  over  repeated  measurements  at  the  same  spots.  The  exemplary  coating  thus  provides 
desirable  jetting  characteristics  of  the  ink  drops  without  adversely  affecting  drop  velocity.  The  use  of  the 
epoxy  adhesive  resin,  EPON  1001F,  enables  enhanced  bonding  capability  to  most  surfaces.  An  even 
stronger  and  longer  lasting  bond  between  the  coating  and  the  adherend  may  be  achieved  by  incorporating 
an  adhesion  promoter  such  as  an  aminosilane  in  the  formulation.  The  coating  is  repellent  to  both  water  and 
various  inks  such  as  ink-1  ,  ink-2  and  ink-3  as  shown  by  the  above-mentioned  advancing  and  receding 
contact  angle  measurements.  The  coating  is  relatively  inexpensive  and  its  application  is  very  simple. 

Once  the  printhead  front  face  20  is  coated  with  the  hydrophobic  coating  22,  ink  will  not  collect  at  the 
nozzles  due  to  the  reduced  wettability  of  the  outer  front  face  surface.  Thus,  the  coating  eliminates  a  major 
source  of  misdirection  of  ejected  ink  droplets  from  the  printhead,  ensuring  that  the  droplets  will  be 
accurately  directed  and  placed  on  the  recording  medium. 

While  the  invention  has  been  described  with  reference  to  a  particular  preferred  embodiment,  the 
invention  is  not  limited  to  the  specific  example  described  above.  It  is  evident  that  many  alternatives, 
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modifications  and  variations  will  be  apparent  to  those  skilled  in  the  art.  Accordingly,  the  preferred 
embodiment  of  the  invention  as  set  forth  herein  is  intended  to  be  illustrative,  not  limiting.  Various  changes 
may  be  made  without  departing  from  the  scope  of  the  invention  as  defined  in  the  following  claims. 

5  Claims 

1.  A  coating  (22)  for  a  front  face  of  a  printhead  (10)  in  a  thermal  ink  jet  printer,  comprising: 
an  epoxy  adhesive  resin;  and 
a  silicone  rubber  compound,  said  silicone  rubber  compound  being  a  dopant  in  the  epoxy  adhesive 

io  resin. 

2.  A  coating  according  to  claim  1  ,  further  comprising  an  adhesion  promoter  for  providing  increased  bond 
strength  of  said  coating. 

is  3.  A  coating  according  to  claim  1  or  claim  2,  wherein  said  adhesion  promoter  is  0.1%  by  weight  of  an 
aminosilane. 

4.  A  coating  according  to  any  one  of  claims  1  to  3,  wherein  said  coating  is  hydrophobic. 

20  5.  A  coating  according  to  any  one  of  claims  1  to  4,  wherein  said  coating  is  an  ink  repellent. 

6.  A  coating  according  to  any  one  of  claims  1  to  5,  wherein  said  epoxy  adhesive  resin  is  provided  in  a 
solution  containing  a  mixture  of  xylene  and  methyl  iso-butyl  ketone. 

25  7.  A  coating  according  to  any  one  of  claims  1  to  6,  wherein  said  epoxy  adhesive  resin  is  EPON  1001F. 

8.  A  coating  according  to  claim  7,  wherein  substantially  a  24%  solution  of  said  EPON  1001F  is  provided  in 
substantially  a  30:70  mixture  of  said  xylene  and  said  methyl  iso-butyl  ketone  by  weight. 

30  9.  A  coating  according  to  any  one  of  claims  1  to  8,  wherein  said  silicone  rubber  compound  is  RTV  732. 

10.  A  coating  according  to  claim  9,  wherein  substantially  a  1%  by  weight  amount  of  said  RTV  732  is  said 
dopant  in  said  epoxy  adhesive  resin. 

35  11.  A  thermal  ink  jet  printhead  (10),  comprising: 
a  first  substrate  (12)  defining  a  channel  plate  having  a  front  face; 
a  second  substrate  (14)  defining  an  actuator  plate  having  a  front  face,  said  first  substrate  front  face 

and  said  second  substrate  front  face  being  substantially  flush  with  one  another,  a  lower  surface  of  said 
first  substrate  (12)  and  an  upper  surface  of  said  second  substrate  (14)  disposed  in  a  facing  relationship 

40  and  defining  at  least  one  ink  channel  therebetween,  each  said  ink  channel  terminating  in  a  nozzle  (18) 
in  said  front  face  of  at  least  said  first  substrate  (12);  and 

a  coating  (22)  on  said  flush  front  faces,  said  coating  (22)  being  defined  by  any  one  of  claims  1  to 
10. 
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