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(57)  An  ink  jet  printing  device  has  a  drop 
generator  for  producing  continuous  streams  of 
ink  drops  from  at  least  one  orifice  and  further 
has  stimulation  control  electronics  for  main- 
taining  desired  stimulation  conditions  in  res- 
ponse  to  a  feedback  from  the  drop  generator. 
First  and  second  feedback  transducers  meas- 
ure  the  stimulation  amplitude  in  the  drop 
generator  and  generate  feedback  output  sig- 
nals  in  response  to  the  stimulation.  The  feed- 
back  output  signals  are  approximately  equal  in 
magnitude  and  opposite  in  sign  to  each  other 
when  the  stimulation  amplitude  in  the  drop 
generator  is  a  desired  stimulation  mode.  An 
amplifier,  whose  inputs  are  the  feedback  output 
signals,  provides  an  amplifier  output  signal  to 
the  stimulation  control  electronics  which  is  the 
difference  between  the  two  feedback  output 
signals. 
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Technical  Field 

The  present  invention  relates  to  ink  jet  printing 
systems  and,  more  particularly,  to  an  improved 
means  for  monitoring  the  stimulation  in  the  drop  gen- 
erator  of  an  ink  jet  printing  system. 

Background  Art 

In  continuous  ink  jet  printing,  graphic  reproduc- 
tion  is  accomplished  by  selectively  charging  and  de- 
flecting  drops  from  the  drop  streams  and  depositing 
at  least  some  of  the  drops  on  a  print  receiving  medium 
while  other  of  the  drops  strike  a  drop  catcher  device. 
In  order  to  provide  precise  charging  and  deflecting  of 
the  drops,  it  is  important  that  the  drop  break-up  proc- 
ess  produce  uniformly  sized  and  timed  drops.  Drop 
generators  for  such  printers  produce  the  required 
drop  formation  by  vibrating  the  orifices  from  which 
the  ink  emerges. 

In  U.S.  Patent  No.  4,473,830,  a  feedback  trans- 
ducer  was  utilized  for  monitoring  the  vibration  ampli- 
tude.  The  drive  amplitude  for  the  drop  generator  was 
servo  controlled  to  maintain  the  proper  feedback  am- 
plitude.  Co-pending,  commonly  assigned  U.S.  Patent 
Application  Serial  Nos.  796,490  and  858,796,  filed 
November  22,  1991  ,  and  March  27,  1992,  respective- 
ly,  incorporated  herein  by  reference,  further  employ 
this  feedback  signal  to  insure  that  the  drive  signal 
tracks  the  resonance  of  the  drop  generator  and  to  pro- 
vide  the  proper  phasing  of  the  drop  charging  electron- 
ics  with  respect  to  the  stimulation. 

These  stimulation  control  means  function  appro- 
priately  when  the  feedback  signal  has  a  sufficient  sig- 
nal-to-noise  ratio.  In  the  field  of  ink  jet  printers,  how- 
ever,  it  is  desirable  from  the  standpoint  of  throughput 
to  utilize  long  arrays  of  inkjets.  Unfortunately,  the  sig- 
nal-to-noise  ratio  tends  to  be  degraded  in  ink  jet  prin- 
ters  having  long  arrays  and  high  resonant  frequency. 
Long  arrays  of  jets  have  more  charging  electrodes 
which  must  be  rapidly  switched  between  ground  po- 
tential  and  high  voltage.  These  switching  transients 
produce  electrical  noise  which  can  be  picked  up  at  the 
input  to  the  stimulation  control  electronics.  Even  with 
careful  shielding  and  filtering,  the  electrical  noise 
picked  up  by  the  stimulation  control  electronics  can 
affect  the  stimulation  drive  amplitude  and  frequency. 
Higher  frequency  drop  generators  tend  to  have  lower 
feedback  signal  amplitudes,  further  reducing  the  sig- 
nal-to-noise  ratio. 

It  is  seen  then  that  there  is  a  need  for  a  means  of 
improving  the  signal-to-noise  ratio  of  the  feedback 
signal  used  by  the  stimulation  control  electronics. 

Summary  of  the  Invention 

This  need  is  met  by  the  stimulation  monitoring 
means  of  the  present  invention  wherein  a  means  is 

provided  to  improve  the  signal-to-noise  of  the  feed- 
back  signal  used  by  the  stimulation  control  electron- 
ics.  One  important  object  of  the  present  invention  is 
to  provide  an  improved  ink  jet  printing  device  having 

5  means  for  maintaining  the  desired  stimulation  condi- 
tions. 

In  accordance  with  one  aspect  of  the  present  in- 
vention,  an  inkjet  printing  device  has  a  drop  generator 
for  producing  continuous  streams  of  ink  drops  from  at 

10  least  one  orifice  and  further  has  stimulation  control 
electronics  for  maintaining  desired  stimulation  condi- 
tions  in  response  to  a  feedback  from  the  drop  gener- 
ator.  First  and  second  feedback  transducers  measure 
the  stimulation  amplitude  in  the  drop  generator  and 

15  generate  feedback  output  signals  in  response  to  the 
stimulation.  The  feedback  output  signals  are  approx- 
imately  equal  in  magnitude  and  opposite  in  sign  to 
each  other  when  the  stimulation  amplitude  in  the  drop 
generator  is  a  desired  stimulation  mode.  An  amplifier, 

20  whose  inputs  are  the  feedback  output  signals,  pro- 
vides  an  amplifier  output  signal  to  the  stimulation 
control  electronics  which  is  the  difference  between 
the  two  feedback  output  signals. 

Accordingly,  it  is  an  advantage  of  the  present  in- 
25  vention  that  it  provides  stimulation  monitoring  for  a 

drop  generator  of  an  inkjet  printing  system.  Other  ob- 
jects  and  advantages  of  the  invention  will  be  apparent 
from  the  following  description,  the  accompanying 
drawing  and  the  appended  claims. 

30 
Brief  Description  of  the  Drawing 

Fig.  1  illustrates  a  schematic  of  a  prior  art  means 
for  monitoring  and  controlling  the  vibration  of  a 

35  drop  generator;  and 
Fig.  2  illustrates  a  schematic  of  a  means  for  mon- 
itoring  and  controlling  the  stimulation  of  a  drop 
generator,  in  accordance  with  the  present  inven- 
tion. 

40 
Detailed  Description  of  the  Preferred  Embodiments 

Referring  to  the  drawings,  Fig.  1  schematically  il- 
lustrates  a  prior  art  monitoring  and  controlling  means 

45  11  for  monitoring  and  controlling  the  vibration  of  a 
drop  generator  10.  The  monitoring  and  controlling 
means  11  comprises  a  piezoelectric  element  12  bond- 
ed  to  the  drop  generator  1  0  for  detecting  the  vibration 
amplitude  of  the  drop  generator  10.  Output  11,  typi- 

50  cally  from  the  positive  poled  face,  is  provided  to  buffer 
amplifier  14.  The  buffer  amplifier  14  is  typically  locat- 
ed  near  the  drop  generator  10  to  minimize  signal  at- 
tenuation  in  the  cabling  and  to  minimize  noise  pick- 
up.  The  buffer  amplifier  14  includes  resistors  15a, 

55  1  5b,  and  1  5c,  which  are  typically  on  the  order  of  1  00 
Kfl,  56  Kfl,  and  33  Kfl,  respectively.  The  buffer  am- 
plifier  14  output  is  provided  to  stimulation  control 
electronics  20.  The  stimulation  control  electronics  20 
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utilizes  the  amplified  feedback  signal  as  the  control- 
ling  input  for  frequency  and  amplitude  control  of  a 
stimulation  driving  signal.  The  driving  signal  is  applied 
to  driving  piezoelectric  elements  1  8,  causing  the  drop 
generator  10  to  vibrate. 

Referring  nowtoFig.2,a  means  21  for  monitoring 
and  controlling  the  stimulation  of  the  drop  generator 
10,  in  accordance  with  the  present  invention,  is  illu- 
strated,  incorporating  a  differential  buffer  amplifier 
means  16.  The  drop  generator  10  is  preferably  a  res- 
onant  body  type  drop  generator,  although  it  will  be  ob- 
vious  to  those  skilled  in  the  art  that  the  concept  of  the 
present  invention  may  be  applied  to  other  drop  gen- 
erators,  such  as  piston  type  drop  generators  or  trav- 
eling  wave  type  drop  generators. 

Continuing  with  Fig.  2,  stimulation  control  elec- 
tronics  20  utilizes  the  feedback  signal  which  is  output 
from  the  differential  buffer  amplifier  16  as  the  con- 
trolling  input  for  control  of  the  stimulation  frequency 
and  amplitude.  The  output  of  the  stimulation  control 
electronics  20  drives  the  piezoelectric  elements  18 
which  cause  the  drop  generator  10  to  be  stimulated. 
With  a  resonant  body  type  drop  generator  10,  the 
stimulation  comprises  a  vibrational  displacement  of 
the  resonant  body  type  drop  generator. 

As  can  be  seen  in  Figs.  1  and  2,  the  present  in- 
vention  differs  from  the  prior  art  in  the  manner  in 
which  the  feedback  signal  is  generated.  The  present 
invention  utilizes  two  feedback  elements  12  and  22. 
In  a  preferred  embodiment  of  the  present  invention, 
the  two  feedback  elements  12  and  22  are  typically 
piezoelectric  elements,  since  piezoelectric  elements 
produce  a  voltage  between  their  electrodes  in  re- 
sponse  to  an  applied  strain.  Of  course,  the  piezoelec- 
tric  elements  are  marked  by  the  vendor  to  indicate 
which  electrode  has  the  positive  potential  with  re- 
spect  to  the  other  electrode  in  response  to  given 
stress. 

Continuing  with  Fig.  2,  piezoelectric  element  12 
is  bonded  to  the  drop  generator  1  0  such  that  its  neg- 
ative  electrode  is  grounded  to  the  drop  generator  10 
and  its  positive  electrode  is  used  as  a  positive  input 
24  to  the  differential  buffer  amplifier  16.  Piezoelectric 
element  22  is  bonded  to  the  drop  generator  1  0  with  its 
positive  electrode  grounded  to  the  drop  generator  10 
and  its  negative  electrode  being  used  as  a  negative 
input  26  to  the  differential  buffer  amplifier  16. 

Since  the  feedback  signal  from  piezoelectric  ele- 
ment  22  has  a  similar  magnitude  but  opposite  sign  to 
the  signal  from  piezoelectric  element  12,  the  differ- 
ence  between  the  signals  from  12  and  22  is  approx- 
imately  twice  the  amplitude  of  the  signal  from  piezo- 
electric  element  12.  The  electronic  noise  that  is 
picked  up  will  have  similar  sign  and  magnitude  at  the 
inputs  24  and  26  of  the  differential  buffer  amplifier 
16.  The  output  from  the  differential  buffer  amplifier 
will  therefore  have  most  of  the  noise  eliminated,  as 
the  noise  signal  at  input  26  will  be  subtracted  from  the 

noise  signal  at  input  24.  In  this  way,  the  use  of  two 
feedback  crystals  in  a  push-pull,  or  positive  poled- 
negative  poled  configuration  coupled  with  the  differ- 
ential  buffer  amplifier  16  increases  the  signal-to-noi- 

5  se  ratio  of  the  feedback  signal,  thereby  reducing  the 
effects  of  the  electronic  noise. 

In  the  embodiment  of  the  present  invention  illu- 
strated  in  Fig.  2,  the  inputs  24  and  26  each  incorpor- 
ate  voltage  follower  amplifier  28  to  provide  high  im- 

10  pedance  to  the  feedback  crystals  12  and  22.  In  a  pre- 
ferred  embodiment,  a  high  impedance,  on  the  order 
of  200  KQ,  shunt  to  ground  is  also  incorporated  into 
the  inputs.  These  high  impedance  shunts  30  provide 
a  discharge  path  for  any  DC  potential  which  may  de- 

ls  velop  across  the  crystals.  The  shunt  can  be  any  suit- 
able  shunt,  including  a  simple  resistor  or  a  complex 
element  where  its  impedance  is  less  for  DC  than  at 
the  fundamental  frequency  of  the  output  of  the  crys- 
tal.  Without  the  high  impedance  shunts,  DC  poten- 

20  tials  developed  across  the  piezoelectric  elements  12 
and  22  due  to  thermal  expansion  of  the  drop  genera- 
tor  10  can  saturate  the  amplifiers  to  a  high  DC  level, 
resulting  in  improper  stimulation  frequency  and  am- 
plitude.  The  outputs  of  voltage  follower  amplifier  28 

25  are  input  into  plus  and  minus  inputs  of  the  differential 
amplifier  32.  The  circuit  21  may  include  additional 
components,  as  needed,  such  as  resistors  34,  having 
values  typically  on  the  order  of  10  KQ;  resistors  36 
and  38,  each  having  values  typically  on  the  order  of 

30  20  KQ;  and  capacitor  40,  used  to  prevent  oscillations, 
and  having  a  value  typically  on  the  order  of  20  KF. 

It  is  noted  that  the  differential  buffer  amplifier  16 
may  be  incorporated  into  the  same  electronics  board 
as  the  stimulation  control  electronics,  or  may  be  lo- 

ss  cated  remote  from  the  stimulation  control  electronics, 
without  departing  from  the  spirit  and  scope  of  the  in- 
vention.  In  a  preferred  embodiment,  the  differential 
buffer  amplifier  16  is  located  on  an  electronics  board 
situated  proximate  to  the  drop  generator  10.  The  out- 

40  puts  from  the  piezoelectric  elements  12  and  22  are 
connected  via  a  twisted  pair  of  shielded  cable  to  the 
differential  buffer  amplifier  16.  A  power  amplifier  (not 
shown)  may  be  uti  lized  at  the  output  of  the  differential 
buffer  amplifier  16  to  drive  a  long  cable  to  the  stimu- 

45  lation  control  electronics  20. 
In  a  preferred  embodiment  of  the  present  inven- 

tion,  the  feedback  elements  12  and  22  should  be  lo- 
cated  proximate  to  each  other  so  that  noise  picked  up 
on  their  outputs  will  be  similar.  It  may  also  be  desir- 

50  able  to  symmetrically  place  the  feedback  elements 
around  a  symmetry  axis  of  the  resonator  to  suppress 
detection  of  asymmetric  resonant  modes  of  the  drop 
generator.  An  asymmetric  mode  is  one  in  which  one 
side  of  the  resonator  is  in  expansion  while  the  other 

55  side  is  in  contraction.  For  such  a  mode,  the  feedback 
element  in  expansion  would  output  a  positive  voltage. 
The  symmetrically  placed  feedback  element  would 
undergo  contraction.  Because  the  second  feedback 
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element  Is  oppositely  poled,  It  would  also  output  a 
positive  voltage.  The  resulting  output  from  the  differ- 
ential  buffer  amplifier  16  would  therefore  be  near 
zero.  By  suppression  of  the  detection  of  such  modes, 
the  stimulation  control  electronics  20  can  be  prevent- 
ed  from  inappropriately  tracking  such  undesired  res- 
onances. 

Industrial  Applicability  and  Advantages 

The  present  invention  is  useful  in  the  field  of  ink 
jet  printing,  and  has  the  advantage  of  improving  stim- 
ulation  monitoring  in  ink  jet  printing  systems.  The 
present  invention  has  the  further  advantage  of  im- 
proving  signal  monitoring  by  increasing  the  signal  lev- 
el  and  decreasing  the  noise  of  the  system.  Finally,  the 
present  invention  has  the  advantage  of  providing  a 
means  of  reducing  the  sensitivity  of  stimulation  con- 
trol  electronics  to  undesired  resonances. 

The  invention  has  been  described  in  detail  with 
particular  reference  to  certain  preferred  embodi- 
ments  thereof,  but  it  will  be  understood  that  modifi- 
cations  and  variations  can  be  effected  within  the  spirit 
and  scope  of  the  invention. 

Claims 

1.  An  inkjet  printing  device  having  a  drop  generator 
for  producing  continuous  streams  of  ink  drops 
from  at  least  one  orifice  and  further  having  stim- 
ulation  control  electronics  for  maintaining  desired 
stimulation  conditions  in  response  to  a  feedback 
from  the  drop  generator,  the  device  comprising: 

a.  first  and  second  feedback  elements  for 
measuring  stimulation  amplitude  in  the  drop 
generator; 
b.  feedback  output  signals  generated  by  the 
first  and  second  feedback  elements  in  re- 
sponse  to  the  stimulation  amplitude  in  the 
drop  generator;  and 
c.  amplifier  means  having  an  input  provided 
by  the  feedback  output  signals  generated  by 
the  first  and  second  feedback  elements,  the 
amplifier  means  for  providing  an  amplifier 
output  signal  to  the  stimulation  control  elec- 
tronics. 

2.  An  inkjet  printing  system  as  claimed  in  claim  2 
wherein  the  amplifier  output  signal  is  utilized  by 
the  stimulation  control  electronics  for  amplitude 
and  frequency  control  of  a  stimulation  driving  sig- 
nal  applied  to  driving  elements  to  cause  vibration- 
al  displacement  of  a  resonant  body  type  drop 
generator. 

3.  An  ink  jet  printing  device  as  claimed  in  claim  1 
wherein  the  feedback  output  signals  are  approx- 

imately  equal  in  magnitude  and  opposite  in  sign 
to  each  other  in  response  to  the  stimulation  am- 
plitude  in  the  drop  generator  in  a  desired  stimu- 
lation  mode. 

5 
4.  An  inkjet  printing  device  as  claimed  in  claim  1 

wherein  the  amplifier  output  signal  is  indicative  of 
a  difference  between  the  two  feedback  output 
signals. 

10 
5.  An  inkjet  printing  system  as  claimed  in  claim  1 

wherein  the  first  and  second  feedback  elements 
are  used  in  a  push-pull  configuration. 

15  6.  An  inkjet  printing  system  as  claimed  in  claim  1 
wherein  the  first  and  second  feedback  elements 
are  located  to  suppress  the  amplifier  output  sig- 
nal  from  undesirable  vibrational  stimulation 
modes. 

20 
7.  A  method  for  monitoring  stimulation  in  a  drop 

generator  of  an  ink  jet  printing  system,  the  drop 
generator  for  producing  continuous  streams  of 
ink  drops  from  at  least  one  orifice,  the  ink  jet 

25  printing  system  having  stimulation  control  elec- 
tronics  for  maintaining  desired  stimulation  condi- 
tions  in  response  to  a  feedback  from  the  drop 
generator,  the  method  comprising  the  steps  of: 

a.  measuring  stimulation  amplitude  in  the 
30  drop  generator  using  first  and  second  feed- 

back  elements; 
b.  generating  feedback  output  signals  from 
the  first  and  second  feedback  elements  in  re- 
sponse  to  the  stimulation  amplitude  in  the 

35  drop  generator;  and 
c.  providing  an  amplifier  output  signal  to  the 
stimulation  control  electronics  using  an  am- 
plifier  means  having  an  input  provided  by  the 
feedback  output  signals  generated  by  the  first 

40  and  second  feedback  elements. 

8.  A  method  for  monitoring  stimulation  as  claimed  in 
claim  7  wherein  the  amplifier  output  signal  is  util- 
ized  by  the  stimulation  control  electronics  for  am- 

45  plitude  and  frequency  control  of  a  stimulation 
driving  signal  applied  to  driving  elements  to 
cause  vibrational  displacement  of  a  resonant 
body  type  drop  generator. 

so  9.  A  method  for  monitoring  stimulation  as  claimed  in 
claim  7  wherein  the  feedback  output  signals  are 
approximately  equal  in  magnitude  and  opposite 
in  sign  to  each  other  in  response  to  the  stimula- 
tion  amplitude  in  the  drop  generator  in  a  desired 

55  stimulation  mode. 

10.  A  method  for  monitoring  stimulation  as  claimed  in 
claim  7  wherein  the  first  and  second  feedback 
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elements  are  located  to  suppress  the  amplifier 
output  signal  from  undesirable  vibrational  stimu- 
lation  modes. 
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