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Droplet  deposition  apparatus. 

©  A  pulsed  droplet  deposition  apparatus  comprises 
a  high  density  array  of  parallel  droplet  ejection  chan- 
nels.  Pressure  cross-talk  between  the  channels  is 
diminished  by  selectively  operating  the  channels  in 
time  successive  groups,  with  the  channels  of  the 
groups  interleaved  with  one  another  such  that  one 
unoperated  channel  is  disposed  adjacent  each  op- 
erated  channel.  Pressure  cross-talk  is  further  dimin- 
ished  by  providing  a  pressure  signal  for  operating 
each  selected  channel  whose  magnitude  is  depen- 
dent  upon  the  operational  status  of  neighbouring 
channels. 
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)roplet  Deposition  Apparatus 

This  invention  relates  to  pulsed  droplet  deposi- 
ion  apparatus  and  more  particularly  such  appara- 
us  of  the  kind  comprising  a  high  density  array  of 
Darallel  channels,  respective  nozzles  communicat- 
ng  with  said  channels  droplet  liquid  supply  means 
connected  to  said  channels  and  electrically  op- 
jrated  means  for  imparting  pressure  signals  to 
droplet  liquid  in  said  channels  to  effect  droplet 
3jection  therefrom.  By,  "a  high  density  array"  is 
Tieant  one  in  which  are  present  at  least  two  chan- 
nels  per  millimetre  in  the  array  direction  i.e.  in  the 
direction  normal  to  the  channel  axes.  The  most 
:amiiiar  form  of  apparatus  of  the  kind  set  forth  is 
:he  so-called  "drop-on-demand"  ink  jet  printer.  As 
;hannel  density  is  increased  the  compliance  of  the 
channel  dividing  walls  is  increased  and  the  size 
and  velocity  of  drop  ejected  by  a  channel  is 
changed  depending  on  whether  a  neighbouring 
channel  is  operated  or  not,  this  effect  being  known 
as  "pressure  cross-talk". 

The  present  invention  has  for  its  principal  ob- 
ject  the  provision  of  pulsed  droplet  deposition  ap- 
paratus  in  which  the  effect  of  pressure  cross-talk  is 
diminished. 

The  present  invention  consists  in  a  pulsed 
droplet  deposition  apparatus  comprising  a  high 
density  array  of  parallel  channels  of  which  adjacent 
channels  are  divided  by  respective  inactive  walls, 
respective  nozzles  communicating  with  said  chan- 
nels,  droplet  liquid  supply  means  connected  with 
said  channels  and  electrically  operated  means  for 
imparting  pressure  signals  to  droplet  liquid  in  the 
channels  to  effect  droplet  ejection  from  the  noz- 
zles,  characterised  in  that  said  channels  are  ar- 
ranged  in  interleaved  relationship  in  a  plurality  of 
groups  and  said  electrically  operated  means  are 
adapted  to  effect  in  each  group  of  channels  sub- 
stantially  simultaneous  ejection  of  drops  from  re- 
spective  selected  channels  thereof,  the  ejection  of 
drops  from  said  selected  channels  of  the  groups 
being  effected  group  by  group  sequentially  and  the 
disposition  of  the  channels  of  the  groups  being 
arranged  so  that  when  droplet  ejection  takes  place 
from  said  selected  channels  of  any  one  of  said 
groups,  there  is  disposed  between  any  two  of  said 
selected  channels  at  least  one  channel  of  another 
of  said  groups  of  channels. 

•  Suitably,  the  channels  of  the  groups  are  ar- 
ranged  with  channels  of  the  respective  groups  dis- 
posed  in  alternating  sequence.  In  one  form  the 
channels  are  arranged  in  two  groups. 

Advantageously,  the  electrically  operated 
means  are  adapted  to  impart  pressure  signals  re- 
spectively  to  selected  channels  of  the  groups  the 
magnitude  of  which  depend  in  the  case  of  each 

selected  channel  on  the  selected  or  non-seiectea 
status  of  a  plurality  of  channels  on  each  side  of 
each  selected  channel. 

Preferably,  where  the  channels  are  arranged  in 
5  two  groups,  said  electrically  operated  means  are 

adapted  to  impart  pressure  signals  respectively  to 
selected  channels  of  the  groups  of  magnitudes 
which  depend  in  the  case  of  each  selected  channel 
on  the  selected  or  non-selected  status  of  at  least 

•o  two  channels  of  the  same  group  as  the  selected 
channel  on  each  side  of  the  selected  channel. 

The  invention  also  consists  in  a  pulsed  droplet 
deposition  apparatus  comprising  a  high  density  ar- 
ray  of  parallel  channels  of  which  adjacent  channels 

'5  are  divided  by  respective  inactive  wails,  respective 
nozzles  communicating  with  said  channels,  droplet 
liquid  supply  means  connected  with  said  channels 
and  electrically  operated  means  for  imparting  pres- 
sure  signals  to  droplet  liquid  in  the  channels  to 

20  effect  droplet  ejection  from  the  nozzles,  and  in 
which  said  channels  are  formed  at  corresponding 
longitudinally  extending  edges  of  the  channel  inac- 
tive  dividing  walls  thereof  with  respective  displace- 
able  wall  parts  of  poled  piezo-electric  material  and 

25  said  electrically  operated  means  comprise  first 
electrodes  at  respective  edges  of  each  of  said 
displaceable  wall  parts  adjacent  and  parallel  to  said 
channel  dividing  walls  and  second  electrodes  en- 
gaging  said  displaceable  wall  parts  and  respec- 

30  tively  disposed  between  said  first  electrodes  to 
form  therewith  and  with  said  piezo-electric  material 
shear  mode  actuators  for  effecting  drop  expulsion 
from  said  channels,  each  such  actuator  providing 
two  capacitors  formed  respectively  at  opposite 

35  sides  of  the  second  electrode  thereof  between  that 
electrode  and  the  first  electrodes  adjacent  thereto, 
characterised  in  that  said  channels  are  arranged  in 
interleaved  relationship  in  a  plurality  of  groups  and 
said  electrically  operated  means  are  adapted  to 

40  effect  in  each  group  of  channels  substantially  si- 
multaneous  ejection  of  drops  from  respective  se- 
lected  channels  thereof,  the  ejection  of  drops  from 
said  selected  channels  of  the  groups  being  effec- 
ted  group  by  group  sequentially  and  the  disposition 

45  of  the  channels  of  the  groups  being  arranged  so 
that  when  droplet  ejection  takes  place  from  said 
selected  channels  of  any  one  of  said  groups,  there 
is  disposed  between  any  two  of  said  selected 
channels  at  least  one  channel  of  another  of  said 

so  groups  of  channels. 
The  invention  further  consists  in  a  pulsed 

droplet  deposition  apparatus  comprising  a  high 
density  array  of  parallel  channels,  respective  noz- 
zles  communicating  with  said  channels,  droplet  liq- 
uid  supply  means  connected  with  said  channels 
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and  electrically  operated  droplet  liquid  heating 
■neans  for  imparting  pressure  signals  to  said 
droplet  liquid  in  said  channels  by  formation  of 
/apour  bubbles  therein  to  cause  droplet  ejection 
rom  said  nozzles,  characterised  in  that  said  chan- 
nels  are  arranged  in  interleaved  relationship  in  a 
plurality  of  groups  and  said  electrically  operated 
neans  are  adapted  to  effect  in  each  group  of 
channels  substantially  simultaneous  ejection  of 
drops  from  respective  selected  channels  thereof, 
:he  ejection  of  drops  from  said  selected  channels 
Df  the  groups  being  effected  group  by  group  se- 
quentially  and  the  disposition  of  the  channels  of  the 
groups  being  arranged  so  that  when  droplet  ejec- 
:ion  takes  place  from  said  selected  channels  of  any 
one  of  said  groups,  there  is  disposed  between  any 
[wo  of  said  selected  channels  at  least  one  channel 
af  another  of  said  groups  of  channels. 

The  invention  additionally  consists  in  a  pulsed 
droplet  deposition  apparatus  comprising  a  high 
density  array  of  parallel  channels,  respective  noz- 
zles  communicating  with  said  channels,  droplet  liq- 
uid  supply  means  connected  to  said  channels  and 
electrically  operated  means  for  imparting  pressure 
signals  to  droplet  liquid  in  said  channels  to  effect 
droplet  ejection  from  said  nozzles,  characterised  in 
that  the  electrically  operated  means  are  adapted  to 
impart  pressure  signals  to  selected  channels  of  the 
array  of  magnitude  respectively  which  depend  in 
the  case  of  each  selected  channel  on  the  selected 
or  non-selected  status  of  at  least  one  channel  on 
each  side  of  and  adjacent  to  said  selected  channel. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

FIGURE  1  is  a  circuit  diagram  of  a  fragment 
of  electrically  operated  means  employed  in  accor- 
dance  with  this  invention  in  a  pulsed  droplet  depo- 
sition  apparatus  of  the  form  illustrated  in  the  draw- 
ings  of  United  States  Patent  4,584,590,  the  con- 
tents  of  which  are  incorporated  herein  by  refer- 
ence;  and 

FIGURE  2  is  a  circuit  diagram  of  a  fragment 
of  electrically  operated  means  employed  in  accor- 
dance  with  this  invention  in  a  pulsed  droplet  depo- 
sition  apparatus  of  the  form  illustrated  in  the  draw- 
ings  of  U.S.  Patent  4,296,421,  the  contents  of 
which  are  incorporated  herein  by  reference. 

Referring  to  the  embodiment  of  the  invention 
illustrated  in  Figure  1,  pulsed  drop  deposition  ap- 
paratus  is  provided  as  a  series  of  butted  modules 
each  of  the  form  described  with  reference  to,  and 
as  shown  in  the  drawings  of  U.S.  patent  4,584,590, 
that  is  to  say,  (see  Fig.  4  of  said  U.S.  Patent) 
having  a  channel  body  15  formed  with  a  high 
density  array  of  parallel  channels  21  connected  to 
respective  drop  ejection  nozzles  closed  by  an  iso- 
lating  layer  17  and  a  piezo-electric  layer  3  flanked 

by  first  electrodes  b,  /  at  tne  siaes  ot  eacn  cnannei 
and  second  electrodes  9a,  b,  c  and  11a,  b,  and  c 
disposed  centrally  in  the  part  of  the  layer  3  span- 
ning  each  channel.  The  first  electrodes  and  second 

5  electrodes  form  a  pair  of  parallel  connected  capaci- 
tors  100  of  each  channel  which  at  a  common  side 
thereof  (i.e.  the  electrodes  5,  7)  are  connected  to  a 
bus  102,  which  is  grounded,  of  an  integrated  circuit 
chip  104  which  comprises  electrically  operated 

'0  means  for  imparting  pressure  signals  to  droplet 
liquid  in  the  channels  for  droplet  ejection  therefrom 
by  way  of  the  associated  nozzles.  Each  pair  of 
capacitors  extends  in  the  layer  3  from  the  elec- 
trodes  9,11  at  the  centre  of  the  corresponding 

is  channel  to  the  electrodes  5,7  at  edges  of  that 
channel.  The  electrodes  9,11  of  the  capacitors  100 
are  common  connected  to  field  effect  transistors 
106  108  of  which  transistor  106  is  a  charging 
transistor  and  has  its  source/drain  path  connected 

?o  to  a  charging  bus  110  of  the  chip  104  and  the 
transistor  108  is  a  discharging  transistor  and  has  its 
source/drain  path  connected  to  a  discharging  bus 
112  of  the  chip.  A  signal  generator  114  of  the  chip 
is  connected  between  the  grounded  bus  102  and 

?5  each  of  the  buses  110  and  112.  The  gate  elec- 
trodes  116  and  118  respectively  of  transistors  106 
and  108  are  connected  to  a  register  120  in  a  logic 
block  122,  the  register  supplying  to  and  removing 
from  transistors  106  and  108  logic  signals  for  effec- 

30  ting  and  terminating  conduction  thereof. 
Also  connected  to  the  register  120  of  each  pair 

of  channel  capacitors  100  is  a  line  124  by  way  of 
which  a  data  stream  of  N  bits  which  defines  the 
print  pattern  of  the  array  of  channels  is  supplied  to 

35  the  register  120.  A  further  line  126  which  also 
connects  with  the  signal  generator  114,  supplies 
high  frequency,  suitably  about  10MHertz,  clock 
pulses  to  each  of  the  registers  120.  A  further  lower 
frequency  clock  line  128  supplies  clock  pulses  to 

40  the  signal  generator  to  cause  initiation  of  a  charg- 
ing  and  discharging  voltage  waveform  having  a 
relative  slow  initial  rising  voltage  ramp  portion,  an 
intermediate  portion  during  which  the  voltage  at- 
tained  in  the  ramp  portion  of  the  waveform  is  not 

45  allowed  to  fall,  and,  a  final  portion  in  which  the 
voltage  falls  rapidly  to  zero.  The  capacitors  100  of 
the  channels  selected  by  the  data  stream  N  are 
charged  during  the  initial  portion  of  this  waveform 
by  reason  of  the  corresponding  registers  1  20  send- 

so  ing  logic  signals  to  the  gate  electrodes  116  of  the 
associated  transistors  106.  At  the  end  of  the  ramp 
portion  of  the  voltage  waveform  the  logic  signals  to 
the  gate  electrodes  of  the  selected  channels  are 
removed  and  this  state  is  maintained  during  the 

55  intermediate  portion  of  the  waveform  at  the  end  of 
which  the  data  stored  in  the  registers  120  sends  to 
each  of  the  gate  electrodes  118  of  the  transistors 
108  of  the  selected  channels  a  logic  signal  to 
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snder  those  transistors  conducting.  Before  con- 
uction  of  the  transistor  1  08  of  the  selected  chan- 
els  takes  place,  a  voltage  waveform  is  applied  to 
le  bus  112  to  raise  its  voltage  to  near  that  of  the 
harged  voltage  of  the  capacitors  100  and  when 
ie  transistors  108  concerned  are  made  conduct- 
lg,  the  voltage  on  the  bus  112  is  lowered  to 
ischarge  the  capacitors  at  a  rapid  rate  but  one 
rhich  prevents  damage  by  surge  currents  to  the 
ischarge  transistors  108. 

During  the  charging  of  the  capacitors  100  of 
ie  selected  channels,  the  corresponding  portions 
if  the  piezo-electric  layer  3  spanning  those  chan- 
iels  move  outwards  causing  flow  into  the  selected 
:hannels  of  droplet  liquid  at  a  rate  which  is  insuffi- 
:ient  to  cause  droplet  ejection  from  adjoining  chan- 
lels.  In  the  intermediate  portion  of  the  applied 
waveform  from  the  signal  generator  the  liquid  in  the 
ihannels  settles  and  in  the  final  portion  of  the 
vaveform,  the  portions  of  the  layer  3  that  were 
noved  outwards  in  the  first  portion  of  the  waveform 
ire  rapidly  returned  to  their  initial  positions  thereby 
mparting  a  pressure  signal  to  the  selected  chan- 
iels  so  causing  droplet  expulsion  therefrom. 

As  the  demand  grows  in  droplet  deposition 
ipparatus  for  higher  density  of  channels  so  the 
;ompliance  of  the  channel  dividing  side  walls  in- 
;reases  and  the  effects  of  cross-talk  become  of 
greater  significance.  In  the  apparatus  described  in 
•elation  to  Figure  1  ,  the  rapid  return  of  the  actuated 
Darts  of  the  piezo-electric  layer  3  during  the  dis- 
charge  phase  of  the  capacitors  100  is  resisted  by 
:he  liquid  in  the  selected  channels  to  the  end  that 
Dending  moments  are  imparted  to  the  actuated 
sarts  of  the  layer  3  which  deflect  the  channel 
dividing  side  walls  so  that  any  particular  selected 
channel  may  be  expected  to  generate  a  pressure 
different  from  that  which  would  obtain  were  the 
channel  walls  rigid  and  which  depends  on  whether 
or  not  the  neighbouring  channels  are  selected  or 
not  for  actuation  with  the  result  that  the  drop  eject- 
ed  from  the  channel  is  not  of  desired  size  or 
velocity. 

This  effect  is  that  of  pressure  cross-talk  and  in 
the  apparatus  described  is  reduced  by  arranging 
the  channels  in  groups  with  the  channels  of  the 
groups  interleaved.  Where  the  arrangement  is  that 
of  two  groups  of  channels  the  channels  of  one 
group  alternate  with  those  of  the  other  group  and 
alternating  channels  would  usually  be  employed 
where  there  are  more  than  two  groups.  For  conve- 
nience,  the  description  of  Figure  1  now  proceeds 
on  the  footing  that  the  channels  are  arranged  in  two 
groups  of  alternating  channels. 

The  data  stream  of  N  bits  determines  in  one 
cycle  of  the  waveform  applied  by  the  signal  gener- 
ator  114  the  selection  for  actuation'  of  the  channels 
in  one  of  the  groups  and,  in  the  next  cycle  of  that 

waverorm,  tne  selection  ror  auiuauun  ui  me  umu- 
nels  in  the  other  of  the  groups.  This  is  accom- 
plished  by  loading  the  registers  120  with  the  print 
pattern  data  in  the  stream  of  N  bits  prior  to  printing 

:  of  each  line  of  droplets.  The  data  stream  addresses 
the  channel  registers  120  of  the  channel  group 
concerned  in  series  and  so  selects  some  or  all  of 
the  channels  of  that  group  for  actuation  and  loads 
data  into  the  registers  120  of  those  channels.  The 

o  next  print  line  is  initiated  by  a  clock  pulse  on  the 
line  128  which  causes  a  cycle  of  the 
charging/discharging  voltage  waveform  from  the 
generator  114  to  commence.  At  the  time  of  com- 
mencement  of  this  waveform,  the  data  in  the  regis- 

5  ter  120  of  each  selected  channel  applies  a  logic 
signal  to  the  gates  116  of  the  transistor  106  of  the 
relevant  channels  so  that  the  corresponding  capaci- 
tors  100  are  charged  and  discharged  as  described 
earlier  to  effect  droplet  ejection  from  the  nozzles  of 

o  the  selected  channels.  Thereafter  the  data  stream 
of  N  bits  selects  the  channels  of  the  other  group 
which  are  to  be  actuated  before  the  appearance  on 
the  line  128  of  the  next  pulse  so  that  when  that 
pulse  appears  the  selected  channels  are  actuated 

is  to  effect  droplet  ejection. 
It  will  be  appreciated  that  in  the  printing  opera- 

tion  described,  as  any  channel  selected  for  printing 
has  on  opposite  sides  thereof  at  least  one  inactive 
channel,  the  incidence  of  cross-talk  for  any  given 

io  density  of  channels  is  substantially  reduced.  If  the 
channels  were  arranged  in  three  groups  there 
would  be  two  inactive  channels  at  least  present  on 
each  side  of  any  actuated  channel  reducing  further, 
for  the  particular  density  of  channels,  the  incidence 

35  of  cross-talk. 
Another  way  of  reducing  pressure  cross-talk 

which  can  be  used  with  or  without  the  grouping  of 
channels  as  described  involves  including  in  the 
data  stream  of  N  bits  subsets  each  of  n  bits  which 

40  are  representative  of  the  selected  or  non-selected 
status  of  at  least  one  channel  on  opposite  sides  of 
each  selected  channel.  In  the  case  where  the  chan- 
nels  are  arranged  in  two  groups  with  the  channels 
of  one  group  alternating  with  those  of  the  other 

45  group,  typically  each  subset  n  comprises  a  four  bit 
word  representative  of  the  selected  or  non-selected 
status  of  two  channels  of  the  same  group  as  the 
selected  channels  on  each  side  of  each  selected 
channel.  If  a  six  bit  set  is  employed,  the  print 

so  status  of  three  channels  of  the  same  group  of 
channels  on  each  side  of  each  selected  channel 
would  thereby  be  taken  into  account.  When,  after 
completion  of  a  Printline,  data  from  the  N  bit  data 
stream  is  loaded  into  the  registers  120  of  the 

55  channels  selected  for  the  next  cycle  of  the  signal 
generator  waveform,  the  subsets  of  n  bits  are  sent 
to  a  look-up  table  in  a  ROM  (not  shown)  which 
sends  digital  signals  to  the  registers  120  which  are 
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tored  therein  and  which  determine  the  level  on  tne 
amp  of  the  first  portion  of  the  voltage  waveform  of 
he  signal  generator  that  the  capacitors  1  00  of  each 
elected  channel  are  charged  to  to  take  account  of 
he  selected  or  non-selected  status  of  a  number  of 
:hannels  of  the  same  group  as  the  selected  chan- 
lels  on  either  side  of  each  selected  channel. 

Referring  now  to  Figure  2,  in  which  like  parts 
is  those  of  Figure  1  have  been  accorded  the  same 
eference  numerals,  and  which  depicts  the  elec- 
rically  operated  means  for  driving  a  pulsed  droplet 
ieposition  apparatus  consisting  of  butted  modules 
>f  the  form  described  and  illustrated  in  U.S.  Patent 
1,296,421,  for  example  in  Figures  16  to  19  thereof, 
rhe  modules  comprise  a  high  density  array  of 
parallel  channels  formed  at  corresponding  ends 
hereof  with  respective  nozzles  remotely  from 
vhich  the  channels  are  connected  to  a  common 
droplet  liquid  supply.  Adjacent  the  nozzles,  the 
espective  channels  are  provided  with  resistive 
leating  elements  to  which  pulses  of  electrical  en- 
jrgy  are  supplied  which  cause  droplet  ejection 
rom  the  channels  by  reason  of  the  heat  energy 
ransmitted  by  the  heating  elements  to  the  droplet 
iquid  in  the  channels  causing  formation  in  any 
ndividual  channel  of  a  vapour  bubble  which  in- 
creases  the  pressure  of  liquid  in  the  channel  result- 
ng  in  the  expulsion  from  the  channel  nozzle  of  a 
droplet. 

In  Figure  2,  the  heating  element  of  each  chan- 
nel  is  represented  by  a  resistor  130  which  is  con- 
nected  in  series  with  the  source/drain  path  of  a 
iield  effect  transistor  132,  the  gate  electrode  134  of 
which  connects  with  the  corresponding  register  120 
in  the  logic  box  122. 

Operation  of  the  circuit  of  Figure  2  is  similar  to 
that  described  for  the  circuit  of  Figure  1  .  Thus  the 
data  stream  of  N  bits  after  a  printing  of  a  line  of 
droplets  from  selected  channels  loads  the  registers 
120  serially  with  data  at  the  frequency  -  10  mHertz 
approximately  -  of  the  clock  pulses  on  line  126. 
When  the  next  pulse  on  line  128  initiates  the  ap- 
plication  of  a  voltage  which  in  this  case  is  of 
uniform  magnitude  to  all  transistors  132,  between 
the  buses  110  and  102,  the  registers  120  of  the 
selected  channels  apply  a  logic  signal  to  the  tran- 
sistor  gates  134  so  that  heating  current  passes 
through  the  corresponding  resistors  which  is  termi- 
nated  after  a  predetermined  period  by  removal 
from  the  gates  134  of  the  applied  logic  signals.  A 
current  pulse  of  predetermined  duration  thus 
passes  through  the  resistors  130  of  the  selected 
channels  to  effect  droplet  expulsion  from  those 
channels. 

The  compliance  of  the  materials  used  for  the 
channel  modules  of  the  apparatus  for  which  the 
chip  circuit  of  Figure  2  is  employed  is  substantially 
greater  than  the  piezo-electric  channel  body  ma- 

terials  empioyea  in  tne  apparatus  in  wmium  me  unip 
circuit  of  Figure  1  is  employed  so  that  the  need  for 
cross-talk  reduction  is  all  the  more  important.  Such 
reduction  is  effected  in  the  same  ways  as  de- 

;  scribed  in  relation  to  the  apparatus  in  which  the 
circuit  of  Figure  1  is  used,  that  is  to  say  by 
grouping  of  the  channels  and/or  by  compensating 
for  the  effect  on  each  selected  channel  of  the  array 
or  group  within  the  array  of  channels  of  the  se- 

o  lected  or  non-selected  status  of  channels  on  op- 
posite  sides  of  each  selected  channel.  In  the  case 
where  grouping  of  channels  is  present  compensa- 
tion  takes  place  for  the  effect  on  each  of  the 
channels  selected  of  a  group  for  the  selected  or 

5  non-selected  status  of  a  number  of  channels  of  the 
same  group  on  each  side  of  each  selected  chan- 
nel.  Where  grouping  is  not  resorted  to,  compensa- 
tion  takes  place  for  the  effect  on  each  selected 
channel  of  the  selected  or  non-selected  status  of  a 

;o  number  of  channels  on  each  side  of  the  selected 
channel.  Compensation  is  effected  by  the  ROM 
signals  determined  by  the  subsets  of  n  bits  within 
the  data  stream  of  N  bits  which  give  rise  to  signals 
from  the  ROM  which  are  stored  in  the  registers  1  20 

>5  and  which  determine  the  duration  of  the  application 
of  the  voltage  applied  by  the  signal  generator  be- 
tween  the  buses  110  and  102  to  the  resistors  130. 

Where  grouping  of  channels  is  involved  the 
nozzles  of  the  groups  are  spatially  offset  to  com- 

io  pensate  for  the  time  interval  between  the  succes- 
sive  actuation  of  the  channels  group  by  group  to 
the  end  of  ensuring  that  the  drops  of  a  complete 
Printline  are  deposited  collinearly. 

35 
Claims 

1  .  A  pulsed  droplet  deposition  apparatus  com- 
prising  a  high  density  array  of  parallel  channels  of 

40  which  adjacent  channels  are  divided  by  respective 
inactive  walls,  respective  nozzles  communicating 
with  said  channels,  droplet  liquid  supply  means 
connected  with  said  channels  and  electrically  op- 
erated  means  for  imparting  pressure  signals  to 

45  droplet  liquid  in  the  channels  to  effect  droplet  ejec- 
tion  from  the  nozzles,  characterised  in  that  said 
channels  are  arranged  in  interleaved  relationship  in 
a  plurality  of  groups  and  said  electrically  operated 
means  are  adapted  to  effect  in  each  group  of 

so  channels  substantially  simultaneous  ejection  of 
drops  from  respective  selected  channels  thereof, 
the  ejection  of  drops  from  said  selected  channels 
of  the  groups  being  effected  group  by  group  se- 
quentially  and  the  disposition  of  the  channels  of  the 

55  groups  being  arranged  so  that  when  droplet  ejec- 
tion  takes  place  from  said  selected  channels  of  any 
one  of  said  groups,  there  is  disposed  between  any 
two  of  said  selected  channels  at  least  one  channel 
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f  another  of  said  groups  of  channels. 
2.  A  pulsed  droplet  deposition  apparatus  as 

laimed  in  Claim  1  ,  characterised  in  that  the  chan- 
iels  of  the  groups  are  arranged  with  channels  of 
le  respective  groups  disposed  in  alternating  se- 
[uence. 

3.  A  pulsed  droplet  deposition  apparatus  as 
ilaimed  in  Claim  2,  characterised  in  that  the  chan- 
lels  are  arranged  in  two  groups. 

4.  A  pulsed  droplet  deposition  apparatus  as 
:laimed  in  any  preceding  claim,  characterised  in 
hat  the  electrically  operated  means  are  adapted  to 
mpart  pressure  signals  respectively  to  selected 
ihannels  of  the  groups  the  magnitude  of  which 
iepend  in  the  case  of  each  selected  channel  on 
he  selected  or  non-selected  status  of  a  plurality  of 
:hannels  on  each  side  of  each  selected  channel. 

5.  A  pulsed  droplet  deposition  apparatus  as 
;laimed  in  Claim  4  and  in  which  the  channels  are 
irranged  in  two  groups,  characterised  in  that  said 
electrically  operated  means  are  adapted  to  impart 
pressure  signals  respectively  to  selected  channels 
3f  the  groups  of  magnitudes  which  depend  in  the 
case  of  each  selected  channel  on  the  selected  or 
ion-selected  status  of  at  least  two  channels  of  the 
same  group  as  the  selected  channel  on  each  side 
3f  the  selected  channel. 

6.  A  pulsed  droplet  deposition  apparatus  com- 
Drising  a  high  density  array  of  parallel  channels  of 
which  adjacent  channels  are  divided  by  respective 
nactive  walls,  respective  nozzles  communicating 
with  said  channels,  droplet  liquid  supply  means 
connected  with  said  channels  and  electrically  op- 
srated  means  for  imparting  pressure  signals  to 
droplet  liquid  in  the  channels  to  effect  droplet  ejec- 
tion  from  the  nozzles,  and  in  which  said  channels 
are  formed  at  corresponding  longitudinally  extend- 
ing  edges  of  the  channel  inactive  dividing  walls 
thereof  with  respective  displaceable  wall  parts  of 
poled  piezo-electric  material  and  said  electrically 
operated  means  comprise  first  electrodes  at  re- 
spective  edges  of  each  of  said  displaceable  wall 
parts  adjacent  and  parallel  to  said  channel  dividing 
walls  and  second  electrodes  engaging  said  dis- 
placeable  wall  parts  and  respectively  disposed  be- 
tween  said  first  electrodes  to  form  therewith  and 
with  said  piezo-electric  material  shear  mode  ac- 
tuators  for  effecting  drop  expulsion  from  said  chan- 
nels,  each  such  actuator  providing  two  capacitors 
formed  respectively  at  opposite  sides  of  the  sec- 
ond  electrode  thereof  between  that  electrode  and 
the  first  electrodes  adjacent  thereto,  characterised 
in  that  said  channels  are  arranged  in  interleaved 
relationship  in  a  plurality  of  groups  and  said  elec- 
trically  operated  means  are  adapted  to  effect  in 
each  group  of  channels  substantially  simultaneous 
ejection  of  drops  from  respective  selected  channels 
thereof,  the  ejection  of  drops  from  said  selected 

cnanneis  or  tne  groups  Demg  erreciea  group  uy 
group  sequentially  and  the  disposition  of  the  chan- 
nels  of  the  groups  being  arranged  so  that  when 
droplet  ejection  takes  place  from  said  selected 

5  channels  of  any  one  of  said  groups,  there  is  dis- 
posed  between  any  two  of  said  selected  channels 
at  least  one  channel  of  another  of  said  groups  of 
channels. 

7.  A  pulsed  droplet  deposition  apparatus  as 
10  claimed  in  Claim  6,  characterised  in  that  the  chan- 

nels  of  the  groups  are  arranged  with  channels  of 
the  respective  groups  disposed  in  alternating  se- 
quence. 

8.  A  pulsed  droplet  deposition  apparatus  as 
is  claimed  in  Claim  7,  characterised  in  that  the  chan- 

nels  are  arranged  in  two  groups. 
9.  A  pulsed  droplet  deposition  apparatus  as 

claimed  in  any  one  of  Claims  6  to  8,  characterised 
in  that  the  electrically  operated  means  are  adapted 

20  to  impart  pressure  signals  respectively  to  selected 
channels  of  the  groups  the  magnitude  of  which 
depend  in  the  case  of  each  selected  channel  on 
the  selected  or  non-selected  status  of  a  plurality  of 
channels  on  each  side  of  each  selected  channel. 

25  10.  A  pulsed  droplet  deposition  apparatus  as 
claimed  in  Claim  9  and  in  which  the  channels  are 
arranged  in  two  groups,  characterised  in  that  said 
electrically  operated  means  are  adapted  to  impart 
pressure  signals  respectively  to  selected  channels 

30  of  the  groups  of  magnitudes  which  depend  in  the 
case  of  each  selected  channel  on  the  selected  or 
non-selected  status  of  at  least  two  channels  of  the 
same  group  as  the  selected  channel  on  each  side 
of  the  selected  channel. 

35  1  1  .  A  pulsed  droplet  deposition  apparatus  com- 
prising  a  high  density  array  of  parallel  channels, 
respective  nozzles  communicating  with  said  chan- 
nels,  droplet  liquid  supply  means  connected  with 
said  channels  and  electrically  operated  droplet  liq- 

40  uid  heating  means  for  imparting  pressure  signals  to 
said  droplet  liquid  in  said  channels  by  formation  of 
vapour  bubbles  therein  to  cause  droplet  ejection 
from  said  nozzles,  characterised  in  that  said  chan- 
nels  are  arranged  in  interleaved  relationship  in  a 

45  plurality  of  groups  and  said  electrically  operated 
means  are  adapted  to  effect  in  each  group  of 
channels  substantially  simultaneous  ejection  of 
drops  from  respective  selected  channels  thereof, 
the  ejection  of  drops  from  said  selected  channels 

so  of  the  groups  being  effected  group  by  group  se- 
quentially  and  the  disposition  of  the  channels  of  the 
groups  being  arranged  so  that  when  droplet  ejec- 
tion  takes  place  from  said  selected  channels  of  any 
one  of  said  groups,  there  is  disposed  between  any 

55  two  of  said  selected  channels  at  least  one  channel 
of  another  of  said  groups  of  channels. 

12.  A  pulsed  droplet  deposition  apparatus,  as 
claimed  in  Claim  1  1  ,  characterised  in  that  the  chan- 

6 
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sis  of  the  groups  are  arranged  witn  cnanneis  ot 
e  respective  groups  disposed  in  alternating  se- 
jence. 

13.  A  pulsed  droplet  deposition  apparatus,  as 
aimed  in  Claim  12,  characterised  in  that  the  chan- 
3ls  are  arranged  in  two  groups. 

14.  A  pulsed  droplet  deposition  apparatus,  as 
aimed  in  any  one  of  Claims  11  to  13,  charac- 
srised  in  that  the  electrically  operated  means  are 
dapted  to  impart  pressure  signals  respectively  to 
sleeted  channels  of  the  groups  the  magnitude  of 
hich  depend  in  the  case  of  each  selected  channel 
n  the  selected  or  non-selected  status  of  a  plurality 
f  channels  on  each  side  of  each  selected  channel. 

15.  A  pulsed  droplet  deposition  apparatus,  as 
laimed  in  Claim  14  and  in  which  the  channels  are 
rranged  in  two  groups,  characterised  in  that  said 
lectrically  operated  means  are  adapted  to  impart 
ressure  signals  respectively  to  selected  channels 
f  the  groups  of  magnitudes  which  depend  in  the 
ase  of  each  selected  channel  on  the  selected  or 
on-selected  status  of  at  least  two  channels  of  the 
ame  group  as  the  selected  channel  on  each  side 
f  the  selected  channel. 

16.  A  pulsed  droplet  deposition  apparatus  com- 
irising  a  high  density  array  of  parallel  channels, 
espective  nozzles  communicating  with  said  chan- 
lels,  droplet  liquid  supply  means  connected  to  said 
:hannels  and  electrically  operated  means  for  im- 
>arting  pressure  signals  to  droplet  liquid  in  said 
:hannels  to  effect  droplet  ejection  from  said  noz- 
:les,  characterised  in  that  the  electrically  operated 
neans  are  adapted  to  impart  pressure  signals  to 
■elected  channels  of  the  array  of  magnitude  re- 
spectively  which  depend  in  the  case  of  each  se- 
ected  channel  on  the  selected  or  non-selected 
status  of  at  least  one  channel  on  each  side  of  and 
idjacent  to  said  selected  channel. 

17.  A  pulsed  droplet  deposition  apparatus  as 
claimed  in  Claim  16,  characterised  in  that  said 
slectrically  operated  means  are  adapted  to  impart 
aressure  signals  to  selected  channels  of  the  array 
Df  magnitudes  which  depend  in  the  case  of  each 
selected  channel  on  the  selected  or  non-selected 
status  of  two  channels  on  each  side  of  said  se- 
lected  channel  and  next  in  the  array  direction 
thereto. 

18.  A  pulsed  droplet  deposition  apparatus  as 
claimed  in  Claim  16  or  17,  characterised  in  that 
said  array  of  parallel  channels  is  arranged  in  a 
plurality  of  groups  of  interleaved  channels  and  said 
electrically  operated  means  are  adapted  to  effect 
selection  of  channels  for  actuation  group  by  group 
in  sequence,  the  disposition  of  the  channels  of  the 

groups  being  arranged  so  that  when  droplet  ejec- 
tion  takes  place  from  said  selected  channels  of  any 
one  of  said  groups,  there  is  disposed  between  any 
two  of  said  selected  channels  at  least  one  channel 

19.  A  pulsed  droplet  deposition  apparatus  as 
claimed  in  Claim  17,  characterised  in  that  the  chan- 
nels  of  the  groups  are  arranged  with  channels  of 
the  respective  groups  disposed  in  alternating  se- 
quence. 

20.  A  pulsed  drop  droplet  deposition  apparatus 
as  claimed  in  Claim  19,  characterised  in  that  the 
channels  are  arranged  in  two  groups. 

21.  A  pulsed  droplet  deposition  apparatus  as 
claimed  in  any  one  of  Claims  1,  6,  11  and  18, 
characterised  in  that  the  nozzles  of  the  respective 
groups  are  spatially  offset  to  compensate  for  the 
time  interval  between  actuation  group  by  group  of 

;  the  selected  channels  of  each  group  so  that  the 
deposited  drops  in  each  printline  are  collinearly 
disposed. 

J 
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