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Description 

This  invention  relates  to  multiplexer  circuits  for 
effecting  in  successive  phases  of  operation  thereof 
actuation  of  selected  devices  of  respective  groups 
of  devices  of  a  series  of  capacitance  actuated 
devices. 

One  application  of  such  a  multiplexer  circuit  is 
a  pulsed  droplet  deposition  apparatus,  such  as  a 
drop-on-demand  ink  jet  printer  having  a  multi-chan- 
nel  array  from  the  channels  of  which  the  droplets 
are  ejected  and  in  which  the  channels  are  arranged 
in  groups,  channels  from  the  respective  groups 
being  selected  for  printing  droplets  in  successive 
phases  of  operation  of  the  multiplexer  circuit.  In 
known  forms  of  pulsed  droplet  ink  jet  printers,  so- 
called  drop-on-demand  printers,  circuits  to  handle 
substantial  actuating  currents  have  to  be  construct- 
ed  and  such  currents  give  rise  to  risk  of  burn-out 
failure.  One  object  of  the  present  invention  is  to 
provide  a  multiplexer  circuit  for  such  an  application 
which  is  called  upon  to  handle  only  relatively  low 
power.  Further,  in  known  forms  of  pulsed  droplet 
ink  jet  printer  the  switching  of  the  substantial  ac- 
tuating  currents  gives  rise  to  radio  frequencey  in- 
terference.  It  is  therefore  a  further  object  of  the 
invention  to  minimise  such  interference. 

GB-A-2  104  005  discloses  a  circuit  for  operat- 
ing  a  single  capitance  actuated  device  using  two 
parallel  electrical  paths,  each  comprising  first  and 
second  switching  means. 

The  present  invention  consists  in  a  multiplexer 
circuit  for  effecting  in  successive  phases  of  opera- 
tion  thereof  actuation  of  selected  devices  of  re- 
spective  groups  of  devices  of  a  series  of  capaci- 
tance  actuated  devices,  characterised  in  that  said 
circuit  comprises  a  series  of  parallel  connected 
electrical  paths  to  which  the  respective  devices  are 
adapted  to  be  connected,  said  paths  being  adapted 
for  connection  in  parallel  with  a  signal  generator, 
with  two  capacitors  of  each  device  connected  be- 
tween  the  path  of  the  associated  device  and  the 
respective  paths  on  opposite  sides  of  said  path  of 
said  associated  device  and  first  and  second  switch- 
ing  means  disposed  in  each  path  and  adapted  to 
be  closed  by  respective  logic  signals  applied  there- 
to  so  that  when  the  first  and  second  switching 
means  of  one  path  are  respectively  closed  and 
open  and  the  first  and  second  switching  means  of 
each  of  the  paths  on  respective  opposite  sides  of 
said  one  path  are  respectively  open  and  closed, 
charging  of  the  capacitors  connected  to  said  one 
path  takes  place  and  when  thereafter  the  first  and 
second  switching  means  of  said  one  path  are  re- 
spectively  open  and  closed  discharge  of  the  ca- 
pacitors  connected  to  said  one  path  takes  place. 

Suitably,  a  diode  device  is  connected  across 
the  second  switching  means  of  each  path  and 

provides  a  conductive  path  for  discharging  capaci- 
tors  connected  between  the  path  in  which  said 
diode  is  connected  and  the  paths  on  respective 
opposite  sides  thereof. 

5  Advantageously,  the  first  and  second  switching 
means  are  provided  on  a  silicon  chip  integrated 
circuit,  said  switching  means  comprising  transistor 
switches.  Suitably,  the  transistor  means  comprise 
field  effect  transistors. 

io  In  one  form  of  multiplexer  circuit  according  to 
the  invention  the  second  switching  means  of  each 
path  comprises  first  and  second  switching  compo- 
nents  of  which  the  first  switching  component  pro- 
vides  a  by-pass  path  in  parallel  with  the  second 

75  switching  component  during  charging  of  the  ca- 
pacitors  connected  between  the  path  containing 
said  second  switching  means  and  the  paths  on 
opposite  sides  thereof  by  way  of  the  first  switching 
means  of  said  paths  on  opposite  sides  of  the  path 

20  containing  said  second  switching  means,  whilst  the 
second  switching  component  provides  a  conductive 
path  for  discharging  the  capacitors  connected  to 
the  path  containing  said  second  switching  compo- 
nent  after  charging  thereof  by  way  of  the  first 

25  switching  means  contained  in  the  same  path  as 
said  second  switching  component.  Suitably,  the 
first  and  second  switching  means  are  provided  on 
a  silicon  chip  integrated  circuit,  the  first  switching 
means  comprising  a  field  effect  transistor  and  the 

30  first  and  second  switching  components  of  the  sec- 
ond  switching  means  comprising  respectively  a 
field  effect  transistor  and  a  field  effect  transistor 
controlling  conduction  of  a  bipolar  transistor. 

Suitably,  in  each  phase  of  operation  the  ca- 
35  pacitors  of  devices  selected  for  actuation  are 

charged  in  an  initial  part  of  a  voltage  waveform- 
supplied  from  the  signal  generator  after  which  the 
signal  generator  is  disconnected  from  the  circuit  for 
a  further  interval  of  said  waveform  prior  to  dis- 

40  charge  of  the  charged  capacitors.  Suitably,  the 
signal  generator  and  the  parallel  electrical  paths 
and  the  first  and  second  switching  means  thereof 
are  formed  in  a  silicon  chip  integrated  circuit. 

According  to  a  desirable  feature  of  the  inven- 
45  tion  where  actuation  of  each  selected  device  is 

required  to  cause  a  substantially  identical  effect 
and  where  actuation  of  any  device  is  affected  by 
the  actuated  or  non-actuated  status  of  devices  on 
opposite  sides  of  that  actuated  device,  it  is  impor- 

50  tant  to  effect  the  actuation  of  each  selected  device 
according  to  the  actuated  or  non-actuated  status  of 
devices  adjacent  each  selected  device.  To  that 
end,  the  logic  signal  applying  means  are  adapted 
to  apply  signals  to  the  first  and  second  switching 

55  means  to  enable  charging  of  the  capacitors  of  each 
of  the  devices  selected  for  actuation  for  a  period 
dependent  upon  the  actuated  or  non-actuated  sta- 
tus  of  devices  adjacent  each  of  said  selected  de- 
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vices. 
The  invention  further  consists  in  a  multi-chan- 

nel  array,  electrically  pulsed  droplet  deposition  ap- 
paratus  for  depositing  liquid  droplets  upon  a  sur- 
face,  comprising  a  droplet  deposition  head  formed 
from  electrically  active  material,  a  multiplicity  of 
channels  for  liquid  formed  in  said  head  and  ar- 
ranged  in  a  plurality  of  groups,  nozzles  commu- 
nicating  with  the  respective  channels,  longitudinal 
side  walls  each  serving  to  divide  one  channel  from 
the  next  and  electrically  actuable  means  for  effec- 
ting  transverse  displacement  in  opposite  senses  of 
said  longitudinal  side-walls  of  each  channel,  said 
electrically  actuable  means  comprising  electrodes 
in  each  channel  on  respective  facing  surfaces  of 
the  longitudinal  channel  side-walls,  conductive 
means  connecting  the  electrodes  in  each  channel, 
said  electrodes  forming  a  series  of  capacitors  each 
consisting  of  one  of  said  longitudinal  channel  side 
walls  and  the  electrodes  on  opposite  sides  thereof 
and  a  multiplexer  circuit  for  effecting  in  successive 
phases  of  operation  actuation  of  said  longitudinal 
walls  of  selected  channels  in  the  respective  chan- 
nel  groups,  said  circuit  comprising  a  series  of  par- 
allel  electrical  paths,  said  capacitors  being  con- 
nected  respectively  between  successive  paths  of 
said  electrical  paths,  a  signal  generator  connected 
across  said  parallel  electrical  paths,  first  and  sec- 
ond  switching  means  disposed  in  each  of  said 
paths,  and  logic  signal  applying  means  for  effecting 
conduction  of  said  first  and  second  switching 
means,  so  that  when  the  first  and  second  switching 
means  of  one  path  are  respectively  closed  and 
open  and  the  first  and  second  switching  means  of 
each  of  the  paths  on  opposite  sides  of  said  one 
path  are  respectively  open  and  closed  charging  of 
the  capacitors  connected  to  said  one  path  takes 
place  and  when  thereafter  the  first  and  second 
switching  means  of  said  one  path  are  respectively 
open  and  closed  discharge  of  said  capacitors  takes 
place. 

With  a  pulsed  droplet  deposition  apparatus  ac- 
cording  to  the  invention,  cross-talk  due  to  channel 
wall  compliance,  i.e.  the  effect  in  an  actuated  chan- 
nel  of  pressures  existing  in  neighbouring  channels, 
can,  according  to  an  important  feature  of  the  inven- 
tion,  be  compensated  for  electrically.  To  achieve 
such  compensation,  the  logic  signal  applying 
means  are  adapted  to  apply  signals  to  the  first  and 
second  switching  means  in  each  of  said  parallel 
paths  to  which  the  capacitors  of  selected  channels 
are  connected  to  enable  charging  of  the  capacitors 
of  each  selected  channel  for  a  period  to  provide  a 
voltage  level  thereon  dependent  upon  the  selected 
or  non-selected  status  of  adjacent  channels  of  the 
group  containing  the  selected  channels. 

Suitably,  the  signal  generator  is  adapted  during 
charging  of  said  capacitors  to  apply  a  signal  to  the 

capacitors  of  the  selected  channels  which  is  of 
relatively  slowly  increasing  voltage  and  the  logic 
signal  applying  means  are  adapted  to  effect  dis- 
connection  of  the  signal  generator  from  the  capaci- 

5  tors  of  said  selected  channels  when  a  predeter- 
mined  charge  voltage  is  reached  and  after  an  inter- 
val  to  actuate  the  switching  means  to  effect  rapid 
discharge  of  the  charged  capacitors  whereby  dur- 
ing  charging  of  the  capacitors  of  the  selected  chan- 

io  nels  the  longitudinal  side  walls  of  the  said  channel 
are  displaced  outwardly  relatively  slowly  and  during 
discharge  of  the  capacitors  the  channel  walls  are 
rapidly  returned. 

The  invention  will  now  be  described,  by  way  of 
is  example,  with  reference  to  the  accompanying  dia- 

grammatic  drawings  of  which: 
FIGURE  1  illustrates  a  cross-section  of  an 

ink  jet  printhead  having  shear 
mode  wall  actuators  as  described 

20  in  EP-A-0  278  590; 
FIGURE  2  illustrates  one  form  of  multiplexer 

circuit  as  connected  to  the  shear 
mode  actuators  of  the  printhead 
illustrated  in  Figure  1  ; 

25  FIGURE  3  illustrates  a  further  form  of  mul- 
tiplexer  circuit  for  use  with  the 
shear  mode  actuators  of  Figure  1  ; 
and 

FIGURE  4  illustrates  a  suitable  waveform  for 
30  operation  of  the  ink  jet  printhead 

of  Figure  1  employing  the  circuit 
of  either  Figure  2  or  Figure  3. 

In  the  drawings  like  parts  are  accorded  the 
same  reference  numerals. 

35  Figure  1  illustrates  a  module  part  10  of  an  ink 
jet  printhead  12  in  which  a  multiplicity  of  closely 
spaced  drop-on-demand  ink  drop  ejectors  are  dis- 
posed  side  by  side  in  an  array.  The  ejectors  con- 
sist  of  extended  parallel  channels  20-28  filled  with 

40  ink  and  separated  by  piezo-electric  shear  mode 
wall  actuators  30-39,  such  as  are  disclosed  in  EP- 
A-0  278  590. 

The  ink  channels  20-28  have  electrodes  40-48 
coating  the  walls  of  each  channel,  which  provide 

45  actuating  electrodes  for  the  wall  actuators  and 
which,  together  with  the  wall  actuators  effectively 
form  capacitors  50  to  58.  The  electrodes  are  con- 
nected  via  tracks  70-78  to  terminals  60-68  of  a 
silicon  chip  integrated  circuit  hereinafter  referred  to. 

50  As  explained  in  the  co-pending  European  Pat- 
ent  Application  referred  to,  the  ink  ejectors  are 
divided  separately  into  two  groups  of  odd  and  even 
numbered  channels  and  selected  channels  in  the 
odd  and  even  numbered  groups  are  actuated  in 

55  alternating  cycles.  In  a  typical  cycle,  operation  is 
performed  by  holding  the  electrodes  of  one  group 
(e.g.  the  even  numbered  channels)  at  earth  poten- 
tial  and  applying  a  voltage  waveform  to  those  chan- 
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nels  due  to  print  in  the  odd  group  of  channels. 
One  typical  multiplexer  drive  circuit  is  illus- 

trated  in  Figure  2  which  shows  a  signal  generator 
100  provided  in  a  silicon  chip  integrated  circuit  101 
and  connected  across  internal  buses  102  and  103 
thereof,  bus  102  being  connected  to  the  positive 
output  terminal  of  the  signal  generator  and  bus  103 
to  the  negative  output  terminal  thereof  which  is 
held  at  ground  potential.  Between  the  buses  102 
and  103,  there  are  provided  parallel  electrical  paths 
respectively  associated  with  the  actuator  channels 
and  of  which  only  paths  113  to  117  are  illustrated 
and  these  respectively  include  terminals  63  to  67. 

Between  the  bus  102  and  the  terminals  63  to 
67  are  connected  in  the  paths  113  to  117  respec- 
tive  field  effect  transistor  devices  1  23  to  1  27  at  the 
gate  electrode  of  each  of  which  is  applicable  as 
hereinafter  described  an  internally  generated  logic 
signal  to  render  the  device  conductive. 

Between  the  terminals  63  to  67  and  the  bus 
103,  the  paths  113  to  117  respectively  include  the 
collector  emitter  paths  of  n-p-n  bipolar  transistor 
devices  133  to  137.  The  base  emitter  paths  of 
these  devices  respectively  include  field  effect  de- 
vices  143  to  147  to  the  gate  electrodes  of  which 
are  applicable  internally  generated  logic  signals  to 
render  these  devices  conductive.  The  collector  em- 
itter  paths  of  devices  133  to  137  are  shunted  by 
respective  field  effect  devices  153  to  157  the  gate 
electrodes  of  which  are  connected  to  the  gate 
electrodes  of  devices  143  to  147  so  that  these 
devices  are  rendered  conductive  by  the  same  logic 
signals  as  activate  the  devices  143  to  147.  The 
devices  153  to  157  are  themselves  respectively 
shunted  by  diodes  163  to  167  which  provide  ca- 
pacitor  discharge  paths  as  hereinafter  referred  to. 

The  logic  signals  for  effecting  and  terminating 
conduction  of  the  transistors  123-127,  143-147  and 
153-157  are  supplied  from  registers  173-177  of 
logic  block  178  to  which  is  supplied  print  pattern 
data  on  a  line  179  and  relatively  high  frequency 
clock  pulses  on  a  line  180  which  connects  also  with 
the  signal  generator  100  to  which  is  also  connected 
a  clock  line  181  on  which  are  supplied  relatively 
low  frequency  clock  pulses. 

The  data  stream  supplied  on  line  179  consists 
of  an  N  bit  print  pattern  applied  to  each  chip  of  the 
printhead  where  N  is  the  number  of  channels  to 
which  the  chip  is  connected.  The  N  bits  determine 
in  one  cycle  which  of  the  channels  of  the  even 
numbered  channel  group  are  to  be  actuated  and  in 
a  following  cycle  which  of  the  channels  of  the  odd 
numbered  channel  group  are  to  be  actuated.  The  N 
bit  data  stream  additionally  contains  subsets  n  of 
data  relating  to  the  print  status  of  channels  of  the 
same  group  as  those  selected  for  actuation  on 
opposite  sides  of  each  of  the  selected  channels 
which  are  to  be  actuated.  The  data  sets  n  may  be 

four  bit  words  in  which  case  they  give  the  print 
status  of  two  channels  of  the  same  group  as  the 
selected  channels  on  each  side  of  each  channel 
selected  for  actuation.  If  the  data  sets  n  are  in  the 

5  form  of  six  bit  words  they  give  the  print  status  of 
three  channels  on  each  side  of  each  channel  which 
is  to  be  actuated. 

At  the  end  of  printing  of  a  Printline  and  before 
the  next  pulse  on  the  line  181  is  supplied  to  the 

io  signal  generator  100  the  data  N  with  its  subsets  n 
is  loaded  into  the  registers  173  to  177  at  the  rate 
set  by  the  clock  pulses  on  line  180,  suitably  about 
10MHertz  and  the  data  sets  n  are  sent  to  a  look-up 
table  in  a  ROM  (not  shown)  which  sends  digital 

is  signals  respectively  determined  by  the  data  sets  n 
to  the  registers  173-177  which  signals  are  stored  in 
the  registers  and  employed  to  afford  a  count  of 
pulses  on  line  180  which  determines  the  level  of 
charging  of  the  capacitors  of  each  actuated  chan- 

20  nel. 
The  voltage  cycles  applied  by  the  signal  gen- 

erator  100  across  the  buses  102  and  103  are 
initiated  by  the  pulses  on  the  clock  line  181  and 
upon  initiation  of  one  such  cycle  the  data  stored  in 

25  the  registers  171  to  177  selects  for  printing  the 
channels  of  one  of  the  channel  groups  which  have 
their  transistors  123-127  switched  on  and  their  tran- 
sistors  143  to  147  switched  off  so  that  charging  of 
the  capacitors  of  the  selected  channels  commen- 

30  ces  and  is  terminated  by  switching  off  of  the  tran- 
sistors  123-127  of  the  selected  channels  when  the 
voltage  level  thereon  reaches  a  value  determined 
by  the  digital  signals  stored  in  the  registers  173- 
179  and  supplied  thereto  from  the  look-up  table 

35  referred  to.  The  registers  of  each  of  the  end  chan- 
nels  of  modules  making  up  the  printhead,  it  will  be 
appreciated,  receive  from  the  ROM  sets  n  of  bits 
which  provide  the  print  status  of  adjoining  channels 
spanning  the  butted  region  of  the  module  in  which 

40  the  end  channel  concerned  is  located  and  the 
adjoining  module.  The  integrated  circuit  of  Figure  2 
is  a  bi-C  mos  design. 

Figure  4  illustrates  the  waveform  provided  by 
the  signal  generator  100  to  energise  the  actuators 

45  30  to  39  during  successive  phases  of  the  two 
phase  multiplexer  circuit  circuit  of  Figure  2.  The 
waveform  consists  of  a  charge  period  n  during 
which  the  charge  on  the  capacitors  52  to  57  be- 
longing  to  one  of  the  channel  groups  gradually 

50  rises  to  predetermined  values  for  each  channel  of 
that  group  selected  for  actuation  at  which  the  ca- 
pacitors  are  disconnected  from  the  signal  generator 
and  remain  at  or  substantially  at  their  charged 
voltage  level  for  a  further  period,  the  "hold"  period, 

55  T2,  during  which  the  signal  voltage  is  kept  at  least 
at  the  level  of  the  charge  voltage.  As  shown,  the 
signal  voltage  is  allowed  in  this  period  first  to  rise 
above  and  at  the  end  of  the  period  return  to  the 

4 
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charge  voltage.  After  the  period  t2  the  signal  volt- 
age  proceeds  to  zero  to  enable  reconnection  of  the 
signal  generator  to  the  capacitors  for  the  next 
phase  of  operation.  Before  that  commences  a  rapid 
discharge  of  the  capacitors,  as  hereinafter  de- 
scribed,  is  effected. 

In  the  period  n  ,  the  wall  actuator  electrodes  of 
selected  channels  of  say  the  odd  numbered  chan- 
nels  21  to  27  are  energised  to  cause  the  wall 
actuators  to  deform  outwards  from  the  channels 
into  a  chevron  or  cantilever  form  as  described  in 
the  co-pending  European  patent  application  re- 
ferred  to  due  to  the  charge  voltage  and  the  direc- 
tion  of  polarisation  of  the  wall  actuators.  The  rate  of 
rise  of  voltage  is  however  gradual  so  that  the 
magnitude  of  the  acoustic  waves  formed  in  the  ink 
channels  only  mildly  disturbs  the  ink  menisci  in  the 
ejection  nozzles  of  the  channels  and  is  not  suffi- 
cient  to  eject  drops  of  ink  from  the  nozzles  of  the 
even  numbered  channels  adjacent  the  activated 
even  numbered  channels.  The  charge  period  n  
exceeds  the  time  of  travel  of  acoustic  waves  in  the 
activated  channels  so  that  ti^L/C  where  L  is  the 
channel  length  and  C  is  the  acoustic  wave  velocity 
in  the  channels. 

In  the  hold  period  t2  further  ink  is  drawn  into 
the  activated  odd  numbered  channels  by  the  action 
of  the  acoustic  waves  and  this  causes  the  channel 
wall  actuators  to  relax  outwardly  as  the  ink  quantity 
in  the  channels  increases.  After  the  hold  period, 
typically  also  L/C,  the  pressure  of  ink  in  the  se- 
lected  channels  is  a  maximum  and  the  capacitors 
of  those  channels  are  then  rapidly  discharged  to 
cause  rapid  inward  movement  of  the  channel  ac- 
tuator  walls  which  generates  pressure  waves  in  the 
selected  channels  causing  ejection  of  an  ink  drop 
from  the  nozzles  of  those  channels.  After  replenish- 
ment  of  ink  in  the  channels  from  which  ink  drop 
ejection  has  taken  place,  the  next  phase  of  opera- 
tion  is  effected  on  selected  even  numbered  chan- 
nels  by  a  further  signal  phase  of  the  signal  gener- 
ator. 

The  detailed  operation  of  the  drive  circuit  com- 
ponents  of  Figure  2  will  now  be  described.  In  the 
quiescent  state  of  the  circuit  the  devices  143  to 
147  and  the  devices  153  to  157  are  held  in  a 
conducting  condition  by  an  internally  generated 
logic  signal  applied  to  the  gate  electrodes  thereof, 
whilst  devices  123  to  127  are  in  a  non-conducting 
condition.  Assuming  now  that  channel  25  is  one  of 
the  group  of  odd  numbered  channels  to  be  se- 
lected  for  activation,  at  the  commencement  of  the 
period  n  of  the  signal  from  the  signal  generator 
which  is  initiated  by  a  pulse  on  line  181,  the  field 
effect  device  125  is  rendered  conductive  by  a  logic 
signal  from  register  175  applied  to  its  gate  and  the 
signal  at  the  gate  electrodes  of  devices  145  and 
155  is  removed  so  rendering  those  devices  non- 

conducting.  The  capacitors  54  and  55  therefore, 
relatively  slowly,  charge  to  a  predetermined  voltage 
during  the  period  n  ,  by  way  of,  in  the  case  of 
capacitor  54,  the  field  effect  devices  125  and  154, 

5  and,  in  the  case  of  capacitor  55,  by  way  of  field 
effect  devices  125  and  156,  the  predetermined 
voltage  being  determined  by  the  signal  from  the 
ROM  stored  in  register  175.  The  actuator  walls  of 
channel  25  accordingly  move  outwards  allowing 

io  flow  of  ink  into  that  channel  and,  because  of  the 
slow  rate  of  charge,  no  ink  drops  are  expelled  from 
the  adjoining  channels. 

During  the  hold  period  t2,  the  logic  signals  to 
the  field  effect  devices  125  are  removed  so  dis- 

15  connecting  the  actuators  from  the  drive  circuit  sig- 
nal. 

Firing,  that  is  to  say  discharge  of  the  capacitor 
54  and  55  is  effected  by  applying  a  signal  from  the 
register  175  after  a  predetermined  count  of  pulses 

20  on  line  180  to  the  gate  electrodes  of  the  field  effect 
devices  145  and  155  rendering  bipolar  transistor 
135  conducting.  This  establishes  a  discharge  for 
capacitor  54  by  way  of  transistor  135  and  diode 
164  and  for  capacitor  55  by  way  of  transistor  135 

25  and  diode  166.  Although  during  discharge  both 
field  effect  devices  145  and  155  are  conducting, 
because  of  the  relative  resistances  of  bi-polar  tran- 
sistor  135  and  field  effect  device  155  most  of  the 
discharge  current  flows  through  transistor  135. 

30  It  will  be  noted  that  the  discharge  currents  of 
capacitors  54  and  55  flow  through  transistor  135 
and  divide  equally  between  diodes  164  and  166 
and  these  relatively  high  discharge  currents  flow 
respectively  in  clockwise  and  anti-clockwise  paths 

35  so  that  the  electromagnetic  effects  thereof  effec- 
tively  cancel  out  thus  minimising  radio  frequency 
interference.  The  heating  effect  of  current  in  the 
circuit  101  is  largely  confined  to  the  capacitor 
discharge  currents  and  therefore  to  the  turn  on 

40  time  of  the  bi-polar  transistors  which  lasts,  typically 
30  n.  seconds.  Also,  typically,  discharge  of  capaci- 
tors  54  and  55  takes  place  in  2m.  seconds  causing 
currents  typically  of  the  order  of  100mA  and  result- 
ing  in  rapid  return  of  the  actuator  walls  of  channel 

45  25  to  their  relaxed  positions  thereby  developing  ink 
drop  ejection  pressure  in  channel  25.  Similar  dis- 
charges  firing  all  the  odd  numbered  channels  ac- 
tuated  in  the  same  phase  of  the  operation  takes 
place  at  the  same  time  as  the  discharges  of  ca- 

50  pacitors  54  and  55.  In  the  next  cycle  of  operation, 
the  same  wave  form  is  applied  to  the  electrodes  of 
the  walls  of  the  even  numbered  channels  selected 
for  actuation. 

Figure  3  shows  a  fragment  of  an  alternative 
55  design  of  two  phase  multiplexer  circuit  to  that  of 

Figure  2  and  which  is  of  C-Mos  design.  It  will  be 
seen  that  in  the  parallel  paths  114,115,116,  the 
diodes  now  shunt  respective  field  effect  transistors 

5 
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194,195,196.  The  requisite  logic  signals  for  effec- 
ting  operation  of  the  circuit  are  the  same  as  for  the 
circuit  of  Figure  2  and  are  not  shown. 

In  the  quiescent  state  devices  124  to  126  are  in 
a  non-conducting  condition  and  devices  194  to  196 
are  held  in  a  conducting  state  by  a  logic  signal 
applied  to  their  gate  electrodes. 

In  the  first  phase  of  the  operation  of  the  circuit 
of  Figure  3,  assuming  channel  25  is  chosen  as  one 
of  the  odd  numbered  channels  for  activation,  ca- 
pacitors  54  and  55  are  charged  during  period  n  by 
reason  of  a  logic  signal  being  applied  to  the  gate 
electrode  of  field  effect  devices  1  25  from  the  asso- 
ciated  register,  such  as  register  175  of  Figure  2 
and  the  signal  at  the  gate  electrode  of  device  195 
is  removed.  At  the  end  of  a  period  determined  by 
the  signal  from  the  ROM  stored  in  the  associated 
register  the  logic  signal  at  the  gate  electrode  of 
device  125  is  removed  to  terminate  charging  of 
capacitors  54  and  55  at  a  level  determined  by  the 
print  status  of  channels  on  opposite  side  of  channel 
25  belonging  to  same  channel  group  as  channel  25 
and,  after  the  period  t2,  a  logic  signal  is  applied  to 
the  gate  electrode  of  device  195  to  render  that 
device  conductive  and  thereby  to  discharge  the 
capacitors  54  and  55.  It  will  be  apparent  that  this 
circuit  has  the  same  advantageous  features  as 
were  referred  to  in  connection  with  the  circuit  of 
Figure  2. 

An  ink  jet  drop-on-demand  printhead  with  con- 
necting  tracks  and  drive  circuits  built  and  operated 
on  the  principles  described  provides  the  following 
benefits:- 

1  .  Each  shear  mode  actuator  wall  participates  in 
the  operation  of  the  channels  on  both  sides  in 
alternate  channels.  Each  channel  is  actuated  by 
both  the  active  walls  on  its  boundary.  Each 
actuator  wall  is  fired  twice  in  the  course  of 
operating  each  print  line  of  drops.  The  design 
therefore  makes  an  efficient  use  of  the  piezo- 
electric  actuators. 
2.  The  connecting  tracks  joining  the  drive  circuit 
to  the  actuators  have  a  density  of  one  track  per 
ink  channel,  despite  the  fact  that  the  two  ac- 
tuators  that  operate  each  channel  have  three 
drive  tracks  connected  to  operate  them.  Thus 
for  example  channel  25  connects  with  the  drive 
circuit  by  way  of  track  75  but  the  actuator  walls 
of  that  channel  require  tracks  74,  75  and  76  to 
operate  them. 
3.  The  high  currents  (100mA)  which  arise  on  the 
discharge  of  the  wall  actuators  flow  only  in  a 
localised  loop  in  the  printhead.  Very  little  of  the 
heat  dissipated  by  this  current  is  generated  in 
the  chip,  namely  that  arising  only  during  the 
switching  period  of  the  discharge  transistor. 
4.  There  is  no  common  earth  circuit  through 
which  the  discharge  currents  are  summed  after 

discharging  the  piezo-electric  actuators.  In  cir- 
cuits  in  which  the  impulsive  (drive  or  discharge) 
currents  are  routed  in  a  common  return  loop, 
which  are  commonly  used  in  prior  ink  jet  drive 

5  systems,  circuits  to  handle  very  substantial  cur- 
rents  (64  or  128  x  100mA)  have  to  be  con- 
structed.  Such  current  magnitudes  with  frequent 
operation  present  a  risk  of  burn-out  failure. 
5.  The  discharge  currents  flow  and  return  in 

io  parallel  closely  spaced  tracks  in  dipole  pairs,  in 
which  the  magnetic  fields  from  the  discharge 
currents  substantially  cancel.  This  reduces  the 
magnitude  of  magnetic  radiation  to  be  expected 
very  significantly  compared  with  that  generated 

is  in  the  common  earth  return  loop. 
6.  Each  channel  in  both  the  even  and  odd 
groups  is  operated  with  voltage  signals  of  the 
same  polarity,  which  can  be  selected  according 
to  the  poling  direction  of  the  ceramic  in  the 

20  piezo-electric  actuator.  A  drive  chip  having  a 
single  polarity  of  drive  circuits  is  made  up  of 
only  p-  type  components  and  less  expensive  in 
construction  than  a  bipolar  chip  where  both  p 
and  n  type  components  are  required. 

25  7.  The  voltage  signal  which  operates  each  chan- 
nel  is  compensated  to  account  for  the  print 
status  of  channels  on  opposite  sides  thereof. 

It  will  be  apparent  to  those  skilled  in  the  art  that 
the  switch  devices  of  the  integrated  circuit  could 

30  include  instead  of  field  effect  and  bi-polar  transis- 
tors,  silicon  controlled  rectifiers,  four  layer  diodes 
or  other  forms  of  semi-conductor  switch  devices. 

It  will  further  be  apparent  to  those  skilled  in  the 
art  that  although  the  embodiments  of  the  invention 

35  described  with  reference  to  Figures  1  ,  2  and  4  and 
Figures  1  ,  3  and  4  require  that  the  printhead  chan- 
nels  be  arranged  in  two  groups  of  interleaved  chan- 
nels  with  the  channels  of  one  group  alternating  with 
those  of  the  other  group,  it  is  quite  feasible  to 

40  employ  arrangements  having  more  than  two  groups 
of  channels.  Thus  in  an  arrangement  where  there 
are,  say,  three  groups  of  interleaved  channels,  the 
circuits  described  would  have,  instead  of  the  two 
phases  of  operation  described  for  the  circuits  of 

45  Figures  2  and  3,  three  phases  of  operation  in  which 
selected  channels  of  the  respective  groups  would 
be  actuated  and  there  would  therefore  be  at  least 
two  inactive  channels  between  any  two  simulta- 
neously  actuated  channels.  For  a  given  density  of 

50  channels,  the  greater  the  number  of  groups  the 
less  acute  the  problem  of  cross-talk  becomes.  The 
time  required  to  effect  printing  of  a  Printline  how- 
ever  becomes  greater  and  this  may  complicate  the 
printhead  design  because  of  the  need  spatially  to 

55  offset  the  nozzles  of  each  group  from  those  of  the 
other  groups.  In  the  highest  density  of  channels 
likely  to  be  achievable  it  is  envisaged  that  wall 
compliance  will  be  such  as  to  require  cross-talk  to 

6 
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be  limited  by  both  grouping  of  channels  and  com- 
pensation  of  the  charging  voltages  of  the  channel 
capacitors  in  dependence  upon  the  print  status  of 
adjoining  chanels. 

Claims 

1.  A  multiplexer  circuit  for  effecting  in  successive 
phases  of  operation  thereof  actuation  of  se- 
lected  devices  of  respective  groups  of  devices 
of  a  series  of  capacitance  actuated  devices 
(23-27),  characterised  in  that  said  circuit  com- 
prises  a  series  of  parallel  connected  electrical 
paths  (113-117)  to  which  the  respective  de- 
vices  (23-27)  are  adapted  to  be  connected, 
said  paths  being  adapted  for  connection  in 
parallel  with  a  signal  generator  (100),  with  two 
capacitors  (54,55)  of  each  device  (25)  con- 
nected  between  the  path  of  the  associated 
device  (115)  and  the  respective  paths 
(114,116)  on  opposite  sides  of  said  path  of 
said  associated  device  and  first  (125)  and  sec- 
ond  (135)  switching  means  disposed  in  each 
path  (115)  and  adapted  to  be  closed  by  re- 
spective  logic  signals  applied  thereto  so  that 
when  the  first  (125)  and  second  (135)  switch- 
ing  means  of  one  path  (115)  are  respectively 
closed  and  open  and  the  first  (124,126)  and 
second  (134,136)  switching  means  of  each  of 
the  paths  (114,116)  on  respective  opposite 
sides  of  said  one  path  (115)  are  respectively 
open  and  closed,  charging  of  the  capacitors 
(54,55)  connected  to  said  one  path  (115)  takes 
place  and  when  thereafter  the  first  (125)  and 
second  (135)  switching  means  of  said  one  path 
(115)  are  respectively  open  and  closed  dis- 
charge  of  the  capacitors  (54,55)  connected  to 
said  one  path  takes  place. 

2.  A  multiplexer  circuit  as  claimed  in  Claim  1, 
characterised  in  that  said  devices  (23-27)  of 
said  series  of  devices  are  arranged  in  two 
groups  of  interleaved  devices. 

3.  A  multiplexer  circuit  as  claimed  in  Claim  2, 
characterised  in  that  said  devices  (23-27)  of  a 
first  of  said  groups  alternate  in  said  series  with 
respective  devices  of  a  second  of  said  groups. 

4.  A  circuit  as  claimed  in  any  preceding  claim, 
characterised  in  that  a  diode  device  (165)  is 
connected  across  the  second  switching  means 
(135)  of  each  path  and  provides  a  conductive 
path  for  discharging  capacitors  (54,55)  con- 
nected  between  the  path  in  which  said  diode  is 
connected  and  the  paths  on  respective  op- 
posite  sides  thereof. 

5.  A  circuit  as  claimed  in  any  preceding  claim, 
characterised  in  that  the  first  and  second 
switching  means  (125,135)  are  provided  on  a 
silicon  chip  integrated  circuit,  said  switching 

5  means  comprising  transistor  switches. 

6.  A  circuit  as  claimed  in  Claim  5,  characterised 
in  that  the  transistor  switches  comprise  field 
effect  transistors  (125,195). 

10 
7.  A  circuit  as  claimed  in  any  preceding  claim, 

characterised  in  that  the  second  switching 
means  (135,145,155)  of  each  path  comprises 
first  and  second  switching  components  of 

is  which  the  first  switching  component  (155)  pro- 
vides  a  by-pass  path  in  parallel  with  the  sec- 
ond  switching  component  (135,145)  during 
charging  of  the  capacitors  (54,55)  connected 
between  the  path  (115)  containing  said  second 

20  switching  means  and  the  paths  (114,116)  on 
opposite  sides  thereof  by  way  of  the  first 
switching  means  (124,126)  of  said  paths  on 
opposite  sides  of  the  path  containing  said  sec- 
ond  switching  means,  whilst  the  second 

25  switching  component  (135,145)  provides  a  con- 
ductive  path  for  discharging  the  capacitors 
(54,55)  connected  to  the  path  (115)  containing 
said  second  switching  component  after  charg- 
ing  thereof  by  way  of  the  first  switching  means 

30  (125)  contained  in  the  same  path  (115)  as  said 
second  switching  component. 

8.  A  circuit  as  claimed  in  Claim  7,  characterised 
in  that  the  first  and  second  switching  means 

35  are  provided  on  a  silicon  chip  integrated  cir- 
cuit,  the  first  switching  means  (125)  comprising 
a  field  effect  transistor  and  the  first  and  second 
switching  components  of  the  second  switching 
means  comprising  respectively  a  field  effect 

40  transistor  (155)  and  a  field  effect  transistor 
(145)  controlling  conduction  of  a  bipolar  tran- 
sistor  (135). 

9.  A  circuit  as  claimed  in  any  preceding  claim, 
45  characterised  in  that  in  each  phase  of  opera- 

tion  the  capacitors  (52-57)  connected  to  de- 
vices  selected  for  actuation  are  charged  in  an 
initial  part  of  a  voltage  waveform  supplied  from 
the  signal  generator  after  which  the  signal  gen- 

50  erator  (100)  is  disconnected  from  the  circuit  for 
a  further  interval  of  said  waveform  prior  to 
discharge  of  the  charged  capacitors. 

10.  A  circuit  as  claimed  in  any  preceding  claim, 
55  characterised  in  that  the  signal  generator  (100) 

and  the  parallel  electrical  paths  (113-117)  and 
the  first  and  second  switching  means 
(125,135,145,155)  thereof  are  formed  in  a  sili- 

7 



13 EP  0  341  929  B1 14 

con  chip  integrated  circuit. 

11.  A  circuit  as  claimed  in  any  one  of  Claims  1  to 
10,  characterised  in  that  logic  signal  applying 
means  (173-177)  are  provided  to  effect  switch- 
ing  into  and  out  of  conduction  of  the  first  and 
second  switching  means. 

12.  A  circuit  as  claimed  in  Claim  11,  characterised 
in  that  the  logic  signal  applying  means  are 
adapted  to  apply  signals  to  the  first  and  sec- 
ond  switching  means  to  enable  charging  of  the 
capacitors  of  each  of  the  devices  selected  for 
actuation  for  a  period  dependent  upon  the  ac- 
tuated  or  non-actuated  status  of  devices  adja- 
cent  each  of  said  selected  devices. 

13.  A  multi-channel  array,  electrically  pulsed 
droplet  deposition  apparatus  for  depositing  liq- 
uid  droplets  upon  a  surface,  comprising  a 
droplet  deposition  head  (12)  formed  with  elec- 
trically  active  material,  a  multiplicity  of  chan- 
nels  (20-28)  for  liquid  formed  in  said  head  and 
arranged  in  a  plurality  of  groups,  nozzles  com- 
municating  with  the  respective  channels,  lon- 
gitudinal  channel  side  walls  (30-39)  each  serv- 
ing  to  divide  one  channel  from  the  next  and 
electrically  actuable  means  for  effecting  trans- 
verse  displacement  in  opposite  senses  of  said 
longitudinal  side-walls  of  each  channel,  said 
electrically  actuable  means  comprising  elec- 
trodes  (40-48)  in  each  channel  on  respective 
facing  surfaces  of  the  longitudinal  channel 
side-walls  (30-39),  conductive  means  (70-78) 
connecting  the  electrodes  in  each  channel, 
said  electrodes  and  said  longitudinal  channel 
side-walls  forming  a  series  of  capacitors  (50- 
58)  each  consisting  of  one  of  said  longitudinal 
channel  side  walls  and  the  electrodes  on  op- 
posite  sides  thereof  and  a  multiplexer  circuit 
for  effecting  in  successive  phases  of  operation 
actuation  of  said  longitudinal  channel  walls  of 
selected  channels  in  each  of  the  channel 
groups,  said  circuit  comprising  a  series  of  par- 
allel  electrical  paths  (113-117),  said  capacitors 
(50-58)  being  connected  respectively  between 
successive  paths  of  said  electrical  paths,  a 
signal  generator  (100)  connected  across  said 
parallel  electrical  paths,  first  (125)  and  second 
(135)  switching  means  disposed  in  each  of 
said  paths  (115),  and  logic  signal  applying 
means  (173-177)  for  effecting  conduction  of 
said  first  and  second  switching  means,  so  that 
when  the  first  (125)  and  second  (135)  switch- 
ing  means  of  one  path  (115)  are  respectively 
closed  and  open  and  the  first  (124,126)  and 
second  (134,136)  switching  means  of  each  of 
the  paths  (114,116)  on  opposite  sides  of  said 

one  path  (115)  are  respectively  open  and 
closed  charging  of  the  capacitors  (54,55)  con- 
nected  to  said  one  path  takes  place  and  when 
thereafter  the  first  (125)  and  second  (135) 

5  switching  means  of  said  one  path  are  respec- 
tively  open  and  closed  discharge  of  said  ca- 
pacitors  takes  place. 

14.  A  pulsed  droplet  deposition  apparatus  as 
io  claimed  in  Claim  13,  characterised  in  that  said 

channels  (20-28)  are  arranged  in  a  plurality  of 
groups  of  interleaved  channels. 

15.  A  pulsed  droplet  deposition  apparatus  as 
is  claimed  in  Claim  14,  characterised  in  that  said 

channels  (20-28)  are  provided  in  two  groups 
and  the  channels  of  a  first  of  said  two  groups 
alternate  with  respective  channels  of  a  second 
of  said  groups. 

20 
16.  A  pulsed  droplet  deposition  apparatus,  as 

claimed  in  any  one  of  Claims  13  to  15,  charac- 
terised  in  that  the  signal  generator  (100)  is 
adapted  during  charging  of  said  capacitors  (50- 

25  58)  to  apply  a  signal  to  the  capacitors  of  the 
selected  channels  which  is  of  relatively  slowly 
increasing  voltage  and  the  logic  signal  apply- 
ing  means  (173-177)  are  adapted  to  effect  dis- 
connection  of  the  signal  generator  from  the 

30  capacitors  of  said  selected  channels  when  a 
predetermined  charge  voltage  is  reached  and 
after  an  interval  to  actuate  the  switching  means 
to  effect  rapid  discharge  of  the  charged  ca- 
pacitors  whereby  during  charging  of  the  ca- 

35  pacitors  of  the  selected  channels  the  longitudi- 
nal  side  walls  of  the  said  channel  are  displaced 
outwardly  relatively  slowly  and  during  dis- 
charge  of  the  capacitors  the  channel  walls  are 
rapidly  returned. 

40 
17.  A  pulsed  droplet  deposition  apparatus  as 

claimed  in  any  one  of  Claims  13  to  16,  charac- 
terised  in  that  the  logic  signal  applying  means 
(173-177)  are  adapted  to  apply  signals  to  the 

45  first  and  second  switching  means  in  each  of 
said  parallel  paths  to  which  the  capacitors  of 
selected  channels  are  connected  to  enable 
charging  of  the  capacitors  of  each  selected 
channel  for  a  period  to  provide  a  voltage  level 

50  thereon  dependent  upon  the  selected  or  non- 
selected  status  of  adjacent  channels  and  the 
group  containing  the  selected  channels. 

Patentanspruche 
55 

1.  Multiplexstromkreis,  urn  in  aufeinanderfolgen- 
den  Betriebsphasen  eine  Betatigung  von  aus- 
gewahlten  Einrichtungen  verschiedener  Grup- 

8 
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pen  von  Einrichtungen  einer  Reihe  von  kapazi- 
tiv  betatigten  Einrichtungen  (23  bis  27)  zu  be- 
wirken,  dadurch  gekennzeichnet,  dal3  der 
Stromkreis  eine  Reihe  parallelgeschalteter 
elektrischer  Wege  (113  bis  117)  aufweist, 
durch  welche  die  jeweiligen  Einrichtungen  (23 
bis  27)  verbunden  werden  konnen,  wobei  die 
Wege  verwendet  werden  urn  einem  Signalge- 
nerator  (100),  zwei  Kondensatoren  (54,  55)  je- 
der  Einrichtung  (25),  die  zwischen  den  Weg 
(115)  der  zugeordneten  Einrichtung  und  die 
jeweiligen  Wege  (114,  116)  auf  verschiedenen 
Seiten  des  besagten  Weges  der  zugeordneten 
Einrichtung  geschaltet  sind,  und  erste  (125) 
und  zweite  Schaltmittel  (135)  parallel  zu  schal- 
ten,  die  in  jedem  Weg  (115)  angeordnet  sind 
und  verwendet  werden,  urn  durch  entspre- 
chend  angelegte  logische  Signale  geschlossen 
zu  werden,  so  dal3,  wenn  die  ersten  und  zwei- 
ten  Schaltmittel  (125,  135)  eines  Weges  (115) 
geschlossen  bzw.  often  sind  und  die  ersten 
(124,  126)  und  die  zweiten  Schaltmittel  (134, 
136)  jedes  der  Wege  (114,  116)  auf  jeweils 
verschiedenen  Seiten  des  besagten  einen  We- 
ges  (115)  offen  bzw.  geschlossen  sind,  ein 
Laden  der  mit  dem  besagten  einen  Weg  (115) 
verbundenen  Kondensatoren  (54,  55)  stattfin- 
det,  und  wenn  danach  die  ersten  und  zweiten 
Schaltmittel  (125,  135)  des  besagten  einen 
Weges  (115)  offen  bzw.  geschlossen  sind,  ein 
Entladen  der  mit  dem  besagten  einen  Weg 
verbundenen  Kondensatoren  (54,55)  stattfindet. 

2.  Multiplexstromkreis,  wie  in  Anspruch  1  bean- 
sprucht,  dadurch  gekennzeichnet,  dal3  die 
Einrichtungen  (23  bis  27)  der  Reihe  von  Ein- 
richtungen  in  zwei  Gruppen  von  verschachtel- 
ten  Einrichtungen  angeordnet  sind. 

3.  Multiplexstromkreis,  wie  in  Anspruch  2  ban- 
sprucht,  dadurch  gekennzeichnet,  dal3  die 
Einrichtungen  (23  bis  24)  einer  ersten  Gruppe 
sich  in  der  Reihe  mit  entsprechenden  Einrich- 
tungen  einer  zweiten  Gruppe  abwechseln. 

4.  Stromkreis,  wie  in  einem  vorhergehenden  An- 
spruch  beansprucht,  dadurch  gekennzeich- 
net,  dal3  eine  Diode  (165)  parallel  zu  dem 
zweiten  Schaltmittel  (135)  jedes  Weges  ge- 
schaltet  ist  und  einen  leitenden  Weg  zum  Ent- 
laden  von  Kondensatoren  (54,  55)  schafft,  die 
zwischen  dem  Weg,  in  welchen  die  Diode  ge- 
schaltet  ist,  und  den  Wegen  an  dessen  jeweils 
abgewandten  Seiten  schafft. 

5.  Stromkreis,  wie  in  einem  vorhergehenden  An- 
spruch  bansprucht,  dadurch  gekennzeich- 
net,  dal3  die  ersten  und  zweiten  Schaltmittel 

(125,  135)  auf  einem  integrierten  Siliziumchip- 
Schaltkreis  vorgesehen  sind,  wobei  die  Schalt- 
mittel  Transistor-Schalter  aufweisen. 

5  6.  Stromkreis,  wie  in  Anspruch  5  beansprucht, 
dadurch  gekennzeichnet,  dal3  die  Tranistor- 
Schalter  Feldeffekt-Transistoren  (125,  195)  auf- 
weisen. 

io  7.  Stromkreis,  wie  in  einem  vorhergehenden  An- 
spruch  beansprucht,  dadurch  gekennzeich- 
net,  dal3  das  zweite  Schaltmittel  (135,  145, 
155)  jedes  Weges  erste  und  zweite  Schaltkom- 
ponenten  aufweist,  von  welchen  die  erste 

is  Schaltkomponente  (155)  einen  Bypass-Weg 
parallel  zu  der  zweiten  Schaltkomponente  (135, 
145)  wahrend  eines  Entladens  der  Kondensa- 
toren  (54,  55),  welche  zwischen  den  Weg 
(115),  welcher  das  zweite  Schaltmittel  enthalt, 

20  und  die  Wege  (114,  116)  auf  dessen  abge- 
wandten  Seiten  geschaltet  sind,  mittels  der  er- 
sten  Schaltmittel  (124,  126)  in  den  Wegen  auf 
den  abgewandten  Seiten  des  Weges  schafft, 
welcher  das  zweite  Schaltmittel  enthalt,  wah- 

25  rend  die  zweite  Schaltkomponente  (135,  145) 
einen  leitenden  weg  zum  Entladen  der  Kon- 
densatoren  (54,  55),  die  mit  dem  die  zweite 
Schaltkomponente  enthaltenden  Weg  (115) 
verbunden  ist,  nach  deren  Laden  mittels  des 

30  ersten  Schaltmittels  (125)  schafft,  das  in  dem- 
selben  Weg  (115)  wie  die  zweite  Schaltkompo- 
nente  enthalten  ist. 

8.  Stromkreis  nach  Anspruch  7,  dadurch  ge- 
35  kennzeichnet,  dal3  die  ersten  und  zweiten 

Schaltmittel  auf  einen  integrierten  Siliziumchip- 
Schaltkreis  vorgesehen  sind,  wobei  das  erste 
Schaltmittel  (125)  einen  Feldeffekttransistor 
aufweist  und  die  ersten  und  zweiten  Schalt- 

40  komponenten  des  zweiten  Schaltmittels  einen 
Feldeffekttransistor  (155  bzw.  154)  aufweisen, 
welche  die  Leitfahigkeit  eines  bipolaren  Transi- 
stors  (135)  steuern. 

45  9.  Stromkreis,  wie  in  einem  vorhergehenden  An- 
spruch  beansprucht,  dadurch  gekennzeich- 
net,  dal3  in  jeder  Betriebsphase  die  Kondensa- 
toren  (52  bis  57),  welche  mit  fur  eine  Betati- 
gung  ausgewahlten  Einrichtungen  verbunden 

50  sind,  in  einem  Anfangsteil  einer  Spannungs- 
wellenform  geladen  werden,  welche  von  dem 
Signalgenerator  zugefuhrt  worden  ist,  nachdem 
der  Signalgenerator  (100)  von  dem  Stromkreis 
fur  ein  weiteres  Intervall  der  Wellenform  vor 

55  dem  Entladen  der  geladenen  Kondensatoren 
getrennt  wird. 

9 
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10.  Stromkreis,  wie  in  einem  vorhergehenden  An- 
spruch  beansprucht,  dadurch  gekennzeich- 
net,  dal3  der  Signalgenerator  (100)  und  die 
parallelen  elektrischen  Wege  (113  bis  117)  und 
deren  erste  und  zweite  Schaltmittel  (125,  135, 
145,  155)  auf  einem  integrierten  Siliziumchip- 
Schaltkreis  ausgebildet  sind. 

11.  Stromkreis,  wie  in  einem  der  Anspruche  1  bis 
10  beansprucht  ist,  dadurch  gekennzeich- 
net,  dal3  ein  logisches  Signal  anlegende  Mittel 
(173  bis  177)  vorgesehen  sind,  urn  ein  Schal- 
ten  in  die  und  aus  der  Leitfahigkeit  der  ersten 
und  zweiten  Schaltmittel  zu  bewirken. 

12.  Stromkreis,  wie  in  Anspruch  11  beansprucht, 
dadurch  gekennzeichnet,  dal3  die  ein  logi- 
sches  Signal  zufuhrenden  Einrichtungen  ver- 
wendet  werden,  urn  Signale  an  die  ersten  und 
zweiten  Schaltmittel  anzulegen,  urn  ein  Laden 
der  Kondensatoren  jeder  der  Einrichtung,  die 
fur  eine  Beatigung  ausgewahlt  worden  sind,  fur 
einen  Zeitabschnitt  zu  ermoglichen,  der  von 
dem  Betatigungs-  oder  Nicht-Betatigungszu- 
stand  von  Einrichtungen  abhangt,  die  jeder  der 
ausgewahlten  Einrichtungen  benachbart  sind. 

13.  Mehrkanal-Einrichtung,  urn  mit  elektrischen  Im- 
pulsen  beaufschlagte  Flussigkeitstropfchen  auf 
eine  Flache  aufzubringen,  mit  einem  Tropf- 
chen-Aufbringkopf  (12),  welcher  mit  elektrisch 
aktivem  Material  versehen  ist,  mit  einer  Viel- 
zahl  von  Kanalen  (20  bis  28)  fur  Flussigkeit, 
welche  Kanale  in  dem  Kopf  ausgebildet  und  in 
einer  Anzahl  von  Gruppen  angeordnet,  mit  Du- 
sen,  welche  mit  den  jeweiligen  Kanalen  in  Ver- 
bindung  stehen,  mit  longitudinalen  Kanalseiten- 
wandungen  (30  bis  39),  die  jeweils  dazu  die- 
nen,  einen  Kanal  von  dem  nachsten  abzuteilen, 
und  mit  elektrisch  betatigbaren  Mitteln,  urn 
eine  Querverschiebung  in  entgegengesetzten 
Richtungen  der  longitudinalen  Seitenwandun- 
gen  jedes  Kanals  zu  bewirken,  wobei  die  elek- 
trisch  betatigbaren  Mittel  Elektroden  (40  bis 
48)  in  jedem  Kanal  an  den  jeweils  gegenuber- 
liegenden  Flachen  der  longitudinalen  Kanalsei- 
tenwandungen  (30  bis  39),  leitende  Mittel  (70 
bis  78),  welche  die  Elektroden  in  jedem  Kanal 
verbinden,  wobei  die  Elektroden  und  die  longi- 
tudinalen  Kanalseitenwandungen  eine  Reihe 
von  Kondensatoren  (50  bis  58)  bilden,  die  je- 
weils  aus  einer  der  besagten  longitudinalen 
Kanalseitenwandungen  und  den  Elektroden  auf 
den  gegenuberliegenden  Seiten  bestehen,  und 
einen  Multiplexstromkreis  aufweisen,  urn  in 
aufeinanderfolgenden  Betriebsphasen  ein  Be- 
tatigen  der  longitudinalen  Kanalwandungen  von 
ausgewahlten  Kanalen  in  jeder  der  Kanalgrup- 

pen  zu  bewirken,  wobei  der  Stromkreis  eine 
Reihe  von  parallelen  elektrischen  Wegen  (113 
bis  117),  wobei  die  Kondensatoren  (50  bis  58) 
jeweils  zwischen  aufeinanderfolgenden  Wegen 

5  der  besagten  elektrischen  Wege  geschaltet 
sind,  einen  Signalgenerator  (100),  welcher  pa- 
rallel  zu  den  parallelen  elektrischen  Wegen 
geschaltet  ist,  erste  (125)  und  zweite  (135) 
Schaltmittel,  die  in  jedem  der  besagten  Wege 

io  (115)  angeordnet  sind,  und  ein  logisches  Si- 
gnal  anlegende  Einrichtungen  (173  bis  177) 
aufweist,  urn  eine  Leitfahigkeit  der  ersten  und 
zweiten  Schaltmittel  zu  bewirken,  so  dal3,  wenn 
die  ersten  und  zweiten  Schaltmittel  (125,  135) 

is  eines  Weges  (115)  geschlossen  bzw.  offen 
sind,  und  die  ersten  (124,  126)  und  die  zweiten 
Schaltmittel  (134,  136)  jedes  der  Wege  (114, 
116)  auf  abgewandten  Seiten  des  einen  besag- 
ten  Weges  (115)  offen  bzw.  geschlossen  sind, 

20  ein  Laden  der  mit  dem  besagten  einen  Weg 
verbundenen  Kondensatoren  (54,  55)  stattfin- 
det,  und  wenn  danach  die  ersten  (125)  und  die 
zweiten  Schaltmittel  (135)  des  besagten  einen 
Weges  offen  bzw.  geschlossen  sind,  ein  Entla- 

25  den  der  Kondensatoren  stattfindet. 

14.  Einrichtung,  wie  in  Anspruch  13  beansprucht, 
dadurch  gekennzeichnet,  dal3  die  Kanale  (20 
bis  21)  in  einer  Anzahl  von  Gruppen  von  inein- 

30  ander  verschachtelten  Kanalen  angeordnet 
sind. 

15.  Einrichtung,  wie  in  Anspruch  14  beansprucht, 
dadurch  gekennzeichnet,  dal3  die  Kanale  (20 

35  bis  28)  in  zwei  Gruppen  vorgesehen  sind,  und 
die  Kanale  einer  ersten  der  besagten  zwei 
Gruppen  sich  mit  den  jeweiligen  Kanalen  einer 
zweiten  Gruppe  der  besagten  Gruppen  ab- 
wechseln. 

40 
16.  Einrichtung,  wie  in  einem  der  Anspruche  13 

bis  15  beansprucht,  dadurch  gekennzeich- 
net,  dal3  der  Signalgenerator  (100)  wahrend 
des  Ladens  der  Kondensatoren  (50  bis  58) 

45  verwendet  wird,  urn  ein  Signal  an  die  Konden- 
satoren  der  ausgewahlten  Kanale  anzulegen, 
welche  eine  verhaltnismaBig  langsam  anstei- 
gende  Spannung  haben,  und  die  ein  logisches 
Signal  anlegenden  Mittel  (173  bis  177)  verwen- 

50  det  werden,  urn  ein  Trennen  des  Signalgenera- 
tors  von  den  Kondensatoren  der  ausgewahlten 
Kanale,  wenn  eine  vorherbestimmte  Ladespan- 
nung  erreicht  ist,  und  nach  einem  Intervall  zu 
bewirken,  urn  die  Schaltmittel  zu  betatigen,  urn 

55  ein  schnelles  Entladen  der  geladenen  Konden- 
satoren  zu  bewirken,  wobei  wahrend  des  La- 
dens  der  Kondensatoren  der  ausgewahlten  Ka- 
nale  die  longitudinalen  Seitenwandungen  der 

10 
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besagten  Kanale  verhaltnismaBig  langsam 
nach  auBen  verschoben  werden  und  wahrend 
eines  Entladens  der  Kondensatoren  die  Kanale 
schnell  zuruckgefahren  werden. 

17.  Einrichtung,  wie  in  einem  der  Anspruche  13 
bis  16  beansprucht,  dadurch  gekennzeich- 
net,  dal3  die  ein  logisches  Signal  anlegenden 
Einrichtungen  (173  bis  177)  verwendet  werden, 
urn  Signale  an  die  ersten  und  zweiten  Schalt- 
mittel  in  jedem  der  besagten  parallelen  Wege 
anzulegen,  in  welchen  die  Kondensatoren  aus- 
gewahlter  Kanale  verbunden  sind,  urn  ein  La- 
den  der  Kondensatoren  jedes  ausgewahlten 
Kanals  fur  einen  Zeitabschnitt  zu  ermoglichen, 
urn  einen  Spannungspegel  in  Abhangigkeit  von 
dem  ausgewahlten  oder  nicht-ausgewahlten 
Zustand  benachbarter  Kanale  und  der  Gruppe 
zu  schaffen,  welche  die  ausgewahlten  Kanale 
enthalt. 

Revendications 

1.  Circuit  multiplexeur  pour  effectuer  la  mise  en 
oeuvre,  lors  de  phases  successives  de  fonc- 
tionnement  de  ce  circuit,  de  dispositifs  selec- 
tionnes  parmi  des  groupes  respectifs  de  dispo- 
sitifs  d'une  serie  de  dispositifs  mis  en  oeuvre 
par  capacite  (23  a  27),  caracterise  en  ce  que 
ledit  circuit  comprend  une  serie  de  trajets  elec- 
triques  paralleles  relies  (113  a  117)  auxquels 
les  dispositifs  respectifs  (23  a  27)  sont  congus 
pour  etre  relies,  lesdits  trajets  etant  congus 
pour  se  connecter  en  parallele  a  un  generateur 
de  signal  (100),  deux  condensateurs  (54,  55) 
de  chaque  dispositif  (25)  etant  relies  entre  le 
trajet  du  dispositif  associe  (115)  et  les  trajets 
respectifs  (114,  116)  sur  les  cotes  opposes 
dudit  trajet  dudit  dispositif  associe,  et  com- 
prend  un  premier  (125)  et  un  second  (135) 
moyens  de  commutation  disposes  dans  cha- 
que  trajet  (115)  et  congus  pour  etre  fermes  par 
des  signaux  logiques  respectifs  qui  leur  sont 
appliques  de  fagon  que  lorsque  le  premier 
(125)  et  le  second  (135)  moyens  de  commuta- 
tion  d'un  trajet  (115)  particulier  sont  respective- 
ment  ferme  et  ouvert  et  lorsque  le  premier 
(124,  126)  et  le  second  (134,  136)  moyens  de 
commutation  de  chacun  des  trajets  (114,  116) 
sur  les  cotes  opposes  respectifs  dudit  trajet 
(115)  particulier  sont  respectivement  ouvert  et 
ferme,  il  se  produit  la  charge  des  condensa- 
teurs  (54,  55)  relies  audit  trajet  (115)  particulier 
et  lorsque,  apres  cela,  le  premier  (125)  et  le 
second  (135)  moyens  de  commutation  dudit 
trajet  (115)  particulier  sont  respectivement  ou- 
vert  et  ferme,  il  se  produit  la  decharge  des 
condensateurs  (54,  55)  relies  audit  trajet  parti- 

culier. 

2.  Circuit  multiplexeur  selon  la  revendication  1, 
caracterise  en  ce  que  lesdits  dispositifs  (23  a 

5  27)  de  ladite  serie  de  dispositifs  sont  agences 
en  deux  groupes  de  dispositifs  imbriques. 

3.  Circuit  multiplexeur  selon  la  revendication  2, 
caracterise  en  ce  que  lesdits  dispositifs  (23  a 

io  27)  d'un  premier  desdits  groupes  alternent 
dans  ladite  serie  avec  des  dispositifs  respectifs 
d'un  second  desdits  groupes. 

4.  Circuit  selon  I'une  quelconque  des  revendica- 
15  tions  precedentes,  caracterise  en  ce  qu'un  dis- 

positif  a  diode  (165)  est  relie  aux  bornes  du 
second  moyen  de  commutation  (135)  de  cha- 
que  trajet  et  realise  un  trajet  conducteur  pour 
decharger  les  condensateurs  (54,  55)  relies 

20  entre  le  trajet  dans  lequel  ladite  diode  est 
connectee  et  les  trajets  sur  les  cotes  opposes 
respectifs  de  ce  dernier. 

5.  Circuit  selon  I'une  quelconque  des  revendica- 
25  tions  precedentes,  caracterise  en  ce  que  les 

premier  et  second  moyens  de  commutation 
(125,  135)  sont  realises  sur  un  circuit  integre  a 
puces  de  silicium,  lesdits  moyens  de  commu- 
tation  comprenant  des  commutateurs  a  transis- 

30  tors. 

6.  Circuit  selon  la  revendication  5,  caracterise  en 
ce  que  les  commutateurs  a  transistors  com- 
prennent  des  transistors  a  effet  de  champ 

35  (125,  195). 

7.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  le 
second  moyen  de  commutation  (135,  145,  155) 

40  de  chaque  trajet  comprend  des  premier  et 
second  composants  de  commutation  a  partir 
desquels  le  premier  composant  de  commuta- 
tion  (155)  realise  un  trajet  de  derivation  en 
parallele  avec  le  second  composant  de  com- 

45  mutation  (135,  145)  pendant  la  charge  des 
condensateurs  (54,  55)  relies  entre  le  trajet 
(115)  comportant  ledit  second  moyen  de  com- 
mutation  et  les  trajets  (114,  116)  sur  les  cotes 
opposes  de  ce  dernier  a  I'aide  du  premier 

50  moyen  de  commutation  (124,  126)  desdits  tra- 
jets  sur  les  cotes  opposes  du  trajet  comportant 
ledit  second  moyen  de  commutation,  tandis 
que  le  second  composant  de  commutation 
(135,  145)  realise  un  trajet  conducteur  pour 

55  decharger  les  condensateurs  (54,  55)  relies  au 
trajet  (115)  comportant  ledit  second  composant 
de  commutation  apres  avoir  charge  ces  der- 
niers  a  I'aide  du  premier  moyen  de  commuta- 
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tion  (125)  contenu  dans  le  meme  trajet  (115) 
que  ledit  second  composant  de  commutation. 

8.  Circuit  selon  la  revendication  7,  caracterise  en 
ce  que  les  premier  et  second  moyens  de  5 
commutation  sont  realises  sur  un  circuit  inte- 
gre  a  puces  de  silicium,  le  premier  moyen  de 
commutation  (125)  comprenant  un  transistor  a 
effet  de  champ  et  les  premier  et  second  com- 
posants  de  commutation  du  second  moyen  de  10 
commutation  comprenant  respectivement  un 
transistor  a  effet  de  champ  (155)  et  un  transis- 
tor  a  effet  de  champ  (145)  commandant  la 
conduction  d'un  transistor  bipolaire  (135). 

75 
9.  Circuit  selon  I'une  quelconque  des  revendica- 

tions  precedentes,  caracterise  en  ce  que  dans 
chaque  phase  de  fonctionnement,  les  conden- 
sateurs  (52  a  57),  relies  aux  dispositifs  selec- 
tionnes  a  mettre  en  oeuvre,  sont  charges  dans  20 
une  partie  initiale  d'une  forme  d'onde  de  ten- 
sion  fournie  a  partir  du  generateur  de  signal, 
apres  quoi  le  generateur  de  signal  (100)  est 
deconnecte  du  circuit  pendant  un  intervalle 
supplemental  de  ladite  forme  d'onde  avant  25 
de  decharger  les  condensateurs  charges. 

10.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  le 
generateur  de  signal  (100)  et  les  trajets  electri-  30 
ques  paralleles  (113  a  117)  et  les  premier  et 
second  moyens  de  commutation  (125,  135, 
145,  155)  de  ces  derniers  sont  formes  dans  un 
circuit  integre  a  puces  de  silicium. 

35 
11.  Circuit  selon  I'une  quelconque  des  revendica- 

tions  1  a  10,  caracterise  en  ce  que  des 
moyens  d'application  de  signaux  logiques  (173 
a  177)  sont  prevus  pour  effectuer  la  mise  en 
conduction  et  I'arret  de  celle-ci  des  premier  et  40 
second  moyens  de  commutation. 

12.  Circuit  selon  la  revendication  11,  caracterise 
en  ce  que  les  moyens  d'application  de  signaux 
logiques  sont  congus  pour  appliquer  des  si-  45 
gnaux  aux  premier  et  second  moyens  de  com- 
mutation  pour  permettre  la  charge  des  conden- 
sateurs  de  chacun  des  dispositifs  selectionnes 
a  mettre  en  oeuvre  pour  une  periode  depen- 
dant  de  I'etat  actionne  ou  non  actionne  des  50 
dispositifs  adjacents  a  chacun  desdits  disposi- 
tifs  selectionnes. 

13.  Appareil  de  pulverisation  de  gouttelettes  elec- 
triquement  pulsees,  a  groupement  de  canaux  55 
multiples  pour  pulveriser  des  gouttelettes  de 
liquide  sur  une  surface,  comprenant  une  tete 
de  pulverisation  de  gouttelettes  (12)  formee 

avec  une  matiere  electriquement  active,  une 
multiplicite  de  canaux  (20  a  28)  a  liquide  for- 
mes  dans  ladite  tete  et  agences  en  une  plurali- 
ty  de  groupes,  des  buses  communiquant  avec 
les  canaux  respectifs,  des  parois  laterales  de 
canal  longitudinal  (30  a  39),  chacune  servant  a 
separer  un  canal  particulier  du  canal  suivant  et 
un  moyen  pouvant  etre  mis  en  oeuvre  electri- 
quement  pour  effectuer  un  deplacement  trans- 
versal  dans  des  sens  opposes  desdites  parois 
laterales  longitudinales  de  chaque  canal,  ledit 
moyen  pouvant  etre  mis  en  oeuvre  electrique- 
ment  comprenant  des  electrodes  (40  a  48) 
dans  chaque  canal  sur  les  surfaces  se  faisant 
face  respectives  des  parois  laterales  de  canal 
longitudinal  (30  a  39),  des  moyens  conduc- 
teurs  (70  a  78)  reliant  les  electrodes  dans 
chaque  canal,  lesdites  electrodes  et  lesdites 
parois  laterales  de  canal  longitudinal  formant 
une  serie  de  condensateurs  (50  a  58),  chacun 
etant  constitue  d'une  desdites  parois  laterales 
de  canal  longitudinal  et  des  electrodes  sur  les 
cotes  opposes  de  ces  dernieres  et  un  circuit 
multiplexeur  pour  effectuer  la  mise  en  oeuvre, 
lors  de  phases  successives  de  fonctionnement, 
desdites  parois  de  canal  longitudinal  des  ca- 
naux  selectionnes  dans  chacun  des  groupes 
de  canaux,  ledit  circuit  comprenant  une  serie 
de  trajets  electriques  paralleles  relies  (113  a 
117),  lesdits  condensateurs  (50  a  58)  etant 
respectivement  relies  entre  des  trajets  succes- 
sifs  desdits  trajets  electriques,  un  generateur 
de  signal  (100)  relie  aux  bornes  desdits  trajets 
electriques  paralleles,  un  premier  (125)  et  un 
second  (135)  moyens  de  commutation  dispo- 
ses  dans  chacun  desdits  trajets  (115),  et  des 
moyens  d'application  de  signaux  logiques  (173 
a  177)  pour  effectuer  la  conduction  desdits 
premier  et  second  moyens  de  commutation, 
de  fagon  que,  lorsque  le  premier  (125)  et  le 
second  (135)  moyens  de  commutation  d'un 
trajet  (115)  particulier  sont  respectivement  fer- 
me  et  ouvert  et  lorsque  le  premier  (124,  126) 
et  second  (134,  136)  moyens  de  commutation 
de  chacun  des  trajets  (114,  116)  sur  les  cotes 
opposes  respectifs  dudit  trajet  (115)  particulier 
sont  respectivement  ouvert  et  ferme,  il  se  pro- 
duit  la  charge  des  condensateurs  (54,  55)  re- 
lies  audit  trajet  particulier  et  lorsque,  apres 
cela,  le  premier  (125)  et  le  second  (135) 
moyens  de  commutation  dudit  trajet  particulier 
sont  respectivement  ouvert  et  ferme,  il  se  pro- 
duit  la  decharge  desdits  condensateurs. 

14.  Appareil  de  pulverisation  de  gouttelettes  pul- 
sees  selon  la  revendication  13,  Caracterise  en 
ce  que  lesdits  canaux  (20  a  28)  sont  agences 
en  une  pluralite  de  groupes  de  canaux  imbri- 
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ques. 

15.  Appareil  de  pulverisation  de  gouttelettes  pul- 
sees  selon  la  revendication  14,  caracterise  en 
ce  que  lesdits  canaux  (20  a  28)  sont  disposes  5 
en  deux  groupes  et  en  ce  que  les  canaux  d'un 
premier  desdits  deux  groupes  alternent  avec 
des  canaux  respectifs  d'un  second  desdits 
groupes. 

10 
16.  Appareil  de  pulverisation  de  gouttelettes  pul- 

sees  selon  I'une  quelconque  des  revendica- 
tions  13  a  15,  caracterise  en  ce  que  le  genera- 
teur  de  signal  (100)  est  congu,  pendant  la 
charge  desdits  condensateurs  (50  a  58),  pour  is 
appliquer  un  signal  aux  condensateurs  des  ca- 
naux  selectionnes,  qui  est  une  tension  aug- 
mentant  relativement  lentement,  et  les  moyens 
d'application  de  signaux  logiques  (173  a  177) 
sont  congus  pour  effectuer  la  deconnexion  du  20 
generateur  de  signal  des  condensateurs  des- 
dits  canaux  selectionnes  quand  une  tension  de 
charge  predetermined  est  atteinte  et  apres  un 
certain  intervalle  pour  mettre  en  oeuvre  le 
moyen  de  commutation  pour  effectuer  une  de-  25 
charge  rapide  des  condensateurs  charges,  de 
sorte  que,  pendant  la  charge  des  condensa- 
teurs  des  canaux  selectionnes,  les  parois  late- 
rales  longitudinales  dudit  canal  sont  deplacees 
vers  I'exterieur,  relativement  lentement,  et  pen-  30 
dant  la  decharge  des  condensateurs,  les  parois 
de  canal  reviennent  rapidement  a  leur  place. 

17.  Appareil  de  pulverisation  de  gouttelettes  pul- 
sees  selon  I'une  quelconque  des  revendica-  35 
tions  13  a  16,  caracterise  en  ce  que  les 
moyens  d'application  de  signaux  logiques  (173 
a  177)  sont  congus  pour  appliquer  des  signaux 
aux  premier  et  second  moyens  de  commuta- 
tion  dans  chacun  desdits  trajets  paralleles  aux-  40 
quels  les  condensateurs  des  canaux  selection- 
nes  sont  relies  pour  permettre  la  charge  des 
condensateurs  de  chaque  canal  selectionne 
pendant  une  periode  pour  donner  un  niveau  de 
tension  sur  ces  derniers  dependant  de  I'etat  45 
selectionne  ou  non  selectionne  des  canaux  ad- 
jacents  et  du  groupe  contenant  les  canaux 
selectionnes. 
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