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ink  jet  recording  method  and  ink  jet  recording  apparatus  utilizing  the  same. 
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Z)  An  ink  jet  recording  method  of  applying,  to  a 
liezoelectric  element  serving  as  an  energy  generat- 
ig  member  for  ink  droplet  formation  and  emission, 
.  first  voltage  pulse  for  retracting  the  meniscus  in  a 
lirection  opposite  to  the  emitting  direction  prior  to 
ie  ink  droplet  formation,  and  a  second  voltage 
>ulse  supplied  in  succession  to  the  first  voltage 
'Ulse  for  emitting  an  ink  droplet.  The  first  voltage 
ulse  is  controlled  according  to  the  circumferential 
smperature  of  the  piezoelectric  element  in  action. 
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Ink  Jet  Recording  Method  and  ink  Jet  Recording  Apparatus  Utilizing  the  Same 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  method  for 
controlling  the  recording  operation  of  an  ink  jet 
recording  apparatus,  and  more  particularly  a  re- 
cording  method  of  applying,  in  driving  a  piezoelec- 
tric  element,  a  first  voltage  pulse  for  retracting  the 
meniscus  before  the  ink  droplet  formation  in  a 
direction  opposite  to  that  of  the  ink  droplet  emis- 
sion,  and  a  second  voltage  pulse  for  causing  ink 
droplet  emission,  and  an  ink  jet  recording  appara- 
tus  utilizing  said  recording  method. 

Related  Background  Art 

In  an  ink  jet  recording  apparatus,  ink  is  sup- 
plied  to  a  recording  head,  and  emission  energy 
generating  means  provided  in  said  recording  head 
is  activated  according  to  the  information  to  be 
recorded  thereby  emitting  liquid  ink  from  an  ink 
orifice  toward  a  recording  medium  and  forming  a 
record  on  said  medium  by  means  of  thus  emitted 
ink. 

For  said  energy  generating  means  for  forming  . 
ink  droplet,  it  is  already  known  that  a  piezoelectric 
element  for  electromechanical  conversion  or  a 
heater  for  electrothermal  conversion  can  be  gen- 
erally  employed. 

For  driving  an  ink  jet  recording  apparatus  utiliz- 
ing  a  piezoelectric  element  for  the  energy  generat- 
ing  means,  there  is  already  proposed,  in  the  Japa- 
nese  Patent  Publication  (examined)  No.  3272/1984, 
a  method  of  applying,  to  said  piezoelectric  ele- 
ment,  a  first  voltage  pulse  for  retracting  the 
meniscus  in  the  ink  emitting  orifice  in  a  direction 
opposite  to  the  direction  of  emission  piror  to  the  ink 
droplet  formation,  and  a  second  voltage  pulse  for 
forming  and  emitting  an  ink  droplet  in  succession 
to  said  first  voltage  pulse. 

In  such  ink  jet  recording  method,  it  is  intended 
to  obtain  smaller  ink  droplets,  a  precise  size  there- 
of  and  a  higher  emission  speed  by  applying,  to  the 
piezoelectric  element,  a  first  voltage  pulse  to  re- 
tract  the  meniscus  in  the  emission  orifice  prior  to 
the  ink  droplet  formation,  and  a  second  voltage 
pulse  in  succession. 

As  the  ink  emission  is  conducted  by  the  sec- 
ond  voltage  pulse  while  the  meniscus  is  retracted 
by  the  application  of  the  first  voltage  pulse,  the 
amount  of  ink  emission  is  reduced  in  comparison 
with  the  absence  of  the  first  voltage  pulse.  Also  the 

emission  speed  increases  due  to  the  presence  of  a 
meniscus  advancing  force,  caused  by  the  surface 
tension  of  the  meniscus  in  the  retracted  state. 

It  is  therefore  possible  to  obtain  smaller  ink 
5  droplets,  thereby  forming  recording  dots  with  a 

higher  density  and  a  higher  precision,  by  applying 
a  voltage  pulse  for  retracting  the  meniscus  before 
applying  a  voltage  pulse  for  ink  droplet  emission.  It 
is  also  rendered  possible  to  reduce  the  ink  coagu- 

70  lation  at  the  orifice  since  a  recording  head  with  a 
relatively  large  orifice  size  can  be  employed. 

In  addition  the  higher  ink  emission  speed  im- 
proves  the  positional  precision  of  record  dots  on 
the  recording  medium. 

75  However,  in  such  ink  jet  recording  apparatus, 
the  performance  of  the  piezoelectric  element  and 
the  physical  properties  of  the  ink  are  affected  by 
the  circumferential  temperature. 

In  general  the  piezoelectric  element  shows  a 
20  larger  displacement  for  the  application  of  a  given 

voltage,  at  a  higher  temperature.  On  the  other 
hand,  the  ink  viscosity  becomes  lower  at  a  higher 
temperature. 

Consequently  if  a  fixed  voltage  pulse  is  given 
25  as  the  first  voltage  pulse  for  meniscus  retraction 

regardless  of  the  temperature,  the  amount  of 
meniscus  retraction  becomes  larger  or  smaller  than 
a  desired  value  .  respectively  at  a  higher  or  lower 
temperature. 

30  If  such  phenomenon  is  large  enough,  at  a 
higher  temperature,  a  large  meniscus  retraction 
may  eventually  result  in  a  bubble  suction  from  the 
outside,  leading  to  unstable  ink  emission  or  lack  of 
emission,  while,  at  a  lower  temperature,  a  reduced 

35  meniscus  retraction  loses  the  advantages  such  as 
formation  of  smaller  ink  droplets  and  a  higher 
emission  speed. 

Also  the  Japanese  Patent  Publications 
(unexamined)  Nos.  27210/1980,  65566/1980, 

40  65567/1980  and  60261/1981  disclose  modification 
of  the  driving  conditions  of  the  piezoelectric  ele- 
ment  according  to  the  temperature.  However  these 
proposed  methods  do  not  employ  the  first  and 
second  pulses  explained  above,  and  do  not  have, 

45  therefore,  the  advantages  of  the  recording  method 
utilizing  two  pulses. 

Consequently  the  above-mentioned  drawbacks 
cannot  be  resolved  completely  by  merely  modify- 
ing  the  emission  pulse  in  these  methods  in  which 

so  an  ink  emission  is  made  by  an  emission  pulse. 

2 



o 0  271  905 4 

ouiviiviAnT  ur  i  t-tt  iinvon  i  iuin 

An  object  of  the  present  invention  is  to  provide 
an  ink  jet  recording  method  capable  of  resolving 
the  above-mentioned  drawbacks  of  the  prior  tech- 
nology  and  obtaining  a  constant  amount  of 
meniscus  retraction  by  the  application  of  a  first 
pulse  for  meniscus  retraction  even  at  various  cir- 
cumferential  temperatures,  thus  achieving  stable 
ink  emission  at  high  or  low  temperature  and  realiz- 
ing  a  distinct  effect  of  meniscus  retraction. 

Another  object  of  the  present  invention  is  to 
provide  an  ink  jet  recording  method  for  applying,  to 
a  piezoelectric  element  serving  as  the  energy  gen- 
erating  member  for  ink  droplet  formation,  a  first 
voltage  pulse  for  retracting  the  meniscus  before  the 
ink  droplet  formation  in  a  direction  opposite  to  the 
direction  of  ink  emission,  and  a  second  voltage 
pulse  in  succession  for  ink  droplet  emission, 
wherein  said  first  voltage  pluse  is  regulated  accord- 
ing  to  the  circumferential  temperature  of  said  pi- 
ezoelectric  element. 

Still  another  object  of  the  present  invention  is 
to  provide  an  ink  jet  recording  apparatus  compris- 
ing  an  ink  jet  recording  head  provided  with  a  piezo- 
electric  element  as  an  energy  generating  member 
For  ink  emission;  drive  control  means  for  generat- 
ng,  in  succession  a  first  voltage  pulse  for  displac- 
ng  said  piezoelectric  element  in  a  direction  op- 
Dosite  to  the  direction  of  ink  emission  and  a  sec- 
Dnd  voltage  pulse  for  displacing  said  piezoelectric 
slement  in  said  direction  of  emission;  and  tempera- 
:ure  detection  means  for  supplying  said  drive  con- 
rol  means  with  temperature  information,  wherein 
said  drive  control  means  is  adapted  to  control  said 
irst  voltage  pulse  in  response  to  said  temperature 
nformation. 

31-ucr-  ucounlr  I  IUIN  Ur-  I  Mb  UHAWIIMOS 

Fig.  1  is  a  chart  showing  the  wave  form  of 
he  voltage  pulse  for  driving  the  piezoelectric  ele- 
nent  at  various  temperatures  in  the  ink  jet  record- 
ng  method  of  the  present  invention; 

Fig.  2  is  a  partial  longitudinal  cross-sectional 
'iew  showing  the  meniscus  retraction  at  the  ink 
irifice; 

Fig.  3  is  a  chart  showing  the  amount  of 
neniscus  retraction  as  a  function  of  temperature; 

Fig.  4  is  a  chart  showing  the  ink  emission 
peed  as  a  function  of  temperature; 

Fig.  5  is  a  longitudinal  cross-sectional  view 
if  a  recording  head  of  an  ink  jet  recording  appara- 
js  adapted  for  the  method  of  the  present  inven- 
on; 

Fig.  6  is  a  circuit  diagram  showing  an  exam- 
ple  of  a  piezoelectric  element  driving  circuit  adapt- 
ed  for  use  in  the  method  of  the  present  invention; 

Fig.  7  is  a  chart  showing  the  wave  form  of  a 
5  voltage  pulse  for  driving  the  piezoelectric  element, 

constituting  another  embodiment  of  the  present  in- 
vention,  at  various  temperatures;  and 

Fig.  8  is  a  block  diagram  of  an  apparatus 
adpated  for  utilization  of  the  method  of  the  present 

io  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

75 
Now  the  present  invention  will  be  clarified  in 

detail  by  embodiments  thereof  shown  in  the  at- 
tached  drawings. 

Fig.  5  is  a  longitudinal  cross-sectional  view  of 
20  an  example  of  a  recording  head  1  of  an  ink  jet 

recording  apparatus  adapted  for  utilizing  the  meth- 
od  of  the  present  invention. 

In  Fig.  5,  the  recording  head  1  has  a  sub  tank 
3  capable  of  storing  ink  2  to  a  predetermined  level, 

?5  to  which  hermetically  connected  are  a  plurality  (for 
example  128)  of  liquid  paths  4. 

The  externally  exposed  portion  of  each  liquid 
path  4  is  surrounded  by  a  cylindrical  piezoelectric 
element  5,  maintained  in  place  for  example  by 

?o  adhesion,  and  the  outer  end  of  each  liquid  path  4  is 
tapered  to  form  a  nozzle  6,  thus  constituting  an  ink 
emission  orifice  at  the  end  portion. 

To  said  sub  tank  3  there  are  connected  an  ink 
supply  tube  7  for  ink  supply  from  an  unrepresented 

J5  main  tank,  and  an  ink  suction  tube  8  connected  to 
an  unrepresented  suction  pump  for  elevating  the 
ink  level  in  the  sub  tank  to  a  predetermined  range. 

Fig.  1  shows  the  wave  form  of  a  voltage  pulse 
for  driving  the  piezoelectric  element  5  at  various 

to  temperature  in  exercising  the  ink  jet  recording 
method  of  the  present  invention. 

The  ink  jet  recording  method  of  the  present 
invention  in  featured,  in  a  method  employing  a 
peizoelectric  element  as  the  energy  generating 

is  member  for  ink  droplet  formation  and  applying,  for 
driving  said  peizoelectric  element,  a  first  voltage 
pulse  for  retracting  the  meniscus  before  ink  droplet 
formation  in  a  direction  opposite  to  the  direction  of 
ink  emission  (pulse  A  in  Fig.  1)  and  a  second 

io  voltage  pulse  (pulse  B  in  Fig.  1)  for  ink  droplet 
emission  in  succession  to  said  first  voltage  pulse, 
by  the  control  of  the  wave  form  of  said  first  voltage 
pulse  according  to  the  circumferential  temperature 
of  said  piezoelectric  element  at  use. 

5  More  specifically,  as  shown  in  Fig.  1,  the  first 
voltage  pulse  A  for  meniscus  retraction  before  the 
ink  droplet  emission  is  opposite  to  the  polarization 
direction  of  the  piezoelectric  element,  is  supplied  in 
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such  a  direction  as  to  increase  the  volume  of  the 
pressure  chamber  (liquid  path  4).  The  amplitude  of 
said  pulse  was  increased  as  the  circumferential 
temperature  become  lower. 

Fig.  t  shows  the  wave  forms  of  the  voltage 
pulse  at  40°,  30  ,  25°,  20°  and  15°  wherein  the 
ordinate  indicates  the  voltage  in  volt,  while  the 
abscissa  indicates  the  time  t  in  microseconds. 

The  temperature-dependent  control  of  the  volt- 
age  or  amplitude  of  the  first  voltage  pulse  A  allows 
to  obtain  a  constant  meniscus  retraction  despite  of 
the  increase  in  ink  viscosity  and  the  decrease  in 
the  displacement  of  the  piezoelectric  element  5  at 
a  lower  temperature. 

Fig.  2  shows  a  state  of  a  retraction  X,  in  a 
direction  opposite  to  the  emitting  direction,  of  the 
meniscus  in  the  ink  orifice  at  the  end  of  the  nozzle 
6. 

On  the  other  hand,  the  second  voltage  pulse  B 
for  ink  droplet  emission  is  applied  in  succession  to 
the  first  voltage  pulse  A  as  shown  in  Fig.  1  . 

Said  second  voltage  pulse  B  is  directed  same 
as  the  polarization  direction  of  the  piezoelectric 
element  5,  thus  serving  to  decrease  the  volume  of 
the  pressure  chamber,  constituted  by  a  portion  of 
the  liquid  path  4  surrounded  by  the  piezoelectric 
element  5. 

Fig.  3  shows  the  temperature-dependent 
change  in  the  amount  of  meniscus  retraction  caus- 
ed  by  the  first  voltage  pulse  A,  wherein  the  or- 
dinate  indicates  the  amount  of  said  retraction  in 
micrometers  while  the  abscissa  indicates  the  tem- 
perature  (°C). 

In  Fig.  3,  a  chain  line  indicates  the 
temperature-dependent  change  of  the  amount  of 
meniscus  retraction  when  the  first  voltage  pulse  A 
is  not  controlled  according  to  the  temperature,  as 
in  the  conventional  technology,  and  a  solid  line 
indicates  the  same  in  case  said  first  voltage  pulse 
A  is  controlled  in  response  to  the  temperature, 
according  to  the  method  of  the  present  invention. 

As  shown  by  the  solid  line  in  Fig.  3,  the 
temperature-dependent  control  of  the  first  voltage 
pulse  A  allows  to  obtain  a  substantially  constant 
meniscus  retraction  over  a  temperature  range  from 
15°cto40°C. 

On  the  other  hand,  if  the  first  voltage  pulse  was 
maintained  constant  at  various  temperatures  with- 
out  the  temperature-dependent  control,  the  amount 
of  meniscus  retraction  increased  with  the  circum- 
ferential  temperature,  due  to  the  changes  in  ink 
viscosity  and  in  the  displacement  of  the  piezoelec- 
tric  element  at  different  temperatures. 

Fig.  4  shows  the  temperature-dependent 
change  in  the  emission  speed  of  the  ink  droplet 
smitted  by  the  first  voltage  pulse  A,  wherein  the 
ordinate  indicates  the  emission  speed  vd  (m/s) 
while  the  abscissa  indicates  the  temperature  (°C). 

In  Fig.  4,  a  chain  line  shows  the  temperature- 
dependent  characteristic  of  the  ink  emission  speed 
in  the  conventional  technology  in  which  the  first 
voltage  pulse  is  not  cnotrolled  in  response  to  the 

5  temperature,  while  a  solid  line  indicates  the  cor- 
responding  characteristic  when  the  amplitude  of 
the  first  voltage  pulse  is  controlled  in  response  to 
the  temperature  according  to  the  method  of  the 
present  invention. 

10  As  will  be  apparent  from  Fig.  4,  the 
temperature-dependent  control  of  the  first  voltage 
pulse  A  according  to  the  present  invention  provides 
relatively  stable  ink  emission  speed  at  different 
temperatures,  but  the  first  pulse  A  without 

15  temperature-dependent  control  provides  a  rapid 
change  in  the  ink  emission  speed,  depending  on 
the  circumferential  temperature,  eventually  result- 
ing  in  unstable  emission. 

Besides,  the  first  voltage  pulse  A  without  the 
20  temperature-dependent  control  results  in  a  larger 

meniscus  retraction  at  a  higher  temperature  as 
shown  in  Fig.  3,  eventually  giving  rise  to  bubble 
suction  from  the  ink  orifice  and  to  unstable  in 
emission. 

25  In  addition  to  the  temperature-dependent  con- 
trol  of  the  first  voltage  pulse  A,  there  may  be 
employed  a  temperature-dependent  control  of  the 
wave  form  of  the  second  voltage  pulse  B  for  ink 
emission  in  order  to  further  stabilize  the  ink  emis- 

30  sion  speed  in  comparison  with  that  shown  in  Fig.  4. 
Also  it  was  rendered  possible  to  stabilize  the  size 
of  the  ink  droplet  at  different  temperatures. 

Fig.  6  shows  an  example  of  a  piezoelectric 
element  driving  circuit  for  executing  the  ink  jet 

35  recording  method  of  the  present  invention. 
In  Fig.  6,  trigger  pulses  P1  and  P2,  for  generat- 

ing  the  first  and  second  voltage  pulses  A,  B  are 
generated  at  appropriate  timings  from  an  un- 
represented  control  unit,  according  to  the  informa- 

40  tion  to  be  recorded. 
In  Fig.  6,  VH  indicates  a  power  source  voltage 

for  the  second  voltage  pulse  B,  and  Sp  indicates 
the  output  of  the  piezoelectric  element. 

The  voltage  of  the  first  voltage  pulse  A  is 
45  selected  at  an  optimum  value  corresponding  to  the 

circumferential  temperature,  in  response  to  the  in- 
formation  from  unrepresented  temperature  detect- 
ing  means,  within  a  range  from  V15  (value  appro- 
priate  at  15°  C)  to  V40  (value  appropriate  at  40  °C). 

50  In  the  above-explained  embodiment,  the  wave 
form  (voltage)  of  a  first  voltage  pulse  A,  for  retrac- 
ting  the  meniscus  at  the  ink  orifice  immediately 
prior  to  the  emission  of  a  recording  ink  droplet,  is 
controlled  according  to  the  circumferential  tem- 

55  perature  in  such  a  manner  as  to  obtain  a  constant 
meniscus  retraction  at  different  temperatures, 
thereby  stabilizing  the  ink  emission  at  high  tem- 
perature  and  reducing  the  temperature-dependent 
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wianye  in  uw  inn  emission  speea,  tnus  acnieving 
recording  of  stable  and  high  quality. 

Fig.  7  shows  the  wave  forms  of  a  voltage  pulse 
for  driving  the  piezoelectric  element  5  at  different 
temperatures  in  another  embodiment. 

In  Fig.  7,  the  first  voltage  pulse  a  for  meniscus 
@retraction,  applied  prior  to  the  ink  droplet  emission, 
is  opposite  to  the  polarization  direction  of  the  pi- 
ezoelectric  element  5,  serving  to  increase  the  vol- 
ume  of  the  pressure  chamber,  composed  of  a  part 
of  the  liquid  path  4  surrounded  by  the  piezoelectric 
element  5. 

In  the  present  embodiment,  the  duration  of  said 
first  voltage  pulse  a  was  so  regulated,  according  to 
the  circumferential  temperature,  that  said  duration 
increased  at  a  lower  temperature.  In  this  manner 
the  temperature-dependent  control  of  the  wave 
form  of  the  first  voltage  pulse  A  was  conducted  by 
a  change  in  the  pulse  duration. 

Similar  to  the  amplitude  control  shown  in  Fig. 
1,  the  temperature-dependent  control  of  the  wave 
form  of  the  present  embodiment  is  capable  of 
maintaining  a  constant  meniscus  retraction  by  the 
first  voltage  pulse  A  despite  the  increase  in  ink 
viscosity  and  the  decrease  in  the  displacement  of 
the  piezoelectric  element  at  a  lower  temperature. 

Other  structures  and  function  of  the  embodi- 
ment  shown  in  Fig.  7  are  substantially  same  as 
those  of  the  foregoing  embodiment  shown  in  Figs. 
1  to  6  so  that  similar  advantages  can  be  obtained 
also  with  the  embodiment  shown  in  Fig.  7. 

The  recording  method  of  the  present  invention 
is  applicable  not  only  to  the  recording  head  ex- 
plained  above  but  also  to  any  recording  head  utiliz- 
ing  an  electromechanical  energy  conversion  mem- 
Der  such  as  a  piezoelectric  element  for  the  means 
tor  generating  emission  energy. 

In  the  foregoing  description  the  driving  voltage 
Df  the  first  pulse  is  varied  in  a  certain  number  of 
evels,  but  the  present  invention  is  naturally  not 
imited  to  such  digital  control.  For  example  the 
/oltage  of  the  first  pulse  may  be  varied  in  analog 
nanner  according  to  the  circumferential  tempera- 
ure. 

Furthermore,  according  to  the  present  inven- 
ion,  the  duration  of  the  first  pulse  may  be  varied  in 
Jigital  or  analog  manner,  as  in  the  amplitude. 

Furthermore,  it  is  naturally  possible,  according 
o  the  present  invention,  to  control  the  driving  volt- 
ige  and  the  pulse  duration  thereof  according  to  the 
:ircumferential  temperature. 

Fig.  8  shows  an  example  of  block  diagram  of 
in  ink  jet  recording  apparatus  capable  of  realizing 
he  recording  method  of  the  present  invention, 
irive  control  means  11,  connected  to  a  power 
iupply  9  and  receiving  an  input  image  siganl  10, 
iupplies  the  piezoelectric  element  13  of  the  record- 
rig  head  with  the  output  signal.  The  recording 

method  of  the  present  invention  is  achieved  by 
supplying  temperature  informaiton  from  tempera- 
ture  detecting  means  12  to  the  drive  control  means 
11  and  accordingly  varying  the  driving  pulse. 

5  Said  temperature  detecting  means  may  be 
composed  of  an  already  known  device  such  as  a 
thermistor. 

The  present  invention  is  not  limited  to  the 
foregoing  embodiments  but  is  subject  to  various 

io  modifications  within  the  scope  and  spirit  of  the 
appended  claims. 

As  detailedly  explained  in  the  foregoing,  the 
present  invention  allows  to  reduce  the  temperature- 
dependent  chagne  of  meniscus  retraction,  thereby 

75  enabling  an  ink  jet  recording  method  capable  of 
exact  and  stable  ink  emission  at  high  and  low 
temperatures. 

An  ink  jet  recording  method  of  applying,  to  a 
piezoelectric  element  serving  as  an  energy  gen- 

20  erating  member  for  ink  droplet  formation  and  emis- 
sion,  a  first  voltage  pulse  for  retracting  the 
meniscus  in  a  direction  opposite  to  the  emitting 
direction  prior  to  the  ink  droplet  formation,  and  a 
second  voltage  pulse  supplied  in  succession  to  the 

J5  first  voltage  pulse  for  emitting  an  ink  droplet.  The 
first  voltage  pulse  is  controlled  according  to  the 
circumferential  temperature  of  the  piezoelectric  ele- 
ment  in  action. 

1  .  An  ink  jet  recording  method  of  applying,  to  a 
piezoelectric  element  serving  as  an  energy  gen- 

i5  erating  member  for  ink  droplet  formation  and  emis- 
sion,  a  first  voltage  pulse  for  retracting  the 
meniscus  in  a  direction  opposite  to  the  emitting 
direction  prior  to  the  ink  droplet  formation,  and  a 
second  voltage  pulse  supplied  in  succession  to 

'@o  said  first  voltage  pulse  for  emitting  an  ink  droplet, 
wherein  said  voltage  pulse  is  controlled  according 
to  the  circumferential  temperature  of  said  piezo- 
electric  element  in  action. 

2.  An  ink  jet  recording  method  according  to 
5  Claim  1,  wherein  said  first  voltage  pulse  is  con- 

trolled  in  the  voltage  value  thereof  according  to 
said  circumferential  temperature. 

3.  An  ink  jet  recording  method  according  to 
Claim  1,  wherein  said  first  voltage  pulse  is  con- 

o  trolled  in  the  duration  thereof  according  to  said 
circumferential  temperature. 

4.  An  ink  jet  recording  method  according  to 
Claim  1,  wherein  said  second  voltage  pulse  is 
further  controlled  according  to  said  circumferential 

5  temperature. 
5.  An  ink  jet  recording  method  according  to 

Claim  2,  whererin  said  voltage  value  is  stepwise  set 
according  to  said  circumferential  temperature. 
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6.  An  ink  jet  recording  method  according  to 
Claim  3,  wherein  said  pulse  duration  is  stepwise 
set  according  to  said  circumferential  temperature. 

7.  An  ink  jet  recording  apparatus  comprising: 
an  ink  jet  recording  head  provided  with  a  5 

peizoelectric  element  as  an  energy  generating 
member  for  ink  emission; 

drive  control  means  for  generating,  in  succes- 
sion,  a  first  voltage  pulse  for  displacing  said  piezo- 
electric  element  in  a  direction  opposite  to  the  direc-  10 
tion  of  emission  and  a  second  voltage  pulse  for 
displacing  said  piezoelectric  element  in  said  direc- 
tion  of  emission;  and 

temperature  detecting  means  for  supplying 
said  drive  control  means  with  temperature  informa-  75 
tion; 

wherein  said  drive  control  means  is  adapted  to 
control  said  first  voltage  pulse  in  response  to  said 
temperature  information. 

8.  An  ink  jet  recording  apparatus  according  to  20 
Claim  7,  wherein  said  first  voltage  pulse  is  con- 
trolled  in  the  voltage  value  thereof  according  to 
said  temperature  information. 

9.  An  ink  jet  recording  apparatus  according  to 
Claim  7,  wherein  said  first  voltage  pulse  is  con-  25 
trailed  in  the  duration  thereof  according  to  said 
temperature  information. 

10.  An  ink  jet  recording  apparatus  according  to 
Claim  7,  wherein  said  drive  control  means  is  ad- 
pated  to  further  control  said  second  voltage  pulse  30 
according  to  said  temperature  information. 

11.  An  ink  jet  recording  method  according  to 
Claim  1,  wherein  said  first  voltage  pulse  is  con- 
trolled  in  the  voltage  and  the  duration  thereof  ac- 
cording  to  said  circumferential  temperature.  35 
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