
EP 0 475 638 B1 Description The subject invention relates generally to
thermal ink jet printers, and is directed more particularly to a technique
for maintaining consistently high print quality in the event of unplanned
or unforseen delays in printing a particular doc- 5   ument or page.
Thermal ink jet printers utilize thermal ink jet printheads that comprise
an array of precision formed nozzles, each of which is in communication
with an associated inkcontaining chamber that receives ink from a
reservoir. Each chamber includes an inkdrop firing resistor which is
located opposite the nozzle so that ink can collect between the inkdrop
firing resistor and the nozzle. The ink drop firing resistor is selectively
heated by voltage pulses to drive ink drops through the 10  associated
nozzle opening in the orifice plate. During each pulse, the ink drop firing
resistor is rapidly heated, which causes the ink directly adjacent the ink
drop firing resistor to vaporize and form a bubble. As the vapor bubble
grows, momentum is transferred to the ink between the bubble and the
nozzle, which causes such ink to be propelled through the nozzle and onto
the print media. A consideration with the operation of thermal ink jet
printheads is the variation in print density that results from the 15.
printhead cooling that takes place during delays that occur while printing
a particular output. Such variation in print density obtains because the
physical properties of the ink (most notably the viscosity) are
temperature-dependent. Vol- ume of the ejected drop and spot size on the
media depend on the physical properties of the ink and hence on the ink
temperature. Finally, the ink temperature and the printhead temperature are
very nearly the same; so the printhead temperature determines the ink
temperature, which determines the ink properties, which determine the image
density 20  on the media. If the printing of a particular output such as a
graphics image is not accomplished generally continuously, for example,
wherein the printer has to repeatedly wait until further data is received,
print density shifts occur, which generally look like bands of different
print densities across the printed output. The occurrence of such print
density shifts is sometimes called "wait time banding." 25     The problem
of wait time banding has been addressed by suggesting that applications
software should be faster to reduce wait times. While such approach might
alleviate wait time banding to some degree, it requires various parties to
address theproblem, and moreover would probably not address the development
of higher speed thermal inkjetprinters with which the wait time banding
problem would be more aggravated. GB-A-2159465 describes a method, for use
in a thermal ink jet printer, for maintaining a constant print density when
30  printing is interrupted and then resumed. The method involves
determining whether the time since printing was stopped has exceeded a
predetermined value and, if so, warming the ink before proceeding with the
printing. The ink is warmed for a period which is not described as having a
particular relationship with the actual time since printing was stopped.
GB-A-2169855 also describes a method, for use in a thermal ink jet printer,
for maintaining a constant print density when printing is interrupted and
then resumed. The method involves determining the print head temperature
when 35  printing is to be resumed, and, if this temperature is below a
predetermined value, warming the ink before proceeding with the printing.
The method described does not determine whether the print head temperature
when the printing is to be resumed has a particular relationship with the
temperature when the printing was stopped. The ink warming takes place
whether or not a form feed operation has taken place since the printing was
stopped. It would therefore be an advantage to provide a thermal ink jet
printer that reduces print density shifts caused by 4o printer wait times
that occur when the printer has to wait for more print data. The foregoing
and other advantages are provided by the invention in a thermal ink jet
printer that indudes a thermal ink jet printhead having a plurality of.ink
jet firing resistors, and drive circuitry for applying, priorto
continuation of printing, printhead warming energy to the ink jet
printhead, preferably to the resistors at a power level that is
insufficient to cause ink drop firing but sufficient to cause a
relativelyfast increase in printhead temperature. More particularly, if the
printhead 45  has been idle for more than a predetermined amount of time,
the driver circuitry provides to the ink drop firing resistors pulses
having power that is insufficient to cause ink ejection, with the amount of
warm-up pulsing dependent on the length of idle time. As a result of the
low power warming pulses, the temperature of the printhead is raised to
approximately the same level it had while printing. The advantages and
features of the disclosed invention will readily be appreciated by persons
skilled in the art from 50  the following detailed description when read in
conjunction with the drawing wherein: FIG. 1 is a schematic blockdiagram of
the thermal inkjet printer components for implementing the subject
invention. FIG. 2 is a flow diagram that sets forth a procedure for
calculating and applying printhead warm-up pulses to a thermal ink jet
printhead with the printer of FIG. 1. 65     FIG. 3 is a graph
schematically illustrating the cool down characteristic of an illustrative
example of a thermal ink 



jet printhead utilized with the invention. The graph is utilized to
determine the amount of warm-up pulsing required as a function of idle
time. FIG. 4 is a schematic blockdiagram of the thermal ink jet printer
components for implementing a further embodiment of the subject invention.
2    EP 0 475 638 B1 FIG. 5 is a flow diagram that sets forth a procedure
for calculating and applying printhead warm-up pulses with the printer of
FIG. 4. In the following detailed description and in the several figures of
the drawing, like elements are identified with like 5   reference numerals.
Referring now to FIG. 1, shown therein are components of a thermal ink jet
printer that employs the techniques of the invention. A controller 11
receives print data input and processes the print data to provide print
control information to printhead driver circuitry 13. The printhead driver
circuitry 13 receives power from a power supply 15 and drives the
individual ink drop firing resistors of a printhead 17. 10     More
particularly, the controller 11, which can comprise a microprocessor
architecture in accordance with known controller structures, provides
control pulses representative of the drive pulses to be produced by the
printhead driver circuitry 13. By way of illustrative example, the
controller provides control pulses having the desired pulse width and pulse
frequency, and the printhead driver circuitry produces drive voltage pulses
of the same width and frequency, and with an amplitude determined by the
power supply 15. Essentially, the controller provides pulse width
modulation infor- 15  mation, while the amplitude of the voltage pulses is
determined by the driver circuitry 13 and the power supply 15. As with
known controller structures, the controller 11 would typically provide
other functions such as control of the printhead carriage (not shown) and
control of movement of the print media. In accordance. with the invention,
the controller 11 causes the printhead ink drop firing resistors to be
driven with warm-up voltage pulses prior to proceeding with printing if the
printhead has been idle for more than a predetermined 20  amount of time
after last printing. The warm-up pulses provide energy that is insufficient
to cause ink drop firing, and therefore cause a rapid increase in the
printhead temperature since no inkdropfiring occurs. Inkdropfiring isan
important mechanism for printhead cooling, so the resistive heating
provided by the pulses is very fast and effective when drop firing is
inhibited. By way of illustrative example, the warm-up voltage pulses have
the same amplitude and five times the frequency 25  as the pulses utilized
for ink drop firing, but are approximately one-fourth of the width.of the
threshold or turn-on pulse width necessary for ink drop firing at the ink
drop firing pulsing frequency. By controlling the warm-up pulses to be
approximately one-fourth the width of the turn-on pulse width ensures that
ink drop firing does not occur pursuant to the application of warm-up
pulses. Depending upon the characteristics of the printhead, the warm-up
pulses can generally be less than one-half the threshold or turn on pulse
width at the warm-up pulsing frequency. The warm-up pulsing 30  frequency
is selected to be higher than the printing pulsing frequency so that
warm-up can take place quickly. The energy delivered to the printhead is
nearly the same for warm up and ink drop firing, but no ink drops are fired
during warm-up pulsing since the resistors do not reach a sufficiently high
temperature. In particular, the longer pulse width used for ink drop firing
heats the resistor suff iciently to cause the ink to boil, while the
shorter pulse width for warm- up does not. While the foregoing has been
directed to increasing frequency and reducing pulse width for warm-up 35
pulsing, it should be appreciated that pulse amplitude could alternatively
be modified to provide the requisite warm-up energy. Such modification
could be made in conjunction with pulsing frequency and/or pulse width
changes. The appro- priate reduction in pulse amplitude can be derived
analyzing the energy of the warm-up pulses provided pursuant to the above
example of warm-up pulse widths that are less than the ink firing pulse
widths. By way of illustrative example, for a warm-up pulse width that is
the same as the ink firing pulse width, the warm-up pulse voltage could be
the determined 40  threshold voltage (i.e., the voltage necessary to fire
an ink drop) divided by the square root of the factor applied to the pulse
width, which in the foregoing example is 4, the square root of which is 2.
The printhead inkdropfiring resistors are driven with warm-up pulses to
raisethe printhead temperature to be close to the temperature it had when
the printing was interrupted; the amount of warm-up pulses required prior
to proceeding with the printing operation depends on the duration of the
intervening wait or idle time. For a particular pulsing frequency, 45  this
number of pulses will determine a pulsing period or interval. Determination
of the interval during which warm-up pulses are provided can be by look-up
table or by equation, for example. 



Turning now to FIG. 2, set forth therein is a flow diagram of a printhead
warming process in accordance with the invention that is employed when
printing is to be continued after the printer is in the idle state, for
example, while waiting for further print data. At 46 a call for printing
occurs, and at 48 the elapsed wait time is determined. A determination is
50  then made at 51 as to whether the printer wait or idle time has
exceeded a certain threshold interval, beyond which the image density shift
becomes perceptible. By way of illustrative example, this interval can be 5
seconds. If the wait time did not exceed 5 seconds, printing proceeds at
53. If the wait time exceeded the threshold interval, a determination is
made at 55 as to whether a form feed has occurred since the last print
operation. If yes, printing proceeds at 53. If the determination at 55 is
no, a form feed did not occur since the last print operation, the printhead
thermal resistors 55  are driven with warm-up pulses for a time interval
that depends on the duration of the wait time being compensated. By way of
illustrative example, such warm-up pulsing duration is determined with
reference to a look-up table. Alternatively, an equation that determines
warm-up pulsing duration as a function of wait time can be utilized. As
discussed more fully below, in the absence of a temperature sensor on the
printhead, a "most likely" temperature offset (relative to ambient) at the
time of interruption is assumed, and the look-up table would be based on
that assumption.    EP 0 475 638 B1 Aftertheprintheadfiring
resistorsaredrivenwithwarm-uppulsespursuantat57, printing proceeds at 53.
Essentially, the warm-up pulsing is provided when the printhead has been
idle for more than 5 seconds and printing is resumed on the same page that
was being printed when interruption of the printing occurred. Otherwise,
printing proceeds without warm-up pulsing, for example when a new page is
started after printing was interrupted. While warm-up pulsing can be 5
utilized at the start of printing of a new page, it may not be necessary
since the change to darker print density on a new page is not as noticeable
as a light density bind between darker density bands. The printhead warm-up
techniques of the invention can be implemented in conjunction with a low
temperature start up procedure as disclosed in commonly assigned U.S Patent
4,791,435, issued December 13, 1988. In such imple- mentation, a
determination would be made to determine whether a low temperature startup
is required. If yes, then the 10 low temperature startup is performed prior
to proceeding with printing instead of warm-up pulsing as described herein.
Referring now to FIG. 3, set forth therein is a graph of the cool down
differential temperature characteristic of an illustrative example of a
thermal printhead having a thermal time constant of 12 seconds. The
differential temperature AT is the difference between the actual printhead
temperature Tp and the ambient temperature Ta. At the stop of printing, the
differential temperature AT is at ATo, and then decreases exponentially
with time to zero. 15     The temperature rise pursuant to warm-up pulsing
is generally linear, and therefore the amount of warm-up pulsing is readily
determined from (a) the amount of pulsing time required to raise the
printhead temperature by [err]To and (b) the cool down differential
temperature characteristic of the printhead. For example, as indicated in
FIG. 3, the percentage drop of the differential temperature AT can be
determined for different wait times. For warm-up pulses having predeter-
mined amplitude, width and frequency characteristics, such differential
temperature drop percentages can then be 20 applied to the time required to
increase the differential temperature from zero to ATo to determine the
necessary pulsing timesfor differential temperature drops of less than
[err] Thus, relative to a printhead having the characteristic set forth in
FIG. 3, a wait time of 10 seconds would call bra pulsing interval of
about57 percent of thetime determined necessary to produce a temperature
increase of ATo in the printhead. Set forth in the following table are
look-up table values for pulse time intervals for different wait time
ranges for a 25  Hewlett Packard Model No. 51605A as utilized with warm-up
pulses having an amplitude of 10.5 volts, a pulse width of [err] seconds,
and a pulse frequency of 15,000 Hz, and assuming a ATo of 4 degrees C. Wait
Time (sec) Pulse Time (msec) 30 5 >t 0            0 [err]           350
[err] 10          575 35                                    [err]
725 25 > t  20       800 [err]           875 [err]        925 40
Alternatively to the look-up table, an equation can be used to determine
warm-up pulsing intervals as a function of 



wait time. Such equation would also be derived from the amount of pulsing
time required to raise the printhead temper- 45  ature by [err] and the
cool down differential temperature characteristic of the printhead. A
consideration with the foregoing implementation of the invention is the
assumption of a fixed maximum differential temperature ATo, which may not
be appropriate for all operating conditions; if real time temperature
measurement can be accomplished in the ink jet printer, such assumption
would not be necessary. Only a correlation between the desired temperature
increase (i.e., IATI) and energy is necessary to achieve that temperature
increase. 50     Referring now to FIG. 4, set forth therein is an
implementation of the invention which utilizes the actual printhead
temperature and is not limited to a fixed maximum differential temperature.
The printer of FIG. 4 adds a printhead tem- perature sensor 111 and an
ambient temperature sensor 113 to the printer of FIG. 1. Turning now to
FIG. 5, set forth therein is a printhead warming process that is
implemented with the components of the printer of FIG. 4. The process of
FIG. 5 is based on the ambient temperature having been determined at power
55  up, for example. At 111 the stop of printing is detected, and at 113
the printhead temperature is sensed. The temperature rise [err] is
calculated from the sensed printhead temperature [err] and the ambient
temperature Ta. At 117 a determination is made as to whether printing is to
be resumed. If no, the determination is repeated. If the determination at
117 is yes, printing is to be resumed, the printhead temperature Tf is
sensed at 119. At 121 the decrease 4    EP 0 475 638 B1 in printhead
temperature AT is calculated from the printhead temperature [err] sensed at
119 and the printhead temperature [err] sensed at the stop of printing. At
123 at determination is made as to whether the decrease in printhead
temperature AT is greater than 34% of the printhead temperature increase
ATo relative to ambient temperature. If no, printing proceeds at 125. 5
If the determination at 123 is yes, the decrease in printhead temperature
AT is greater than 34% of the printhead temperature increase [err] relative
to ambient temperature, a determination is made at 127 as to whether a form
feed has occurred since printing stopped at 111. If yes, printing proceeds
at 125. If the determination at 127 is no, a form feed did not occur since
printing stopped at 111. warm-up pulses are applied pursuant to 129 for a
duration that depends on the amount of printhead temperature decrease AT
calculated at 121. By to  way of illustrative example, such warm-up pulsing
duration can be determined by an equation since the temperature rise
pursuant to warm up pulsing is generally linear. For the Hewlett-Packard
printhead and warm up pulsing parameters identified above relative to the
look-up table for the implementation without a temperature sensor, the warm
up pulsing interval would be: [err] Alternatively, a look-up table having
pulsing intervals for different ranges of AT could be utilized todetermine
the duration of warm up pulsing required. The foregoing has been a
disclosure of a thermal ink jet printer that compensates for printhead cool
down that 20  adversely affects print quality, and is advantageously
implemented by modification of existing printhead pulsing circuitry and/or
pulsing control firmware. Claims 25  1. A method for use in a thermal ink
jet printer having a thermal printhead that includes ink firing resistors,
said method for preventing wait time banding upon resumption of printing
after a stop of printing, comprising the steps of: (a) determining whether
an elapsed wait time since printing stopped has exceeded a predetermined
time inter- val; 30 (b) if elapsed wait time has not exceeded the
predetermined time interval, continuing with step (f) (c) if elapsed wait
time has exceeded the predetermined time interval, determining whether a
form feed occurred since printing stopped; 35 (d) if a form feed has
occurred since printing stopped, continuing with step (f); (e) if elapsed
wait time has exceeded the predetermined time interval and a form feed has
not occurred since printing stopped, driving the ink firing resistors of
the printhead with warming pulses having a width that is 40
insufficientto cause inkdropfiring forawarming time period that depends on
an amount of timethat has elapsed since printing stopped; and 



(f) proceeding with printing. 45 2. A method for preventing print quality
deterioration due to thermal ink jet printhead wait tme, the method
comprising the steps of: sensing printhead temperature upon the stop of
printing; determining whether printing is to be resumed; if printing is to
be resumed, sensing the printhead temperature and determining whether the
printhead tem- 50     perature has decreased by at least a pre-determined
amount; if the printhead temperature has decreased by a pre-determined
amount, determining whether a form feed has occurred since printing
stopped; if a form feed has not occurred since printing stopped, applying
to the printhead electrical energy sufficient to cause warming of the
printhead to a pre-determined level but which is insufficient to cause ink
drop firing; and 55     continuing with printing after (a) it is determined
that tbaprinthead temperature did not decrease by at least the pre-
determined amount, (b) it is determined that a form feed occurred since
printing stopped, or (c) the printhead was heated with electrical energy as
above. 3. A method as claimed in claim 2, comprising applying the
electrical energy to the firing resistors.    EP 0 475 638 B1 inprinthead
temperatureAT is calculated from the printhead temperature [err] sensed at
119 and the printheadtemperature T1 sensed at the stop of printing. At 123
at determination is made as to whether the decrease in printhead
temperature AT is greater than 34% of the printhead temperature increase
ATo relativeto ambient temperature. If no, printing proceeds at 125. 5
If the determination at 123 is yes, the decrease in printhead temperature
AT is greater than 34% of the printhead temperature increase [err] relative
to ambient temperature, a determination is made at 127 as to whether a form
feed has occurred since printing stopped at 111. If yes, printing proceeds
at 125. If the determination at 127 is no, aformfeed did not occur since
printing stopped at 111, warm-up pulses are applied pursuant to 129 for a
duration that depends on the amount of printhead temperature decrease AT
calculated at 121. By 10  way of illustrative example, such warm-up pulsing
duration can be determined by an equation since the temperature rise
pursuant to warm up pulsing is generally linear. For the Hewlett-Packard
printhead and warm up pulsing parameters identified above relative to the
look-up table for the implementation without a temperature sensor, the warm
up pulsing interval would be: 15                         [err]
Alternatively, a look-up table having pulsing intervals for different
ranges of AT could be utilized to determine the duration of warm up pulsing
required. The foregoing has been a disclosure of a thermal ink jet printer
that compensates for printhead cool down that .20 adversely affects print
quality, and is advantageously implemented by modification of existing
printhead pulsing circuitry and/or pulsing control firmware. Clalms 25 1. A
method for use in a thermal ink jet printer having a thermal printhead that
includes inkfiring resistors, said method for preventing wait time banding
upon resumption of printing after a stop of printing, comprising the steps
of: (a) determining whether an elapsed wait time since printing stopped has
exceeded a predetermined time inter- val; 30 (b) if elapsed wait time has
not exceeded the predetermined time interval, continuing with step (f) (c)
if elapsed wait time has exceeded the predetermined time interval,
determining whether a form feed occurred since printing stopped; 35 (d) if
a form feed has occurred since printing stopped, continuing with step (f);
(e) if elapsed wait time has exceeded the predetermined time interval and a
form feed has not occurred since printing stopped, driving the ink firing
resistors of the printhead with warming pulses having a width that is 40
insufficient to cause inkdrop firingfora warming time period that depends
on an amount of time that has elapsed since printing stopped; and (f)
proceeding with printing. 



45 2. A method for preventing print quality deterioration due to thermal
ink jet printhead wait time, the method comprising the steps of: sensing
printhead temperature upon the stop of prin ting; determining whether
printing is to be resumed; if printing is to be resumed, sensing the
printhead temperature and determining whether the printhead tem- 50
perature has decreased by at least a pre-determined amount; if the
printhead temperature has decreased by a pre-determined amount, determining
whether a form feed has occurred since printing stopped; if a form feed has
not occurred since printing stopped, applying to the printhead electrical
energy sufficient to cause warming of the printhead to a pre-determined
level but which is insufficient to cause ink drop firing; and 55
continuing with printing after (a) it is determined that the printhead
temperature did not decrease by at least the pre- determined amount, (b) it
is determined that a form feed occurred since printing stopped, or (c) the
printhead was heated with electrical energy as above. 3. A method as
claimed in claim 2, comprising applying the electrical energy to the firing
resistors. * C   L         S    EP  475 638 B1 4. A method as claimed in
claim 3, comprising driving the ink firing resistors of the printhead with
warming pulses having a width that is insufficient to cause ink drop firing
for a warming time period that depends on the amount of time that has
elapsed since printing by the printhead last occurred. 5  5. A method as
claimed in claim 3 comprising driving the inkflring resistors of the
printhead with warming pulses having a width that is insufficient to cause
inkdrop firing for a warming time period that depends on the amount of
decrease of the printhead temperature that occurred between the stop of
printing and the detection that printing is to be resumed. 10 6. The method
of claim 1 or 5 wherein the warm-up pulses have the same amplitude as ink
drop firing pulses and a frequency greater than that of the ink drop firing
pulses. 7. The method of claim 1 or 6, wherein the pulse width of the
warm-up pulses is less than one-half of the pulse width necessary to
achieve ink drop firing at the warming pulse frequency. 15 8. The method of
claim 7. wherein the pulse width of the warm-up pulses is approximately
one-fourth the pulse width necessary to achieve ink drop firing at the
warming pulse frequency. PatentansprOche 20 1. Ein Verfahren zur Verwendung
bei einem thermischen Tintenstrahldrucker mit einem thermischen Druckkopf,
der Tintenabschulwiderstande aufweist, wobei das Verfahren zum Verhindern
einer Wartezeit-Bandbildung bei der Wiederaufnahme des Druckens nach elnem
Anhalten des Druckens folgende Schritte autweist: - 25        (a)
Bestimmen, ob eine verstrichene Wartezeit, seit das Drucken angehalten
wurde. ein vorbestimmtes Zeitin- tervall Oberschritten hat; (b) wenn die
verstrichene Wartezeit das vorbestimmte Zeltintervall nicht fberschritten
hat, Fortfahren mit Schritt (f; 30 (c) wenn die verstrichene Wartezeit das
vorbestimmte Zeitihtervall Oberschritten hat, Bestimmen, ob ein For-
mularvorschub stattgefunden hat, seit das Drucken angehalten wurde; (d)wenn
ein Formularvorschub statigefunden hat, seitdas Drucken angehaltenwurde,
Fortfahren mitSchritt(f); 35 (e) wenn die verstrichene Wartezeit das
vorbestimmte Zeitintervall Oberschritten hat und keln Formularvorschub
stattgefunden hat, seit das Drucken angehanten wurde, Betrelben der
Tintenabschul3widerstande des Druck- kopfs mit Aufwarmpulsen mit einer
Breite, die nicht ausreicht, um einen TintentropfenabschuB zu bewirken,
wahrend einer Erwarmungszeitperiode, die von einem Zeitbetrag abhangt, der
verstrichen ist, seit das Drucken 40        angehalten wurde; und 4-v
(f) Fortsetzen des Druckens. - 2. Ein Verfahren zum Verhindern einer
Verschlechterung der Druckqualitat aufgrund einer Wartezeit des thermischen



45     Tintenstrahldruckkpfs mit folgeriden Schritten: Erfassen einer
Druckkopftemperatur beim Anhalten des Druckens; Bestimmen, ob das Drucken
wieder aufgenommen werden soil; wenn das Drucken wieder aufgenommen werden
soil, Erfassen der Druckopitemperatur und Bestimmen, ob die
Druckkopftemperatur um mindestens einen vorbestimmten Betrag abgenommen
hat; 50     wenn die Drucklkpftemperatur um einen vorbestimmten Betrag
abgenommen hat, Bestimmen, ob ein Formular- vorschub stattgefunden hat,
seHt das Drucken angehalten wurde; wenn kein Formularvorschub stattgefunden
hat, seit das Drucken angehaiten wurde, ZufOhren einer elektrischen Energie
zu dem Druckkopf, die ausreicht, um eine Erwarmung des Druckkopfs auf einen
vorbestimmten Pegel zu bewirken, die jedoch nicht ausreicht, um einen
TintentropfenabschuB zu bewirken; und 55     Fortsetzen des Druckens,
nachdem (a) bestimmt wurde, daB die Druckkopitemperatur nicht um mindestens
den vorbestimmten Betrag abgenommen hat, (b) besimmt wurde, daB ein
Formularvorschub stattgefunden hat, seit das Drucken angehalten wurde, oder
(c) der DruckkDpf gemAB dem letzten Absatz mit elektrischer Energie erwarmt
wurde. .6~ ~   ~ ~ . .._              ..    .    *   -
EP 0 475 638 B1 3. Ein Verfahren gemaB Anspruch 2, das ferner das ZufOhren
der elektrischen Energie zu den AbschuBwiderstanden .aufweist 4. Ein
Verfahren gemaiR Anspruch 3, das das Betreiben der TintenabschuBwiderstande
des Druckkdpfs mit ErwAr- 5      mungspulsen aufweist, die eine Breite
besitzen, de nicht ausreicht, um ein TiMtentropfenabscheBen fOr sine ErwAr-
mungszetperiode zu bewirken, welche von dem Zeitbetrag abhlngt der
verstrichen-ist, seit das letzte Mal sin Drucken mittels des Druckkapfs
stattgefunden hat. 5. Ein Verfahren gemaB Anspruch 3, das femer das
Betreiben der TintenabschuBwiderstande des Druckkopfs mit 10
Erwarmungspulsen autweist, die sine Brelto besitzen, die nicht ausrsicht,
urn for sine Erwarmungszeitperiode sin Tintentropfenabschie~en zu bewirken,
welche von dern Abnahmebetrag der Druckdopftemperatur abhangt, die zwischen
dem Anhalten des Druckens und der Erfassung, daB das Drucken wieder
aufgenommen werden soil, aufgetreten ist. 15  6. Das Verfihren gemaB
Anspruch 1 oder5, bei dem die Erwarmungspulse die gleiche Amplitude wedie
Tintentropfen- AbschuSpulse und sine Frequenz, die groBer ais die der
Tintentropfen-AbschuBpulse ist, aufweisen. 7. Das Verfahren gemaB Anspruch
1 oder 6, bei dem die Pulsbreits der Erwarmungspulse geringer als die
Halfte der Pulsbreite ist, die notwendig ist, um sin
TintentropfenabschieBen bei der Erwarmungspulsfrequenz zu erhalten. 20 8.
Das Verfahren gemaIB Anspruch 7, bei dem die Pulsbreite der Erwarmungspulse
naherungsweise sin Viertel der Pulsbreite betragt, die notwendig ist, um
sin rintentropfenabschieBsn bei der Erwarmungspulsfrequenz zu erhalten.
Revendicatlons 25 1. Procede destine a Otre applique dans une tete
dimpression a jet d'encre thermiquelayant une tote dimpression thermique
qui comprend des resistances de Uir d'encre, ledit procede destine A &viter
[a rayure de temps d'attente au moment de la reprise de l'impression apres
un arrOt de l'impression comprenant les phases consistant a: 30        (a)
v6rifier si un temps d'attente ecoul6 depuis quo l'impression s'est arrbtee
a exc6de un intervalle de temps predetermin6; (b) si la temps d'attente
6couie n'a pas excede l'intervalle de temps predetermin6, continuer par la
phase (f) 35        (C) Si le temps d'attente 6coul6 a excede l'intervalle
de temps pred6termine, verifier si une introduction de feuille sest
produite depuis que l'impression most arrite; (d) si une introduction de
feuille sest produite depuis quo limpression sest arretee, continuer par la
phase (f); 40        (e) si le temps d'attente 6coule a exced6 l'intervalle
de tenms pr6determiine et qu'il ne sest pas produit d'intro- duction de
feuille depuis que l'impression sest arret6e, attaquer les resistances de
tirdencre de la tOte dimpres- *S   sion avec des impulsions de chauffage
ayant une largeur qui est insulfisante pour provoquer le tir de gouttes
d'encre pendant une p6riode de temps de chauffage qui d4pend de la quantltd
de temps qui sest ecoul6o depuis quo l'impression s'est arretee; et 45 



(fl proc6der a limpression. 2. Proced6 destine a 6viter la d6t6rioration de
la qualite de limpression a la suite d'un temps d'attente dune tte
d'impression a jet d'encre thermique, Is procede comprenant les phases
consistant a: 50     capter la temperature de la tOte d'impression au
moment de l'arrOt de l'impression; determiner si l'impression doit Otre
reprise; si limpression dolt etre reprise, capter la temperature de la tOte
d'impression et verifier si la ternperature de la tete d'impression a
diminue d'au moins une quantite pred6termin6e; si la temp6rature de la tete
d'impression a diminue dune quantite pr~determin~e, verifier sl une
introduction de 55     feuille sest produite depuis quo l'impression sest
arrAt~e.; sil ne s'est pas produit d'introduction de feuilles depuis quo
l'impression s'est arretee, appliquer a la tOte dimpression une 6nergie
electrique suffisante pour provoquer le chauffage de la tOte d'impression
jusqu'a un niveau predeter- mine, mais qui est insuffisant pour provoquer
Ie fir de gouttes d'encre; et continuer par limpression apres quo (a) iI a
ete verifie quo la temperature de la tOte d'impression nWa pas diminue
EPO 475638 B13- d'au moins la quantite pr6d6termin6e, (b) if a 6t6 verifie
qu'une introduction de feuille s'est produite depuis quo limpression sWest
arrete,. ou (c) la tote d'impression a et6 chauff6e avec l'energie
electrique comme ci-dessus. 3. Proc6d6 selon la revendication 2, consistant
& appliquer l'energie dlectrique aux resistances de tir. 5 4. Proc6d6 selon
la revendication 3, consistant a attaquer les r6sistances de tir d'encre de
la tote d'impression avec >,_   des impulsions de chauflage ayant une
largeur qui est insuffisante pour provoquer lo Uir de gouttes dencre
pendant une pridode de temps de chauffage qui depend de laquantit detemps
qui s'est 6coul6e depuis la derniere execution d'une impression par la tote
d'impression. 10 5  Proc6de selon la revendiccation 3, consistant a
attaquer les r6sistances doe Sr d'encre de la tete d'impressioon avec des
impulsions de chauflage ayant une largeur qui est insuffisante pour
provoquer le fir de gouttes d'encre pendant une priodoe de temps de
chauffage qui depend de la quantite de diminution de la temperature de
latete d'impression qui soest produite entre I'arrOt de limpression et la
d6tection du fait que limpression doit Otre reprise. 15 6. Proc~d4 selon la
revendication 1 ou 5, dans lequel les impulsions de chauffage ont la meme
amplitude quo les impulsions do tir do goutts d'encre et une frequence
superieure a celle des impulsions de ir de gouttes d'encre. 7. Proced6
selon la revendication 1 ou 6, dans loquel la largeur des impulsions de
chauffage est inferieure A la moitie 20     de la largeur dcimpulsions
n6cessaire pour provoquer le tir de gouttes d'encre A la frNquence des
impulsions de chauffage. 8. Proced6 selon la revendication 7, dans lequol
la largeur des impulsions de chauffage est a peu pres le quart de la
largeur dimpulsions necessaire pour provoquer le Uir de gouttes d'encre A
la frequences des impulsions de chauff- 25     age. 30 35 40 45 50 55    


