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Description

This invention is concerned with a method of generating an N-tone printed gray scale with a thermal
ink jet printer, and apparatus therefor.

Thermal ink jet printers are operative for emitting ink droplets as described in UK Patent Application
No. 8217720. Such thermal ink jet printers emit single ink droplets onto a page to form printed characters.
The utility of prior art thermal ink jet printers has been inhibited because of the difficuity involved in
creating a printed gray scale.

One prior art gray scale approach has been to aim multiple ink jets at one page location to allow
variations in the darkness of a printed dot. This prior art approach requires a complex electromechanical
system to coordinate the multiple jets. Another prior art approach, described in U.S. Patent No. 4,353,079,
is to have a single ink jet emit a series of discrete droplets to form a single dot on the page. This prior art
approach has the inherent problem that the speed at which dots may be printed on the page is seriously
limited.

The present invention provides apparatus for applying a train of current pulse packets to a thermal ink
jet printer, comprising a controller for issuing a control signal, and characterized by first generation means,
coupled to the controller, for generating control pulses at a predetermined rate, for receiving the control
signal, and for generating control pulses having widths determined from the control signal, and second
generation means, coupled to the first generation means at an input and to the thermal ink jet printer at an
output, for receiving the control puises and for presenting packets of current pulses at the output, said
packets of current pulses having a preselected pulse repetition rate greater than the reciprocal of a droplet
break-off interval of the thermal ink jet printer, having a pulse packet rate determined from the control pulse
rate, and having a number of pulses per packet determined from the width of the control puise.

In apparatus as set forth in the last preceding paragraph, it is preferred that the second generation
means can produce the packets of current pulses at a rate which is less than or equal to a maximum single
droplet emission rate of the thermal ink jet printer.

In apparatus as set forth in either one of the last two immediately preceding paragraphs, it is preferred
that the second generation means can produce the pulses at a preselected current puise repetition rate
which is greater than the reciprocal of the droplet break-off interval of the thermal ink jet printer.

In apparatus as set forth in any one of the last three immediately preceding paragraphs, it is preferred
that the second generation means is arranged to produce the current pulses so that they are located
contiguously within the current pulse packet.

In apparatus as set forth in any one of the last four immediately preceding paragraphs, it is preferred
that the second generation means produces a puiseless blanking interval between current puise packets
which is greater than the droplet break-off interval.

In apparatus as set forth in any one of the last five immediately preceding paragraphs, it is preferred
that the number of current puises per packet multiplied by the current pulse packet rate is less than or equal
to the reciprocai of a bubble collapse time of the thermal ink jet printer.

In apparatus as set forth in any one of the last six immediately preceding paragraphs, it is preferred
that the controller comprises a microprocessor.

In apparatus as set forth in any one of the last seven immediately preceding paragraphs, it is preferred
that the number of current pulses per packet is less than of equal to 16.

In apparatus as set forth in any one of the last eight immediately preceding paragraphs, it is preferred
that the second generation means produces a current pulse rate which is less than the reciprocal of a
bubble collapse time of the thermal ink jet printer and greater than a droplet recede time of the thermal ink
jet printer.

The present invention also provides a method of generating an N-time printed gray scale with a
thermal ink jet printer, characterized by the steps of determining a desired number of puises to provide a
packet of pulses required to create a dot having a desired darkness tone, delaying for a blanking interval
after application of a previous packet to the thermal ink jet printer, generating a packet containing the
desired number of puises and having a puise repetition rate greater than the reciprocal of a droplet
break-off interval for the thermal ink jet printer, and applying the packet to the thermal ink jet printer.

In carrying out a method as set forth in the last preceding paragraph, it is preferred that the blanking
interval is greater than a droplet break-off interval of the thermal ink jet printer.

In carrying out a method as set forth in the last preceding paragraph, it is preferred that the steps are
repeated at a pulse packet rate, and the pulse packet rate multiplied by an integer N is less than or equal to
the reciprocal of a bubble collapse time of the thermal ink jet printer.

In carrying out a method as set forth in the last preceding paragraph, it is preferred that the pulse
packet rate is less than or equal to a maximum single droplet emission rate of the thermal ink jet printer.

In carrying out a method as set forth in the last preceding paragraph, it is preferred that the pulses are
located contiguously within the packet.

The present invention also provides a method of generating an ink drop with a thermal ink jet printer,
characterized by the steps of determining a required number of pulses necessary to cause emission of the
drop, generating a pulse packet containing the required number of pulses at a pulse repetition rate which is
less than the reciprocal of a bubble collapse time of the thermal ink jet printer and greater than the
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reciprocal of an ink recede time of the thermal ink jet printer, and applying the pulse packet to ink-drop
producing means of the thermal ink jet printer.

The steps may be repeated a plurality of times to cause emission of a plurality of drops and to provide a
blanking interval greater than or equal to a droplet break-off interval of the thermal ink jet printer.

In accordance with the illustrated preferred embodiment of the present invention, a thermal ink jet
printer is capable of providing a printed gray scale at a high printing speed. A packet of current pulses is
applied to the resistor of a single ink jet to cause emission of a packet of droplets. The interval between
individual pulses is long enough that bubble collapse may occur after application of each pulse, yet short
enough that the droplets do not individually break off from the ink jet orifice. Thus, the individual droplets
within the packet remain connected and merge in flight to form a single drop. The drop breaks off from the
orifice only after emission of the last droplet in the packet. Since the probability of ink jet malfunction is
related to the rate at which break-offs occur, by having only a single break-off for each packet, i.e., drop, the
drop emission rate can approach the single droplet emission rate without an increase in the probability of
maifunction. In the illustrated preferred embodiment of the present invention, a muiti-tone gray scale is
possible at drop emission rates wihch approach the maximum single droplet emission rate of the thermal
ink jet printer.

In the situation where a thermal ink jet printer is operated with a resistor which is undersized for a
given ink, it is often the case that a single current pulse is insufficient to cause emission of an ink droplet.
The illustrated preferred embodiment of the present invention is useful, in this situation, for providing a
pulse packet in which the impu.lses generated by the individual pulses are combined to cause emission of a
single ink drop. 7

There now follows a detailed description, which is to be read with reference to the accompanying
drawings, of apparatus according to the invention and a method according to the invention; it is to be
clearly understood that both apparatus and method have been selected for description to illustrate the
invention by way of example and not by way of limitation.

In the accompanying drawings:—

Figure 1 shows a thermal ink jet print head which is constructed in accordance with the preferred
embodiment of the present invention;

Figure 2 shows a thermal ink jet printer which is constructed in accordance with the preferred
embodiment of the present invention and which uses the print head shown in Figure 1;

Figure 3 shows a pulse train of three pulse packets which is generated by the pulser shown in Figure 2;

Figures 4A to 4F show various stages of initial droplet growth when a single current pulse is used in the
thermal ink jet printer shown in Figure 2; and

Figures 5A to 5L show droplet growth stages subsequent to those shown in Figures 4A to 4F when a
pulse packet containing two current pulses is used in the thermal ink jet printer shown in Figure 2.

Figure 1 shows a thermal ink jet print head 1 which is constructed in accordance with the preferred
embodiment of the present invention and which is described in the aforementioned UK Patent Application
No. 8217720. When a current pulse is applied through a resistor 5 via a conductor 11 and a ground line 15,
the resistor 5 is resistively heated and a vapor bubble is created overlaying the resistor 5 in the ink within a
channei 25. An impulse generated by the growth of the bubble causes the ink within an orifice 33 to move
outwards and, consequently, a droplet of ink may be emitted from the orifice 33.

Figure 2 shows a thermal ink jet printer which is constructed in accordance with the preferred
embodiment of the present invention utilizing the print head shown in Figure 1. Ink from a reservoir 43 fills
the channel 25 by capillary action to overlay the resistor 5. A controller 47, which may comprise a
microprocessor, instructs a pulser 45 to apply a current pulse to the resistor 5 in order to cause an ink
droplet to be emitted from the orifice 33 onto a page 41. In typical prior art printers the maximum single
droplet emission rate (the maximum rate at which single droplets are successfully emitted by single pulses)
is roughly 10 kHz and bubble collapse occurs at a time less than 20 microseconds after application of a
pulse. As the single dropiet emission rate exceeds 10 kHz the probability of maifunction, which is typically
caused by orifice wetting, increases dramatically.

The pulse repetition rate of the pulser 45 must allow sufficient time between pulses for the individual
bubbles created by resistor 5 to collapse. For the print head 1 the bubble collapse time is less than 20
microseconds and, therefore, the maximum pulse repetition rate is approximately 50 kHz. Further, in order
to allow the individual droplets within a packet to merge into a single drop, the spacing between the pulses
within a packet must be less than the droplet break-off interval so that the individual dropiets do not break
off from the orifice 33. This limit varies with the physical parameters of the print head and with the
characteristics of the ink being used and will typically be less than the reciprocal of the maximum single
droplet emission rate for a given set of conditions. A pulseless blanking interval between pulse packets
must be greater than the droplet break-off interval o allow the drop created by a pulse packet to break off
from the orifice 33.

The pulser 45 may comprise first and second pulse generators 51 and 53 as shown in Figure 2. The
controller 47 sets the gate width of the pulse generator 51, such as a Hewlett-Packard Co. model 8013B, and
the number of pulses in a particular packet to be applied to the print head 1 is thereby specified. The
repetition rate of the pulse generator 51 is set manually or by the controller 47 to specify the packet rate of
the pulses applied to the print head 1. The output of the pulse generator 51 is connected to a gate input of
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the pulse generator 53 which may comprise, for example, a Hewlett-Packard Co. model 214B. The
repetition rate of the puise generator is set manually or by the controller 47 to specify the puise repetition
rate. The output of the pulse generator 53 is connected to the resistor 5 of the print head 1.

The printer shown in Figure 2 utilizes a .076 mm diameter nickel orifice 33, a .051 mm thick channel 25,
and a .076 mm square 5 ohm unpassivated metallic glass resistor 5. An ink having a carrier comprising
equal parts of water and diethylene glycol was used. Under these conditions, the print head 1 has a
maximum single droplet emission rate of roughly 10 kHz and individual droplet break-off occurs 45
microseconds after application of a pulse. The maximum single droplet emission rate, and hence the
maximum pulse repetition rate, was found to be 50 kHz. Pulse packets selectably containing from zero to N
pulses were used to cause emission of drops containing from zero to N droplets. Therefore, the maximum
pulse packet rate, and the maximum drop printing rate, was

1

N

+blanking period
pulse repetition rate

If under these conditions N=16, the maximum drop printing rate would be 2.74 kHz.

The printer shown in Figure 2 was also operated with a slower pulse train, a three packet portion of
which is shown in Figure 3, to generate a 16-tone gray scale. The pulse train comprised a series of puise
packets containing from zero to sixteen 1 ampere by 1 microsecond current pulses at a pulise repetition rate
of 25 kHz. The individual pulses within each packet were located contiguously and the number of individual
pulses contained in each packet was varied from zero to sixteen as commanded by the controller 47 to
create a desired darkness tone of each particular printed dot. Thus, the maximum packet width was 640
microseconds. The pulse packet rate was 400 Hz with the result that the drop printing rate (the rate at which
drops are emitted towards the page 41 to print dots) was also 400 Hz. A pulseless blanking interval ranging
from 1.22—1.86 milliseconds existed between pulse packets. Figure 3 shows a series of three pulse packets
containing 6, 4, and 2 pulses, respectively. The result of application of these pulse packets to the print head
1 was to cause emission of three separate drops from the orifice 33 with the three drops having a nominal
volume ratio of 6:4:2.

Figures 4A to 4F show various stages of droplet formation at the orifice 33 within the first 40
microseconds after application of a single current pulse to the resistor 5. Figures 4A to 4D show that the
bubble generated by the resistor 5 causes the ink meniscus within the orifice 33 to expand outwards. In
Figures 4E and 4F, bubble collapse has occurred, an individual droplet has started to form, and a thin tail of
ink remains attached to the ink meniscus: If no additional impulses were applied to the ink meniscus the
individual droplet shown in Figure 4F would continue to move away from the orifice 33 and the tail would
break with the result that the droplet would break off and move towards the page 41 as a discrete drop.

Figures 5A to 5L show various stages of droplet formation when a second pulse is applied to resistor 5
at a time 40 microseconds after application of the initial pulse which created the droplet shown in Figures
4A to 4F. It shouid be understood that Figures 4A to 4F and Figures 5A to 5L depict one continuous
formation process caused by the application of a packet of puises and that this process may be extended
with the use of a packet containing a larger number of pulses. Figures 5A to 5F show the effects of the
application of a second pulse to the resistor 5 before the break-off of the droplet shown in Figure 4F. A
second droplet is formed which merges with the first dropiet to form a drop having approximately twice the
volume of each of the two individual droplets. Figures 5G to 5L show the effects of break-off of the resultant
drop from the orifice 33.

As the number of pulses is increased, the number of individuai droplets increases and the resuitant
drop may become elongated because the final droplets are unable to fully merge with the first droplets. If
the scan speed of the print head 1 relative to page 41 is increased, the elongated drops can be made to print
elongated dots on the page 41.

The printer shown in Figure 2 is also useful for causing successful droplet emission when a physicaily
undersized resistor 5 for a particular ink is used. Dropiet emission occurs when a bubble generated by the
resistor 5 imparts enough of an impulse to the ink that a droplet moves out of the orifice 33 with a velocity
sufficient to overcome the surface tension of the ink and to cause the droplet to break off from the
meniscus. If an insufficient impulse is imparted by the bubble the droplet will progress through the stages
shown in Figures 4A—D and will then recede back into the orifice 33. An insufficient impuise can be caused
by the use of too small a resistor 5 for a particular ink since the size of the bubble is directly related to the
physical size of the resistor 5.

The printer shown in Figure 2 was used with a .102 mm square metallic glass resistor 5 and a .046 mm
by .046 mm silicon orifice 33. An ink carrier comprising formamide (supplied by, e.g., the Aldrich Chemical
Co.) was used and it was found that a 3 microsecond by 1.2 ampere pulse generated an optimal bubble but
emission of a droplet did not occur and the ink which was protruded began to recede into the orifice 33 at a
recede time which occurred 60 microseconds after application of the pulse. It was found that a 6
microsecond by 1.2 ampere pulse was also unable to cause ejection of an ink droplet. In contrast, when a
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first 3 microsecond by 1.2 ampere pulse, which was applied at time t=0, was followed by a second 3
microsecond by 1.2 ampere pulse at time t=27 microseconds (before the first ink dropiet began to recede
back into the orifice 33) a drop having a diameter of .061 mm was successfully emitted towards the page 41.

Claims

1. Apparatus for applying a train of current pulse packets to a thermal ink jet printer (1), comprising:

a controller {47} for issuing a control signal; and characterized by

first generation means (51), coupled to the controller, for generating control pulses at a predetermined
rate, for receiving the control signal, and for generating control pulses having widths determined from the
control signal; and,

second generation means (53), coupled to the first generation means at an input and to the thermal ink
jet printer at an output, for receiving the control pulses and for presenting packets of current pulses at the
output, said packets of current pulses having a preselected pulse repetition rate greater than the reciprocal
of a droplet break-off interval of the thermal ink jet printer, having a pulse packet rate determined from the
control pulse rate, and having a number of pulses per packet determined from the width of the control
pulse.

2. Apparatus according to claim 1, characterized in that the second generation means can produce the
packets of current puises at a rate which is less than or equal to a maximum single droplet emission rate of
the thermal ink jet printer.

3. Apparatus according to either one of claims 1 and 2, characterized in that the second generation
means can produce the pulses at a preselected current pulse repetition rate which is greater than the
reciprocal of the droplet break-off interval of the thermal ink jet printer.

4. Apparatus according to any one of the preceding claims, characterized in that the second generation
means is arranged to produce the current pulses so that they are located contiguously within the current
pulse packet.

5. Apparatus according to any one of the preceding claims characterized in that the second generation
means produces a pulseless blanking interval between current pulse packets which is greater than the
droplet break-off interval.

6. Apparatus according to any one of the preceding claims characterized in that the number of current
pulses per packet multiplied by the current pulse packet rate is less than or equal to the reciprocal of a
bubble collapse time of the thermal ink jet printer. :

7. Apparatus according to any one of the preceding claims characterized in that the controller
comprises a microprocessor.

8. Apparatus according to any one of the preceding claims characterized in that the number of current
puises per packet is less than or equal to 16.

9. Apparatus according to any one of the preceding claims, characterized in that the second generation
means produces a current pulse rate which is less than the reciprocal of a bubble collapse time of the
thermal ink jet printer and greater than a droplet recede time of the thermal ink jet printer.

10. A method of generating an N-tone printed gray scale with a thermal ink jet printer, characterized by
the steps of:

determining a desired number of pulses to provide a packet of pulses required to create a dot having a
desired darkness tone;

delaying for a bianking interval after application of a previous packet to the thermal ink jet printer;

generating a packet containing the desired number of pulses and having a puise repetition rate greater
than the reciprocal of a droplet break-off interval for the thermal ink jet printer; and,

applying the packet to the thermal ink jet printer.

11. A method according to claim 10, characterized in that the blanking interval is greater than a droplet
break-off interval of the thermal ink jet printer.

12. A method according to claim 11, characterized in that the steps are repeated a plurality of times to
generate a plurality of packets and a plurality of -drops;

the packets are repeated at a pulse packet rate; and,

the pulse packet rate multiplied by an integer N is less than or equal to the reciprocal of a bubble
collapse time of the thermal ink jet printer.

13. A method according to claim 12, characterized in that the pulse packet rate is less than or equal to a
maximum single dropiet emission rate of the thermal ink jet printer.

14. A method according to claim 13, characterized in that the pulses are located contiguously within the
packet.

15. A method of generating an ink drop with a thermat ink jet printer, characterized by the steps of:

determining a required number of pulses necessary to cause emission of the drop;

generating a pulse packet containing the required number of pulses at a pulse repetition rate which is
less than the reciprocal of a bubble collapse time of the thermal ink jet printer and greater than the
reciprocal of an ink recede time of the thermal ink jet printer; and,

applying the pulse packet to ink-drop producing means of the thermal ink jet printer.

16. A method according to claim 15, characterized in that the steps are repeated a plurality of times to
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cause emission of a plurality of drops and to provide a blanking interval greater than or equai to a droplet
break-off interval of the thermal ink jet printer.

- Patentanspriiche

1. Vorrichtung zum Abgeben eines Zuges von Strompulspaketen an einen thermischen
Tintenstrahidrucker (1), mit einer Steuerung (47), die ein Steuersignal abgibt, gekennzeichnet durch

erste an die Steuerung angeschlossene Erzeugungsmittel (51) zum Erzeugen von Steuerpulsen mit
einer vorbestimmten Puisrate, zum Empfangen des Steuersignals und zum Erzeugen von Steuerpulsen mit
einer von dem Steuersignal abhéngenden Pulsbreite; und

zweite Erzeugungsmittel (53), deren Eingang an die ersten Erzeugungsmittel und deren Ausgang an
den thermischen Tintenstrahldrucker angeschlossen ist, zum Erzeugen der Steuerpulse und zum Abgeben
von Strompulspaketen an ihrem Ausgang, wobei die Strompulspakete eine vorbestimmte
Pulswiederholungsrate haben, die groBer als der Reziprokwert der Zeitspanne bis zum AbreiRRen eines
Tropfchens an dem thermischen Tintenstrahidrucker ist, und die Rate der Pulspakete von der
Steuerpulsrate und die Anzahl der Pulse pro Paket von der Breite der Steuerpulse abhangt.

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daf3 die zweiten Erzeugungsmittel Pakete
von Strompulsen mit einer Rate erzeugen kénnen, die kieiner oder gleich der maximalen Abgaberate von
Einzeltropfchen des thermischen Tintenstrahldruckers ist.

3. Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daR die zweiten Erzeugungsmiitel die
Pulse mit einer vorbestimmten Strompulswiederholungsrate erzeugen kénnen, die gréfier als der
Reziprokwert der Zeitspanne bis zum Abreif3en der Trépfchen an dem thermischen Tintenstrahldrucker ist.

4. Vorrichtung nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, dal3 die zweiten
Erzeugungsmittel die Strompulse so erzeugen, daf3 sie in dem Strompulspaket nahe beieinander liegen.

5. Vorrichtung nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, da® die zweiten
Erzeugungsmittel puisfreie Austastintervalle zwischen den Strompuispaketen erzeugen, die langer als die
Zeitspanne bis zum Abreilen der Tropfchen sind.

6. Vorrichtung nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, dal die Anzahl
von Strompulsen pro Paket multipliziert mit der Strompulspaketrate kleiner oder gleich dem Reziprokwert
der Kollabierzeit von Blasen des thermischen Tintenstrahldruckers ist.

7. Vorrichtung nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, daR die
Steuerung einen Mikroprozessor umfalit.

8. Vorrichtung nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, daf3 die Anzahl
von Strompulsen pro Paket kleiner oder gleich 16 ist.

9. Vorrichtung nach einem der vorangehenden Anspriiche, dadurch gekennzeichnet, dafl} die zweiten
Erzeugungsmittel eine Strompulsrate erzeugen, die kieiner als der Reziprokwert der Kollabierzeit von
Blasen und gréfRer als die Abldsezeit der Tropfchen des thermischen Tintenstrahidruckers ist.

10. Verfahren zum Erzeugen einer N-Ton Grauskala mittels eines thermischen Tintenstrahidruckers,
gekennzeichnet durch folgende Schritte:

Festlegen der gewiinschten Anzahl von Pulsen in einem Pulspaket, die nétig ist, um einen Punkt einer
bestimmten Schattierung zu erzeugen;

Abwarten fiir die Ldnge eines Austastintervails nach Aussendung des vorigen Pakets an den
thermischen Tintenstrahldrucker; ,

Erzeugen eines Pakets mit der gewiinschten Anzahi von Pulsen und einer Pulswiederholungsrate, die
gréler als der Reziprokwert der Zeitspanne bis zum AbreiBen des Tropfchens an dem thermischen
Tintenstrahidrucker ist; und

Abgeben des Pakets an den thermischen Tintenstrahldrucker.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dafd das Austastintervall groRer als die
Zeitspanne bis zum AbreiBen des Tropfchens an dem thermischen Tintenstrahldrucker ist.

12. Verfahren nach Anspruch 11, dadurch gekennzeichnet, da®

die Schritte mehrfach wiederholt werden, um eine Mehrzahl von Paketen und Tropfen zu erzeugen;

die Pakete mit einer Pulspaketrate wiederhoit werden; und

die Pulspaketrate multipliziert mit einer ganzen Zahl N kieiner oder gleich dem Reziprokwert der
Kollabierzeit von Blasen an dem thermischen Tintenstrahldrucker ist.

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, da die Pulspaketrate kleiner oder gleich
der maximalen Abgaberate einzelner Trépfchen des thermischen Tintenstrahidruckers ist.

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, da® die Pulse in dem Paket nahe
beieinander liegen.

15. Verfahren zum Erzeugen eines Tintentropfens mit einem thermischen Tintenstrahldrucker,
gekennzeichnet durch folgende Schritte:

Bestimmen der flir die Abgabe des Tropfens erforderlichen Anzahi von Pulsen;

Erzeugen eines Pulspaketes der erforderlichen Pulszahl mit einer Pulswiederholungsrate, die kleiner
als der Reziprokwert der Kollabierzeit von Blasen und gréf3er als der Reziprokwert der Tintenabgabezeit des
thermischen Tintenstrahldruckers ist; und

Abgeben des Pulspakets an Tintentropfen erzeugende Mittel des thermischen Tintenstrahidruckers.
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16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, daf3 die Schritte mehrfach wiederholt
werden, um die Abgabe mehrerer Tropfen zu bewirken, wobei Austastintervalle erzeugt werden, die groser
oder gleich der Zeitspanne bis zum Abreifen der Tropfchen an dem thermischen Tintenstrahldrucker sind.

Revendications

1. Un appareil pour appliquer un train de paquets d'impulsions de courant a une imprimante
thermique a jet d'encre (1), comprenant:

une unité de commande (47) pour délivrer un signal de commande; et caractérisée par:

des premiers moyens générateurs (51} reliés a I'unité de commande, produisant des impulsions de
commande & une fréquence prédéterminée, recevant le signal de commande et produisant des impulsions
de commande ayant des largeurs déterminées en fonction du signal de commande, et

des seconds moyens générateurs (53) reliés en entrée aux premiers moyens générateurs et en sortie a
I'imprimante thermique & jet d’encre, recevant les impulsions de commande et présentant des paquets
d'impuisions de courant en sortie, ces paquets d'impulsions de courant ayant une fréquence de récurrence
des impulsions prédéterminée supérieure & I'inverse de lintervalle de temps de détachement d’'une
gouttelette de I'imprimante thermique a jet d’encre, avec une fréquence des paquets d'impulsions
déterminée en fonction de la fréquence des impulsions de commande, et avec un nombre d'impulsions par
paquet déterminé en fonction de la largeur de I'impulsion de commande.

2. L'appareil de la revendication 1, caractérisé en ce que les seconds moyens générateurs peuvent
produire les paquets d'impuisions de courant & une fréquence inférieure ou égale a la fréquence maximale
d'émission d’une gouttelette isolée de I'imprimante thermique & jet d'encre.

3. L’appareil de I'une des revendications 1 et 2, caractérisé en ce que les seconds moyens générateurs
peuvent produire les impulsions a une fréquence de récurrence des impulsions de courant prédéterminée
qui est supérieure a l'inverse de l'intervaile de temps de détachement d’une gouttelette de I'imprimante
thermique a jet d'encre.

4. L'appareil de 'une des revendications précédentes, caractérisé en ce que les seconds moyens
générateurs sont configurés de maniére & produire les impulsions de courant de fagon qu’elies se situent
de fagon contiglie 3 I'intérieur du paquet d’'impulsions de courant.

5. L'appareil de 'une des revendications précédentes, caractérisé en ce que les seconds moyens
générateurs produisent un intervalle de repos, sans impuision, entre les paquets d'impulsions de courant,
intervalle qui est supérieur a l'intervalle de temps de détachement d'une gouttelette.

6. L'appareil de |'une des revendications précédentes, caractérisé en ce que le nombre d'impulsions de
courant par paquet multiplié par la fréquence des paquets d’impuisions de courant est inférieur ou égal a
inverse du temps d'effondrement d‘une bulle de I'imprimante thermique a jet d’encre.

7. L'appareil de 'une des revendications précédentes, caractérisé en ce que |'unité de commande
comprend un microprocesseur.

8. L'appareil de I'une des revendications précédentes, caractérisé en ce que le nombre d'impulsions de
courant par paquet est inférieur ou égal a seize.

9. L'appareil de 'une des revendications précédentes, caractérisé en ce que les seconds moyens
générateurs produisent une fréquence d’impulsion de courant qui est inférieure a l'inverse du temps
d’effondrement d’une buile de I'imprimante thermique a jet d’encre et supérieure au temps de retrait d’une
gouttelette de I'imprimante thermique a jet d’encre. ’

10. Un procédé pour produire une échelle de gris imprimée & N tons avec une imprimante thermique a
jet d‘encre caractérisé par les étapes de:

détermination d’une nombre souhaité d'impulsions pour former un paquet d'impulsions nécessaire a
la création d'un point avec un ton ayant un degré de noir souhaité,

application d'un retard pendant un intervalle de repos suivant I'application d’un précédent paquet a
I'imprimante thermique & jet d’encre,

production d’un paquet comprenant le nombre souhaité d'impulsions et ayant une fréquence de
récurrence des impuisions supérieure a I'inverse de l'intervalle de temps de détachement d'une gouttelette
de I'imprimante thermique & jet d’encre, et

application du paquet a l'imprimante thermique & jet d’encre.

11. Le procédé de la revendication 10, caractérisé en ce que lintervaile de repos est supérieur a
I'intervalle de temps de détachement d’une gouttelette de I'imprimante thermique a jet d’encre.

12. Le procédé de la revendication 11, caractérisé en ce que:

les étapes sont répétées plusieurs fois de maniére a produire une pluaralité de paquets et une pluralité
de gouttes,

les paquets sont répétés a une fréquence de paquets d’'impulsions, et

la fréquence de paquets d'impulsions muitipliée par un entier N est inférieure ou égale a l'inverse du
temps d'effondrement d'une bulle de I'imprimante thermique a jet d’encre.

13. Le procédé de la revendication 12, caractérisé en ce que la fréquence de paquets d'impuisions est
inférieure ou égale a la fréquence maximale d’émission de gouttelettes isolées de I'imprimante thermique
a jet d'encre.
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14. Le procédé de la revendication 13, caractérisé en ce que les impulsions sont situées de facon
contiglie & l'intérieur du paquet.

15. Un procédé pour produire une goutte d’encre avec une imprimante thermique a jet d'encre,
caractérisé par les étapes de:

détermination d'un nombre d'impulsions nécessaire pour produire I'émission de la goutte,

production d‘un paquet d'impulsions contenant le nombre nécessaire d'impulsions avec une
fréquence de récurrence des impulsions inférieure a l'inverse du temps d'effondrement d‘une bulle de
I'imprimante thermique a jet d’encre et supérieure a I'inverse du temps de retrait de I'encre de I'imprimante
thermique a jet d’encre, et :

application du paquet d'impulsions aux moyens de production de la goutte d’encre de I'imprimante
thermique a jet d’encre.

16. Le procédé de la revendication 15, caractérisé en ce que les étapes sont répétées plusieurs fois pour
provoquer |"émission d'une pluralité de gouttes et pour former un intervalle de repos supérieur ou égal a

A

l'intervalle de temps de détachement d'une gouttelette de |'imprimante thermique & jet d’encre.
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