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Description

[0001] The invention relates to a method of preparing
ink containers that are adapted to be inserted in an ink
jet printing system comprising a print head, an ink supply
system for connecting the ink container to the nozzles of
the print head, and a temperature control system.
[0002] Itis well known in the art of ink jet printing that
the viscosity of the ink being used has a critical impact
on the performance of the print head and on the quality
of the printed image, mainly because the viscosity of the
ink influences the size of the ink droplets that are gener-
ated by the print head and are then deposited on the
recording medium. Since the viscosity depends on the
temperature of the ink, printing systems of the type indi-
cated above are equipped with atemperature control sys-
tem which controls the operating temperature of the ink
and thereby indirectly controls the ink viscosity.

[0003] In anink jet printing system intended for oper-
ation at a temperature close to room temperature, the
ink may be heated beyond admissible limits by the heat
energy dissipated in the printhead in the course of droplet
generation. In view of this problem, US-A-5 168 284 dis-
closes a temperature control system in which the print
head is caused to generate non-printing pulses the en-
ergy of which is not sufficient for generating an ink droplet
and the only purpose of which is to dissipate to the ink
an amount of heat which is comparable to the amount of
heat created in a drop generating process. Thus, the
equilibrium between heat generation in the print head
and heat dissipation to a heat sink can be stabilised re-
gardless of the number of droplets being generated per
time unit. By controlling the number and/or energy of the
non-printing pulses, it is then possible to control the tem-
perature of the ink either in an open loop or in a closed
loop.

[0004] Inahotmeltink jet printer, where the operating
temperature of the ink is in the order of 100°C or more,
a temperature control system is generally needed for
keeping the ink at the operating temperature. EP-A-0 416
557 discloses a temperature control system which is
used for adapting the operating temperature and hence
the viscosity of the ink to the type of recording medium
being used. The optimal viscosity of the ink is determined
beforehand for a number of different types of recording
paper. Then, the target temperature of a temperature
control system is set to a value at which the viscosity of
the ink corresponds to the optimal viscosity for the re-
cording paper that is currently being used. Of course,
since the viscosity of the ink depends not only on the
temperature but also on the chemical composition of the
ink, it is prerequisite in such a system that the chemical
composition of the ink is known.

[0005] Itisageneralprinciple inthe artof ink jet printing
that a specific print head should only be used with a spe-
cific type of ink. If a different type of ink is used, which is
not adapted to the specific print head, then the deviation
of the ink viscosity from the value for which the print head
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is designed may result in a poor quality of the printed
image or even in damage to the print head. It has there-
fore always been a concern of manufacturers of ink jet
printers to make sure that the printers are used only with
the specified type of ink. To thisend, ithas been proposed
for example in US-A-5 049 898 and DE-A-34 05 164 that
the ink container is provided with a memory element, e.g.
a magnetic strip, a bar code or an electronic memory
chip, the contents of which can be read when the con-
tainer is mounted to the print head. The memory element
may include among others information on the type of ink
contained in the container, and when the type of ink read
from the memory element does not match with the type
of ink prescribed for the print head, then the printing op-
eration will be blocked. In this case, the memory element
may also include information on the amount of ink that
is initially or currently contained in the ink container, and
by monitoring the consumption of ink in the printer, it is
possible to alert the user when the supply of ink in the
container is going to be exhausted. This system may also
be used to prevent unauthorised refilling of the ink con-
tainer, thereby assuring that the container will always
contain the type of ink that is specified on the memory
element.

[0006] US-A-5502 467 discloses an ink jet print head
which includes a viscosity detector with which the vis-
cosity of the ink can be measured directly, and the result
of this measurement is then fed back to the temperature
control system, so that the temperature of the ink is varied
in order to feedback-control the viscosity of the ink to a
given target value. However, this system has the draw-
back that an expensive viscosity detector is needed for
measuring the viscosity with sufficient accuracy. In prac-
tice, the viscosity detector is formed by a fluidic bridge
circuit which only detects the offset of the viscosity from
a preset target value. As a result, it would be difficult to
vary the ink viscosity in accordance with the properties
ofthe recording medium. In addition, the optimal viscosity
of the ink may be different for different types of ink, e.g.,
for different ink colours in a multi-colour printer. Thus,
even when the viscosity is measured directly in the print
head, it is difficult to keep the viscosity of inks of different
type at the optimal value for obtaining high quality printed
images.

[0007] US-A-6 019 461 discloses an ink jet printing
system comprising an ink cartridge which has a memory
device in which information on the ink cartridge is stored.
This information includes among others the viscosity and
the temperature coefficient of the ink. When the cartridge
is inserted into the ink jet printer, a control unit of the
printer can automatically read the contents of the memory
ofthe cartridge and can decide whether the specifications
stored in the memory match which the ink specifications
for the printer. If the specification is not matched, the
cartridge is rejected as being not useable for this printer.
The control unit further determines the drive voltage for
the print elements of the printer in accordance with the
ambient temperature and the values of the viscosity and
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temperature coefficient of the ink read from the memory.
[0008] US-A-5 689 297 and EP-A-816 085 disclose
thermal printers in which a control system controls print
parameters determining the optical density of the printed
image in accordance with the temperature, the viscosity
and the like of the ink.

[0009] European patent application EP-A-1 208 988,
from which the present application has been separated,
discloses an ink jet printing system in which a reliable
operation of the printhead and a high quality of the printed
image can be assured in spite of variations in the com-
position of the ink that is being used.

[0010] Itis an object of the present invention to provide
a method of preparing ink containers that are suitable for
use in such a printing system.

[0011] The method according to the invention compris-
es the steps of preparing a batch of ink to be filled into a
plurality of said ink containers, measuring the viscosity
of the ink prepared in that batch, determining an optimal
operating temperature for the ink on the basis of the
measured viscosity, and programming the ink containers
in accordance with the temperature thus determined, by
physically encoding an information, which permits to de-
termine said optimal operating temperature, on the ink
containers so as to be read by the temperature control
system.

[0012] The information permitting to determine an op-
timal operating temperature may in the simplest case
consist of a target value to which the temperature of the
ink in the ink supply system shall be controlled. More
generally, thisinformation may include a plurality of target
values among which a specific target value may be se-
lected in response to other printing parameters, e.g. the
type of print head and/or the type of recording medium.
In yet another embodiment, this information may include
one or more target values for the viscosity of the ink,
along with a table or a function establishing a relation
between temperature and viscosity for the specific ink
contained in the container. The information may further
include the time dependency of the optimal target value,
e.g. in view of ageing if the ink. In any case, when the
ink container is inserted in the printer, the temperature
control system can derive the target value for the tem-
perature from the information encoded on the container,
so that the operating temperature of the ink is optimally
adapted to the composition of the ink and, as the case
may be, to other printing parameters. This assures avery
high print quality even in cases where the composition
of the ink being used is not always exactly the same.
[0013] Itis accordingly a remarkable advantage of the
invention that one and the same printer may accept dif-
ferent types of ink, because the viscosity of the ink can
automatically be adapted to the demands of the print
head by appropriate temperature control. This reduces
significantly the expenses for manufacturing, storing, ad-
ministrating and distributing suitable types of ink contain-
ers to a large number of customers using different types
of printers.
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[0014] On the other hand, even when only a specific
type of ink is to be used for a given printer, the invention
has the advantage that a higher quality of the printed
images can be achieved. The reason is that, due to slight
variations in the manufacturing conditions, the chemical
and physical properties of the ink may vary even when
the type of ink is not changed. This is especially the case
if ink containers of the same type have been produced
in different batches. Then, since the manufacturer of the
ink containers may measure the properties of the ink for
each individual batch, and the optimal operating temper-
ature or viscosity of the ink is derived from this measure-
ment and is encoded on the ink containers which are
filled with the ink of the pertinent batch, slight changes
in the properties of the ink from batch to batch may be
reflected by corresponding changes in the information
given on the ink containers.

[0015] Useful details of the invention are specified in
the dependent claims.

[0016] The physical encoding on the ink container is
preferably in the form of a digital electronic memory, e.g.
an integrated circuit chip (an EPROM for example) that
has been suitably programmed on behalf of the ink man-
ufacturer. As is generally known in the art, this chip may
also include other useful information, such as a serial
number of the ink container, the date of production, the
amount of ink contained in the container, and the like. If
desired, this chip may also be used for refill protection,
for example by programming the chip to send a disabling
signal to the printer once the contents of the container
have become exhausted.

[0017] The power supply forthe chip and the exchange
of signals between the chip and the printer may be pro-
vided for by a plurality of mating electrical contacts on
the ink container and on a socket of the print head to
which the container is fitted. As an alternative, the elec-
tronic chip may form part of a transponder which is adapt-
ed for wireless power supply and data exchange, as is
generally known in the art.

[0018] A preferred embodiment of the invention will
now be described in conjunction with the drawings, in
which:

Fig. 1 is a schematic view of a printing system to
swhich the invention is applicable;

Fig. 2 is a diagram illustrating a time dependency of
an ink operating temperature;

Fig. 3 is a table of contents of a memory chip of an
ink container; and

Fig. 4 isadiagramillustrating the method of preparing
the ink containers.

[0019] The ink jet printing system shown in figure 1

comprises a four-colour printhead 10 having four nozzles
blocks 12, one for each colour, and each nozzle block
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has alinear array of nozzles 14 through which ink droplets
are jetted-out as the print head 10 scans the surface of
a recording medium (not shown). Each nozzle block 12
has a socket (not shown) to which an ink container 18
may be fitted or to which it is connected by a duct. The
ink containers 18 shown in figure 1 have relatively small
dimensions in comparison to the nozzle blocks 12. It will
be understood however that, in practice, the size of the
ink containers 18 may be considerably larger, so that the
amount of ink originally filled therein may be as large as
350 ml or even 500 ml.

[0020] Each of the nozzles blocks 12 has an ink supply
system which connects the corresponding ink container
18 to each of the nozzles 14. The ink supply system is
represented here as an ink reservoir 20 formed in each
nozzle block 12. Each nozzle 14 is connected to the ink
reservoir 20 through an ink channel which has not been
shown in the drawing for simplicity. An actuating mech-
anism for drop generation is associated with each of the
ink channels, so that each nozzle 14 may be energised
individually. The actuating mechanisms may be of any
known type, e.g. a bubble-jet mechanism, a piezoelectric
mechanism and the like.

[0021] Each of the ink reservoirs 20 has a heating el-
ement 22 and a temperature sensor 24 which are each
electrically connected to a control unit 26 which controls
the temperature of the liquid ink contained in the ink res-
ervoir 20. The temperature sensor 24 is located in prox-
imity to the nozzle side of the ink reservoir 20 so as to
detect the temperature at which the ink is supplied to the
nozzles.

[0022] By way of example, it may be assumed that the
print head 10 is a hot melt ink jet print head. Then, the
ink containers 18 may contain solid ink pellets which are
dropped one-by-one into the ink reservoirs 20 upon de-
mand, and the ink is heated and melted in the ink reser-
voirs 20 by means of the heating element 22.

[0023] It will be understood however that the invention
is also applicable to ink systems operating at room tem-
perature. In this case, the ink containers 18 will contain
liquid ink which is sealed in the container by a seal (nhot
shown) which is automatically broken when the container
is plugged into the socket, as is well known in the art. If
the ink is liquid at room temperature, the the heating el-
ement 22 is used only to heat the ink to an operating
temperature which may be slightly above room temper-
ature. Optionally, the heating element 22 may be re-
placed by a cooling element or a heating/cooling element
such as a Peltier element, so that the operating temper-
ature of the ink may be controlled to a value which is at
or even slightly below the ambient temperature.

[0024] Each ink container has a memory chip 28, e.g.
an integrated circuit semiconductor chip, which, in the
example shown, is embedded in the plastic wall of the
ink container 18 and has contacts (not shown) exposed
to the outside, so that they may be contacted by areading
head 30. Each reading head 30 is connected to the con-
trol unit 26.

10

15

20

25

30

35

40

45

50

55

[0025] Each memory chip 28 stores information which
is processed in the control unit 26 to determine a target
value to which the temperature of the ink in the ink res-
ervoirs 20 is controlled when the print head 10 is oper-
ating. In the simplest case, this information may consist
just of the target value itself, and this target value is spe-
cifically adapted to the type of ink contained in the ink
reservoir 18, so that the operating temperature and vis-
cosity of the ink in the ink reservoir 20 is kept at a value
which is optimal for the specific type of ink. Since the four
ink containers 18 shown in figure 1 accommodate ink of
different colour, it will be understood that the target values
stored in each of the memory chips 28 may be different
from one another and may be individually adapted to the
type and colour of the ink.

[0026] A more elaborated embodiment of the invention
will now be described in conjunction with figures 2 and 3.
[0027] Depending on the ink system employed, the ink
may be subject to ageing, and, as a result, the optimal
operating temperature of the ink may be time-dependent.
The graph 31 shown in figure 2 illustrates a linear rela-
tionship between the optimal operating temperature T of
the ink and the time t. When the ink container 18 is filled
with fresh ink on the side of the manufacturer at the time
t = 0, the corresponding optimal operating temperature
is T(0). With the lapse of a certain time interval Dt (which
may be in the order to several months or years), the op-
timal operating temperature T increases by an amount
DT. Thus, the optimal operating temperature (T(t)) at any
given time t will be given by the formula:

T(t) = T(0) + (DT/Dt) - t

[0028] Figure 3 illustrates an example of the contents
that may be stored inthe memory chip 28. These contents
comprise a 64 bit serial number and 256 bit of additional
information. This additional information includes the col-
our of the ink, the ink type (specifying the chemical com-
position of the ink), the initial quantity of ink filled into the
ink container on the side of the manufacturer, the filling
date and the parameters T(0) and DT/Dt the meaning of
which has been expained above. These parameters are
given, in the form of a table, for two different types of
printers A and B. Thus, provided that the printer A or B
has an internal clock or has access to the current date
through a network, the control unit 26 is capable of cal-
culating the time-dependent optimal ink temperature T
on the basis of the formula given above, wherein t is the
time difference between the current date and the filling
date stored on the memory chip, and the parameters T
(0) and DT/Dt are looked-up in the pertinent column of
the table.

[0029] Figure 4 illustrates a method for preparing the
ink containers 18, i.e., for filling the ink containers with
ink and programming the memory chip 18.

[0030] In a first step, a batch of ink 32 sufficient for
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filling a large number of ink containers 18 is prepared in
a tank 34. Then, in a filling station 36, the ink 32 is filled
into the various containers 18, and the containers are
sealed. A small portion of the ink 32 is taken from the
tank 34 as a sample 38 and is supplied to a viscosity
meter 40. The temperature of the sample 38 in the vis-
cosity meter 40 is varied, so that the viscosity of the ink
is measured for a temperature range covering the range
of possible operating temperatures of the print heads 10.
The measurement results are supplied to a programming
unit 42. On the basis of the known optimal viscosity of
the ink 32 for the print head 10, the programming unit 42
determines the target temperature T at which the ink 32
has this optimal viscosity. The temperature value T thus
obtained is stored in the memory chips 28 of each of the
ink containers 18 either before or after they have been
filled in the filling station 36.

[0031] When another batch is prepared in the tank 34,
the same procedure is repeated for the new batch, and
the optimal temperature value T obtained for the new
batch may be different from that obtained for the former
one.

[0032] This process assures that the target tempera-
tures stored in the memory chips 28 of the ink containers
18 are precisely adapted to the physical properties of the
ink produced in one batch. As a result, a uniformly high
print quality can be obtained regardless of slight batch-
to-batch-fluctuations in the physical properties of the ink.

Claims

1. Method of preparing ink containers that are adapted
to be inserted in anink jet printing system comprising
aprinthead (10), anink supply system for connecting
the ink container (18) to the nozzles (14) of the print
head (10), and a temperature control system con-
trolling the temperature of the ink (26), character-
ized by the steps of preparing a batch of ink (32),
measuring the viscosity of the ink prepared in that
batch, determining an optimal operating temperature
(T) for the ink on the basis of the measured viscosity,
filling the ink into a plurality of said ink containers
(18), and programming the ink containers (18) in ac-
cordance with the temperature thus determined, by
physically encoding on the ink containers (18) an
information (T(0); DT/Dt) which permits to determine
said optimal operating temperature, said encoded
information being adapted to be read by the temper-
ature control system (26).

2. Method according to claim 1, wherein the physical
encoding on the ink container (18) is performed by
programming an electronic memory chip (28) adapt-
ed to communicate with a reading head (30) incor-
porated in a socket (16) into which the ink container
(18) is inserted to connect it with the ink supply sys-
tem (20).
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3. Method according to claim 1 or 2, wherein the ink is
a hot-melt ink.

4. Method according to any of the preceding claims,
wherein said programming step includes a step of
encoding on the ink container (18) at least one target
value (T(0)) for the temperature of the ink.

5. Method according to claim 4, wherein said program-
ming step includes a step of encoding on the ink
container (18) a filling date of the ink container and
information (DT/Dt) indicating the time dependence
of the optimal operating temperature of the ink.

6. Method according to claim 4 or 5, wherein said in-
formation is in the form of a table indicating different
operating temperatures for different types of print
head.

Patentanspriiche

1. Verfahren zum Bereitstellen von Tintenbehéltern,
die dazu eingerichtet sind, in ein Tintenstrahldruck-
system eingefiihrt zu werden, das einen Druckkopf
(10), ein Tintenzufuhrsystem zum Verbinden des
Tintenbehalters (18) mit den Diisen (14) des Druck-
kopfes (10), und ein Temperatursteuersystem (26)
zur Steuerung der Temperatur der Tinte aufweist,
gekennzeichnet durch die Schritte der Zuberei-
tung einer Charge von Tinte (32), Messung der Vis-
kositét der in dieser Charge zubereiteten Tinte, Be-
stimmung einer optimalen Betriebstemperatur (T) fir
die Tinte auf der Grundlage der gemessenen Visko-
sitat, Einfullen der Tinte in mehrere der Tintenbehal-
ter (18), und Programmieren der Tintenbehélter (18)
entsprechend der so bestimmten Temperatur,
durch physikalische Kodierung, auf den Tintenbe-
héaltern (18), einer Information (T(0); DT/Dt), die es
erlaubt, diese optimale Betriebstemperatur zu be-
stimmen, wobei diese kodierte information dazu an-
gepaldt ist, von dem Temperatursteuersystem (26)
gelesen zu werden.

2. Verfahren nach Anspruch 1, bei dem die physikali-
sche Kodierung auf dem Tintenbehélter (18) ausge-
fuhrt wird, indem ein elektronischer Speicherchip
(28) programmiert wird, der dazu eingerichtet ist, mit
einem Lesekopf (30) zu kommunizieren, der in ei-
nem Sockel (16) enthalten ist, in welchen der Tin-
tenbehélter (18) eingefiihrt wird, um ihn mit dem Tin-
tenzufuhrsystem (20) zu verbinden.

3. Verfahren nach Anspruch 1 oder 2, bei dem die Tinte
eine heilRschmelzende Tinte ist.

4. Verfahren nach einemdervorstehenden Anspruche,
bei dem der Schritt des Programmierens einen
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Schritt der Kodierung wenigstens eines Sollwertes
(T(0)) fur die Temperatur der Tinte auf dem Tinten-
behélter (18) umfaldt.

Verfahren nach Anspruch 4, bei dem der Schritt des
Programmierens einen Schritt umfaf3t, in dem auf
dem Tintenbehalter (18) ein Befulldatum des Tinten-
behélters und Information (DT/Dt) kodiert wird, die
die Zeitabhangigkeit der optimalen Betriebstempe-
ratur der Tinte angibt.

Verfahren nach Anspruch 4 oder 5, bei dem die ge-
nannte Information die Form einer Tabelle hat, die
unterschiedliche Betriebstemperaturen fur unter-
schiedliche Typen von Druckkdpfen angibt.

Revendications

Procédé de préparation de conteneurs d’encre con-
Gus pour étre insérés dans un systéeme d’'impression
par jet d’'encre contenant une téte d'impression (10),
un systeme d’alimentation en encre permettant de
raccorder le conteneur d’encre (18) aux buses (14)
de la téte d'impression (10) et un systéme de régu-
lation de la température régulant la température de
I'encre (26), caractérisé par les étapes de prépa-
rationd’unlotd’encre (32) ; de mesure de laviscosité
de I'encre préparée dans ce lot, de détermination
d’'une température de fonctionnement optimale (T)
de I'encre en fonction de la viscosité mesurée, de
remplissage de I'encre dans une pluralité desdits
conteneurs d’encre (18) et de programmation des
conteneurs d’encre (18) en fonction de la tempéra-
ture ainsi déterminée, en codant physiquement sur
les conteneurs d’encre (18) une information (T(O) ;
DT/Dt) permettant de déterminer ladite température
de fonctionnement optimale, ladite information co-
dée étant congue pour étre lue par le systeme de
régulation de la température (26).

Procédé selon la revendication 1, dans lequel le co-
dage physique sur le conteneur d’encre (18) est mis
en oeuvre par programmation d’'une puce mémoire
électronique (28) congue pour communiquer avec
une téte de lecture (30) incorporée dans une fiche
(16) dans laquelle le conteneur d’encre (18) est in-
séré pour le raccorder au systeme d’alimentation en
encre (20).

Procédé selon les revendications 1 ou 2, dans lequel
I'encre est une encre thermofusible.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel ladite étape de program-
mation comporte une étape de codage sur le conte-
neur d’encre (18) d’au moins une valeur cible (T(0))
pour la température de I'encre.
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5.

Procédé selon la revendication 4, dans lequel ladite
étape de programmation comporte une étape de co-
dage sur le conteneur d’encre (18) d'une date de
remplissage du conteneur d’encre et d'informations
(DT/Dt) indiquant que la température de fonctionne-
ment optimale de I'encre est fonction du temps.

Procédé selon les revendications 4 ou 5, dans lequel
ladite information est donnée sous la forme d'un ta-
bleau indiquant les différentes températures d’amor-
cage des différents types de téte d’impression.
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