
EP 0 313 341 B1 Description The present invention relates to thermal
ink-jet printers, and, more particularly, to apparatus for improving the
quality of printing from a thermal ink-ket printhead. 5      Spray
resulting from misdirected drops in frequently observed for thermal ink-jet
heads. The problem is considerably worse for printing in the "multi-drop"
mode, that is, printing groups of drops in bursts at 50 kHz drop rates.
U.S. Patent 4,330,787 describes a thermal ink-jet printer in which the
angle between the normals to the plane of the resistor and the plane of the
orifice are between [err] and [err]. However, changing the angle 10
between the resistor and orifice still does not provide the printing
quality required. Normally, the orifice lies directly above the resistor.
Experiments have shown that alignment between the resistor and orifice in
the thermal head is a critical factor influencing the direction of existing
drops. For heads employing the three-sided barrier structure, perfect
alignment of the orifice over the resistor has been found not to be the
ideal condition. is     In accordance with the invention, an appropriate
off-set between the resistor and orifice of a thermal ink- jet printhead
significantly improves drop directionality. Such improvement in drop
directionality yields improved print quality. The extent of off-set depends
on resistor and orifice sizes, as well as on other details of the head
architecture. The off-set is an amount sufficient to maintain droplets of
ink ejected from the orifice by a trajectory of less than about 0.5 from
the normal to the orifice plate. To a first approximation, the center of
the orifice is offset from the center of the resistor by about 1 to 25
[err]. FIG. 1 is a top plan view, depicting a resistor associated with a
three-sided barrier structure; FIG. 2 is a cross-sectional view taken along
the line 2-2 of FIG. 1, of an aligned resistor/orifice, illustrating
misaligned firing of a drop of ink; FIG. 3 is a view similar to that of
FIG. 2, illustrating an example of multidrop operation, with the trajectory
25    of a second drop unacceptably different from the first drop as a
consequence of employing an aligned resistor/orifice; FIG. 4 is a view
similar to that of FIG. 2, but using a misaligned, or offset,
resistor/orifice in accordance with the invention, illustrating proper
firing of a drop of ink; FIG. 5 is a view similar to that of FIG. 4,
illustrating an example of multidrop operation, with the trajectory 30
of the second drop substantially the same as that of the first drop; FIG. 6
is a plot on coordinate axes of trajectory angle (in degrees) as a function
of orifice-to-resistor off- set (in[err]) for several conditions of
resistor/orifice aspect ratios, showing data for the ejection of the first
drop through the orifice; and FIG. 7 is a plot on coordinate axes of
trajectory angle (in degrees) as a function of orifice-to-resistor off- 35
set between the resistor and the orifice (in [err]), showing data from the
ejection of the second drop through the orifice. Referring now to the
drawings wherein like numerals of reference designate like elements
throughout, a resistor 10 is encompassed on three sides by a three-wall
barrier structure 12, having side barriers 12a,b and rear barrier 12c. As
is common, the resistor has square dimensions. 40     Ink from a reservoir
(not shown) enters from the fourth side, as indicated by arrow 14. An
orifice plate 18, shown in FIG. 2, is provided with an orifice 20. The
orifice 20 is positioned over the resistor 10. A substrate 22 supports the
resistor 10 and the barrier structure 12. In operation, ink flows into the
assembly 10 from the side opposite the rear barrier 12c from the ink
reservoir. Upon appropriate application of a current to the resistor 10
from a voltage source (not shown) 45 controlled by a microprocessor (not
shown), the resistor emits a sufficient amount of heat to vaporize a thin
layer of the ink, thereby forming a bubble 24. The rapid expansion of the
bubble 24 causes a droplet 26 of ink to be propelled out through the
orifice 20 toward a suitable printing medium, such as paper, transparency,
and the like. Use of centered alignment of the orifice 20 over the resistor
10 causes misalignment of the trajectory 50  (arrow B) of the droplet 26
with respect to the normal to the orifice plate 18 (arrow A). FIG. 2 is a
line drawing of a photomicrograph, showing the shape of the droplet 26 and
its misaligned trajectory. The ink is ejected at an angle [err] with
respect to the normal. In the multidrop mode, spray results from
misdirected drops. To illustrate, FIG. 3 is a line drawing of a
photomicrograph, depicting an example of multidrop operation at 50 kHz,
where the trajectory of a second 



55  drop 28 is unacceptably different from that of the first drop 26. A
significant angle of the second drop 28 relative to the orifice normal (A)
as seen in the drawing is observed even when the orifice 20 is perfectly
aligned with the resistor 10. It appears from studies that the first angle
must be less than about [err] of the normal to the orifice 2    EP 0 313
341 B1 plate 18 in order to have acceptable print quality. Thus, it is
critical that the first drop, subsequent drops and any satellite drops be
as close to the normal as possible. Centered alignment results in firing
angles considerably greater than about 0.5 and hence are not useful either
for single drops or for multiple drops at firing frequencies of 50 kHz and
above, with up to about 10 drops per firing burst. 5      In accordance
with the invention, the orifice 20 is deliberately misaligned with respect
to the resistor 10. Such an off-set assembly is depicted in FIG. 4, with
the orifice 20 offset in the direction away from the rear barrier 12c by an
amount designated X. Such offset provides a trajectory of the drop 26
substantially along the normal A. FIG. 5 depicts an example of multidrop
operation at 50 kHz, showing that the trajectory of the second 10 drop 28
is very close to that of the first drop 26 as a consequence of employing
deliberate misalignment of the resistor 10 and orifice 20. FIG. 6 shows
measurements of angular misdirection as a function of resistor/orifice
offset for the first drop 26 ejected from a thermal ink-jet head with
resistors 10 of various sizes and converging orifices 20 with various exit
diameters. The measurement drop rate was below 1 kHz. In particular, the
following curves 15  reflect measurements for the below-listed resistor
sizes and orifice openings: Curve   Resistor Size, [err]   Bore, [err] 30
60 x 60           65 20                                 32          50 x 50
65 34          65 x 65           45 36          50 x 50           45 It is
clear that for the three-wall geometry, the orifice 20 should be offset at
least about 1 [err] further away from the third barrier 12c than the center
of the resistor 10. The range of misalignment (X) is about 1 to 25 [err],
preferably about 1 to 20 [err] and most preferably about 2 to 10 [err]. In
FIG. 6, there is a dependence of trajectory error on offset for the first
drop ejected. The curves do not go through the origin; therefore, at
perfect alignment, there is a trajectory error. This error can be corrected
with an offset, in accordance with the invention. For one set of head
parameters, for a resistor measuring 50 [err] x 50 [err] and an orifice
measuring 65 [err] (Curve 32), that trajectory from the normal is as much
as [err]. FIG. 7 shows a measurement of angular misdirection as a function
of resistor/orifice off-set for the second drop 26 ejected from the ink-jet
head with 63 [err] x 63 [err] resistors 10 and converging orifices 20 with
an exit diameter of 50 [err] (Curve 38). The measurement drop rate was 50
kHz. It is clear that for this geometry, the misalignment for the first
drop benefits the trajectory of the second drop. In FIG. 7, for the second
drop, the trajectories are at larger angles. For the case shown, perfect
alignment would yield a trajectory from the normal of about [err]. However,
at an offset of 9 [err], the second drop follows the first. 40     It
appears that the detailed break-off of the tail of ejected drops is related
to the resistor/orifice alignment. For a properly "aligned"
resistor/orifice (i.e., "properly off-set"), the tail will break-off at the
center of the orifice, which will result in minimum spray due to
misdirected satellite droplets. The orifice/resistor off-set disclosed
herein appears to be critical in achieving the highest quality printing.
Such off-set may range from 1 to about 25 [err] to control misdirection of
first drops, second and subsequent drops in multidrop printing, and for
satellite drop control. Orifice/resistor off-set is expected to be used in
constructing thermal ink-jet printheads for ink-jet printers. Thus,
orifice/resistor off-set is thermal ink-jet printheads provides improved
print quality. Many modifica- tions and changes of an obvious nature may be
made without departing from the spirit and scope of the 



invention, and all such modifications and changes are considered to fall
within the scope of the invention, as 50 defined by the appended claims.
Claims 1. A thermal ink-jet printhead for ink jet printing onto a print
medium comprising laminar electrical heating means (10), the periphery of
which is substantially surrounded by a barrier structure (1 2a-1 2c), and
an orifice plate (18) which lies above the heating means (10), having an
orifice (20) with the centre of the orifice (20) offset from the, centre of
the heating means (10), and the offset between the centre of the orifice
(20) and the centre of the heating means (10) producing droplets of ink
that are ejected from the 3    EP 0 313 341 B1               *    C    L
M    S   * plate 18 in order to have acceptable print quality. Thus, it is
critical that the first drop, subsequent drops and any satellite drops be
as close to the normal as possible. Centered alignment results in firing
angles considerably greater than about 0.5 and hence are not useful either
for single drops or for multiple drops at firing frequencies of 50 kHz and
above, with up to about 10 drops per firing burst. 5      In accordance
with the invention, the orifice 20 is deliberately misaligned with respect
to the resistor 10. Such an off-set assembly is depicted in FIG. 4, with
the orifice 20 offset in the direction away from the rear barrier 12c by an
amount designated X. Such offset provides a trajectory of the drop 26
substantially along the normal A. FIG. 5 depicts an example of multidrop
operation at 50 kHz, showing that the trajectory of the second 10  drop 28
is very close to that of the first drop 26 as a consequence of employing
deliberate misalignment of the resistor 10 and orifice 20. FIG. 6 shows
measurements of angular misdirection as a function of resistor/orifice
offset for the first drop 26 ejected from a thermal ink-jet head with
resistors 10 of various sizes and converging orifices 20 with various exit
diameters. The measurement drop rate was below 1 kHz. In particular, the
following curves 15  reflect measurements for the below-listed resistor
sizes and orifice openings: Curve   Resistor Size, [err]    Bore, [err] 30
60 x 60           65 20                                 32          50 x 50
65 34          65 x 65           45 36          50 x 50           45 It is
clear that for the three-wall geometry, the orifice 20 should be offset at
least about 1 [err] further 25 away from the third barrier 12c than the
center of the resistor 10. The range of misalignment (X) is about 1 to 25
[err], preferably about 1 to 20 [err] and most preferably about 2 to 10
[err]. In FIG. 6, there is a dependence of trajectory error on offset for
the first drop ejected. The curves do not go through the origin; therefore,
at perfect alignment, there is a trajectory error. This error can be
corrected with an offset, in accordance with the invention. For one set of
head parameters, for a resistor 30 measuring 50 [err] x 50 [err] and an
orifice measuring 65 [err] (Curve 32), that trajectory from the normal is
as much as [err]. FIG. 7 shows a measurement of angular misdirection as a
function of resistor/orifice off-set for the second drop 26 ejected from
the ink-jet head with 63 [err] x 63 [err] resistors 10 and converging
orifices 20 with an exit diameter of 50 [err] (Curve 38). The measurement
drop rate was 50 kHz. It is clear that for this geometry, the misalignment
for the first drop benefits the trajectory of the second drop. In FIG. 7,
for the second drop, the trajectories are at larger angles. For the case
shown, perfect alignment would yield a trajectory from the normal of about
[err]. However, at an offset of 9 [err], the second drop follows the first.
It appears that the detailed break-off of the tail of ejected drops is
related to the resistor/orifice 40 alignment. For a properly "aligned"
resistor/orifice (i.e., "properly off-set"), the tail will break-off at the
center of the orifice, which will result in minimum spray due to
misdirected satellite droplets. The orifice/resistor off-set disclosed
herein appears to be critical in achieving the highest quality 



printing. Such off-set may range from 1 to about 25 [err] to control
misdirection of first drops, second and subsequent drops in multidrop
printing, and for satellite drop control. Orifice/resistor off-set is
expected to be used in constructing thermal ink-jet printheads for ink-jet
printers. Thus, orifice/resistor off-set is thermal ink-jet printheads
provides improved print quality. Many modifica- tions and changes of an
obvious nature may be made without departing from the spirit and scope of
the invention, and all such modifications and changes are considered to
fall within the scope of the invention, as defined by the appended claims.
Claims 1. A thermal ink-jet printhead for ink jet printing onto a print
medium comprising laminar electrical heating means (10), the periphery of
which is substantially surrounded by a barrier structure (12a-12c), and an
orifice plate (18) which lies above the heating means (10), having an
orifice (20) with the centre of the orifice (20) offset from the, centre of
the heating means (10), and the offset between the centre of the orifice
(20) and the centre of the heating means (10) producing droplets of ink
that are ejected from the 3    EP 0 313 341 B1 orifice (20) with a
trajectory less than about [err] from a line normal to the line of the
heating means (10 ). 2. The thermal ink-jet printhead of claim 1 wherein
the heating means (10) is a controlled resistor. 5 3. The thermal ink-jet
printhead of any preceding claim wherein the heating means (10) has four
sides to its periphery of which the barrier structure (1 2a-1 2c) surrounds
three. 4. The ink-jet printhead of any preceding claim wherein the orifice
plate (18) is substantially parallel to the 10     heating means (10). 5.
The thermal ink-jet printhead of any preceding claim wherein the amount of
offset ranges from about 1 [err] to 25 [err]. 15  6. A method of
fabricating a thermal ink-jet printhead comprising the steps of; forming
laminar electrical heating means (10), forming a barrier structure
(12a-12c) to partially surround the heating means, and forming an orifice
plate (18) having an orifice (20) therein above the heating means with the
centre of the orifice and the centre of the heating means offset to one
another, wherein the amount of offset is selected to produce droplets that
are ejected from the orifice with a trajectory less than about [err] 20
from a line normal to the line of the heating means. 7. The method of claim
6 wherein the amount of offset ranges from about 1 [err] to 25 [err].
Patentanspruche 25 1. Thermischer Tintenstrahl-Druckkopf zum
Tintenstrahldrucken auf einem Druckmedium, mit einer lami- naren
elektrischen Heizvorrichtung(10), deren Umfang im wesentlichen von einer
Barrierenanordnung (12a bis 12c) umgeben ist, und einer DUsenplatte (18),
die Ober der Heizvorrichtung (10) liegt und eine Offnung (20) aufweist,
deren Mittelpunkt gegenOber Mittelpunkt der Heizvorrichtung (10) versetzt
ist, 30     wobei der Versatz zwischen dem Mittelpunkt der Offnung (20) und
dem Mittelpunkt der Heizvorrichtung (10) Tintentr6pfchen erzeugt, die aus
der Ciffnung (20) mit einer Trajektorie ausgestol3en werden, die weniger
als etwa 0,5 von einer zum Verlauf der Heizvorrichtung (10) senkrechten
Linie abweicht. 2. Thermischer Tintenstrahl-Druckkopf nach Anspruch 1, bei
dem die Heizvorrichtung (10) ein gesteuerter 35     Widerstand ist. 3.
Thermischer Tintenstrahl-Druckkopf nach einem der vorangehenden Ansprlche,
bei dem die Heizvor- richtung (10) vier Seiten hat, von denen drei von der
Barrierenanordnung (12a bis 12c) umgeben sind. 40  4. Thermischer
Tintenstrahl-Druckkopf nach einem der vorangehenden Ansprlche, bei dem die
Dtsen- platte (18) im wesentlichen parallel zur Heizvorrichtung (10)
verlauft. 5. Thermischer Tintenstrahl-Druckkopf nach einem der
vorangehenden AnsprOche, bei dem der Versatz in einem Bereich von etwa 1am
bis 25Lam liegt. 45 



6. Verfahren zum Herstellen eines thermischen Tintenstrahl-Druckkopfes, mit
den folgenden Verfahrens- schritten: Bilden einer laminaren elektrischen
Heizvorrichtung (10), Bilden einer Barrierenanordnung (12a bis 12c), um die
Heizvorrichtung teilweise zu umgeben, und Bilden einer DOsenplatte (18) mit
einer 50     Offnung (20) darin Ober der Heizvorrichtung, wobei der
Mittelpunkt der Qffnung und der Mittelpunkt der Heizvorrichtung zueinander
versetzt sind, wobei die Grofle des Offsets so gewAhft wird, dal Tr6pfchen
erzeugt werden, die von der Offnung mit einer Trajektorie ausgestolen
werden, die weniger als etwa 0,5 von einer Normalen zur Heizvorrichtung
abweichen. 55  7. Verfahren nach Anspruch 6, bei der die Grote des Offsets
im Bereich von etwa 1 am bis 25Lam liegt. Revendications 4           *   C
L    M    S    *    EP 0 313 341 B1 1. TUte d'impression par jets d'encre
thermique pour l'impression par jets d'encre sur un support d'impression
comprenant des moyens de chauffage 6lectrique laminaires (10), dont le
pourtour est substantiellement entour6e par une structure de barrieres
(12a-12c), et une platine-orifice (18) qui est situwe au-dessus des moyens
de chauffage (10), ayant un orifice (20) avec le centre d6cal6 par rapport
5      au centre des moyens de chauffage (10), et avec un d~calage entre le
centre de l'orifice (20) et le centre des moyens de chauffage (10)
produisant des gouttelettes d'encre qui sont ejectees de l'orifice (20)
selon une trajectoire a moins de 0,5 environ d'une ligne perpendiculaire a
la ligne des moyens de chauffage (10). 10  2. Tate d'impression par jets
d'encre thermique de la revendication 1 dans laquelie les moyens de
chauffage (10) sont command6s par des resistances. 3  Tate d'impression par
jets d'encre thermique de toute revendication pr~cedente dans laquelle les
moyens de chauffage (10) ont quatre cot6s dont le pourtour est entoure par
une structure de barrieres 15     (12a-12c) sur trois cot~s. 4. Tate
d'rimpression par jets d'encre thermique de toute revendication prbcedente
dans laquelle la platine-orifice (18) est substantiellement parallble au
moyen de chauffage (10). 20  5. Taite d'impression par jets d'encre
thermique de toute revendication pr6cedente dans laquelle la valeur du
d6calage varie de 1 um a 25um environ. 6. MIthode de fabrication d'une tate
d'impression par jets d'encre thermique comprenant les 6tapes:
d'elaboration de moyens de chauffage 6lectrique laminaires (10),
d'elaboration d'une structure de 25     barrieres (12a-12c) qui entoure
partiellement les moyens de chauffage, et d'61aborafton d'une platine-
orifice (18) comportant un orifice (20) situ6 au-dessus des moyens de
chauffage avec le centre de l'orifice et le centre des moyens de chauffage
decaI6 I'un par rapport a l'autre, dans laquelle la valeur du decalage est
choisie pour produire des gouttelettes qui sont 6ject6es de l'orifice selon
une trajectoire a moins de 0,5- d'une ligne perpendiculaire a la ligne des
moyens de chauffage. 30 7. Methode selon la revendication 6 dans laquelle
le d6calage vane de 1 am a 25 um environ. 35 40 45 50 55 I 1111 111111 III
111 1111111 5              *   C   L   M   S   *    


