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INK PATH GEOMETRY FOR HIGH TEMPERATURE
OPERATION OF INK-JET PRINTHEADS
TECENICAL FIELD
The present invention relates generally to thermal
ink-jet printers, and, more particularly, to thermal ink-
jet printers employing a heating means to aid in drylng ink
on the print medium.

BACKGROUND ART

Thefmal ink-jet printers which use heaters to dry ink

‘on prlnt medla can also cause the print cartridge to be

warmed s1gn1f1cantly, since the heater is generally near
the region of printing. This additional warming of the
print cartridge causes unigque problems in the operation of
the printhead. Though the invention described herein was
necessary only for one of the four inks used in a commer-
cial color thermal ink-jet printer employing such a heater,
it is generally applicable as a means of overcoming prob-
lems of high temperature operation on any ink-jet system
suffering from the problems described.

There is a supply channel leading from the ink reser-

voir to each nozzle in an orifice plate. This supply chan-

nel, or ink feed channel, is carefully designed to provide
a certain amount of resistance to flow. The optimal flu-

 idic resistance balances the need for quick refill against

the need for well-behaved (well-damped) refill dynamics.

The fluidic resistance is necessary to provide sufficient
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damping of the ink in the nozzle durlng the refill portion
of a drop ejection cycle. When a print cartridge is heated
as described above, the ink in the printhead becomes less
viscous. As a consequence, the fluidic damping is reduced,
which decreases the stability of the ink refill process.
In addition, the surface tension of the ink decreases as a
function of temperature. These effects combine to cause
the refilling ink meniscus to spill out onto the surface of -
the orifice plate, through which the ink is ejected from
the printhead, and theteby form puddles. These puddles

around the ink nozzles interfere with subsequent drop ejec-
tions.

Another consideration is that the warmer the print-
head, the larger the drop that is ejected. When larger
drops are ejected, the ink refill process starts with the
ink meniscus in a more deeply retracted position. The com-
binations of unstable ink refill, low viscosity, and a
deeply retracted meniscus makes the refill process suscep-
tible to air ingestion. Ingested air bubbles interfere
with subsequent drop ejection cycles, causing the next drop
(or drops) to be either weak or missing. .

Thus, what is required is a reconfigured printhead ar-
chitecture that takes into account the foregoing consider-
ations for thermal ink-jet printers employing a heating
means to assist in drying ink printed onto a print medium.

'DISCLOSURE QOF INVENTION

In accordance with the invention, the effects of heat-
ing on a printhead in a thermal ink-jet printer are compen-
sated for by making adjustments to the geometry, or archi-
tecture, of the printhead. Specifically, the dimensions of

two portions of the structure are adjusted to provide more
fluidic drag:
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(1) Increased channel damping: ‘

A portion of the damping is provided by the dimensions
of the ink feed channel leadinq towards the nozzle/resistor
area. The dimensions of this channel are altered in accor-
dance with the invention to provide a net increase in drag.
(2) Increase in "shelf" damping:

Additional fluidic damping is provided by the "shelf"
region, that portion between the edge of the ink refill
slot and the entrance to the ink feed channel. Increasing
the length of the shelf increases the damping. This shelf
length increase is most easily achieved by decreasing the
width of the ink refill slot.

The additional damping introduced by these geometrical
changes will alter the refill dynamics of the nozzle. In-
deed, the increased damping actually increases the theoret-
ical frequency response of the nozzle, since the ink menis-
cus starts at a less retracted position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a portion of a ther-
mal ink-jet printer, employing heating means, depicting the

relation of the print cartridge with its printhead to the

print medium and heating means; _

FIG. 2 is a cross-sectional view of a portion of the
printhead, showing deep retraction of the ink meniscus dur-
ing ink refill; '

FIG. 3 is a top plan view of a portion of a printhead,
comparihg the prior art barrier and shelf dimensions with
those in accordance with the invention;

FIG. 4 is a cross-sectional view taken along the lines
4-4 of FIG. 3; .

FIG. 5, on coordinates of substrate temperature (°C)

and shelf length, is a plot relating temperature to print
quality; and
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FIG. 6, on coordinates of avera§§7fﬁﬁsjz;az;:iz;—;i-
coliters) and frequency of operatidn (in Hertz), show plots
of the volume frequency response of the three architec-
tures, using cyan, yellow, and magenta inks.

BEST MODES FOR CARRYING OUT THE INVENTION

FIG. 1 depicts an ink-jet printer 10, showing a por-
tion thereof only, comprising a print medium 12 moved past
a print cartridge, or pen, 14 having affixed thereto a
printhead 16 in operative association with the print medi-
um. The printhead 16 establishes a print zone 18. As is
customary, the print medium 12 is moved along a paper path
in the printer, in the direction denoted by the arrow A,
and the print cartridge 14 is moved orthogonal thereto.
The print medium 12 is moved by a drive roller 20 onto a
screen 22. A drive plate 24, positioned after the drive

roller 20 and prior to the print cartridge 14 aids in hold- |

ing print medium 12 flat on the screen 22. The screen 22,
which acts like a platen, is perforated so as to permit the
dryihg of the print medium, as described more fully below.
The print medium 12 exits the print zone 18 by means of an
exit roller 26 and a plurality of starwheels 28 to be col-
lected in a paper collection means, such as a tray (not
shown) .

A recent modification in thermal ink-jet printers in-
volves the use of a heating means, generally depicted at
30, which is positioned close to the print zone 18. 1In

"FIG. 1, the heating means 30 is depicted as comprising a

print heater 32 and a reflector 34, which serves to concen-
trate the heat on the bottom of the print medium 12,
through the screen 22. However, it will be readily appar-
ent to those skilled in the art that the heating means 30
may comprise any of the usual heat sources, such as heating
elements, blowers, and the like, and the invention is not
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so limited as to the heating source. Nor is the invention
limited to the placement of the heating source, which may

" be ahead of the print zone 18, behind the print zone, or in

the print zone or which may be located beneath the print
medium 12, as shown, or above it.

FIG. 2 depicts in cross-section a portion of the
printhead 16, comprising a substrate 36, a barrier layer
38, and an orifice plate, or member, 40 with an opening, or
nozzle, 42 therein. The nozzle 42 is positioned above a
thermal element 44, commonly a resistor element, or heater-
resistor. In practice, the orifice plate 40 has a plurali-
ty of nozzles 42 in it, each one operatively associated
with a resistor 44, as is well-known. The present inven-
tion is not limited to the particular orifice member 40
employed, which may be separate or integral with the bar-
rier layer 38. Indeed,‘any orifice member overlying the

‘thermal element 44 may be employed in the practiceiof the

invention.

"In operation, ink 46 fills the ink feed channel 48;
each resistor is fed by such a channel, which is defined by
the substrate 36, the barrier layer 38, and the orifice
plate 40. Each resistor 44 is connected by an electrically
conductive trace (not shown) to a current source, which,
under control of a computer (not shown), sends current
pulses to selected resistors 44, causing a droplet of ink
to be expelled through the nozzle 42 and onto the print me-
dium 12 in a desired pattern of alphanumeric characters,
area f£ill, and other print patterns. The details of such
thermal ink-jet printers are described, for example, in the

Hewlett-Packard Journal, Vol. 36, No. 5, May 1985} and do

not form a part of this invention.

FIG. 2 depicts the meniscus 46a of ink 46 more deeply
retracted than usual, following a drop ejection, as a re-
sult of heating of the printhead from the heating source
30. Such deep retraction can result in the ingestion of
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air into the firing chamber 50 (that portion of the print-
head lying generally between the resistor 44 and the nozzle
42), the consequence of which is interference with subse-
quent drop ejection cycles, as described earlier.

FIG. 3, which is a top plan view of a portion of the
printhead, provides a comparison of the old configuration,
previously employed in thermal ink-jet printers not employ-
ing a heating source 30, and of the configuration of the
invention, employing such a heating source. For ease in
viewing, the nozzle plate 40 is removed. The old configu-
ration is depicted in dashed lines, while the new configu-
ration is depicted in solid lines.

Increased channel damping is provided in accordance
with the invention by altering the dimensions of the ink
feed channel 48 leading towards the nozzle/resistor area
(the firing chamber 50). Specifically, the cross-sectional
area of the ink feed channel 48 ié reduced, preferably by
simply reducing the width W of the channel to width W'. In
addition, the length L of the channel is increased to L°'.

The effect of shelf length on the overall quality of
performance is demonstrated in FIG. 5, discussed in greater
detail below. All data on this plot refer to designs where
the barrier was held constant at the narrower/longer dimen-
sion, all other parameters were also held constant except
for the shelf length. The damping plot (FIG. 6, also dis-
cussed in'greater detail below) shows the combined effect
of both shelf length and barrier dimensions.

While a portion of the damping is provided by the di-~
mensions of the channel leading toward the firing chamber
50, additional fluidic damping is providing by altering the
dimensions of the "shelf" region 52, as shown in both FIGS.
3.and 4. The shelf region 52 is that portion between the
edge 54a of the ink refill slot 54 and the entrance to the
ink feed channel 48. Inéreasing the shelf length S8 to S'
increases the damping. This shelf length increase is most
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easily achieved by decreasing the width of the assocxated
ink refill slot 54.

FIG. 4 depicts the ink flow path, shown by arrow B, up
through the ink refill slot 54, into the ink feed channel
48, and into the firing chamber 50. A passivation layer 56
lies over the substrate 36 and the resistor 44. This pas-
sivation layer typically comprises a silicon nitride-sili-
con carbide material, as is well-known. Additionally,
there are several other layers in the thin film construc-
tion of an ink-jet printhead; these are omitted from the
drawing for clarity.

The barrier extension, L' - L, and the shelf exten-
sion, 8' - S, are both depicted in FIG. 4.

In the prior art configuration, the edge 54a of the
shelf 54 is actually cut back underneath the passivation
layef 56 to a certain extent. The maximum allowable in
these structures is about =23 um. However, the shelf edge
54a nonetheless is still maintained some distance from the
outer extension 48a of the ink feed channel 48.

In the configuration of the in#ention, the edge 54a‘
of the shelf 54 is moved considerably away from the outer
extension 48a' of the ink feed channel 48. As noted above,
movement of the shelf 52 is best accomplished by narrowing
the width of the ink refill slot 54.

FIG. 5 is a plot of the range in which good print
quality is obtained, relating substrate temperature and
shelf length.  The shelf length in FIG. 5 is measured rela-
tive to the edge 56a of the passivation layer 56. However,
it will be appreciated that the actual length that governs
this damping relationship is the distance from the resistor
44 to the ink refill slot 54. The prior art printhead, op-
erating at room temperature, is seen to have a negative

shelf length relative to the passivation edge, as described
above. |

I
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The shelf length preferably ranges from about 30 um to
150 ym. At a value less than about 30 um, the temperature
that the printhead 16 experiences from the'heater means 30
would exceed the maximum allowable temperature for accept-
able print quality. At a value greater than about 150 um,
there is no further benefit, because the boiling point of
the ink becomes the upper limit of operation.

In the color thermal ink-jet printer with modified .
printhead as described abové, the following ink formula-
tions are preferably employed:
| Cyan:

about 5 to 15 wt%, and preferably about 7.9

wts, diethylene glycol,

about 0.5 to 5.0 wt%, and preferably about
1.1 wt%, Acid Blue dye (sodium cat-
ions), ' ' -

about 0.1 to 1.0 wt% bactericide, and pref-
erably about 0.3 wt% NUOCEPT biocide
(NUOCEPT is a tradename of Hiils Ameri-
ca, Piscataway, NJ),

balance water;

Yellow: :

about 5 to 15 wt%, and preferably about 5.4
wt%, diethylene glycol,

about 0.5 to 5.0 wt%, and preferably about
1.25 wt%, Acid Yellow 23-dye (tetra-
methylammonium cations),

about 0.1 to 1.0 wt% bactericide, and pref-
erably about 0.3 wt% NUOCEPT biocide,

about 0.08 wt% buffer, preferably potassium
phosphate,

balance water;

Magenta:
about 5 to 15 wt%, and preferably about 7.9
| wt$, diethylene glycol,
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about 0.5 to 5.0 wt%, and preferably about
2.5 wt%, Direct Red 227 dye (tetrameth-
ylammonium cations),
about 0.1 to 1.0 wt% bactericide, and pref-
erably about 0.3 wt% NUOCEPT biocide,
balance water; and
Black: '
about 5 to 15 wt%, and preferably about 5.5
wt%, diethylene glycol, _
about 0.5 to 5.0 wt%, and preferably about
2.5 wt%, Food Black 2 dye (lithium cat-
ions),
about 0.05 to 1.0 wt3% bactericide, and pref-
erably about 0.08 wt% PROXEL biocide
(PROXEL is a tradename of ICI America),

about 0.2 wt% buffer, preferably sodium bo-
rate,

balance water. _

It is with respect to the cyan ink that the above-
noted changes in the printhead geometry are made. This is
due to the greater effect of heat on the cyan ink than on
the yellow, magenta, -and black inks. Howevér, if other ink
formulations exhibit the same problems exhibited by the cy-
an ink noted herein, then the same changes in printhead ge-
ometry may be employed to overcome such problems.

The ink 46 that enters the ink refill slot 54 is pro-
vided from a reservoir (not shown) either contained within
the body of the print cartridge 14 or external thereto. In
a color printer, one or more print cartridges, each car-
tridge associated with one or more ink reservoirs, ﬁay be
employed. '

As an added benefit, modifyihg the geometry of the cy-
an printhead alsoc reduces puddling arocund the nozzle 42.
In the prior art geometry, puddling of ink around the noz-
zle 42 occurs. There are two consequences of this pud-
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dling. In the first consequence, the ink dries out as a
result of the effect of the nearby heater means 30, and the
dried ink is retrieved back into the nozzle 28 during the
retraction phase of ink refill. <The ink in the firing
chamber 50 is now rich with diethylene glycol and dye, and
when ejected, the droplets of ink have excessive dye load-
ing, thereby producing unacceptably dark images on the
print medium 12 for the first several droplets of ink until
the ink is purged with fresh ink.

In the second consequence of puddling, puddles of ink
near the orifice 42 can also misdirect subsequent droplets
of ink, resulting in the misplaced dots of ink on the print

‘medium 12, which adversely affect the printed image. For

example, in area-fill printing, bands of light area are ob-
served. The puddles of ink around the orifice 42 can even
be sufficient enough to block the nozzle completely.

The new geometry of the invention reduces the puddling
of ink to such an extent that both problems are substan-
tially eliminated.

FIG. 6 depicts the wvolume frequency response of the
architectures empioyed herein, with the yellow and magenta
inks fired from pens in which the printhead utilizes the
prior art architecture (Curves 58 and 60, respectively) and
with the cyan ink fired from a pen in which the pfinthead
utilizes the architecture in accordance with the invention
(Curve 62).- :

It will be noted that in these damping plots, the cyan
ink has significantly larger dfop volumes at the high end
of the frequencies. The reason that the drop volumes are
larger in cyan than in the other inks at a given frequency
is that there is more ink in the nozzle in cyan than in the
other two. The reason there is more ink is because less
ink was pushed down the channel 48 during the preceding
drop ejection. Less ink was pushed down the channel be-
cause of the increased fluidic resistance in the cyan ar-

, Case 1092271
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chitecture, provided in accordance with the invention.
This indicates that the cyan ink meniscus is never as deep-
ly retracted as the yellow and magenta menisci. As a re-

sult, the drop volumes of cyan are higher at the high fre-

quencies, and the refill time is actually shorter, since
‘the meniscus has a shorter distance to travel, an unexpect-
ed bonus benefit. (The refill frequency as used herein is
defined as the highest frequency at which the drop volume
is equal to very low frequency drop volume; see point 64
for magenta and yellow and point 66 for cyan in FIG. 6.)
Since the meniscus is distorted less in the cyan architec-
ture, it can be considered to be "better béhaved“.

A damping "figure of merit" appropriate for describing
the highly non-linear situation of ink refill is the ratio
of drop volume at a high operational frequency, normalized
by the drop volume at steady state (very low frequency).
For this comparison, 10,000 Hz is chosen for the high fre-
quency, and the flat portion of the curve (2,000 Bz and
lower) is chosen as the low frequency. As demonstrated in
FIG. 6, this value is (65 pl)/(lOO pl) for the cyan print
cartridge and (45 pl)/(95 pl) for the yellow print car-
tridge. (The magenta print cartridge is seen to have a
*fiqure of merit” similar to that of the yellow print car-
tridge).

' For structures delivering similar drop volumes at low
frequencies, these values can be compared to each other to
estimate relative damping performance. This comparison is
valid for the two structures (cyan versus yellow or magen-
ta) described herein. A larger value indicates more damp-
ing. Comparing the values shows that the cyan "fiqure of
merit" is 37% larger than that of the yellow (or magenta)
pen. This increase in damping is due to the combination of

the larger shelf and the more restrlcted ink feed channel
of the cyan structure.
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In the case of the printer described ﬂeféin; the
printhead temperature is considerably higher than print-
heads in the past due to the presence of the heater. How-
ever, in the future, as printhead nozzle spacing becomes
denser, operating frequencies are higher, to make higher
resolution images faster, the residual heat from drop ejec-
tions alone will be sufficient to cause elevated printhead
temperatures. In such cases, the architecture described
herein is also applicable.

INDUSTRIAL, APPLICABILITY

The modified printhead geometry for cyan ink having
the composition noted above is expected to find commercial
use in thermal ink-jet printers employing a heater means to
assist in drying ink printed onto a print mediumf

Thus, there has been disclosed a modification in the
geometry of printheads, particularly a printhead associated
with a cyan ink of a particular composition range, which
provides improved damping and reduced puddling in inks em-
ployed in thermal ink-jet printers employing a heater means
to assist in drying ink printed onto a print medium. It
will be readily apparent to those of ordinary skill in the
art that various changes and modifications of an obvious
nature may be made without departing from the spirit of the
invention, and all such changes and modifications are con-

' sidered to fall within the scope of the invention as de-

fined by the appended claims.
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1. In a color thermal ink-jet printer 10 including a
heater means 30 to provide a heated environment through
which a print medium 12 is passed, said color thermal ink-
jet printer adapted to print colors and black inks 46 from
a group of ink reservoirs, one each containing different
color and black inks, with at least one reservoir associat-
ed with a print cartridge 14 and with at least one'print
cartridge associated with said ink-jet printer, said at
least one print cartridge provided with a printhead 16,
each printhead including a plurality of heater-resistors
44, each in a firing chamber 50 supplied with ink from said
ink reservoir through an ink refill slot 54 f1uidically
communicating with said firing chamber by means of an ink
feed channel 48, said printhead further a nozzle member 40
comprising a plurality of nozzles 42, each nozzle associat-
ed with a heater-resistor, through which droplets of ink
are expélled'toward said print medium, wherein at least one
of said ink feed channel and said ink slot are modified in
a printhead associated with a particular color relative to
those of the other colors so as to provide increased fluid-
ic damping in said printhead so modified.

2. The printer of Claim 1 wherein said color inks com-
prise cyan, yellow, and magenta inks.

3. The printer of Claim 2 wherein said color inks are
given by the formulation '
Cyan:
about 5 to 15 wt% diethylene glycol,
about 0.5 to 5.0 wt% Acid Blue dye (sodium
cations),'
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about 0.1 to 1.0 wt% bactericide,
balance water; |
Yellow:
.about 5 to 15 wt% diethylene glycol,
about 0.5 to 5.0 wt% Acid Yellow 23 dye
(tetramethylammonium cations),
about 0.1 to 1.0 wt% bactericide,
about 0.08 wt$% buffer,
balance water;
Magenta:
about 5 to 15 wt% diethylene ‘glycol,
about 0.5 to 5.0 wt% Direct Red 227 dye
(tetramethylammonium cations),
about 0.1 to 1.0 wt% bactericide,
balance water; and '
Black: f
about 5 to 15 wt% dlethylene glycol,
about 0.5 to 5.0 wt% Food Black 2 dye (lith-
_ ium cations),
about 0.05 to 1.0 wt% bactericide,
about 0.2 wt% buffer,
balance water.

4. The printer of Claim 3 wherein said color inks are
given by the formulation |
Cyan:
about 7.9 wt% diethylene glycol,.
about 1.1 wt% Acid Blue dye (sodium cat-
ions), '
about 0.3 wt% biocide,
balance water;
Yellow:
-about 5.4 wt$% diethylene glycol,
about 1.25 wt% Acid Yellow 23 dye ftetra—
methylammonium cations), '
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5 about 7.9 wt% diethylene glycol,
about 2.5 wt% Direct Red 227 dye (tetrameth-
ylammonium cations),
about 0.3 wt% biocide,
balance water; and
10 Black:
about 5.5 wt% diethylene glycol,
about 2.5 wt% Food Black 2 dye (lithium cat-
ions),
about 0.08 wt$ biocide,
15 about 0.2 wt% sodium borate buffer;
balance water.

5. The printer of Claim 2 wherein said fluidic damping

of said cyan printhead is increased.
20 _
" 6. The printer of Claim 1 wherein said fluidic damping
- is increased by increasing the length of said ink feed'
channel and by decreasing the width of said ink feed chan-
_ nel.
25 _

7. The printer of Claim 1 wherein said fluidic damping
is increased by decreasing the width of said ink refill
slot so as to thereby increase the shelf length 52 between
the edge of said ink refill slot and the entrance of said

30 ink feed channel.

8. The printer of Claim 7 wherein said shelf length
ranges from about 30 to 150 um, relative to a reference
point defined by the edge of a passivation layer 56 associ-

35 ated.with said heater-resistor.
[ — ' Case 1092271
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about 0.08 wt% potassium phosphate buffer,

balance water;
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