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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.
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herei n,.®Mas necessary only for one of the four
colqr thermal ink-jet printer enploying such a 1y
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5 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

ks_used in a commercia

10 the printhead, and thereby form puddles. These puddles
around the ink nozzles interfere with subsequent drop ejec-
tiomns.

Another consideration is that the warmer the print-

head, the larger the drop that is ejected. When larger

15 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

20 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

25 means to assist in drying ink printed onto a print medium.

'DISCLOSURE QOF INVENTION

In accordance with the invention, the effects of heat-
30 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:
35

Case 1092271

This Sheet Has Been Re‘ilaced

L lIlIl I




refill portion of a drop ejection cycle. \Wen a print car- 2 Substitute
sheet - 15 Septenber 1998 tridge is heated as descrjibed-akewe=tTg ink in

the print- head becones | ess viscous. As cons

poepeet hesSBERNilc danpi ng
‘i's reduced, which decreases the stabil- ity of §he |r&%puﬁ05 pr ogiess. I n

addi tion, th 15U haeRakel- chhARedf dhlifihRk decr kases—as—a—ftanction of
SpiTT out ont o'“?ﬁi SHEFCS oF TS5 Bkl by Ton e ten 7
ej ected fromoEhgherink hfwst chathrdledeadingr toputddsetheThoselplddsstaround
the ink area. The dimensions of this channel are altered in accor-
5 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

10 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-

15 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
20
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; .
25 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
30 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
35 quality; and
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ption is
that.the warnmer the print- head, the larger the|\d id When
Iarger drops are ejected, the ink refill ®proces i ik
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archi t ect ur ethes, t akengi oyan acyelhow; han@omagenhg mnhs.5|derat|ons for

therneg I nk-jet printers enploylng a heat- ing means to assist in drying
ink printed onto a print

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

10 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,

15 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,

20 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

25 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.'l, the heating means 30 is depicted as comprising a

30 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

35 elements, blowers, and the like, and the invention is not
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medi um DI SCLOSURE OF | NVENTI ON | n accor dance 'the

BEBN,
effects of heating on a printhead in a thernal \@%_=§i£2ﬁ§€er ar
conpensated for by naking adjustnents tosthe gdbne- ecture,
‘of the printhead. Specifically, the di mensi ons of two portions of the
structure ar@oablimﬁted a9 womdmmmélmw&@edragor(ﬂs) e riansait Kdmnnel

danpi ng: A tion.o ampin oyi.d by .the dimen- si.ans of the
i nk feed cha +t?% é?ngg? Rg?ﬁ?ﬂ?ﬁg ﬁ % (ﬁeQQLng source, Whlsi
" be ahead of the print zone 18 behind the print zone, or in

the print zone or which may be located beneath the print
5 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

10 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

15 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;

20 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

25 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

30 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

35 30. Such deep retraction can result in the ingestion of
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zl e/resistor area. The di nensions of this chanpel _are alLeLed*Lg*accordance

with the invention to provide a net increase ||-ﬂnggpgéihﬂggggnﬁ in
"shel f" -danpi ng: Additional fluidic danpeng is!iprovimged doeg he "ghel £
‘region, that portion between the edge of the i ' he

entrance to aie imkofeke £imimplchdmvers0 npthde pergion off titee gheide-

by decr easi rEe T ReL o (FHSRFiES bl cnlf 1Ra3RCCT MPhadoong TS o
introduced b42) hetbegeonsaguenegel ofhyhdeh via Iinfanfenence oith sghﬁsncs of

the noz- zl ec;uéﬂé‘%ﬁo tQgeemﬁaéfélgerrpaggdag&y%éa kBEig¢ases the
theoreélcal requegcy response of” the hozzl e, since

. 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

10 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
15 feed channel 48 leading towards the nozzle/resistor area
(the firing chamber 50). Specifically, the cross-sectional
area of the ink feed channel 48 is 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°'.
20 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
25 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
30 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'
35 increases the damping. This shelf length increase is most
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the ink meniscus starts at a less retracted; éﬁggggo.,chPTION OF
THE DRAWNGS FIG 1 is a schematic draw ng a@ng a tiper- nal

ink-jet printer, enploying heating means, 7dg he—+etat+on of the
‘print’ cartridge with its printhead to t he print nedlun1and heat i ng nmeans;

FIG 2is a q&i& eé‘énﬁwédmfva@éreaaeﬁgleﬂeohaha of %h%ula%tsaéﬂa&eﬁﬂeet
- 15 Sept enber Fiér%i] showi ng deep retraction of the ink neniscus
during |nk|%¥43Ireq$ top plan view of a portion of a printhead,

FIG. 4 depicts the ink flow path, shown by arrow B, up

through the ink refill slot 54, into the ink feed channel

5 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-

10 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

15 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.

20 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.

25 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

30 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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conparing the prior art barrier and shelf di nmen-.

sions with those in

accordance with the invention; FIG 4 is a cros{-saatdrpa HAE BREN 3

en al ong
the lines 4-4 of FIG 3; FIG 5. on coorginates]jof suﬁﬁigﬁgegtenperature
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BEST NCDESl%ﬂ%é>%ﬂ2”§%§&%ﬁggﬁﬁidf@ﬂﬂ&rigﬁzgs from the'heater means 30

would exceed the maximum allowable temperature for accept-

5 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 above, the following ink formula-
10 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-

15
' 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-
20 ca, Piscataway, NJ),
' balance water;
Yellow: :
about 5 to 15 wt%, and preferably about 5.4
wt%, diethylene glycol,

25 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,

30 about 0.08 wt% buffer, preferably potassium
phosphate,

balance water;
Magenta:
about 5 to 15 wt%$, and preferably about 7.9
35

wts, diéthylene glycol,
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FIG 1 depicts an ink-jet printer 10, showing a por-.tion
conpri.sing a print medium 12 noved past a prin
havi ng affi xed thereto a printhead 16 i ngopera | Ve agspcAGED ON W
~print medium The printhead 16 establishes a p

Custﬁma(rjy, the pr:jnt rregl grrhﬂ:ﬁutsormved; sl.mgrta%h Daged p@éfbtéblfleaﬁétﬂter
in the direction denote y the o] art e 14
moved orthogonal thereto. The pr?h% ¥#4;L§gl '?3“%%333 g 5%“? Ter
onto a screen 22. A drive plate fiamposiunimonadiahigr, the dr|ve roller 20
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20

and prior to the print cartébgq@ 44,akdsyip QdebﬁthERQEdQEdA#H1é§ %Lat on

the screen 22. The screen 22, acts F . 1S pe
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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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5 Substitute sheet - 15 Septenber 1998 to perm
medi um as described nore fully below The pri
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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-
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concentrate the heat on the bottomof the pripnt nedium 12, through the

screen 22. However, it will be readlly apparin el in the art
- that the heating means 30 may conprise agpy of %HEPSﬁaﬁiﬁﬁéngoo rces, such
as heating elenents, blowers, and the liKke, 4 not so

linited as tghiheckasd, ngpsewided Nar a&cblaaanaéermm ltha t eAlvéRtibA.
pl acenment of Fhe he tlng SOﬁﬁ ﬁ whi ch be ahead of, the print éone
behi nd the prPAe }6 &Ca5PS| hhe ?ﬁl$¥a§ SERAAHF hy B5YSF 028t 28 Baneat h

the print nmedyuretZactedslmvtheryeddome and Fidgertalepeniscin cAsss- seetion
§8p°;$]h°2n°gfh?. cgrtp ;tdé%%a%iﬁ%‘éogﬁr 8%99%95?]&12%5 bt §t3§heah98fxrk§e | ayer
5 guencies, 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

10 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 behaved".

A damping "figure of merit" appropriate for describing
the highly non-linear situation of ink refill is the ratio

15 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

20 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).

25 ' 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-

30 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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nozzl e, 42 therein. The nozzle 42 is positioned_above a thernal_elenent 44,

commonly a resistor elenent, or heater-reS|stoJ Thﬂsgm_ ) yorifice
plate 40 has a plurality of nozzles 42 ip,it C dpe”o _ : associ -

"ated'with a resistor 44, as is well-known The'pﬁesentun.””' | s not

imted to the paryi alarcash ise %ﬁ@beﬁsrgﬂtsfplda%m@a cheBYnbe gpparate

or integral with the barrier |ayer orifice ne ef overlying
6 Substitut epgmféheadlsegessféﬁﬁgﬁ f@gscwélqlmm bighert thenymrint-
enpl oyed in RELPr 2Rt tEE Pdst "@ué WE&NthéNpresence of the heater. How-

ever, in the future, as printhead nozzle spacing becomes
5 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.
10

INDUSTRIAL, APPLICABILITY

The modified printhead geometry for cyan ink having

the composition noted above is expected to find commercial

15 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
20 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
25 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.

30
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In operétion, ink 46 fills the ink feed channel 48; each resistor is fed by

suech a=channe
and the or|f|q$m@hgh%5é

conduct i ve trac

fill, and

other print patterns. The details of such thermal ink-jet

which 1s defined by the substrate 36, the barrier |ayer 38,
gBaresistor 44 is connected by an electrically

to a current source, ch, under contro
conmput er (not s urrent pul 48s to seljgi 55T,
causi ng a dropl e expel | ed through tine noz wJ:Hé ?éﬁﬁ”o to the
a

print medium 12 in a de5|red pattern GLAIMShanu

of a

printers are described, for exanple, in the Hew ett-Packard Journal, Vol.

36, No. 5,

Wpat] e Cladmeth I8t form a part of this invention. FIG 2

. depicts the neniscus 46a of ink 46 nore

5

10

15

20

25

30

35

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),'

AR
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deepl ymt‘erd—rhaﬁ—us&al foll owing a drop [Bfeeiig
_ heﬁ“”@’fﬁbﬁc&@—laﬁ tRh ad fromthe heati ng sou cé‘Hlsm,_g

can resu ®dtjon of air into the f|r|ngu
portion i lmm
nozzle 4 ence w th Subsequent drop

d lying generally betwee
ence of which is iqmterfer- _

ejection cycles, as described earlier. FIG 3, which is a top plan view of

a portion of the printhead, ammlvi(ue]s teo chnpawtt & Bactetiwidé d confi gura-

tion, previously enployed | %Tﬁw &F jet printers not enploying a

heat i ng source 30, and of t con i'guration of the invention, enploying

such a heating source.JEbLJease in viewng, the nozzle plate 40 is renoved.

The ol d about 5 to 15 wt% diethylene glycol,
5 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;
o 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,
15 balance water; and '
Black: t
about 5 to 15 wt% dlethylene glycol,
about 0.5 to 5.0 wt% Food Black 2 dye (lith-
_ ium cations),
20 about 0.05 to 1.0 wt% bactericide,
about 0.2 wt% buffer,
balance water.

t hat

4. The printer of Claim 3 wherein said color inks are
25 given by the formulation |
Cyan:
about 7.9 wt% diethylene glycol,.
about 1.1 wt% Acid Blue dye (sodium cat-
ions), '
30 . _ about 0.3 wt% biocide,
balance water;
Yellow:
-about 5.4 wt$% diethylene glycol,
about 1.25 wt% Acid Yellow 23 dye (tetra—
35 | methylammonium catlons),

Case 1092271
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conflg%ratlon I s depicted in dashed lines, while ration is
deplcte Hmmﬂelagg 7 Substitute sheet - 2
Increas Ing.is provided in accord- I hvemti on by
‘alteri ns of the ink feed channel he

nozzle/re5|stor are (the firing chanbel550) SpeC|f|caIIy, the cross-sec-
tional area of the ink feed channel 48 is reduced, prefer- ably by sinply
reducing the width Wof thabesinReB wW&¥wbdogide, n addition, the length L

of the channel is increasedhb@tl0.08 wt% potassium phosphate buffer,
| balance water;
_ Magenta:
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 Blacks:
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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The effect of shelf length on the overall quality of performance is
defonstrated in FIG 5, discussed in greater detail below Al data on this
plot refer to designs where the barrier was held constant at the nar-
rower/ |l onger dinension, .all other paraneters were also held constant except
for the shelf length. The danping plot (FIG 6, also discussed in greater
detail below) shows the conbined effect of both shelf length and bar- rier
di rensions. Wile a rid on,of the damping by the di nensi ons of
t he channel IeadingF$26;td he firing cha tional fluidic
danping is providing by altering the dine "shel f" regi®n 52,
as shown in both FIGS. 3 and 4. The shelf t hat

I
50, ad
ons of t
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R
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portion between the edge 54a of the ink refill slot 54 and the entrance to
the jnk feed channel 48. Increasing the shelf Iengt____LQ~S__LnGLeases—the
danping. This shelf length increase is nost easily achieved f decre i ng

"the width of the associated ink refill slot 54. FIG This fl ow
path, shown by arrow B, up through the ink refill slot m |nk
feed channel 48, and into the firing chanber 50. A pas
| ies over the substr and-¢ he resistor 44. This passivation Iayer
typically conprises Ztslzgcon tride-sil- 8 Substitute sheet - 15

Sept enber 1998
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icon carbide material, as is well-known. Additiomatiy,”there are severa
athers.layers in the thin filmconstruc- tigp of..AhsBRKRE &mprlnthead t hese
aré omtted fromthe drawing for clarity. nS|on L' L,
and the shelf exten- sion, S - S, are both Hmln' . In the pri or
art configuration, the edge 54a of the shelf y cut back

under neat h the passivation layer 56 to a certain extent. The maxi mum
al  owabl e in these structures |s about -23 [err]m However, the sheglf edge

54a nonet hel ess j d_saoe distance fromthe qluter exkensi on
48a of the ink fged chapnel 48. In the confijgurati ¢n of the invdntion, the
edge 54a' of the|lshelf {4 i ved cgnsi der gbly am@y fromthe L
- Q
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outer extension 48a' of the ink feed channel 48. As noted-above, novement
of the shelf 52 is best accom plished by narrowi ng the w dth_ of étegﬁ 143k
refill slot 54. FIG 5 is a plot of the range in which ty
“is obtained, relating substrate tenperature and shelf le Eﬂgﬂ“
length in FIG 5 is neasured rel- ative to the edge 56a i on
| ayer 56. How ever, it will be appreciated that the actual |ength that
governs this danping relationship is the distance fromthe resistor 44 to
the ink refill slot 54. The prior ara_ pri nt-Eead, operating at room
tenperature, is seen to have a negatnve shel® length relative to the

passi vati on edge, as described abov® The sh®lf |ength pre%rabl y ranges
from about 30 ™ oy T
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[LerrImto 150 [err]m At a value |less than about 30 [err]m the tenperature
that -the printhead 16 experiences fromthe heater neans 30 woul d exceed the
maxi mum al | owabl e tenperature for acceptable print quality. At a val ue 9
Substitute sheet - 15 Septenber 1998 greater than about 150 [err]m there
is no further benefit, because the boill6ig point of the ink becones the
upper limt of operatlon In the color thernal |nk jet printer with
nmodi fi ed printhead asiBMEcRATE BIRY FOR AL RALURBr nul a- tions are

preferably enployed: OPERATION OF INK-JET PRINTHEADS

ABSTRACT OF THE DISCLOSURE

- The effects of heating on a printhead (16) used in a
thermal ink-jet printer (10) provided with a heating means
(30) to assist in drying ink on a print medium (12) are
compensated for by making adjustments in the geometry, or
10 architecture, of the printhead. Specifically, the dimen-
sions of two portions of the structure for a cyan printhead
are adjusted to provide more fluidic drag, first, by in-
creasing the channel damping, and second, by increasing the
shelf damping. The channel damping is increased by alter-
15 ing the dimensions of the ink~feed channel (48) leading to- -
wards the nozzle (42)/resistor (44) area, or firing chamber i
(50), specifically, by both lengthening and narrowing the
ink feed channel. The shelf damping is increased by in-
creasing that portion (52) between the edge (54a) of the
20 ink refill slot (54) and the entrance to the ink feed chan-
’ nel. This increase in shelf length is most easily achieved
by decreasing the width of the associated ink refill slot.

(Hg. %)

sy
L4
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Cyan: apout 5 to 15 wt
about 0.5 to 5.0 wt%
cations), about 0.1 to
NUCCEPT bi oci ‘de (‘NUO-
bal ance water; Yellow

di et hyl ene gl ycol , ﬁn/.lé 0.7 to 5.0 W& i:

20

%

and preferably about 7. 9 wt%

d| et hyI ene glycol.

and- preferably aboJt
1.0 wt % bactericid
CEPT is a tradenang
about 5 to 15 wt %

gf’at
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| Uum
’ "‘F%bou‘iGO 3| wt %
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wt% Acid Yellow 23 dye (tetranmet hyl anmmop- niumcations). about 0.1 to 1.0
wt %.bactericide, and prefera- bly about 0.3 wt % NUOCEPT bi oci de, about 0.08
wt % buf fer, preferabty potassium phosphate, bal ance water; 10 Substitute
sheet - 15 Sept enber 1998 Magenta: about 5 to 15 wt % and preferably about

7.9 wt % diethyl ene glycol. Substitute sheet - 8 July 1996

FIG 3 2/4

54 52 | 38

— 2

48’
| FIG. 4
54’ 56q 38 40 42 0
y//////m/// )
8 | 48 50
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-

" about 0.5 to 5.0 wt % and preferably about 2.5 w% Direct Red 227 dye

(tetranmet hyl ammo- nium cations), about 0.1 to 1.0 w % bactericide, and
prefera- bly about 0.3 wt % NUOCEPT bi oci de, bal ance water; and Bl ack: about
5to 15 wt% and preferably about 5.5 wt%err] diethylene glycol, about 0.5
to 5.0 W% and preferably about 2.5 W% Foag|,JdtrGte shébte 8lJuii1996
cations), about 0.05 to 1.0 wt % bact 8/#cide, and prefera- bly about 0.08

wt % PROXEL bi oci de (PROXEL is a tradenane of 1Cl Anerica), %
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about 0.2 wt% buffer, preferably sodium borate, balance water. It is with
respect to the cyan ink that the above- noted changes in the printhead
geonetry are nmade. This is due to the greater effect of heat on the cyan
ink than on the yellow, nmgenta, and black inks. However, if other ink

fornul ations exhibit the same probl ens exhi b-ghgfuty shéet cgaluly 18t ed
herein, then the sanme changes in printigead geonetry nmay be enployed to

over come such probl ens. 11 Subst#tute shégt - 15 Sept enber 1998
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The ink 46 that enters the ink refill slot 54 is pro- vided froma
reservoir (not shown) either contained within the body of the print

cartridge 14 or external thereto. In a color printer

cartridges

consequences of this puddli ng | 3 p . dgd e
as a result of the effect of the near by ﬁﬁﬁm(ﬂ}ansrwd gﬁ’ W%ddrl e
Is retrieve
refill. The

wwss AR TUAE
q% + te Péo%dtneo

. 4
h | e 28 durli Iﬂgﬁé’*ﬁt‘g@brgaﬂdoﬁ- §g€ of" i
Nt FIELD © O astiact  : poged o 0 paged

The present mventxon relaysg ‘
ink-jet printers, and, more partlcularly to thermal :nk—;et

printers employing a heating means to aid in.drying mk
on the print medium.

BACKGROUND ART

Thermal ink-jet printers which use heaters to dry
ink on print media can also cause the print cartridge to
be warmed significantly, since the heater is generally
near the region of printing. This additional warming of
the print cartridge causes unique problems in the oper-
ation of the printhead. Though the invention described
herein was necessary only for one of the four inks used
in a commercial color thermal ink-jet printer employing
such a heater, it is generally applicable as a means of
overcoming problems of high temperature operation on
any ink-et system suffenng from "the problems
described.

There is a supply channel leading from the ink res-

“ervoir to each nozzle in an orifice plate. This supply

channel, or ink feed channel, is carefully designed to
provide a certain amount of resistance to flow. The opti-
mal fluidic resistance balances the need for quick refill
against the need for well-behaved (well-damped) refiil
dynamics. The fluidic resistance is necessary to provide
sufficient damping of the ink in the nozzle during the
refill portion of a drop ejection cycle. When a print car-

ar

, one or nore print
, each cartridge associ at ed \Mggbmt@rshaefeﬂsniae@mer Y998s,
may be enployed. As an added benefit, modriyrng e georre ry 0 € cyan

printhead al so reduces“\ﬂﬁ ﬂyt NS
geonetry, puddling of In ﬁﬂ'ﬂ-“@&'@ 3 ‘

S out
d i nk
hk
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thanber 50 is now rich with diethylene glycol and dye,

the droplets

of ink have excessive dye |oading, thereby producing

and when ej ected,

Uhacceptably dark inmages on the print nmedium 12 for the first several drop-

lets of ink until the ink is purged w téh
consequence of puddling, puddles of ink

m sdi rect subsequent droplets of ink, resulting in the msplaced dots
ink on the print medium 12, which adversely affect the prin

] ted i nmgge.
exanpl e, in atridgelis heatedas desmibediabova.eﬁ\enahwéﬁecpm‘lte

puddl es of in
t he nozzle co

hefal Kellrnds 105S {istBul! TAS s thinskelafita "iie

fluidic damping is reduced, which decreases the stabil- -

ity of the ink refill process. In addition, the surface ten-
sion of the ink decreases as a function of temperature.
These effects combine to cause the refilling ink menis-
cus to spill out onto the surface of the orifice plate,
through which the ink is ejected from the printhead, and

‘thereby form puddles. These puddles around the ink

nozzles interfere with subsequent drop ejections.

Anocther 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 pasition. The
combinations of unstable ink refill, low viscosity, and a
deeply retracted meniscus makes the refill process sus-
ceptible 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
architecture that takes into account the foregoing con-
siderations for thermal ink-jet printers employing a heat-
ing means to assist in drying ink printed anto a print
medium.

DISCLOSURE QF INVENTION

In accordance with the invention, the effects of
heating on a printhead in a thermal ink-jet printer are
compensated for by making adjustments to the geome-
try. or architecture, of the printhead. Specifically, the

substituteBheet R 1818eptsiAbEr 1998
ear e orirtice can al so

of
For

bl ock
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‘puddl ing of ink to such an extent that both problens are substantially
el i m nat ed. 12 Substitute sheet - 15 Septenber 1998 FIG 6 depicts the
vol une frequency response of the architectures enployed herein, with the

yel low and magenta inks fired from pens gubsthisedshéer -plﬁrs#adwbmng%zes
the prior art architecture (Curves 58 an . respectively) and with the
cyan ink fired froma pen_in which the:printhead utilizes the architecture

in accord- adimensions-of wenpartioasrof the)structure are adjustedat in
these danpi ng, RUvidé thdréfluidic drag:

1) In hann ving: -

A portion of the damping is provided by the dimen-
sions of the ink feed channel leading towards the noz-
~ 2lefresistor area. The dimensions of this channel are -
altered in accordance with the invention to provide a net

increase in drag. '

 {2) Increase in "shelf” damging:

Additional fluidic damping is provided by the “shelf”
region, that portion between the edge of the ink refill siot
and the entrance to the ink feed channel. Increasing the
length of the shelf increases the damping. This sheif

length increase is most easily achieved by decreasing
the width of the ink refiil slot. }

The additional damping introduced by these geo-
metrical changes will alter the refill dynamics of the noz-
zle. Indeed, the increased damping actually increases
the theoretical frequency response of the nozzle, since
the ink meniscus starts at a less retracted paosition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a portion of a ther-
mal ink-et printer, employing heating means,
depicting the relation of the print cartridge with its
printhead ta the print medium and heating means;

FIG. 2 is a cross-sectional view of a portion of the

This is the replacement sheet
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ink has significantly larger drop volunes at the high end of the
frequencies. The reason that the drop volunes are larger in cyan than in
the other inks at a given fre- quency is that there is nore ink in the

nozzle in cyan than in the other two. Bh8ubetiag sheet e 15 Septeanbek 1098
because | ess i nk was pushed down the channel 48 dur- i1ng the preceding drop
ejection. Less ink was pushed down the channel because of the increased

fluidic resistancprinthead;yshewing cdeep retractioni noficthed-inkce with

the invention. This indicat s thath'% nk meni scus is never as deeply

‘retracted as the ¥8 ﬁmm Knﬁﬁfgﬁn IAs a result, the drop vol unes
o et SIS, T B o o Pt f o riehead, - Lo

comparing the prior art barrier and shelf dimen-
sions with those in accordance with the invention;
FIG. 4 is a cross-sectional view taken along the
lines 4-4 of FIG. 3;
FIG. S, on coordinates of substrate temperature
(°C) and shelf length, is a plot relating temperature
to print quality; and
FIG. 6, on coordinates of average drop volume (in
picoliters) and frequency of operation (in Hertz),
show plots of the valume frequency response of the
three architectures, using - cyan, yellow, and
magenta inks.

BEST MODES FOR CARRYING OUT THE INVEN-
TION

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 assaciation with the print
medium. 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 raller
20 onto a screen 22, A drive plate 24, positioned after
the drive roller 20 and prior to the print cartridge 14 aids
in holding print medium 12 fiat on the screen 22. The
screen 22, which acts like a platen, is perforated so as

This is the replacement eheet
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tance to travel, an unexpected bonus benefit. (The refill frequency as used
herein is defined as the highest fre- quency at which the drop volune is
edqual to very |ow frequency drop vol une; see point 64 for nmagenta and

yell ow and point 66 for cyan in FIG 6.5 SGbstitutehshesthRi 56 Sepsernberli199& t ed
less in the cyan architecture, it can be considered to be "better behaved".

A danmping "figure of nerit" appropriate for describ- ing the highly
non- |

opor at 1 onal AL BEATYE the dnving ‘of e printroediven, Bs deserbed: 1905

more fully below. The print medium 12 exits the print
zone 18 by means of an exit roiler 26 and a plurality of
starwheels 28 to be collected in a paper collection
means, such as a tray (not shown).

A recent modification in thermal ink-jet printers
invaives the use of a heating means, generally depicted
at 30, which is positioned close to the print zone 18. In
FIG. 1, the heating means 30 is depicted as comprising
a print heater 32 and a reflector 34, which serves to
concentrate the heat on the bottom of the print medium
12, through the screen 22. However, it will be readily
apparent 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 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 print-
head 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
plurality of nozzles 42 in it, each one.operatively associ-
ated with a resistor 44, as is well-known. The present
invention is not limited to the particular orifice member
40 emplayed, which may be separate or integral with the
barrier layer 38. Indeed, any orifice member overlying

This is the replacement sheet

Daté: 1 5 SFP 1998



tzed by the drop volume at steady state (very low fre- quency). For this
conmpari son, 10,000 Hz is chosen for the hi gh frequency, and the flat
portion of the curve (2,000 Hz and lower) is-chosen as the Iowfrequency

As denpnstrated in FIG 6. this val ue BsSbstitoke shaéo- §6)Sé

print cartridge-and (45 pl)/(95 pl) for t e yel | ow print cartrldge. (The
magenta print cartridge is seen to have a "figure of nerit" simlar to that
of- the yello | ﬁﬁgre@ﬁ? rfmtheiprdctice op

vol unes at I\(,)( rtgqbuenmles t eggﬁme%glgg@mo*%gred topepach other to
estimate rel 20f Bejinyent lQﬁrformance This conparison is valid for the two

structures (cyan ‘/ﬁrabse’)ﬁlbﬁw mknageﬁt“@ tﬂ%‘ih@?&e@r&ﬁﬁmﬁl’ w;er val ue

each resistor is fed by such a channel, which is defined
by the substrate 36, the barrier layer 38, .and the orifica
plate 40. Each resistor 44 is connected by an electrically
‘conductive trace (not shawn) 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 nozzie 42 and onto the print
medium 12 in a desired pattern of alphanumeric charac-
ters, area fill, and other print patterns. The details of
such thermal ink-jet printers are described, for example,
in the Hewlett-Packard Journal, ‘Vol. 36, No. S, May
1988, and do not form a part of this invention.

FIG. 2 depicts the meniscus 46a of ink 46 more
deeply retracted than usual followmg a drop ejection,
as a rasult of heating of the printhead from the heating
source 30. Such deep retraction can result in the inges-
tion-of air into the firing chamber 50 (that portion of the
printhead lying generally between the resistor 44 and
the nozzle 42), the consequence of which is interfer-
ence with subsequent drop ejection cycles, as
described earlier.

FIQ. 3, which is a top plan view of a portion of the
printhead, provides a comparison of the old configura-
tion, previously employed in thermal ink-jet printers not
employing a heating source 30, and of the cantiguration
of the invention, employing such a heating source. For
easa in viewing, the nozzle plate 40 is removed. The old
configuration is depicted in dashed linas, while the new
configuration is depicted in solid lines.
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i ndi cates nore danpi ng. Conparing the values shows that the cyan "figure of
nmerit is 37%Ilarger than that of the yellow (or nagenta) pen. This increase
i n-danping is due to the conbination of the |arger shelf and the nore

restricted ink feed channel of the cyan7 Substituteeshddt 4 18 Spiembler (1998
printer described herein, the print- head tenperature 15 considerabply
hi gher than print-- heads in the past due to the presence of the heater.

However, in the flncmased chanmelddamping ris providedein @osord-
SRR eyt it v e RS
glegcr :/gte gdhg;uglkn f?ed charnel ulesleadmgqu thee rrozbie/ressistor
arda' (thé fifing ehambér 50). Specifically, the cross-sec-
tional area of the ink feed channel 48 is reduced, prefer-
ably 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 nar-
rower/longer dimension, all other parameters were also
held constant except for the shelf length. The damping
plot (FIG. 6, also discussed in greater detail below)
shows the combined effect of both shelf length and bar-
rier dimensions,

While a portion of the damping is provided by the
dimensions 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. Increasing the
shelf length S to S’ increases the damping. This shelf
length increase is mast easily achieved by decreasing
the width of the associated 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 lias over the substrate 36 and the resistor 44. This
passivation layer typically comprises a silicon nitride-sil-
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14 Substitute sheet - 15 Septenber 1998 | NDUSTRI AL APPLI CABI LI TY The
nodi fi ed printhead geonetry for cyan ink hav- ing the conposition noted
ahove is expected to find comrercial use in thermal ink-jet printers

enpl oying a heater neans to assist in @rg,pstituts gp,@bfltq(ﬂ; gaéﬁ;,ﬁb@rrqggs
medi um Thus, there has been disclosed a € geonetry of
print heads, partlcularly a printhead associ at ed Mﬁth a cyan I nk of a
particul ar cofegi ' ¢4Pold8® atdridl,"ay' i WIkIHEWA: "RAitfRaIfy, o
there are several other Iayers 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 sheif exten-
sion, S’ - 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
layer 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 invention, 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 accom-
plished by narrowing the width of the ink refill siot 54.

FIG. S 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 rel-
ative. to the edge 56a of the passivation layer 56. How-
ever, 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 print-
head, operating at room temperature, is seen to have a
negative shelf length ralative to the passnvatxon edge, as
described above,

The shelf length preferably ranges from about 30
um to 180 um. 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 acceptable print quality. At a value
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puddling in inks enployed in thermal ink-jet printers enploying a heater
nmeans to assist in drying ink printed onto a print nmedium 15 Substitute
sheet - 15 Septenber 1998 Clains 1. A color thermal ink-jet printer (10)

i ncl uding a heater neans (30) to providg gjggqagﬁgswrmrggﬁtewe@uggg\hl ch
a print medium (12) is passed, said col or™THermar nk-j et printer adapted

to print colors and black inks (46) froma group of ink reservoirs, one
each containing different color and black inks,

greater than about 1SQ 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 abave, the foilowing ink formula-
tions are preferably employed:

Cvan:

about S to 15 wt%, and preferably about 7.9
wt%, diethylene glycal,

about 0.5 to 5.0 wt%, and preferably about 1.1
wt%, Acid Blue dye (sodium cations),

about 0.1 to 1.0 wt% bactericide, and prefera-
bly about 0.3 wt% NUOCEPT biocide (NUQ-
CEPT is a tradename of Hils America,
Piscataway, NJ),

balance water;

Yellow:

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

about 0.5 to 5.0 wt%, and preferably about 1.25
wt¥, Acid Yellow 23 dye (tetramethylammo-
nium cations),

about 0.1 to 1.0 wt% bactericide; and prefera-
bly about 0.3 wt% NUQCEPT biocide,

about 0.08 wt% buffer, preferably potassium
phosphate,

balance water;
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wi'fh at | east one reservoir associated with a print cartridge (14) and with.
at least one print cartridge associated with said ink-jet printer, said at
| east one print cartridge provided with a printhead (16), each printhead

including a plurality of heater-resistppsubdfiiuteasiet - & Septembec i 8&er
(50) supplied with ink fromsaid ink reservoitT tnrough an rnk refill slot
(54) fluidically communicating with said firing chanber by neans of an ink
feed channel (48), said print- head further a nozzle nenber (40) conprising

a plurality of noz#ﬁgﬂ@; each nozzle associated with a heater-resistor,
t hrough which droplets of 1nk are expelled toward said print nedium
wherein at | east one of said ink feed channel and said ink sl ot

about S to 1S wt%, and preferably about 7.9
wt%, diethylene glycal,

about 0.5 to 5.0 wt%, and preferably about 2.5
wt%, Direct Red 227 dye (tetramethylammo-
nium cations), |

about 0.1 to 1.0 wt% bactericide, and prefera-
bly about 0.3 wt% NUQCEPT biccide,

balance water; and

Blagk:

about S to 15 wi?%, and preferably about 5.5
wt%. diethylene glycal,

about 0.5 to 5.0 wt%, and preferably about 2.5
wt%, Food Black 2 dye (lithium cations),

about 0.05 to 1.0 wit% bactericide, and prefera-
bly about 0.08 wt% PROXEL biocide (PROXEL
is a tradename of ICl America),

about 0.2 wt% buffer, preferably sodium borate,
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. However, if
other ink formulations exhibit the same problems exhib-
ited by the cyan ink noted herein, then the same
changes in printhead geometry may be employed to
overcome such problems.
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dre nodified in a printhead associated with a partic- ular color relative
to those of the other colors so as to provide increased fluidic damping in
Said print- head so nodified. 2. The printer of Claim21 wherein said color
i nks com prise cyan, yellow, and magqqtgubgmgte gheetlh¢5Bdpteaibeprf199BI M 2
wherein said color inks are given by the=tormorattron This 1s the

repl acenent sheet 15a Substitute sheet - 15 Septenber 1998 Cyan:

~ 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 cartridge associated with one or more ink reser-
voirs, may be employed.
As an added benefit, modifying the geometry of the
cyan printhead aiso reduces puddling around the nozzle
42. In the prior art geometry, puddling of ink around the
‘nozzle 42 occurs. There are two consequences of this
puddling. In the first consequence, the ink driesoutas 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 giycol and dye,
‘and when ejected, the droplets of ink have excessive
dye loading, thereby producing unacceptably dark
images on the print medium 12 for the first several drop-
lets of ink until the ink is purged with fresh ink. |
In the second consequence of puddling, puddies of
ink near the orifica 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 observed. The puddles of ink around the orifice
42 can even be sufficient enocugh to block the nozzle
completely. :
The new geometry of the invention reduces the

puddling of ink to such an extent that both problems are
substantially eliminated.
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about 5 to 15 wt % di et hyl ene glycol, about 0.5 to 5.0 wt% Aci d Bl ue dye
(sodium cations), about 0.1 to 1.0 wt % bactericide, balance water; Yellow
about 5 to 15 wt % di et hyl ene gl ycol, about 0.5 to 5.0 wt% Acid Yell ow 23
dye (tetranethyl ammoni um cations), aboyp ShbbtitwtelsHbeit-% D Beptsmbiefa 9o out
0. 08 wt % buffer, balance water; Migenta: "about 5 {0 IS5 W % Oi et nylene.

gl ycol ,

FIG. 6 depicts the volume frequency response of
the architectures employed herein, with the yellow and
magenta inks fired from pens in which the printhead uti-
lizes the prior art architecture (Curves 58 and 60,
respectively) and with the cyan ink fired from a pen in
which the printhead utilizes the architecture in accord- °
ance with the invention (Curve 62).

It will be noted that in these damping plots, the cyan
ink has significantly larger drop 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 fre-
quency 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 dur-
ing the preceding drop ejection. Less ink was pushed
down the channel because of the increased fluidic
resistance in the cyan architecture, provided in accord-
ance with the invention. This indicates that the cyan ink
meniscus is never as deeply retracted as the yellow and
magenta menisci. As a resulit, the drop volumes of cyan
are higher at the high frequencies, and the refill ime is
actually shorter, since the meniscus has a shorter dis-
tance to travel, an unexpected bonus benefit. (The refill
frequency as used herein is defined as the highest fre-
quency 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. 86.) Since the menis-
cus is distorted less in the cyan architecture, it can be
considered to be "better behaved".

A damping "“figure of merit” appropriate for describ-
ing the highly non-linear situation of ink refill is the ratio
of drop voilume at a high operational frequency, normal-
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about 0.5 to 5.0 wt% Direct Red .227 dye (tetramethyl ammoni um cations),
about 0.1 to 1.0 wm % bactericide, balance water; and Bl ack: about 5 to 15
Wt % di et hyl ene gl ycol, about 0.5 to 5.0 wt % Food Bl ack 2 dye (lithium

cations), about 0.05 to 1.0 wt % bact er 1@ glghstitutel SReuts 5 iSHRefHRP11996 5
Sept enmber 1998 about 0.2 wt % buffer,

ized by the drop volume at steady state (very low fre-
quency). For this comparison, 10,000 Hz is chosen for
the high frequency, and the flat portion of the curve
(2.000 Hz and lower) is chosen as the low frequency. As
demonstrated in FIG. 6, this value is (65.pl)/(100 pi) for
the cyan print cartridge and (45 pl)/(95 pl) for the yellow
print cartridge. (The magenta print cartridge is seen to
have a "figure of merit” similar to that of the yellow print
cartridge).

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 magenta) described herein. A larger value
indicates more damping. Comparing the values shows
that the cyan "figure 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 shélf and the
more restricted ink feed channel of the cyan structure..

In the case of the printer described herein, the print-
head temperature is considerably higher than print-
heads in the past due to the presence of the heater.
However, in the future, as printhead nozzle spacing
becomes denser, operating frequencies are higher, to
make higher resolution images faster, the residual heat
from drop ejections alone will be sufficient to cause ele-
vated printhead temperatures. In such cases, the archi-
tecture described herein is also applicable.
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bal ance water. 4. The printer of Claim3 wherein said color inks are given
by the formul ati on Cyan: about 7.9 wt % di et hyl ene glycol, about 1.1 W%
Aci d Blue dye (sodiumcati- ons). about 0.3 wt % bi oci de, bal ance water;

Yel | ow. about 5.4 wt % diethyl ene gl ycoli4 Slsytituie sRedtt 4 BB&htERbeV g dye
(tetranet hyl ammoni um cati ons). about 0.3 W% DI OCl OF,

INDUSTRIAL APPLICABILITY

The moditied printhead geometry for cyan ink hav-
ing 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
medium.

Thus, there has been disclosed a medification in
the geometry of printheads, particularly a printhead
assaociated with a cyan ink of a particular compaosition
range, which provides improved damping and reduced
puddling in inks employed in thermal ink-jet printers
employing a heater means to assist in drying ink printed
onto a print medium.
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ahout 0.08 wt % pot assi um phosphate buffer, bal ance water; Magenta: about
7.9 wt % di ethyl ene glycol, about 2.5 wt% Direct Red 227 dye (tetram
et.hyl amoni um cations). about 0.3 wt % bi oci de. bal ance water; and

15cubstitute sheet - 15 Septenber 19981Blqstitute sheet - 15 September 1998

Claims

1. 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 reservairs,
one each containing different color and black inks,
with at least one reservoir associated 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 piurality of heater-resistors
(44), each in a firing chamber (50) supplied with ink
from said ink reservoir through an ink refill slot (54)
fluidically communicating with said firing chamber
by means of an ink feed channel (48), said print-
head further a nozzle member (40) comprising a
plurality. of nozzles (42), each nozzle associated
with a heater-resistor, through which droplets of ink
are expelled 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 partic-
ular color relative to those of the other colors so as
to provide increased fluidic damping in said print-
head so modified.

2. The printer of Claim 1._'§ivhhe.rein 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

N O D
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ahout 5.5 wt % di et hyl ene gl ycol, about 2.5 wt % Food Bl ack 2 dye (lithium
cations). about 0.08 w % bi oci de, about 0.2 wt % sodi um borate buffer.

bal ance water. 5. The printer of Claim2 wherein said fluidic danping of
said cyan printhead is increased. 6. TiBaSpbstituae shieet- ai516éptémber m998i d
fluidic danping is increased by increasirfig the Tength of sald 1 nk Teed
channel and by decreasing the wdth of said ink feed channel. 7. The
printer of Claim1 wherein said fluidic danping is increased by decreasing

the width of said %efill

about S to 15 wt% diethylene glycal,
about 0.5 to 5.0 wt¥% Acid Blue dye
(scdium-cations),

about 0.1 to 1.0 wt%% bactericide,

balance water:;

Yellow:

about S to 15 wit% diethylene glycal,

about 0.5 to 5.0 wt% Acid Yellow 23 dye
(tetramethylammonium cations),

about 0.1 to 1.0 wi% bactericide,

about 0.08 wt% buffer,

balance water;

Magenta:

about S to 15 wt% diethylene glycal,

about 0.5 to 5.0 wit% Direct Red 227 dye
(tetramethylammonium cations),

- about 0.1 ta~1.0 wit%s bactericide,
balance water: and

Black:

about S to 15 wt% diethylene glycal,
about 0.5 to 5.0 wt¥% Food Black 2 dye
(lithium cations),

about 0.05 to 1.0 wt% bactericide,

H!Il“cl I“I'L‘ I“'!l “ILI “ |!I| l This is the replacement shee
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sl.ot so as to thereby increase the shelf length (52) between the edge of
said ink refill slot and the entrance of said ink feed channel. 8. The
pf.inter of Claim?7 wherein said shelf |ength ranges fromabout 30 to 150

[err]m relative to a refer- ence poi n6bgebstitede Bhethe 16d8epiimizer 1998
passi vation Iayer (56) associated with sard heater-resistor.

abaout 0.2 wt% buffer,
balance water.

4. The printer of Claim 3 wherein said color inks are
given by the formulation

_ ann:

about 7.9 wit% diethylene glycal,
about 1.1 wt% Acid Blue dye (sodzum cati-
ons),

about 0.3 wt9% biocide,
balance water:

Yellow:

about 5.4 wt% diethylene glycoal,
about 1.25 wt¥% Acid Yellow 23 dye
(tetramethylammaonium cations),

- about 0.3 wit% biacide,

about 0.08 wt% ‘potassium phosphate
buffer,

balance water;
Magenta:

about 7.9 wt% diethylene glycol,

about 2.5 wt% Direct Red 227 dye (tetram-
ethylammonium cations),

about 0.3 wt% biaocide,

balance water; and
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165cSubstitute sheet - 15 September 1998
Black:

about 5.5 wt% diethylene glycal,

about 2.5 wt% Food Black 2 dye (lithium
cations),

about 0.08 wt% biccide,

about 0.2 wit% scdium borate buffer,
balance water.

5. The printer of Claim 2 wherein said fluidic damping
of said cyan printhead is increased.

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 channel.

7. The printer of Claim 1 wherein said fiuidic 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 ink feed channel.

8. The printer of Claim 7 wherein said shelf length
ranges from about 30 to 150 um, relative to a refer-
ence paint defined by the edge of a passivation
layer (58) asscciated with said heater-resistor.

-
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