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The: present.i-@vention relates to thermal i nk-jlet MBLAWT&{FE%t he S@l
ink-j'et printers, and, nore particularly, to ifnpraving the performance
such pens enploying an ink which includes a pGWQV-t'@7a|Wn (JI st? §368<
of a pigment col orant—BACKGROOND ART I n t heldiBiraher: rm.err“? j Btpaged . %....

printing, it is kn {, &t Ids DedncReplacep| ural ity ofD SIreCll4)Cal
s the pur pose% heat'i n
i i n adj acenwF AR fEker

el ements on a conmon 4 cO e:
plurality of ink vol\iw 1 |] [ ' Brés _
the ink ejection and process. Using suchan arrangenent, tne

adj acent ink reserVoiys are typically provided as cavities, or firing
chanbers, in a barrier |ayer attached to the substrate for properly

i sol ati ng_mechani cal energy.i. r fi | - [ e mechani cal
ener gy redults fromthe comg@ﬁoﬁ%%f %wscm%@ ﬂﬁﬁ?&éd to the
resistive el ements whi CINK+EET cBENS r EPRING PQDYMERAGONTATNINGDINKISe in the
I nk above the resistive elenents. Also, a plu- rality of ink ejection

orifices are provided above these cavities in a nozzle plate and provide
exit paths for ink during the printing process. In the operation of thernma

ink-jet printheads, it is necessary t TkEEgwW of ink to the
thermal, or resistive, elenent causin eJectlon Thi s has been
acconpli&ﬂed by manufacturing ink fill channels or slots, in the

Zugggrgtgg Lngzgag“ The Pr 4634&&.'78 g.rﬁieﬁﬁodh%ld?f&as?'ﬁo leernfh]ﬁfi&l&gjlet pens
SSi to the sane assignee
t he present appFF"(?éﬁ 5?“1& 56 }Hﬁppﬁ g@ﬁ%ﬁst HER ‘?ﬁ‘kl’fae‘?& dlar-
print heads, whi dy,hdece improviesy gnmj fexfomiarice hﬂSesilch;Ens employing an
ink which includes a polymer to aid in dispersion of a pig-
15 ment colorant.

ACKGRO

In the art of thermal ink-jet printing, it is known to

20 provide a plurality of electrically resistive elements on

a common substrate for the purpose of heating a correspond-

ing plurality of ink volumes contained in adjacent ink res-

ervoirs leading to the ink ejection and printing process.

Using such an arrangement, the adjacent ink reservoirs are

25 typically provided as cavities, or firing chambers, in a

barrier layer attached to the substrate for properly iso-

lating mechanical energy to predefined volumes of ink. The

mechanical energy results from the conversion of electrical

energy supplied to the resistive elements which creates a

30 rapidly expanding vapor bubble in the ink above the resis-

tive elements. Also, a plurality of ink ejection orifices

are provided above these cavities in a nozzle plate and
provide exit paths for ink during the printing process.

In the operation of thermal ink-jet printheads, it is-

35 necessary to provide a flow. of ink to the thermal, or re-
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Vit er - baSed i nks cogmgal v, &8R) RY,0ne or more water-sol ubl e dyes as the

col orant The col ora ecule that is dissolved in water. Such
inks typi- cally m%l“ﬂ&ﬂ“@?}ﬁ" a(V\/ater, at | east one co-solvent (an
.organi ¢ wat er-m sci iiMuch as diethylene gly- col), -and m nor
amount s of ot her substances, such as biocides. Recent ink fornul ati ons have

been devel oped, gyB§keGOrhanBnk! Gﬁﬁgﬁ.ﬁgainfcohi?faﬁnb%ebﬁibﬁ@q 2hi%ah8k been
soluble dyes. It is inpperative to mainfain thes nments in_a dispersed

1 _these pi, |
form because tRESpPRIEANed,PY BéPPF-acEPE%,ngaﬁkaS&&& GRABPGLSe PENELPES,
selt tle w tg_ ti mtn the p$ﬁtsitﬁrhea,aliﬁkhgl_aﬁr&ardi spehsizelebplaeky meUs scabats
pol y- ner dispersants. se. bo r ersant s, have c-_tional.gr S:
one functionali ?égoh‘sq e ‘goﬁ/ﬁeﬁf‘é ﬁyhﬁgphg i"c 46(%86{552(?(; a?réé \%i’%ﬁgt’%gg'
pi gnent, Bhile abdt hesigmer itundhid ysawe tdws jgneersas i thaydresenti appidca-
associates v neBhe’ a; 10788 iRkol 8 e B b hriCH! phonkhRAARhe
pi gment particl €5 sépara &g, ant es of such plgnen%-po yneP Systens for
ink-j et printerwhich bavel been desiguedmfios, watey-dases dmkss, 085. 698,
issued t0 S.-H M ejadlerQBakell UdKRs dcortmcitly | BED1YY Ohe® V¥ 3hdr8OkuEers

tend to be nore cgQhe- sive than inks not containing EOl yners. This property
al | ows the tail SBRuRle Aves 3§ thescayoragsrnefhgngolorant 1s 8§ e 848t o

the nenisous | ocgae, that M dissdlvedaptiwesaent i sael inksctypikadlyerdds-
Lo reduce the au3ual, Sha ST, YL Yl 850" LIgoBRREE, (AR okbabis, .
tail stays attawvhtertmissiciblek sokvelet heuchvidsg, dieghyleneatglycal) | handnk
in the cavity dhﬁnbg' raﬂ%u!n% ro%f -iolt&{er substances, such as biocides.
Recent ink formulations have been developed, which
15 contain pigments as colorants instead of water-soluble
dyes. It is imperative to maintain these pigments in a
dispersed form, because the pigments are particles, and
would otherwise tend to settle with time. The particles
are held in dispersion by polymers called polymer disper-
20 sants. These polymer dispersants have functional groups;
one functionality on the polymer is hydrophobic and associ-
ates with the pigment, while another functionality on the
polymer is hydrophilic and associates with water. The pol-
ymer is of a length sufficient to keep the pigment parti-
25 cles separated. Examples of such pigment-polymer systems
for ink-jet printers are disclosed, for example, in U.S.
Patent 5,085,698, issued to S.-H. Ma et al on February 4,
1992.
Inks which contain polymers tend to be more cohesive
30 than inks not containing polymers. This property allows
the tail of an ink drop to stay togeﬁher and remain at-
tached to i:he meniscus longer, and move to the paper es-
sentially intact. This tends to reduce the amount of ran-
dom spray which lands on the paper, and is a positive bene-
35 fit.  However, one of the consequences of this is that if.

| Case 1093050~-1



i ng .or secondarThisfihesH fedn, etc., can disturb the tail. In such an:
event, ‘a smal | d ' e fromthe back end of the tail. This
satellite drop i I that it adversely affects the print quality.
EP--A-0 303 350 discloses a thermal ink-jet pef having reduced droplet tai
spray. However, there is still a need to provide an ink-jet pen which
prevents the fO{Uhei¢@ﬂﬁ stagél?ttadhéaﬁﬁB”thénEdH“iﬁéﬂdéﬁFH% cAkSty, a
containing a po ant. frrom a ther i nk-j.et printhead, )

DI SCLOSURE OF |hﬁ‘£§ﬁt’gﬁ§f&§5§cg§r R A ¢ n{nﬁb‘% FASHEY ue FRehR ink-rer
pen i s provi ded E4114Bge orvrsdcondayry nkebbaet @xpargs i y-eter , dcaperdigtsrb
with reduced spr ( at i r e ] nk-i |.ncr.easgd
di st ance bet vveenelfiﬁee?'ii?i ngﬂrl egsllﬁ-é oér}p?nv(fﬁ'e 5‘n(r;gz&i%]g]t' (%ga;rbeq%g‘r %33%1?? t&f%m
the dis- tance bERRedAkhend refigthesitaid. anThise satielisities cdsophis ikarge

i ncreased. HowevehoughNeRathit havard¥I§a® L tHd drsiRONNEN £5%, tO
di scuss the increase hg dlsgﬁnce ILn terims of static el'enents, nanely, the

firing resistor and t hg"RozZPEFeTRE RnRredsEo Rravidende nethase afoRreyent~
of fsetting the réBgstbe Wormatiomedt tsatidkl it zdeopsT dupthgathed filting of

t hi ckness of the Lfl r. Sss d thickne of the .
barrier |ayer m%@%éd%ﬁggﬁ%ﬁ% ?lpréirgﬁ%ﬁéin:béeé‘gﬁén%&% %’?t%%ﬂﬁ)@z‘l@"let
pl ate, orlQecessPrintheadq the resistor deeper into the substrate on which
it is supported. Thicker top plates tend to elimnate these spurious drops
conpletely, or reduce their size. In addition, off- setting the nozzle
relative to the resistor in.the pedkScaduig QR (NVERDIONSO suppresses the
formati on of the

In accordance with the invention, a method is provided

15 for reducing spray (or satellite drops) in thermal ink-jet

~ pens firing inks containing polymer dispersants. The meth-
od comprises increasing the distance between the firing .re-
sistor and the nozzle. More correétly, it is the distance

- between the firing resistor and the ink meniscus that is

20 increased. However, since this is a dynamic state, it is
convenient to discuss the increase in distance in terms of
static elements, namely, the firing resistor and the noz-
Zle. The increase in distance may be done by offsetting
the resistor with respect to the nozzle, or increasing the

25 thickness of the orifice plate, or increasing the thickness
of the barrier layer which defines the firing' chamber and
supports the nozzle plate, or recessing the resistor deepér
into the substrate on which it is supported. Any or all of
the‘foregoing may be implemented to reduce spray.

30 Thicker top plates tend to eliminate these spurious
drops completely, or reduce their size. In addition, off-
settihg the nozzle relative to the resistor in the pen
scanning direction also suppresses the formation of the
satellite drop. A combination of the two is particularly

35 efficacious.
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satellite drop. A conbination of the two is particularly efficacious. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is an enlargenent (1 5X) of a series of

i nk dot sThiwSheet Heb Been Repla@@d, €npl oyi ng a pi gnment - pol ynmer ink system printed
froma pri , | ink-jet pen, depicting rows of dots with satellite
dot s; Fl‘v—:'jllylm,ﬁ“lpmmmn 2 , 1P =k 1, but show ng
a single vertica ine, also deprctilng atellite dots;
FIG 3 is an enlargenent (20X) of printed charac- ters (a portion of the

letters "p" and "e" preshpWidcan hIfsglnéntof (IBXN NG g 5 inkdots
evi denci ng spra tellite dots ar%nd the characters;. FIGS. ,4A-F are

or. s

cross-sectiomﬂa%*%ﬁggoﬂnaQW§?Ym eRRIBYLNE, &, RIEMERE-PAkYPeX ABk system

depicting t he tpminteduérom cf préors axft | thebmahg ink-cjet t pen| nidepdicting

taining a pigngg;- o) y | evel opment of a tail portion

t hat produces spr%%/) %¥n§é¥:élﬁ'§g}ss§ggsﬁggg{ ﬁ%t%r'i nt nedium FIG 5is a top

pl an view of the firFE§.cRakdeaan cupiaxgement H49X) 48 lar tho tthathofz IFIG.

above the resisf orpghodfiolnghank arEi681 34ind) 813 ARpR:

depict the effect_on satell??e do?ﬂ?%$n§tfgn as a PUﬁction ofﬁ?%?éﬁﬁgﬁﬁﬁﬁ

of fsetting the 3RB-AESPeLatrdesabelpdteedotsitior: FIGS. 7A-D, at an

enl argengnt of 10X, peeict tike agf ldfllarifenatite! (20R) def peiftedo’Rharatters

function of the, thi ckness of the noagle glq;e,ay; t he nozzle%ﬂet zer

of fset: and (a portion of the letters "p' an e"), showing e results
of printing characters, and evidencing spray or satellite

dots around the characters;

FIGS. 4A-F are cross-sectional views of a firing cham-

15 ber in a thermal ink-jet pen, depicting the time sequence
of events of ink being fired, the ink containing a pigment-
polymer system, and showing development of a tail portion
that produces spray or satellites dots on the print medium;

FIG. 5 is a top plan view of the firing chamber de-~

20 picted in FIGS. 4A-F, with the nozzle above the resistor

' shown in phantonm;

FIGS. 6A-G, at an enlaréement of 10X, depict the ef-
fect on satellite dot formation as a function of the extent
of offsetting the nozzle relative to the reeistor;

25 FIGS. 7A-D, at an enlargement of 10X, depict the ef-.
fect on satellite dot formation as a function of the thick-
ness of the nozzle plate, with the nozzles at zero offset;
and : .

FIGS. 8A-D, at an enlargement of 10X, depict the ef-

30 fect on satellite dot formation as a function of the thick-
ness of the nozzle plate, with the nozzles at -4 um offset.
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FIGS: 8A-D, at an eniargenent of 10X, depict the effect on satellite dot
formation as a functi oHis eet BedniRehimeds of the nozzle plate, with the
nozzles at -4 [err] off FOR CARRYI NG QUT THE I NVEN- TION FI G
1 depicts a series of h s fired by a single nozzle in a

t hermal ink-jet pen havi ng an ink I ch inclgides a pi gnent - pol ymer system
As can be seen, the horizontal |ines show a pattern of regular "sat-

ellite"” dots extending (010) 23 Nc THes ey 9@ttt e dots are
spaced about the sane distance apart as the main drops. ey can happen on

either the odd or the even nozzles, but not generally fromboth odd and
even on a single pen,FIG:d lofdepigtssta fsermienet Nhazieosntdt Lindsh€ieied, byhe

term ' odd nozzl gs’s fifd f SnbP2 942 140! 4! MBnREnA92 4B k- Ao alAl Mo ok

The term "even nozz ers to the other Colum epl C
consi sting of thﬂ-Félallﬂqlﬁégseﬂ @igment-ipolymey systeme p&gecanhbeplseemvas

gener- ated by tﬁ&t h&ﬁz@ﬁ@a&oﬁh% Ehbtvnd. FE’&:@er% SEO%XQEEE asﬁh&ﬁh&te"
firing woul d pr %Feamaln a satellite

drop. Fromthi s r¥repding; EgYQBdtm? end Qf sté'%%ll*lrr’c%s %sﬁoﬁﬂﬁﬁ é\?ﬁ&ﬁ
when a drop is Hoted ae [spated about tid aéaﬁ&ladj(sﬁind:é sapat! abri thél main
position. Thus, jall fre-.quenc ependent si derat.i
i gnored. This nB%RPShat® ggpgéﬁs pFﬂeopnFé{th %8’& gghf’?e Er@‘%@l BPPng
to barri &0 inl ezlebapcbud:nﬂothgbhetamgyhfabn bothsiodd &ndaevenoohr abstiagdet o
the problem Fi gien?,’ gnamﬁfegne%&gffgﬂtsgme %cpﬂféf d iﬂs%d hereln, the
term "odd nozzles" refers to one column of nozzles in a du-
al-column pen. The term "even nozzles" refers to the other
. column. .
15 FIG. 2 depicts a plot consisting of vertical lines ex-
. tending the length of the page. The plot was generated by
just the odd nozzles firing. FIG. 2 shows that a single
firing would produce a main drop and a satellite drop.
From this, it may be inferred that these satellites are
20 formed even when a drop is fired with the meniscus station-
- ary at its equilibrium position. Thus, all frequency-de-
pendent refill considerations may be ignored. This means
that aspects of the internal pen architecture relating to
barrier inlet shape and shelf length are not significant
25 contributors to the problem.
FIG. 3 shows an enlargement of a printed sample. Due

to the spray, the print quality is deemed unacceptable.

The present invention is directed to reducing that spray.

FIGS. 4A-F depict in time sequence what is believed to
30 be happening to generate the satellite dots when using an
ink containing a pigment-polymer system. The Figures de-
pict a side elevational view of one firing resistor 10 and
associated nozzle 12 in a nozzle plate 14. The resistor 10

is supported on a substrate 16. A barrier layer 18 defines

35 the firing chamber 20 in which the resistor 10 resides, and
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Due to the spray, the—p#+n%—qua#+#y—+s~deened unaccepta- ble. The present
invention is directed tQis's L egPray. FIGS. 4A-F depict in tine
sequence what is believe |ng to generate the satellite dots
when using an ink cont a| If@“ﬁaﬁ -pol ymer sys- tem The Figures depict
a side el evational view resistor 10 and associ ated nozzle 12
In a nozzle plate 14. The resistor 10 is suppdrted on a substrate 16. A

barrier |ayer 18,defines th% firing chanber 20 in which the resistor 10
resides, and i's {8efi®BB tRether Lextdandgright e thesresdstoror fompingo two

wal I's, 18a and 1wsmsA fisat had b.abrl en \Eﬁh-lthé%%ariﬁ@lﬂ‘lnvﬁa%.':'(@ff) s'h%wn in
wa S a

"above" the plan Fe Fig ie barrie

define three si do% 5f|PFﬁg hgﬂﬁep ape. PgaFLﬁgF&gPﬁﬁvtﬁhﬁaﬁbrﬁﬁbﬁar'
Ink 22 enters thElerrwnglshamharIabfrxsneﬂefiﬂefENmbelsidésobfshhunﬂuﬁlng
FIGS. 4A-F5 denotggmiéri Bof! Qea%hnﬁ‘g’rﬁ' &3 rtn Qai'loggfeﬂgmt ?9& 5&9%%.% ! %e

to a plurality of ,resistor$ on et one even

and the ot her S|ﬁérF§9tﬁBamBBH"3glﬁ%?mf¢6n4%krﬁ§§#\ﬁiqt(GﬂﬂtfﬁhﬂMﬂ 1@eﬁ§§$h

the substrate 164a¥he dakotead2s! oh FIel déraldiyic W8NS ¥t Wdrh WM sup-
firing cham ber

i nl et channel @igﬁﬁe& n%tot?ftqa?éuﬁ ilr% %ﬁlaﬁ%%fg%]gl °§3Fﬁ;ggﬁﬁgrﬂ-h6r Idgéﬁ
wa and thus is "Skdewist thep! eneer §b&eFlan&ethElGtﬂéﬂfsidéoﬂsptﬁé oy
O 708531 Qh0dd ey LRSI e S el e RS
equi | i brium st at&6.As Thee thkpfeedejsdoted lpHdicaiR)y ¢¢mnumimatus withhehe
ink 22 retracts pi9nghenbinbledd WW%«;&& tSe "BrEadPi L0 1hDEL' Bhannel 23.
The barrier inlet channel 23 connects with the firing cham-
ber 20 through the open wall and thus is "below" the plane
15 ~ of the Figure. FIG. 5 is a top plan view of firing resis-
tor 10 in the firing chamber 20, together with the barrier

walls 18a, 18b, 18c and the ink feed slot 21.
FIG. 4A depicts ink in the equilibrium state. As the
drop is ejected (FIG. 4B), the meniscus of the ink 22 re-
20 tracts into the firing chamber. 20 to make up for the ink
that is forming the head 22a and tail 22b (FIGS. 4C, 4D).
With the pigment-polymer ink system, the tail stays at-
tached to the meniscus as it does this. At this point, the
firing bubble 24 is collapsing. As the volume of the bub-
25 ble 24 gets very small, computer simulations and physical
observations suggest that its pressure increases and it re-
expands slightly (FIG. 4E). This secondary expansion can
cause a secondary jet 10 to 20 usec after the first jet.
This secondary jet can impact on the underside of the noz-
30 zle plate 14; emerge, and hit the tail of the main drop,
causing it to break up early; or make it all the way to the
print medium (not shown) itself. But, in the present case,
all the re-expansion has to do is disturb the symmetric
nature of the meniscus (FIG. 4E). Since the tail is still
.35 attached to the meniscus, it gets "pushed" off-axis as
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does t'his. At this!poif bubble 24 is coll apsing. As the vol une
of .t he bubble 24 gets nputer sinulations and physica
observations suggest that Its pressure i ncréases and it re-expands slightly

(FIG 4B). Thig as Sho J‘eiﬁ}%]c PP 23 Ca‘i'h%agﬁﬁfﬁcieEQHg%X #ﬁi-cég i8 @lg

[err] after the NS secondar € unders
of the nozzle Hakle ane §h§ﬂgé-mh§i@ﬂﬂetd,t mnd atheota@-ﬂremlrmsdrfzm reblshng

it to break Up fan Veh&'bP&die-off %611‘1@%:‘(‘@1’1@ iifgé’réﬁﬁu@ﬁdbaﬂhﬁéoéepa—

shown) itself. But, in the present” case e-expansion has to do is

‘disturb the symake$ c?%tﬁ?@“%ft‘i‘ﬂesﬁ‘éﬁiéé'ﬁg (ﬂ:@ 4E) fSPHcE°FI’Fé°Pa|2I2‘ﬁ's
still attsached to t Byaebasedsinks e&hibxpuaﬂne.@k ptfdbm agfiwaBl shpuwd hgt

portion 22c. Tbc_eb s‘ﬂ{%aggm eaaraggrfor&ﬁ% %% f‘%“pdo%]e é%ﬁ“p’fé{@a roﬂnﬁﬁg

and the tail begins'Toro om t
enough vol une NENEICES emdliernsandresmm liess eﬂlsgeptli)nlfa &m pubbﬂsnrezc.

Dye based 1 nks wdihdl | tHePr PEAPISTARS UBSL tREANDP! 5O tRErdaiE §8E5°enk

These inks tend to separate fromthe neniscus ear so are less
suscepti bl e to axmng| Eor dessh@ $ﬁ§§ﬂ-lﬂ§ﬁl yhene *’eh%ot@hlnﬁér pusheqeptirs

| ess In&@rounu&fe%@ssaﬂﬁi lﬁrfo%w&@eéeﬁew&ehl aﬁeheslyiner 1m<a§y§-

Thus, the problem seen W th giment - pol i nk ph'?mms was observed
with aqueous dyf@%s%%ﬁrﬂﬂts9§§9ﬁ¥3dl Wi cBﬁH&ﬁBﬁ W?h‘bﬁﬁédr &N‘nﬁyrﬁ*enﬁwe

di mensi on between thent agcerdafeeNaAAE Bhet Qn%én&ﬂdnt,hweeaﬁ&eﬁsianl be-
Lgc&gﬁzegyfzg?%%)é%t ?\[er?]eoé]o GOJI errﬂe p(iratey J.% and Jige[ %Ears st hl iocgs
increased from about 50 pm to 60 um, or by about 10 pm.

15 This can be done by (1) offsetting the nozzle 12 with re-
spect to the resistor 10, (2) making the nozzle plate
'thicker, (3) making the barrier layer 18 thicker, or (4)
etching out a "pit" in the floor of the firing chamber 20;

in which the resistor is placed. Any combination of these.

20 ' approaches may also be employed.
‘More correctly, it is the distance from the retracted

meniscus 22 to the firing resistor 10 that is increased.

More specifically, the retracted meniscus location is
raised relative to the resistor surface in order to keep ;'.t _

25 away from the re-expanding ink bubble. Thicker orifice
plates, thicker barrier layer, or recessing the resistor

would accomplish the goal of increasing this distance.
Nozzle offset can help move the meniscus location away from

the location of a re-expanding bubble. Also, increasing

30 the firing chamber volume itself can reduce the amount of

| meniscus retraction, thereby effecting the same goal.

In the default condition, there is zero offset between

the center of the resistor 10 and the center of the orifice

12. FIG. 5 depicﬁs the default condition, as well as the

35 direction of offset between the center of the resistor 10

that is*formng the SRR d.22b (FIGS. 4C, 40). Wth the
pi gnent - pol yner. i nk uﬁﬂ stays attached to the neniscus as it
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with 'respect to the resistor 10, (2) making the nozzle@ plate thicker, (3)
maki ng the barrier layer 18 thicker, or (4) etching dthtssaeet’lmﬁéemﬂwladqé

fl oor of the firing chamber 20 in WhICh the resistor ﬁmnﬁ lwm{ O
it is

conbi nati on of these approaches nmay al so be enpl oyed
the distance fromthe retracted nmeniscus 22 tgo the firing resistor 10 that
. 1s increased. Mire specifically, the retracted neniscus |ocation is raised
relative to the anditheroeificecl2 n(shoen in Fhaptom)amayeQabmvéheffset is

re-expandi ng i nkipugRée schiingkeyf &?ifx# 1f]f‘orﬁlé‘£e ?i'eﬁke e c{ gymovlng

recessing the resistor uld acco oal cof 1 ek easi ng
di st anceg Nozz| :t fAQF2 %ntﬂ‘é?’f)d?m%et h@knﬁﬁﬁécﬁéoﬁioéétol on away fromthe

| ocation of a re-expafIEsg m-ablclhpi‘&ts(nrimj Al edil drd withC kfbgen in

ci1 ooting 3 he sanes caaronphs, PERYEeR. "oy SanTsi Hekb e A Sefrate by

bet ween t he centwiieh LaemeeststhatlahenahdzMesermrwen‘e thsvend i 4 i g& &2oser

ff
EletGwegndteﬁlethZntée?ﬂféqa{ reS|stor 10 angx\@he W%hg%%% hg %58 88'1s

phanton) . Negat Withy3exe pEfsaty hwhishndisnyhat ois ipreséntly commepcihaliyd
by moving the n%@l&ﬁéuvaiﬂ%héfmamklmﬁﬂei' gbnél and 'P1es. Eefib%g%?é%u{xh

firing all resistors with the pen in a sfati posi tion.
+4 [e?r] 18 f set =4y i cH3rs Heananeh 320 HE ﬁSfi‘P‘e‘s respectivelyd by[which

closer to the this tnawht Ra toﬁnéhﬁo&zneegw@wiﬁrfs@:l ﬁigmlaéf?uih:gﬁ\talibnzéfo
" et pens, ardidiat SREERe o TS ot e Yeiee Lul f05 Tare re-
of fset, respectidusted whemsitie mfﬁmnrakigss firom bativeen\vor 6ffset and -12
pm (in the direction of the ink feed slot). Preferably, |
15 . the offset ranges from about -4 to -8 um. i
In another approach, the distance from the resistor 10
to the top of the nozzle plate 14 can be increased by sim-
ply increasing the thickness of the nozzle plate. This has
the effect of making the meniscus and the rebound bubble
20 interact less by, in essence, putting more ink in between
then. FIGS. 7A-D each depict a plurality of vertical
lines, printed from pens in which the nozzle plate 14 was
48 pm thick (FIG. 7A), 53 um thick (FIG. 7B), 57 um thick
(FIG. 7C), and 61 um thick (FIG. 7D).
25 In these studies, the nozzle offset was zero. The

suppression of satellites only occurs from about 57 to 61
um.

While either nozzle offset or thicker nozzle plates

alone can significantly reduce satellite dots, a combina-

30 tion of the two gives the best performance, as shown in
FIGS. 8A-D. The same nozzle plate thicknesses were em-
ployed as in FIGS. 7A-D; in this case, the nozzle offset

~was -4 um. Here the satellites are smaller even with the

thinnest nozzle plate, and are suppressed at 53 um thick-
35 ness and above.
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of fset i'n the direction of the ink feed slot ‘21. It is il etm@geengeplaced

satellites are reduced where the offset ranges from bét d
-12 [err] (in the direction ©of the ink feed slot). Preféamu LIMHE ﬂEet
ranges fromabout -4 to -8 [err]. In anothergapproach, m
the resistor 10 to the top of the nozzle plate 14 can be increased by

sinply increasing t héith gtegsrst dfo tincreasing pfihe hikknesssof hthefbaxtiof
Ki th b
maki ng the meni eEss arkli dber ' QPET%T:%BB%% 653&{ aebuhdSto 5& uraﬁqﬁfﬁ{g

putting nore ink in between t ach deprct a
vertical |ines, SSMehi&ffesomdrRickernten pﬂ»etﬁsznélomeafte\;.lztwens lyerr]

thick (FIG 7A) riwkd Pridsdrit &k driawbaclkd) nanelyeS rﬂhé}f"ﬁi‘cﬁf&& tie . hé‘ﬁ?h@l
[err] thi k (FIG éﬂ grs};l&ﬁies.e studl es, the nozzle offset was zero,

Suppr essi n of &F &8 & &3 r TR GRuSes t@%l’-’[’%r‘?‘i r%ﬂ-%k "Eoo

ei ther nozzl e offfas#. owndsmiemm@tuﬁmcﬁsc@dmm do gt | LEIGW Ya de-
berfor mance, s CHRRRE b RS ik, ot e pi D FUSE AL Sificiensiy ko

enpl oyed as in menmuy fior tHhis meam ritz:quwtoff- set was 4 [err].

Here the satellites #if err%t o n%\a_:&éhln tﬁg ?Qgs&?khq%,@% g Pl @ -

and are syppressed at 53 | and
i ncreasi A t he GfreRteshagy thecoffeet- disslospAcrid ghﬂmedsma%s pRgtent

found to denonsiy,atea 4 sai@sxﬁédegécaﬁbébl Qlyer imp' &h@SasHIYRed .to the
thicker bar- riers resent a dra nane ncrease _t he helsght Qf

e D e i linde Jh8 " RRE et ah [ Leahrbses S Thic oA
manuf act uri ng t doblartd gatemto nuiged Ifwm 1 to 25 pm, and is to correct tra-

jectory of the first drop of ink (in the single drop mode)
15 or of the second and subsequent drops (in the multi-drop

mode), particularly when the pen is operating at high fre-

quencies (on the order of 50 kHz) and with up to 10 drops

per firing burst. While that patent does not disclose the

nature of the ink employed, all studies were performed with
20 conventional agqueous dye-based ink systems.

INDUSTRIAL, APPLICABILITY

The use of an increased distance between the resistor

25 and the top of the nozzle plate is expected to find use in

thermal ink-jet pens that employ an ink which includes a
pigment-polymer system.

Thus, there has been disclosed reduction of spray in
30 thermal ink-jet pens firing polymer-containing inks. It
will be readily apparent to those skilled in this art that
various changes and modifications of an obvious nature may
be made, and all such changes and modifications are consid-
ered to fall within the scope of the invention, as defined

35 by the appended claims.
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\
a decrease in the width of the refill inlet 23 sufficiently to conpensate
for=this increased height. The offset enployed in the present invention is

dif- ferent than the of fset di sclosed and clalnegl%DfLL§L,EaL»—eﬁr’”
4,794, 411, issued" BegriReplt@88. and assi gne 0 the sane ee as

the present appl i c fset in that patent m MMWO 25
m’m H:)ry of tHe first dr “‘\m \ e single

-[err], and is to ¢

drop nDde) or of the second and subsequent drops (in=thé nhltl-drop node) ,
particularly when the pen is operat|n33¥elﬁ§gh frequencies (on the order of
50 kHz) and with up to 10 drops per firing burst. While that patent does

not di scl os t t I nk enpl oyed, all studies were perforned
W th conven?Wﬁgé fe Gisd L E-gbased i nk systens. | NDUSTRI AL APPLI CABI LI TY
The use of an increased distance between the resistor and the top of the

nozzl egplate i s expegtpdethdaflsdd ﬂ&'ifnd&éfi@ 'E‘ﬁler'm'é.lﬂ ‘ihkll%'&% pbak 8gRkay an
I nk which inc]udes a rent - pol stem 11 Thus, "t here .has been
di scl osed reBREE; Sﬂroflgb'i‘ﬁtp‘?w ta}‘ﬁk“}%t’-”&@n?lft?‘r rrguced spray,

pol yrer - cont safidnpenskdncliuddinkl be readily apparent to those skilled in

this art that various nge |f| tlons of an obvi ous nature may be
made, and all such chaggg ¥ %gi%%5§$2 Hs are considered to fall within

t he scope of the invent(kdn,aapluerhlity txyftkresappenéedmﬂia:.m; eREBIeMtEVENT
SHEETlO (10) supported on said substrate (16);

(c) a barrier layer (18j surrounding each said
resistive heating element (10) and defining a firing
chamber (20) for each said resistive heating element (10),
at least partially open on one side, said barrier layer

15 (18) having a nominal thickness of about 25 uﬁ;

(d) each said open space in said barrier layer
(18) defining a barrier inlet channel (23) which fluidi-
cally communicates with said firing chamber (20);

(e) an ink feed slot (21) through said substrate

20 (16) and common to each said barrier inlet channel (23) and
fluidically communicating therewith and with an ink reser-
voir beneath said substrate (16);
(£f) a nozzle plate (14) supported on said barrier
layer (18) and provided with a plurality of nozzles (12),
25 each nozzle (12) associated with each said resistive
heating element (10) such that the center of each said
nozzle (12) aligns with the center of each said resistive
heating element (10) to provide a zero offset therefrom,
said nozzle plate (14) having a nominal thickness of 48 pm,
30 wherein the method comprises increasing the distance from

said resistive heating elements (10) to the top of said
nozzle plate (14).

2. The method of Claim 1 wherein said center of each
35 said nozzle (12) is offset from said center of each said

Case 1093050-1



12 d ai-ns 1 A therna itable for firing polymer con- taining
inks (22) with redu’ﬂﬂﬂsnsgm dﬁ en i ncludi ng (@) a substrate—{16}; (b)
d

a plurality of resis ments (10) sup substrate
(16), each of said r !mmm ts (10) having gmmﬂijgnﬂ rr| er
| ayer (18) surroundln re5|st|ve heating e

defining a firing chanber (20) for each B¥ said resistive heatlng elenents
(10), said barrjer |layer (18) mai_ni_n t |.east partially open ong one

si de, said UarFiEFiveybeatisy ﬁiﬂ“ﬁé’tagktﬁﬂ )o BPE s oRmMGUNE, FANGING | £F

each said opsihowt ¢ +& 83 bﬁrtherdinget1¢ﬂ8¢fdsiidlcgenlhgr(zao.|nlet
channel (23) which fluidically comunicates with said firing cham ber
(20); (e) an ink-feed slot (21) through said substrate (16) and common to
each said barrier3inmhe arthed 9D3Clain 2 uwhkexelnysaddmnvzzlie nplate

therevgth angyy th a 86E¥04T tREBRABESSBEJatUhahER! BOKE) 53akm.(f) @
‘nozzl e plateg%{%)fguggggggggon sai d barrlerslaye? (? 8) and prOVIdegﬁhﬁt

plurality of nozzles (12), each nozzle (12) being associated with one of
said resistive he@timgeehemhnﬂsoclﬁnanuﬂziwhﬁﬁéxhrﬁaﬁdeééﬂ#ehaafngaah

thickness of gty o 13116298a) ofd lor2ole EBLA*USTA Yortde SP7LLH LANK

resistive heatlng element (10) by an amount of about 4 pum

10 'in the direction of said opening (23) and wherein said
nozzle plate (14) is increased to a thickness of about 61
um.

5. The method of Claim 1 wherein said nozzle plate
- 15 (14) is increased to a thickness of at least about 57 um.

6. The method of Claim 1 wherein said barrier layer
(18) is increased to a thickness of at least about 38 um.

20 7. The thermal ink-jet pen of Claim 1, including:
(a) said substrate (16);
(b) said plurality of resistive heating elements
(10) supported on said substrate (16);
(c) said barrier layer (18) surrbunding each said
25 resistive heating element (10) and defining said firing
chamber (20) for each said resistive heating element (10),
at least partially open on one side, said barrier layer
(18) having a nominal thickness of about 25 um;
(d) each said open space in said barrier layer
"30 (18) defining said barrier inlet channel (23) which fluidi-
' cally communicates with said firing chamber (20);
(e) said ink feed slot (21) through said sub- .
strate (16) and common to each said barrier inlet channel
(23) and fluidically communicating therewith and with said
35 ink reservoir beneath said substrate (16);
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(18) .and sald—FﬁTEEﬁEEE_BT_§§TH"ﬁozzIe pl ate (1l4)y—+tegether representing a

t ot &l thlckness his m&@ 'said total thickness is greater than
[err], and vvhere of each of said noz ,m HH" mﬁ”met from
sard center of s d resistive heating ward said
ink feed slot (21) by an amount ranging frem4 to [err]

undesirabl e spray of sai d polyner-containing ink (22) resultlng from

ej ection of ink (22) thoygh sg?aj;u n@;z,alzq? (pLaté ovgquq asggp?ie-tgaglcg%n ﬁo%zlgl .
d d 2. A accordin
b ate (14) nasP4FFRBE, dRedE! (BB, R PrPPiade” ileh crnad s

accordi ng to chagzmles wncnmleanhCManlée(phgtasébéhdteﬂzwithckaeﬁssaﬁdat
rei
least [err]. %eéléhﬁﬁgahebﬁ.lfnﬁleé }(Bﬁ&néc ?:96 g'oélg:l% Q:hﬁt? 'LJ]HeZ g%rn'&%rh\g@e e?cﬂ

said nozzle plate_ (14 ckness o
i nk-j et Pen Sceaw}. 3312 ditR)1, alAonsi with d the r centpry L ( BBchasadd

thi ckness of atresgstivabbeat[idy’ lelement (10) to define said zero offset
therefrom, said nozzle plate (14) having a nominal thick-
ness of less than abdut 50 um,
whereby at least one of the following conditions obtains:
10 (1) said center of each said nozzle (12) is
offset from said center of each said resistive heating
element (10) by an amount ranging from about-4 to 8 um in
the direction of said opening (23);
(2) said nozzle plate (14) has a thickness of at
15 least about 53 um; and

(3) said barrier layer (18) has a thickness of at
least about 38 um.

8. The thermal ink-jet pen of Claim 7 wherein said
20 center of each said nozzle (12) is offset from said center
of each said resistive heating element (10) by an amount of
about 4 um in the direction of said opening (23) and
wherein said nozzle plate (14) is increased to a thickness
of about 61 um.
25
9. The thermal ink-jet pen of Claim 7 wherein said
nozzle plate (14) has a thickness of at least about 57 um.
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