;e3eL6Tbf *166166* 24 January 2003 SEGVENTED RESI STOR | NKJET DROP
GENERATOR W TH CURRENT CROWDI NG REDUCTI ON BACKGROUND OF THE | NVENTI ON The
present inventio enerally to inkjet printing devices, and nore
particularly to mu’@&lﬂmm i nt head drop generator that utilizes a high
resi stance heate tructure with current crowding reduction. The

art of inkjet printi‘glét*echnology is relatively well devel oped. Commerci al
products such as conputer printers) graphics plotters) copiers and

facsim | e machin m ﬁm 1y enpl oy, i nkj et techpol.g roduci ng hard
copy printed out mmmmmﬂ m i cs of the t echnol ogy P Jag% %Ildécl osed, for
exanpl e, in various &obds€l es in the Hew ett-Packard Journal Vol. 36, No S

(May 1985)) Vol. 39, No. 4 (August 1988), Vol. 39, No. S (October 1988))
Vol . 43, No. 4 (August 1992), Vol. 43, No. 6 (Decenber 1992) and Vol. 45)

No. | (February 1994) editions. |Inkjet devices have aI So been descri bed by
W1l. Lloyd and H T, Taub w O.It ut Hardco VI ces (R C.Durbeck and S

Sherr, ed , AcadentkG 'I TORA t hermal i nkj et
prlnter for inkjet punti CE‘ ‘@ E retranslationally

reci procating print cartrldges in whlch smal | drops of ink are fornmed and
ej ected by a drop generator towards a nedi umupon which it is desired to

pl ace al Bh@mmmmmm\phi cs) or irrages Such cartridges
typically inclu r|n Vi ng,a er on | ate that has a
o rati oy of - DirrenEouPhOt R SRR Btk PRRE IS e ect od - oneath
t he nozzpastcularly tpﬁkuﬂmqtpngthemgxeg®cmm¢msuh@salhrzhwwstﬁmcr:hkatqaresslﬁers prior
to ej ectgtg@mpywmmcmﬁt@doe,gg@rmada{,&ugh a nozzle Ink is supplied to the ink

firing chanbers throygh ink ch S .t hat fl ui onmmuni.cati on with
an ink suppl ;ﬁl Hﬂﬁ’ﬁ BE“%ES%P‘SF%&S ﬁeﬁ‘“&g?’@’§h:&\e7‘6"1l?p°aoh)i]’8?f'%$l the punt
cartri dgsoducts wclaasmnmumrennms grapliics pletters, pomed, angd dacsinfilegnachings pri nt head.
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printer |s acc?

o eating .t he nk r idin
wit hin tHhesehe ?gyr*}aﬁawéngm?"i \K?rt%afaplgelhé ?‘iféf‘\ilF fédgqa%%vhgt-sﬁ i cal
pul se t oJoarmak Mokr36r Hsi Sy 198S), Mohr3@dNo.it (Augudt NR8H)) Volndd, Nvasigéetobér t he
comenceimg) i R0 NEAeaA00% ObE BYING BABLLABEl RBRFhd P&t 34,81 an i nk

vapor nucl eat es SItes eat er reS|stor or it

s pr ot eciFehmany 4984 )¢ditions. 2lnkjet Q@m&ahwz@@@e%@c%mﬂ@yéyéalrigwbwddfl Tt he ink
vapor buhdaben DAfpGEHaldbehy Ddited (R OKDULOUMA 3 BRerl@aZ IARadeNIE Brebd)Gakl ect ri cal

pul se e ) ected) the ink firing chanber refills with ink from
the i nkr}g‘ﬁé(hqg?é §E t?rnl‘l?) 'suppl y.
A thermal inkjet printer for inkjet pnnting typically includes one or more

translationally reciprocating print cartridges in which small drops of ink are formed and
ejected by a drop generator towards a medium upon which it is desired to place alphanumeric
characters, graphics, or images. Such cartridges typically include a printhcad having an
orificc member or plate that has a plurality of small nozzles through which the ink drops are
ejected. Beneath the nozzles are ink firing chambers, enclosures in which ink resides prior to
ejection by an ink ejector through a nozzle Ink 1s supplied to the ink firing chambers
through ink channels that are in fluid communication with an ink supply, which may be
contained 1n a reservoir portion of the pnnt cartridge or 1n a separate ink container spaced
apart from the printhead.

Ejection of an ink drop through a nozzle employed in a thermal inkjet printer s
accomplished by quickly heating the volume of ink residing within the ink finng chamber
with a selectively energizing electrical pulse to a heater reststor positioned in the ink fining
chamber At the commencement of the heat energy output from the heater resistor, an ink

vapor bubble nucleates at sites on the surface of the heater resistor or 1ts protective layers



The electrical energy required to eject an ink drop of a given volune is
referred to as "turn-on energy". 'The turn-on energy is a sufficient anount
of energy to overcone thermal and nechanical inefficiencies of the ejection
process and to forma vapor bubble having sufficient size to eject a

predet erm ned anmount of ink through the printhead nozzle. Follow ng renoval
of electrical power fromthe heater resistor) the vapor bubble collapses in
the firing chanber in a snmall but viohent way. Corpongntsy Wobhi n the
printhead in the vicinity of the vapor bubble coll apse are susceptible to
fluid nechanical stresses (cavitation) as the vapor bubble coll apses,
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bet ween PetiaRedont theof ataétr and gravdsrangig ﬁ'epaﬁatpagti frop saghsthin Sieleatse t he

el ectri galstoe osmuemem&mbanﬁ eltiieil copdiRaietinbecdmte lane viiehlllargd ienied bf ci ency
of the pr nth uffe r The a materi al
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resistiye filmu st.or
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= IenghhedﬁtateeBAt&tt(No, S,&M423§,ﬁ0hmasﬁcasegtv[anml Bachaleotricalesndtcar, For thin
filmresistors typically used in thermal inkjet printing applications, a
property commonly known as sheet resistance (Rsheer) is commonly used in
anal ysis and design of heater resistors. Sheet resistance is the
resistively divided by the thickness of the filmresistor, and resistance
is related to sheet resistance by: R = Rsheet ~L / Wwhere L = | ength of
the resistive material and W= wdth of the resistive material. Thus,
resistance of a thin filmresistor of a given material and of a fixed film
thickness is a sinple calculation of length and width for rectangul ar and
square geonetries. Mst of the thermal inkjet printers available today use
heater resistors that are roughly of a square shape and have a re5| stance

Y ~r a1 AN o~ o o . o . s




A segnented heater resistor for an inkjet printer includes a first heater
resistor segnent and a second heater resistor segnent. A coupling device
provi des a serial coupling between the first and second resistor segnents.
A current control device provides reduced current crowding in the coupling
devi ce. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 Ais an isonetric
illustration of an exenplary printing apparatus which nay enploy the
present invention. FIG 1 Bis an isoretric draw Afy Jehuaryp2Pdt cartridge
apparatus which nmay be enployed in the printing apparatus of FIG 1A FIG
2 is a sgchematic representation of the functlonal el ements of FIG 1 A

FIG 3 i $SBiSitare corfuriyivethpacts ap yadesiiable poAum of irsigiapss &ttt Srthsani ch may
be enpl obeackr resistoneThis unddsizatde pdraditiccrepisiante digsigates dgogionfof the@lectricll. FIG 4 is

a Cross ?&9& %M'ouﬁkﬂéé‘%@'& b‘é'a@éﬁ’la% ctB%rSL Qpr&ﬁﬁ?r?%%rheg er E’L’gﬁ'{é' FAIG Sis

a plan view o ég 6A, 6B,
and 6C alo®: fempgpit \&%@f g carrgxégim '@dwﬁléa&e e iple ¥apor Bpb lblgﬁa relgtivelyi vi ded
shor t i nglafp@fandithd aﬁxo&hﬂd’f@ﬁﬁrgﬁﬁﬂ:&édﬂn tﬂeyarsﬁuc fekiStance dfaxcaurtce%camohamdrs

schemat i &gmeasgélﬁmc]a&f 'IthaFls Slggl %.11; eci'rcsxs s E&wl St z{t o?ﬁ?: h%%tgr rcmgo @ GB and

6C. FIG altérnatrve e
heat er r88papgtic reaptwq;ev@ ﬂ@tféﬂcmqucqydnctorér{@xqﬁheaﬁemn@cngknss«mm lFthe 9 is a

plan vi esficibnoydf BletppinfiRhd dffeyWititlingBRke@lend@gpegnent ed heater resistor and
The ability of a material to resist the flow of electricity is a property called resistively.
Resistively is a function of the material used to make the resistor and does not depend upon
the geometry of the resistor of the thickness of the resistive film used to form the resistor.
Resistively is related to resistance by:
R=pL/A
where R= resistance (Ohms); p = resistively (Ohm-cm); L = length of resistor; and A = cross
sectional area of resistor. For thin film resistors typically used in thermal inkjet printing
applications, a property commonly known as sheet resistance (Rgpee) is commonly used in
analysis and design of heater resistors. Sheet resistance is the resistively divided by the
thickness of the film resistor, and resistance is related to sheet resistance by:

R = Rspeer (L/ W)

where L = length of the resistive material and W = width of the resistive material. Thus,
resistance of a thin film resistor of a given matenial and of a fixed film thickness is a simple
calculation of length and width for rectangular and square geometries.

Most of the thermal inkjet printers available today use heater resistors that are roughly
of a square shape and have a resistance of 35 to 40 Ohms. If it were possible to use resistors
with higher values of resistance, the energy needed to nucleate an ink vapor bubble would be
transmitted to the thin film heater resistor at a higher voltage and lower current. The energy
wasted in the parasitic resistances would be reduced and the power supply that provides the
power to the heater resistors could be made smaller and less expensive. Realization of the
higher values of resistance, however, may increase the current density despite the overall
current reduction. High current density can reduce the life of electronic circuits by creating
localized elevated temperatures and by generating high electric field strengths that induce

electromigration 1n materials. Moreover, in applications where the current is switched on and



eurrent control device. DETAILED DESCRI PTI ON OF A PREFERRED EMBCODI MENT
There are three main techni ques for obtaining a higher resistance heater
resistor for use in a thermal inkjet printer application. First, a thinner
resi stance | ayer can be deposited on the substrate oxi de The downsi de of
this approach is that as the filnms beconme thinner, they become susceptible
to surface defects and, the thinner the film the nore difficult it becones
to control the filmthickness. Secondy a differentZ4ndareriral200dvi ng a hi gher
i nnat e 24 January 2003 resistively than the well understood

tantal umal um num filmcould be used. The extrenme environnental conditions
exper i enefdgughyastimthefpal iakjet heajprgesistorssextreme thesmelieyclingeoduses expansipax pensi ve,

| ow def egid)cohttdcHod, iwHRhIEQHE SSfatipstUamsed Ne short termdesirability of this
approach. Third, new configurations of thin filmresistor geonetries can
result in hi gher resi stance heater resistors. It is fromthis third

t echni queUMMARY 6 PHESNWENTHONNt i on derives. An exenplary inkjet printing

apparatus, a .Apgegmeﬁ{ed a%r)reémfowmﬁepﬁrﬁﬂeﬁmu&s Sﬁ?s%edté?\{é‘s'ikrtdron is shown
in outllnefor i sonetric drawn Prlntlng evi ces such

as gr aphic€8°Hia8 n%f’é‘?"g? hessr Lgsisyor é?ﬁﬂ“q"éc‘%%ﬁ?ﬂl@gﬁﬁﬂﬁ? PrRWdesA SCHALHURINGE | t abl y
enpl oy thetweenelechirst and venohd onistoA sgpmentse A fotesi coptraliRvice ptoxides redugedi nt i ng

pl aten t Qs Shvdhe anHé'EouBﬁhé‘&evf@éd' um 105, such as paper) is transported by
nmechani sms that are known inm the art. A carriage within the printer 10l

hol ds one or a set of individual print cartridges capable of ejecting ink
drops of BRIEXAXESCTRIPFI@N ORTKHE ARAWNGS ve enbodi ments can include a

sem per manen r lé|¥ " d fromone
or nore flui |I§a ?&Qgg%p ﬂﬂ%@ﬁg&?g& é7‘§1?§Q§rser tﬁ?l" (ﬁlﬁ@%% e print
cartri dg"énﬂk%‘ibﬁﬁmf%"’dfm"r?are colors of ink available within the print

cartri dge anFIGniB Bjakidoimegiciivaving 6f 8 pentaniid appirateawhick alapbe or a single

col or "g’tl‘{y%agﬁll‘g‘qﬁ‘h% 88&5{]]% (ilRl sm the present invention is

appl i cab by at |east these alternatives. A

carri age 109FIQ\AﬁpléhS#Waberf’@mﬂé‘}imqfﬂquh@lpﬂﬁmeﬂtswg}@|1@ﬁn and nounts two

pri ?t cartri ¢gess it Aonpntied :islametrﬁ; crdss 'dé‘chbﬂbﬁ&ldﬂoﬁ gEeRatorlwich hgbear ri age 109
is typica

t ed i de, bar. mechanismw thin the printer
and physl"'%%l%"ﬁ"ﬂ%ﬂé’l“ﬁ%ag 05?}8 ooijfggrﬁ{o allow the carriage 109 to
be transl ati &¥aldiyacess gctiomt eldvabuonsrmnfeuc drap gereratiorfob F1G Jacr oss t he print
Carri age 10! Seansy PuAc off soleli B bl ChplYirgh MUY L e pri nt heads
of the set off‘%? %Pfigi?&gfe@alﬂlewaﬂ meRiEg BN SCHRATCRIOYES 4
pr edet erdmhdﬁckhmtmg\bmnahhuxpaﬂterrtml;)ie\fnar m ng i mges or al phanuneric
characters ugigg 99& ell?&&édéécbmllphﬁhg&n theci% Erﬂ%cl He)at E&?E éﬁ%&f inX
mani pul ation 1I's deferm ne y a user' s conputer (not s

i nst ructfilgneB andbG.r ansnitted to a ni croprocessor - based, eI ectronic
control | er (BIE. 8shaphlh vigw dfiaf altaaazwddﬂtbaﬂmida&ofﬂegﬁémwmf& fise®renpl oy a

rasteri zalk; e(arlpg!f“aé Bﬁ %%tb%lah{l gretgﬁgor S conputer prior to the rasterized data
e

bei ng sent control conmands, to the printer. This
operation i sFith@es ae@ntvw of g aliernativsremborliment efcf segmented hestegessistor and he
user's GeREHit&Hrol d&Geepri nter interprets the commands and rasterized data to
determ ne which drop generators to fire. The ink drop trajectory axis, 2)
is indicated by the arrow. Wen a swath of print has been conpl eted, the
medi um DEFAIEEDMDESCRIRTEPY OFpk PREEERREDEMBOMIMEYNT he print nedia axis, Y)
ndicated byrhdigaBiiPiinhil (RhARBEALE Blaihidy otrithePletiBhhRteRl: LlGonex! swath

"This invention IS [ so app | Ca anuary In jet r|nters
enpl oyi M BMttkarmak! rﬂeaét RiifA aprifeationy itst, ﬁghfﬂeqra%#%cwwrceﬁn betdspeeiedpr i nt head
and WEdloﬁLhc%Ulﬁ‘d&aﬁ&;xtdaoﬂ"ﬁc dhadsideofenit hppeshcplis tﬂith@ﬂﬁiﬂﬁmsﬂé‘d@nﬁ&hlﬁﬁﬂe wi de

arrays) e, or d|r 2c tho t have fixed
medi a a %dvgmsﬁgxtﬁ’ &ﬁu”%efﬁ? ﬁ@"gq9%§¥ gl ﬂg%gof%ugbuag fl at bed
plotter ngorr@mtoamdﬁrcphtbmﬁlnt thickné¢say Serondire dl@feralpipmtcrailbb@lmgﬁ Bigheaninatey of
printing systenms, including |arge format devices) copiers, fax machines,
photo printers) and the like. The inkjet carriage 109 and print cartridges
110, 111 are shown fromthe -Z direction within the printer 101 in FIG 1
B. The printheads 113, 115 of each cartridge may be . observed when the
carriage and print cartridges are viewed fromthis direction. In a
preferred enbodinent, ink is stored in the body portion of each printhead
110) 1 1 5 and routed through internal passageways to the respective
printhead. In an enbodi nent of the present invention which is adapted for
mufti-col or printing, three groupings of orifices, one for each col or
(cyan, magenta, and yellow), is arranged on the foram nous orifice plate




7 24 January 2003 are fornmed fromthe ink drops expelled from sel ected
orifices in the printhead in a band parallel to the scan direction as the
print cartridges 110 and 111 are transl ated across the nmedi um by the
carriage notor 211. Wen the print cartridges 110 and 111 reach the end of
their travel at an end of a print swath on the nmedium 105, the nediumis
conventionally increnentally advanced by the position controller 213 and
the platen motor 209. Once the print cartridges haye,Lgachegyd he end of
their traverse in the X direction on the slide bar) they are either
returned back al ong the support nmechanismwhile continuing to print or
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thereon. The silicon dioxide and PSG forns an electrically insulating |ayer
approxi mately 17000 Angstrons thick upon which a subsequent di scontinuous

| ayer 407 of tantal umalum num (TaAl) of resistive material is deposited.
The tantal um al um num | ayer is deposited to a thickness of approxi mtely
900 Angstrons to yield a resistively of approximtely 30 Chns per square.
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using a nmagnetron sputtering techni que and then masked and etched to create
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The orifice plate 305 is secured to the substrate 313 by the barrier |ayer
31 S In sone print cartridges the orifice plate 30S is constructed of
nickel with plating of gold to resist the corrosive effects of the ink. 1n
other print cartridges, the orifice plate is fornmed of a polyam de nateri al
that can be made into a common el ectrical interconnect structure. In an
alternative enbodinent) the orifice plate and barrie er is integrally
formed on the substrate. In a preferred enbodi ment*o m?ﬁ%Y6P8§ent
invention, a heater resistor having a higher value of resistance is
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termed a Shor conduct or
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segnent sarerowpleitomagiringdiead jrointthe prime@ssadyctivotradehdispdsed bi a polgmertapd t 0
change dH]gectl on by way of the coupling device or shorting bar portion 511.
Because e path of the electrons conprising the electric current is
shorter bet wedhcanibe appigcipfedirpmdils. 2arninede mediumshert isadvancedframanp inpshnent s

(causi ngtrt)hmqwraﬁdrtphﬁt z{reas&eﬁ&ﬁnqe pointHehds t@mmcﬁtﬁm aatdacnh@nfeehalne&s than the

| onger pa current QWS | short at h,
et oty s it il o i RO . PRt
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reduce the ctrqQnic Gircuits t create ally elevated
t enper at ?}F"eémh%cf"b 8 ﬁéé“e ]g}t eug‘tt?'? ‘5‘°'I°i" 25‘*’”@%%??% "t“ﬁ%ftzq?ﬁﬁuge

el ect r onfygicalty wder theicantiol oﬁmhf:dmand/mundgd: pasiteneontraller 214 rAemgxainplemfcl ed on
and of f, su%h'ﬁ&lt?cﬁud ghnd chitfi Qﬁ’ﬂantrﬁé%%t bdfobid f&asbedtit'e.d 2RI SIBl yar i ation

causes ex ston a contractlon of” the printhead substrate and the thin
fi1'm | ayerRPaEtsEed Methadefsinge Com 'aﬁdsgga vitenideaditer kepesatingind Hen gl
expansi Omcaﬂf&ihrﬁﬁﬁ?cﬂ &ﬁﬁmtﬂgmmrg&éaet‘saumemtauy h&nﬂleﬂﬁﬂ(%ﬂﬂ&ﬁ in ther mﬁl
expansi at.es er.ent terials unct i a heater
reS|sto?€§gaﬁ%htﬂ]ﬁ§h Sl Ifa %%F“ orF”HouWO“SOIm{&C 5 a?&ﬁuerstresses
wi |l causd ldhmearfeyt drepsmﬁrréc towcaddseeﬁretm@lwm enmlr@irmmbhctpgaquobl em a
feature ;futdI2dip FIRP EodtAYIEN I'S%d‘fﬁw&eﬁpﬁlpgl¢H”h@'ﬂ¥mtf:t owet@dommd nor e
uni formy through the shorting bar. This is acconplished by enhancing the
shorting bar with a current control device (0. This current control device
conprises a nodified and/or m ssing portion of the conductive filmthat
serially connects resistor segnents 501 and 503. Preferably, the control
device 600 is a portion of coupling device 51 | having varying degrees of
sheet resistance to reduce problens with current concentrations or current
crowding in coupling device 51 | . Preferably, the current control device
600 i ncludes a higher sheet resistance region of coupling device 51 1
positioned in the shorter current path 52 | region of coupling device 51
In a theoretical lim, renmoving a portion of the conductive sheet in the
shorter current path 821 reglon |s eqU|vaIent to an |nf|n|te sheet
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12 24 January 2003 shorting bar segnent 511 a, through a physically short
path 713 (having a resistance value of RB) of bal ancing resistor 601, and

t hrough anot her physically Iong path (having a parasitic resistance val ue
of r,) of shorting bar segnent 511b. The current reconbines at the input to
heater resistor segnment 503" (having a resistance value of RH) and is
returned via conductor 51 S . In order_that the current be bal anced and
current crowding be avoi ded, the bal anéi ng resi st 0?4 6@1uamd2@®e shorting
bar segnents 511 a, and 511 b are designed so that: r, <rz, R®R'>Re)and

R, , +2r, h ’>01 i's
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devi ce m’'ss or, hj.gher resis anc portion 901 of coupling
dovi ce 51 1 fﬁﬁgg PleTEhERORdimEM o AR kg benber St Scheing Por ti on
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24 Januarg ave or vary Ry Teslstance |evel
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conduct or. ) ) ]
chamber 1s bounded by walls created by an onfice plate 305, a layered semiconductor

substrate 313, and firing chamber wall 315. In a preferred embodiment, fluid ink stored in a
reservoir of the cartridge housing 212 flows by capillary force to fill the firing chamber 301.



Clainms 14 24 January 2003 1. A segnented heater resistor for an inkjet
printhead, conprising: a first heater resistor segnent (501 ) and a second
heater resistor segment (503); a coupling device (511 ) that electrically
serially couples said first heater resistor segnent to said second heater
resi stor segnent; and a current control device (601 ), disposed in said
coupling device, that reduces current crowdi ng iQ4SﬂLgagonggng devi ce, and
i ncluding a portion having an area of § ncreased reS|st|v¥ty. 2. The

segnented heater resistor in accordance with claim1, wherein said coupling

device is furpf) in:&R?ﬁxﬁfger E?rgx’i nenb§§%déﬁt{ch§tns'&?&% etiéﬁt‘??laﬁf:dl??{ @ﬁﬁi@”t and

sai d second heater resis [ ) an e rc | owi ng
in said by thethepleeaergy creaisil By die Hy enesgizgdisepmentechhegter essistos A0y at | east
90 degr e@fspésed bh & oxitiZaisete 6PEbshRAS £Y. TIRSUBtAte i§ BPIRNY a semicdidctepgnent ed

heater resistor. in.accqrdance wi,th claim1 eregj.n said area.of increased
resisti vF?V?ﬁ’J‘f%rﬁfﬁﬁrﬁP? ?é?agdt"ﬁﬂéfglbﬂ %W%Fﬁ*‘%?ruv&?ﬂrg BOWEY ow end
portion teebniquesiteormndhipdayer ofsiliconidipxidedbereard Thersegroentasieicatgr pseistor 3&hed i n
3 aid coup thagcrg&ea wy?dgbégmi@dmﬁeﬁg@ filch bPreﬁHﬁJ&?it(cjxfnil ewtmerku&ah _diofcﬁ!ép! i ng

evi ce proxi sai d wi end. .4. segnent ed heat er resi r in
accor dankée)%wrﬁ}‘ﬁl& éli"}ﬁs ia“%f@ r"g'i"Hmér%ri ’i‘?’@?}? Rl E’é’i’?ﬂﬁ'e E‘é%f‘?e nt and
sai d secownttrnhldatherart of Shesmnalrinigetprititead gortshractionolNgxti astbin leygy o€ alumenuenid

por t i ons 4épadited0 Blovild theSAbctHaPrldhftgrsdevi ce further conprises two regions
of conducti ve eri al g511a, géé ). connecting saj d respective end portions

IniFlG: 4a cross sestign o RE champes 30 kpnddhegssoqipted stuctuges aee; o

of said first™

segnent , siweind The sydisiratg 3 titvdntpriseg imthe iprefaradieptbediment, @ simbnlbasedOt, egatedhs by

said cur . | | ' |V fons to
educe cur.rent. ¢rowdl ng en curre ows fromthe end partion of said

; {nﬁﬁﬁ ef@%[:%l gﬁ&;\i}ﬁ)ﬂ o‘?Q{i}ﬁ)‘f ﬁgéosh%n %&h&qﬁ&%@ﬁcﬁ“ a tgmqg'}q’,r RO bt

first hetlien gipdictnga Hadamentos et sdisrs Bt ST ghedkon B Sh@n 0 sai d end

porti on dibxiseantd BHE omhs e elearicdlBShsilaing $8gnappioxiratelfx 1T60MAGgsabme thicke nt

crowdi ng {4 ' ki i ' a | ; IS t he

st eps of uﬁ&%%ﬁ%&%%@&k@“&%%?;& l!rlftg}& g?\’/ g{%ﬁ%lruﬁ ?‘gﬁﬁgﬁgﬁgﬁ B?’? Ic:)e'fc’n%{%1‘[’1‘%ur rent

sour ce t Bateraliifdaposifsgr (The Botajury plugigym layerda depopited(teg thigkngss of segnent ed

heat er 1 gsprédititely®00 ARG troMS tb Rleldli RBishivedydt dpprorirhdiély 38 1ChirisPgesquee UR | Ng

said applie ! %hec ?r%.calt tﬁurreﬁt [rom an oqtgpgﬁ éS lf;eg of sai dig{eat er

resi st or® PYHEY %‘Eé RE™ G¢ FSCHOE P Hd® MY EnEY CPOBIcoVFRP ARG & pi%ral i ty of

pat hs f osputtering teghplque dndothercinpsked land eteliedrie create fdiskordinuows @nd elsttripaiyh of sai d

pl ural i thdgfenft ARas ¥ ¥LsN8vembiehigl subRbAREds 1400 AP BT FNKE a(4,2) ofBgNI tude and a
second path, of said

pl ur 'f { %i‘ pat hs having a,second parasitic resistance

(r.) maghrpise-silan oprer CAISic Y Fendheler eareational] K mAgoB PHET or cat er
t han sai dkpsetedtala thivtkasss bf appredinate OO0 mmgstidmscaegp the tantalum aluminum layer

areas 409, 411 and etched to provide discontinuous and independent electrical conductors

(such as conductors 415 and 417) and interconnect areas. To provide protection for the

heater resistors, a composite layer of material is deposited over the upper surface of the

conductor layer and resistor layer. A dual layer of passivating materials includes a first layer

419 of silicon nitride approximately 2500 Angstroms thick which is covered by a second

layer 421 of inert silicon carbide approximately 1250 Angstroms thick. This passivation

layer (419, 421) provides both good adherence to the underlying materials and good

protection against ink corrosion. It also provides electrical insulation. An area over the

heater resistor 309 and its associated electrical connection to electrical conductors is

subsequently masked and a cavitation layer 423 of tantalum 3000 Angstroms thick is

conventionally sputter deposited. A gold layer 425 may be selectively added to the cavitation

layer in areas where electrical interconnection to an interconnection material 1s desired An



applying an electrical current followng said first path to a bal anci ng

el ement (60l ) portion having a first resistance (RB) magnitude and
applying an electrical current follow ng said second path to a bal anci ng
el enent portion having a second resistance (R') magnitude, said first

resi stance magni tude being Less than said second resistance nmagnitude)
whereby said electrical current following said first path is balanced with
said el ectrical current follow ng sai @ second pa¢hJsmgyt3d®d i n a bal anced
el ectrical current through said shorting bar and coupling said balanced

el ectrlcal [rr aid shor t r 9

second se manlll Ote%%‘fﬁ 8’?“{ zfmcfessm&rggﬁ@g'a’aﬁ gappir?léxs"f s ma?'%gtfougli%b od in
accor dan Betewmh 4t3I6é, 1At" Reegess forgYlanufacgring rihkemal Endogs Pristhaey anddntegrated of

essent i atiuit@epSintGureAPrddeled Therkbynt Aﬁm&ﬁﬁﬁvéméﬂnmrm&t Sethiorduéist path with
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di sposi nget&rifer.5t resistor segment (SO01 ) and a second resistor segnent

(S03) on a sulisliétked EhsRlndE bl HasUld q}ﬂxlg%ﬁhﬂbér'%?‘émdﬁéhﬁctf@éd segment to

sai d second resi or seg conductor shortin r (511},
sol d shoftanfy ln%dﬂ?mgﬁyrflfrrbgfmgﬁw g Thisbagiey ﬂae/ﬁf 1549§ trva)ag ﬁﬁ
second shoorganigpbigmersygstie tiat (sSubstdntially indit spthe icogosive tionlofinbatdiat e a
connect i g veilRalyX ?i)cd% o;?éi}bgmftéﬁﬁan%*?e gk@%u%%zc&ﬁg is. b kdhigh e €Nd Of

said first, 1ort|n ar segnment connecti o r oX| aid second
resi st or 3@&&%% dherhagneg qaréwéwzfewn%mtqh pélrfa}ly r'?fgwaéﬁm destfRent
connect i shapescgd tiibnstchbd. SBypicati @ dertarriee fiysi 3US ae g tickness of kbdut 124 January 2003

di SpoSi gkl dnsRSbdhaa SO WRuEUERL PRR06! sai d second shorting

bar segnent wr at bar. segnent connection
edge proxi mat Bregsifige plaresi0s isserured o the grbatate Aktbx bﬁpﬁéhyﬁﬁél .ol se8Ed second

s hgr ti ngpa rcamael the ofifiEdslate |3o? 1sﬁiéﬁﬁrudteﬂ bahxcmrv.dmfpmmrg olf§6ltl$d amétaﬂg e né
an reS|st|ve u n I rs rtl al d secon

shorti ng“bar vgégﬁ;gs& b\n 'ﬂ% §’ p§’t" %%gt)[f’? °H§ ﬁﬁtgés {réanﬁ ‘fttsjde bet ween
sai d pr opdlysmide mategial thiican bmammmdmrxﬁccmhﬂmcmmmcm ladge and

sai d pr oxiepmitife SBEAMeri E biflG 1AL aRPKRR layePRAVEEMINfRGEEod At 1S greater
than that between said distal first shorting bar conductor segment
connectlﬁ‘rtfs”éad"ge and said distal second shorting bar segnment connection
edge. 8 . A rtaiatpmfex'rad eatbodmtancitheptebentingentiod, a/\lmteeiqsismihalvisg elnghdr

resisti V@J]ﬁé(ﬁ’? dnfis eH{ iJ}v‘é&i tC QRO e friflemt &%d%ove% hRgmen said

substrate anci ng si'stor. as a truncated friangle deonmetr]ic shape
bet ween gra&amf 24 'é'tde%WSFt‘?’%d‘B%Pa‘g’égWéﬁtPa'@é‘ﬂﬁ getstagre g hemgesssibeisecond
shor t i nchaving ategih@mientooapavit in the pedercsupply. Here, the implementation of a higher

value resistance resistor is that of revising the geometry of the heater resistor, specifically

that of providing two segments having a greater length than width. Since it is preferred to
have the heater resistor located in one compact spot for optimum vapor bubble nucleation in
a top-shooting (ink drop ejection perpendicular to the plane of the heater resistor) printhead,
the resistor segments are disposed long side to long side as shown in FIG. 5. As shown,
heater resistor segment 501 is disposed with one of its long sides essentially parallel to the
long side of heater resistor segment 503. Electrical current I;; is input via conductor 505 to
an input port 507 of the resistor segment 501 disposed at one of the short sides (width) edges
of resistor segment 501. The electrical current, in the preferred embodiment, is coupled to
the input port 509 of the resistor segment 503 disposed at one of the short side (width) edges
of reststor segment 503 by coupling device that has been termed a "shorting bar" 511. The

shorting bar is a portion of conductor film disposed between the output port 513 of heater



di sposing the base of said truncated triangle geonetric shape proximte
said first resistor segnent; disposing the apex of said truncated triangle
geonetric shape distal said first resistor segnent; contacting a first side
of said truncated triangle geonetric shaped bal ancing resistor with said
first shorting bar segnment connection edge; and contacting a second side of
said truncated triangle geonetric shaped balancing resistor with said
second shorting bar segnent connecti on,edge. H¢ nmet hod i n accordance
with the nethod of claim7 wherein said step of JABHATAG2LA d first heater
resi stor segment and said second heater resistor segnent further conprises
the st eprediktotlicpRRET J0J agd i mpm@bnIse%ﬁreatrce&ms&)efeg&ﬁgﬂmet mdtlaaﬁé‘dl sai d

second heat iieR( IOLFI§ Ireﬁt Ad RIRIE power supp{y via condA‘ c(A‘ or Sﬁ connecte'ﬁ(%o the ouéut port
517 of heater resistor segment 503. As shown, with no additional electrical current sources
or sinks, I;; =Iys. The output ports 513 and 517 of heater resistor segments 501 and 503,
respectively, are disposed at the opposite short side (width) edges of the heater resistor
segments from the input ports.

By placing the two resistor segments in a compact area, it is necessary for the electric
current to change direction by way of the coupling device or shorting bar portion 511.
Because the path of the electrons comprising the electric current is shorter betiveen the two
proxtmate comers of the heater resistor segments (causing the parasitic resistance of the
shorter path to be less than the longer path), more of the electric current flows in this shorter
path, illustrated by amow 521 in FIG. 5, than any other path, illustrated by arrow 523. This
concentration of current has been terméd "current crowdinE'/‘. High current density produced
by such current crowding will reduce the life of electronic circuits because it creates locally
elevated temperatures and creates high electric field strengths that induce electromigration.
In applications where the electric current is cycled on and off, such as in a thermal inkjet
printhead, the rapid thermal variation causes expansion and contraction of the printhead
substrate and the thin film layers disposed thereon. In areas having differential thermal
expansion and contraction amounts because of the differences in thermal expansion rates of
different matenals, such as at the junction of a heater resistor segment and the conductor
shorting bar, matenal fatigue stresses will cause an early failure.

To address the current crowding problem, a feature of the present invention causes the
current flow to spread more uniformly through the shorting bar. This is accomplished by
enhancing the shorting bar with a current control device 600. This current control device
comprises a modified and/or missing portion of the conductive film that serially connects
resistor segments 501 and 503. Preferably, the control device 600 is a portion of coupling
device 511 having varying degrees of sheet resistance to reduce problems with current
concentrations or current crowding in coupling device 511. Preferably, the current control
device 600 includes a higher sheet resistance region of coupling device 511 positioned in the
shorter current path 521 region of coupling device 511. In a theoretical limit, removing a
portion of the conductive sheet in the shorter current path 521 region is equivalent to an
infinite sheet resistance in that region. In a preferred embodiment, the current control device
600 1s realized as a current balancing element created in association with the shorting bar. As

shown in FIG 6B, a balancing resistor 601 scparates the shorting bar portion into two
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exposing the resistive material layer and creating a resistor (unshorted by the conductive
layer disposed atop the resistive matenal layer). Alternatively the conductive film may be
selectively deposited in masking and deposition steps. Although the balancing element is
preferably a resistor, other elements, such as a parallel arrangement of diodes, or similar
current restrictive devices may be employed in the present invention.

Balancing resistor 601, in the preferred embodiment, is created with a trapezoidal or
triangular-shaped tapered geometry in which the widest (base) end is positioned in the area of
the shorting bar which previously experienced current crowding. The balancing resistor is
further created with its narrowest (apex) end furthest from the area furthest from the area of
current crowding. This tapered geometry, arranged as shown in FIG. 6B, produces a resistor
that has its highest incremental resistance at its base and its lowest incremental resistance at
its apex. Incremental resistance, as used herein, is a magnitude of resistance which would be
measured on an essentially linear path from a point on the edge of an input port 603 of
balancing resistor 601 to a point on the edge of an output port 605 of balancing resistor 601
without any parallel resistance effects from any other path across balancing resistor 601.
When the path lengths for current flowing through the shorting bar segment 51 1a, the
balancing resistor 601, and the shorting bar segment 511b are taken into consideration, the
resistance encountered by an electric current flowing from the output port 513 of heater
resistor segment 501 to the input port 509 of heater resistor segment 503 is essentially the

same.
Stated another way and with reference to FIG. 7, a resistor model can be configured to

help explain the operation of this facet of the present invention. Current flows into heater
resistor segment 501" (having a resistance value of R;;) via conductor 505'. At the output of
heater resistor segment 501, the current divides into a multiplicity of paths — two of which
are deemed to be path 701 and path 703. In path 701, a component of the current flows
through a physically short path 705 (having a parasitic resistance value of r;) of shorting bar
segment 511a, through a physically long path 707 (having a resistance value of R,) of
balancing resistor 601, and through another physically short path 709 (having a parasitic
resistance value of r,) of shorting bar segment 511b [n path 711, another component of the

current flows through a physically long path (having a parasitic resistance value of r,) of
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shorting bar segment 51 1a, through a physically short path 713 (having a resistance value of
R) of balancing resistor 601, and through another physically long path (having a parasitic
resistance value of r,) of shorting bar segment 511b. The current recombines at the input to
heater resistor segment 503' (having a resistance value of R,;) and is returned via conductor
515'. In order that the current be balanced and current crowding be avoided, the balancing
resistor 601 and the shorting bar segments 511a, and 511b are designed so that:
[ <n,
Ry >R, >Ry, and
Ry,+2r,=Ry+2r,
The component of the current flowing through path 701 is therefore made essentially equal to
the component of current flowing through path 703 and current crowding is avoided.

The physical implementation of a preferred embodiment of the present invention uses
a heater resistor having a total (R,;+ R,;) resistance value of approximately 140 ohms. As
diagrammed in a preferred embodiment illustrated in FIG. 6B, the balancing resistor has a
total measurable resistance value of 4 ohms with physical dimensions of b=2.3 um at the
base, a=1.8 pm at the truncated apex, and a truncated triangle height of h=25pum, which is
related to the lengths of the triangle sides. The heater resistor segments 501 and 503 each
have a width of w=9 pm and a length 1=20 pm. The tantalum-aluminum thin film of the
heater resistor segments and the balancing resistor has a thickness of approximately 900
Angstroms. It should be noted that as the height, h, becomes larger (that is, as the shorting
bar becomes wider) the current distribution becomes greater (more individual electron paths
are available) and the total measurable resistance value increases.

In an alternative embodiment where the heater resistor need not be concentrated in a
confined area (such as in a distributed or multiple coordinated nozzle configuration) but in
which a tumn or comer is necessary in the shorting bar portion, an application of the present
invention may be employed to minimize the effects of current crowding in the shorting bar.
A ninety degree tumn is necessary in the shorting bar for the heater resistor configuration of
FIG. 8. The heater resistor consists of two resistor segments 801, 803 joined by a shorting
bar conductor separated into two portions 805a and 805b by balancing resistor 807.

Other ways of balancing the current in a coupling device using a current control
device can be considered, as illustrated in FIG. 9. For example, the current control device 600
can be a missing or higher resistance portion 901 of coupling device 511 that is positioned in
the region of current crowding  Portion 901 is depicted to be of any or geometry that reduces

current crowding 1n coupling device 511 to an acceptable level. Alternatively, coupling
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device 511 may have a graded or varying resistance level that increases with distance from
resistor segments S01 and 503 to minimize the maximum current density in coupling device
511. Stated another way, coupling device 511 can comprise a sheet 511 of varying sheet
resistance wherein the sheet resistance has a higher value where coupling device contacts
resistor segments 501 and 501. In that event, this vaniation of sheet resistance can be
referred to as a current control device aspect of coupling device 511. '
Thus, a thermal ink drop generator has been described which enables a higher value
of resistance to be realized by improving the heater resistor geometry of segmented resistors.
Current crowding is reduced by employing a balancing resistor as part of the shorting bar

conductor.

We claim:
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Claims
1. A segmented heater resistor for an inkjet printhead, comprising:
a first heater resistor segment (501) and a second heater resistor segment (503);
a coupling device (511) that electrically serially couples said first heater resistor
segment to said second heater resistor segment; and
a current control device (601), disposed in said coupling device, that reduces

current crowding in said coupling device, and including a portion having an area of

increased resistivity.

2, The segmented heater resistor in accordance with claim 1, wherein said
coupling device is further disposed between said first heater resistor segment and said
second heater resistor segment such that an electric current flowing in said first heater
resistor segment is altered in direction by at least 90 degrees to flow in said second heater

resistor segment.

3. The segmented heater resistor in accordance with claim 1, wherein said
area of increased resistivity further comprises a tapered geometry including a narrow end
portion and a wide end portion, said wide end portion being positioned in said coupling

device to reduce electric current flow in said coupling device proximate said wide end.

4, The segmented heater resistor in accordance with claim 1, wherein said
first heater resistor segment and said second heater resistor segment further comprise
respective end portions (513,509) and said coupling device further comprises two regions
of conductive material (511a, 511b) connecting said respective end portions of said first
heater resistor segment and said second heater resistor segment, said coupling device
being interrupted into said two regions by said current control device adjacent to said
respective end portions to reduce current crowding when current flows from the end
portion of said first heater resistor segment, through said coupling device and to said end

portion of said second heater resistor segment.

5. A method of current crowding reduction in an inkjet printer print

cartridge, comprising the steps of:
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applying an electncal current from a current source to an input port (507) of a first
segment (501) of a segmented heatcr resistor to eject an ink drop from the print cartridge,

coupling said applied electnical current from an output (513) of said heater resistor
first segment to a shorting bar (511) providing a plurality of paths for said applied electrical
current to follow, a first path of said plurality of paths having a first parasitic resistance (r,)
magnitude and a second path of said plurality of paths having a second parasitic resistance
(r,) magnitude, said first parasitic resistance magnitude being greater than said second

parasitic resistance magnitude;

applying an clectrical current following said first path to a balancing element (601)
portion having a first resistance (R,) magnitude and applying an electrical current following
said second path to a balancing clement portion having a second resistance (R, ) magnitude,
said first resistance magnitude being less than said second resistance magnitude, whercby
said electrical current following said first path is balanced with said electrical current
following said second path resulting in a balanced electrical cumrent through said shorting
bar; and

coupling said balanced electrical current from said shorting bar to an input port (509)

of a second segment (503) of said segmented heater resistor.

6. A method in accordance with the method of claim 5 further comprising the step of

essentially equating said electrical current following said first path with said electnical current

following said second path

7. A method of manufacture of a printhead for an inkjet print cartridge comprising

the steps of:
disposing a first resistor segment (501) and a second resistor segment (503) on a

substrate;
electrically coupling said first resistor segment to said second resistor segment with a

thin film conductor shorting bar (511), said shorting bar having a first shorting bar segment
(511a) and a second shorting bar segment (511b),

disposing on said substrate a connection edge (513) of said first shoruing bar segment
with one end of said first shorting bar segment connection edge proximate said second

resistor segment and the other end of satd first shorting bar segment connection edge distal

saud second resistor segment,
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resistively coupling said first shorting bar segment to said second shorting bar
segment with a resistance (601) having a magnitude between said proximate first shorting bar
conductor segment connection edge and said proximate second shorting bar segment
connection edge that is greater than that between said distal first shorting bar conductor
segment connection edge and said distal second shorting bar segment connection edge.

8. A method in accordance with claim7 wherein said step of resistively coupling
further comprises the steps of:

disposing on said substrate a balancing resistor as a truncated triangle geometric
shape between said first shorting bar segment connection edge and said second shorting bar
segment connection edge,

disposing the base of said truncated tnangle geometric shape proximate said first
resistor segment;

disposing the apex of said truncated tnanglc geometric shape distal said first resistor
segment;

contacting a first side of said truncated triangle geometric shaped balancing resistor
with said first shorting bar segment connection edge; and

contacting a second side of said truncated triangle geometnc shaped balancing

resistor with said second shorting bar segment connection edge.

9. A method in accordance with the method of claim 7 wherein said step of
disposing said first heater resistor segment and said second heater resistor segment further
compnises the step of disposing said first heater resistor scgment adjacent said second heater

resistor segment.



