10 Septenber 2004 1 HEAT- GENERATI NG ELEMENT FOR PRI NTER HEAD AND
MANUFACTURI NG METHOD THEREFOR BACKGROUND COF THE INVENTQ&% %. Ei%thOf t he

| nvention The present invention relates to a printer, PRATEF’ fiddd, and a
manuf acturing mnethod for the printer head, and can be applied in, for
exanple, thermal ink jet printers. 2. Description of the Related Art In
recent years, in the field of inmge prOCESSing and the |ike, there has been
i ncreased needs for color hard copies. Conventionally, the sublimation
thermal transfer nethod, the fusing thermal transfer nethod, the ink-jet

met hod, the electro-p h met hod, the heat-devel opi ng silver-salt
net hod, and ot her |i kg%?ég&ﬁéqW@ﬁH%N-ﬁgpﬁo%lNT%Hgé@n proposed to
deal with such needs. O, these nethods, the ink jet nmethod can out put

hi gh-qual ity i mages wi t H\N2 VANPrACTYRING MEFHOR THERERGQRson is that this

met hod causes droplets of a recording fluid (ink) to fly fromnozzles
provi ded on a recordi ng head, which adhere to the object of recording and
formdots. The ink-jet nmethod is classified into the electrostatic

gravitatio i © ntinuous Vi bration generating nethod (piezo
met hod) , tﬁécgﬁmiaqlﬁpﬁng@“@p“‘accor ding to differences 10 Septenber
2004 -2 in the method of causing the ink to fly. O these nethods, the
thermal nethod is a nethod wherein bubbles are

1. Field of the Invention
The present invention relates to a printer, a printer head, and a manufacturing

method for the printer head, and can be applied in, for example, thermal ink-jet printers.

2. Description of the Related Art

[n recent years, in the field of image processing and the like, there has been
increased needs for color hard copies. Conventionally, the sublimation thermal transfer
method, the fusing thermal transfer method, the ink-jet method, the electro-photography
method, the heat-developing silver-salt method, and other like color hard copying
methods have been proposed to deal with such needs.

Of these methods, the ink-jet method can output high-quality images with a
simple configuration. The reason is that this method causes droplets of a recording fiuid
(ink) to fly from nozzles provided on a recording head, which adhere to the object of
recording and form dots. The ink-jet method is classified into the electrostatic gravitation
method, the continuous vibration generating method (piezo method), the thermal

method, etc., according to differences



generated by local heating of ink, and ink is pressed out from nozzles
which are discharging orifices, by these bubbles, therghgefigHsiimohe i nk
to fly to the printing nmedium Accordingly, color inages can be printed
with a sinple configuration. A thermal printer is configured using a
so-called printer-head. The printer head is arranged such that
heat - generating el enents for heating i nk2-transistors for drivi ng the
heat - generating el enments, and so forth, are nounted on the printer head.
Now, the heat-generating elenments are formed by depositing a resistor

mat eri al ﬁﬁgﬁ%h? ??ctcri’fg'ﬁ‘ﬁﬁ thedpk e hm  al umi num titaniumnitride, etc., on
a predeterm ned substrate by sputtering, which is wdely used in

sem conductor form ng processes, formng alum num el ectrodes thereupon,
foll owi ng which rotective layer of a silicon nitride filmor the like
is formed. The 9? i fﬁ?%ff mehedhabeatherval sethadd ies sreihed (vhpsein bubbled iagrii d
chanbers, and nOéZ| es formed of a tantalumfilmon the upper layer of this
prot ect i ve9PRRFaled by drcaheatingyiof dek. iand ink isheressgd loutfiiom dleariee vhicho abe
heated by the heatipg of the heat-Penerati ng el ements. Further, the
printer hed§ChAYRG HiGeY B Heserhubbles| derehy cawirg theainkote Hyidplthe drinting he
heat 10 Seﬁ%ﬁnber 2004 - 3 generating elenments from MOS (Metal Oxide

Seni conduc AT, rACIrdIRgIG COfor fRagas GaNde Rilited with A simple penfiguralignso as to
control the operation of the transistors by predeterm ned driving
circuits, thereby driving with driving circuits to adhere ink |liquid drops
on paper. Now, with the heat-generating elenents at the tinme of printing,
electricity is PepRIEBLRNIRICHH SPNEUres using 8 so-called printer-head. The printer head is

arranged such that heat-generating elements for heating ink, transistors for driving the

heat-generating elements, and so forth, are mounted on the printer head.

Now, the heat-generating elements are formed by depositing a resistor material
such as tantalum, tantalum, atuminum, titanium nitride, etc., on a predetermined
substrate by sputtering, which is widely used in semiconductor forming processes,
forming aluminum electrodes thereupon, foilowing which a protective layer of a silicon
nitride film or the like is formed. The printer head has a cavitation-resistant layer, ink
liquid chambers, and nozzles formed of a tantalum fiim on the upper layer of this
protective layer, thereby enabling ink in the ink liquid chambers to be heated by the
heating of the heat-generating elements. Further, the printer head is arranged such that

electric power can be supplied to the heat-



vol tage being repeatedly applied. Wth conventional printer heads, the
repeated application of electricity may change the reqbsg%ﬁbé*ag gg and
eventually lead to line breakage of resistor elenents, and accordingly
reliability has been insufficient. " SUMMARY OF THE | NVENTION In one
aspect, the present invention provides a printer head conprising: a

sem conductor substrate; a doped oxide filmdisposed on said sem conductor
substrate; a dielectric |ayer disposeddon said doped oxide film a heat-
generating el enent disposed on said dielectric layer; a transistor for
driving said heat-generating el ement to generate heat for printing a
desired i Fe§eradiddarelamentsc fnamtM®h (Mgkal ddspdsefenhcaaductor) or

heat - generat i el enent ;. .wherein _said _heat-generating element is formed by
deposi ti néﬁ;)tomggas%rgﬁlglgftogsl’v A?r’r‘F@t aiy af*"rfﬂ“%lwgr{@d metQl 3%y €O on

sai d di el egintirell ayes . opBran@bheroaspest trbh%ia!‘tea%@“tba) “%Pé‘&é@é‘rﬂ?%&’é’d des a
met hod for manufacturing a printer head conprising: disposing a oped

oxi de fi | HdiadseHinsoriduot othexdisy rdreyingi spoki rai‘,r_larldngelcle]oiduldzsi atyce][ onI y
sai d doped oxide.film. 10 .Septenber 2004 - 4 disposing at | east one of a

A metal | 50rmandrl YLatid GEoss Sh paper.

Now, with the heat-generating elements at the time of
printing, electricity is repeatedly applied by pulse
voltage being repeatedly applied. With conventional
printer heads, the repeated application of electricity may
change the resistance value and eventually lead to line
breakage of resistor elements, and accordingly reliability

has been insufficient.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a
printer head comprising: a semiconductor substrate; a doped
oxide film disposed on said semiconductor substrate; a
dielectric layer disposed on said doped oxide film; a heat-
generating element disposed on said dielectric layer; a
transistor for driving said heat-generating element to
generate heat for printing a desired image; and an anti-
cavitation layer disposed on said heat-generating element;
wherein said heat-generating element is formed by
depositing at least one of a IV A metal layer and a V A
metal layer on said dielectric layer.

In another aspect, the present invention provides a
method for manufacturing a printer head comprising:
disposing a doped oxide film on a semiconductor substrate:

disposing a dielectric layer on said doped oxide film;



metal |ayer on said dielectric layer to forma heat-- generating el ement;

di sposing a resistor material upon said heat-generating S¥pediRedr.2088d
driving said heat-generating elenment using a transistor to generate heat
and to print a desired inmage. In yet another aspect, the present invention
provides a printer head conprising: a sem conductor substrate; a doped
oxi de filmdisposed on said sem conductor substrate; an oxidised silicon
filmdisposed on said doped oxide fi1 an insulating |ayer disposed on
said oxidised silicon film a heat-generating element disposed on said
insul ating |ayer; a transistor for driving said heat-generating element to
generat e %Qgpoqygg Fh dCasd #h¢e$ifr ad IVmAg@etandlameanahdcavitation | ayer

di d [ - Lat i | enent ; _wherein_ said heat-generating
cl onent 1 S ey Gaa t tBLaReTTE1a8RE B 50D A HERLr i ayer and a v
A net al I@pmenmtin@abdeh@&mhaUﬁ@@onﬁ?ra kBsanebhena B8PS ubBR PLEgeNt

i nvention provides a nethod for manufacturing a printer head.cpnprlsing:

ol sposi o 8 0apescoxdest Fhamon'a e dopulinor=idubsatagencriasing ng. ar

Cayer on SaceR B A FEelsA P SupEReeri araTeat ERebsHna TV A
desired image.

In yet another aspect, the present invention provides
a printer head comprising: a semiconductor substrate; a
doped oxide film disposed on said semiconductor
substrate; an oxidised silicon film disposed on said
doped oxide film; an insulating layer disposed on said
oxidised silicon film; a  heat-generating element
disposed on said insulating layer; a transistor for
driving said heat-generating element to generate heat
for printing a desired image; and an anti-cavitation
layer disposed on saild heat-generating element; wherein
said heat-generating element is formed by depositing at
least one of a IV A metal layer and a V A metal layer on
said insulating layer.

In another aspect, the present invention provides a
method for manufacturing a printer head comprising:
disposing a doped oxide film on a semiconductor
substrate; disposing an oxidised silicon film on said
doped oxide film; disposing an insulating layer on said
oxidised silicon film; disposing at least one of a IV A
metal layer and a V A metal layer on said insulating
layer to form a heat-generating element; disposing a

resistor material upon said heat-generating element; and

driving said heat-generating element using a transistor



nmetal layer and a V A netal layer on said insulating layer to forma

heat - generating el ement; disposing a resistor materialouRferfibdrhoo4

heat - generating el ement; and driving said heat-generating elenment using a
transistor 10 Septenber 2004 - 4a to generate heat and to print a desired
i mge. Exanpl e enbodi ments provide a printer, a printer head, and a
manuf acturing method for the printer head, for inproving the reliability
of heat-generating el ements over th5t46f'convent|onal arrangenents. In
order to solve the problens, with the exanple enbodinments, application is
made to a printer, printer head, and a manufacturing nethod for the
printer heédd, IHRIFEhe NRht agéndath gl 2nersiredf gmase by depositing at

I t IV A er nmetal layer, followed by deposjiting a
rggfstgr naterpg$£%n6%ytﬁqug;ééﬁ%ﬁay %Pvﬁ§¥ ofie Qﬁﬁ8ﬁgﬁént? apfﬁpi?ﬂetal
| ayer or VieAdvetaald layesanhsadtirDeypcedthet weep theserisndit heedd A pet al

layer or V A netal |ayer closely adheres with sufficient strength to the
| over | ayéfRANVERY £he | rebhahititeofi Ihpatsidensomtiog deldnidnhs edeer due

;ftLo;z}ngggﬁgguggﬁvgﬁgigxéihaggghgéég%égyerface, and al so cl osely adheres

In order to solve the problems, with the example
embodiments, application is made to a printer, printer head,
and a manufacturing method for the printer head, and the
heat-generating element is formed by depositing at least a
IV A metal layer or a V A metal layer, followed by
depositing a resistor material upon this metal iayer.

In one embodiment, a IV A metal layer or V A metal
layer is introduced between these, and the IV A metal layer
or V A metal layer closely adheres with sufficient strength
to the lower layer which is silicon nitride film, silicon
oxide film, etc., due to forming compounds therewith and
the interface, and also closely adheres with sufficient
strength to the upper layer of TiN or the like making of the
heat-generating elements, due to being metal material of
the same type. Thus, even in the event that thermal stress
is repeated, peeling off of the heat-generating elements
can be prevented, and the reliability of the heat-
generating element can be improved over conventional

arrangements.

BRIEF DESCRIPTICON OF THE DRAWINGS
Fig. 1 1is a cross-sectional diagram illustrating a
printer head applied to the printer according to the first

embodiment of the present invention;



strength to the upper layer of TiN or the Iike making of the

heat - generating el enents, due to being nmetal material ofpsddmsa®olype.
Thus, even in the event that thermal stress is repeated, peeling off of
the heat-generating elenments can be prevented, and the reliability of the
heat - generating el enent can be inproved over conventional arrangenents.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. is a cross-sectional diagram
illustrating a printer head appli ed t 8% he printer according to the first
enbodi mrent of the present invention; 10 Septenber 2004 - 4b Fig. 2 is a
properties curve_for %es,cri bing the  operation of the printer head shown in
Fig. 1; Fig. 3 i5'% photidyrapRLareadies: i thef eadesgenbiagi ridicel enent s
of the pri head [0 DO =1 b Qs 4 1S _a properties curve
iIIustrati{l%@lﬁe pr‘?ﬁ% éfshé%t%irhé’eﬁﬂ g 380 Fefowd i n Fig. 1; Fig. 5is
@ cross-sectionaFigi agBamikl | ust aidtegyrapt0 Septesdier 2004 &,ripd g~ head

applied to the aPr,i nter. according to the second enbodinment of the present
i nventi on: 9ener ting elements of the printer head shown in Fig. 1;

Fig. 4 is a properties curve illustrating the
properties of the printer head shown in Fig. 1;

Fig. 5 is a cross-sectional diagram illustrating a



Fig. 6 is a photograph illustrating the heat- generating elenments of a

conventional printer head; Fig. 7 is another photographo$dgishbéidong t he
heat - generating el enents of a conventional printer head; and Fig. 8 is a

table illustrating the |inear expansion percentage of various materials.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi ments of the present
I nvention wll now be .described with Seterence to the draw ngs as

appropriate. First enbodiment 1-1 Configuration of the first embodi ment
Fig. 1is a cross'sectional diagranlillustrating a printer head. The

rinter Henansepead Ashiidd %"S’%ﬁﬁ%eéia‘éﬁﬁfw g Agpnd.
silicon Sé%?ﬁ%gﬁgngn%zofdet }Is%eso&(@ti o B E%ﬁé(l‘m Local xi o 'dation

of silico or separa g transistors devi ce separating areas 23
2L§SI?;F§d22y dgg f:gi Y- re V|n§%%éﬁ ﬂgr%#%glﬁﬁe%@|||§@%Pﬁ|filhgopllm
Uy eot i gt R par o el ant oFn La‘?%%‘?ﬁ%?f’fé%%a 53 W ienber 2004
Fig. 7 is another photograph illustrating the heat-
- generating elements of a conventional printer head; and

Fig. 8 is a table illustrating the linear expansion

percentage of various materials.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of thé present invention will now be
described with reference to the drawings as appropriate.
First embodiment
1wl Configuration of the first embodiment

Fig. 1 is a cross-sectional diagram illustrating a
printer head. The printer according to this first
eﬁbodiment is configured using this printer head 21.

The printer head 21 comprises, on a cleansed p~-type
silicon substrate 22, device separating areas (LOCOS: Local
oxidétion of silicon) 23-f0r separating transistors. The'
‘device separating areas 23 are formed by depositing a
gsilicon nitride film on the p-type silicon substrate-zz,
partially removing and patterning the silicon nitride film
by a lithography process and reactive ion etching processes,

and subjecting the patterned pattern to thermal oxidation



6 processing. Next, followi ng a cleansing process, gates of a tungsten
silicide 1 poly-silicon (thernmally oxidized film struaDgptanigerfoopged on
the transistor formng areas | eft between the device separating areas 23
on the printer head 21, and further subjected to an ion injection process
for formng source and drain areas, and a heat treatnent process, thereby
forming MOS transistors. Formed on the pPirnter head 21 are switching
transi stors 24A for driving the heat- generating el enents, which are
connected to the electric power source of 30 V by the MOS transistors via
t he heat - gBfEPEYhg el enents, and transistors 24B of a logic integrated
circuit for driving the switching transistors 24A, operating off of

el ectric power source voltage 5 V. Next, on the printer head 21 is
deposited a BPSG (BoroPhosepho Silicate dass) film25 by CvD (Chem cal
Vapor Deposi ti oNpxt dellpwincheaeleansinge Brogess. fagtere of @ntungetesidiliciden/ poly-silicon
sem conduchor di spersion |ayer (sources and drains) by a photolithography
process andherpalypxigiged §im é%'(‘éﬂpfﬁgafﬁﬁrﬁl?dd)rdhﬁ tepmsistonderming hreap défnbetwebread
21 is cleans%? with dilute hydrofluoric acid, follow ng which a titanium
filmof 20MRrHevice: $aPalatiBg Sreaf23 onitheumrinter head i2deandfurfher sueiected d6 a6domm i n
t hi ckness sequentially deposited by sputtering, and 10 Septenber 2004 7

al uni num wingylien eregess denplemingderiice andeafsaisi ares.t anch at indad Kreadroentf préGEssnm
Further, a_ first |layer of wiring pattern 28 is fornmed by a

phot ol i t hoBeERPMfOTRHRE MOS BaRsideRs- et ching process. Wth the printer head
21, the MOS transistor making up the driving circuit are

Formed on the printer head 21 are switching transistors 24A for driving the heat-
generating elements, which are connected to the electric power source of 30 V by the
MOS ftransistors via the heat-generating elements, and transistors 24B of a logic

integrated circuit for driving the switching transistors 24A, operating off of electric power

source voltage 5 V.

Next, on the printer head 21 is deposited a BPSG (BoroPhosepho Silicate Glass)
film 25 by CVD (Chemical Vapor Deposition), and contact holes are formed on the silicon
semiconductor dispersion layer (sources and drains) by a photolithography process and

reactive ion etching using a CFx gas.

Next, the printer head 21 is cleansed with dilute hydrofluoric acid, following which
a fitanium film of 20 nm in thickness and a titanium nitride barrier metal of 60 nm in

thickness sequentially deposited by sputtering, and



mutual |y connected by the first layer of wring pattern 28, a driving
circuit is formed by the logic integrated circuit, andotqiptdienirogemerating
el enents are driven by driving of the switching transistors 24A by the
driving circuit. Next, with the printer head 21, an oxidized silicon film
(so-called TEGS) 29 is deposited by CVD on the first layer of alum num
wiring pattern 28, and the oxidized sili-cofilm29 is snoothed by a CW
(Chem cal Mechani cal Polishing) process or resist etch-back. Next, contact
hol es (veer holes) connecting to the first layer of alumnumwring are
formed by aluptiire MithHbE et ieppperccided isdepasited Jo ettibiregs pf 60@ 9. Retier, an
alum num wring pattern is forned in the same manner as with the first

| ayer by sfist tayer aywiriagdadierns2® snfdrrhed by aofhaidlittignaphyvproters oat digratctdfy i s
formed by a photolithography process and a dry etching process. Wth the
printer heBi@cess. Withdheptintec hgad@t, the MOP dtansistor Jakirdup theodrivihd direit\srg | ng
pattern 32 are fornmed by the second | ayer of wiring pattern 30. Wth the
printer hedtyally connectasiiyathe ficpt laypeof \@idng pattdre28f adriving biycudtap Gsinkt by tiee
silicon nitride filmby 10 Septenber 2004 8 CVD, which is snoothed by a
resi st et clegisaibtegpted sireuibrandhibe Heakgendretinig eleirichtst e grivient gy dhengl o? the
contact holes (veer holes) connecting to the second |ayer of alum num

Wi ring arawitchingdeansisters ghatbylthe hiddnagihopitpr ocess and a dry et chi ng

process. Further, titanium which is a IV A netal, is disposed

Next, with the printer head 21, an oxidized silicon film (so-called TEOS) 29 is
deposited by CVD on the first layer of aluminum wiring pattern 28, and the oxidized

sificon film 29 is smoothed by a CMP (Chemical Mechanical Polishing) process or resist

etch-back.

Next, contact holes (veer holes) connecting to the first layer of aluminum wiring
are formed by a photolithography process and a dry etching process. Next, an aluminum
wiring pattern is formed in the same manner as with the first layer by sputtering, and a
second layer of aluminum wiring pattern 30 is formed by a photolithography process and
a dry etching process. With the printer head 21, an electric power line pattern 31 and
ground line wiring pattern 32 are formed by the second layer of wiring pattern 30. With
the printer head 21, an insulating layer 34 is then formed by depositing a silicon nitride

film by



fromthe |lower |ayer side by sputtering to a' thickness of 10 nmto forma
buffer layer 35A, following which a titaniumnitride HoyBsptsdiidri2904
deposited to a thickness of 100 nm and heat-generating el enents 35 are
created by a .photolithography process and a dry etching process. Thus,
titaniumnitride is applied to the printer head 21 as resistor naterial
for the heat-generating el ements 35, “tHereby fornming the heat-generating
el enents 35 by depositing this resistor material on the silicon nitride
film34 across a titaniumfilm 35A which is a netal of the sane type as

this titaavon nitididel #nenébERed Sh thést%ttaletd}F ©
film36 functioning as an ink pro?ectlng | ayer %% né%f%%gggtﬁ &hgss of
appr oxi maflakg. 300 nm and a tantalumfilm 37 serV|ng as a cavitation

resi stance layer is forned to a filmthickness of 200 to 300 nm by

sputtering. TheNenitnt eritteathe? lphisténknbhgubd, coarbens ﬁ&&eschq{@@%s,
etc., forned in the next process, and thus is conpleted (Fig 0

Septenberh2@3$)9d¢nnectxngmﬂm|ﬂhéyséa¢ﬁaeqa9@ﬁﬂafrglﬁﬁfﬁuﬂe@grgﬁ are a
dry film40 of, for exanple, a carbon resin, and an orifice plate 42. .Wth

the printaFehdedmer] nhe ipiotohiklogrhphye bsobbsa afdraedrpret&Ring

heat - generati ng el enents 35
process.

Further, titanium, which is a IV A metal, is disposed
f;om the lower layer side by sputtering to a thickness of
10 nm to form a buffer layer 35a, following which a
titanium nitride layer 35B is deposited to a thickness of
100 nm, and heat—generéting‘elements 35 are created by a
photolithography process and a dry etching process. Thus,
titanium nitride is appliéd to the printer head 21 as
resistor material for the heat~-generating elements 35,
thereby forming thé heat-generating elements 35 by
depqSiting this resistor material on the silicon nitride
film 34 across a titanium film 35A which is a metal of the
same type as this titanium nitride and also is a IV A metal.

Next, a silicon nitride film 36 functioning as én ink
protecting layer is formed to a thickness of approximately
300 nm, and a tantalum film 37 serving as a cavitation
resistance layer is formed to a film thickness of 200 to
300 nm by sputtering. The printer head 21 has ink liguid
chambers 44, channels, etc., formed ih the next process,

and thus is completed (Fig. 1).



by the dry film4:0 and the orifice. plate 42, and further, orifices 43
which are mnute ink discharging orifices connecting fio@8ptdiebdraiooki qui d
chanbers 44 are fornmed, and noreover channels and the like for guiding the
ink to the ink liquid chanbers 44 are formed. 1-2 Operation of the first
enbodi ment | n the above configuration, with the printer head 21, sw tching
transi stors 24A and the like are formed®rm the p.- type silicon substrate
22 and connected by the wiring pattern 28 and the like, follow ng which an
insulating layer is formed of a silicon nitride film34. A buffer |ayer

35A of titani umyekih sieau%dt\iaﬁlgtﬁffégyeﬁ@& énrﬁg%Z%%ng%@%%gcflﬁM%éaﬂ: um

nitride are deposited to form he enerating

the insul at irg fiayers Bobr Cadt abimp1eSi gt é@%blo%y?es:?fl7n i%' Lgui d

chanbers 44, channels, and the |ike are forne I'nk TS dui 0 the ink
liquid charheéieedp dthe 4meatwaq@emél}?giﬁ't&%ewe"a@%qeg@tﬁh@e C%lg%fgt he

switching operation of the switching transistors 24A under the ol of

the driviobambeesi %4 thes ehyriatabn Ytlﬁléahéaﬂ—b@?xeﬂarﬂiﬂ% dgnd ks | 3qui d
chanbers 44. Wth the printer head 10 Septenbér 2004 -10 21, air bubbles
are generbyetiheudriyo fiillins 4teatidigleé dherstdepliage af2 t hgvdeaiinge£) ements
orifices 43 which are minute ink diséharging orifices
connecting from the ink liquid chambers 44 are formed, and
moreover channels and the like for guiding the ink to the
ink liquid chambers 44 are formed. |
1-2 Operation of the first embodiment
In-the above configurationy with the printer head 21,
switching transistors 24A and the like are formed on the p~
type silicon substrate 22 and connected by the wiring
} pattern 28 and the like, following which an insulating
layer is formed of a silicon nitride film 34. A buffer
layer 35A of titanium which is a IV A metal, and a resistor
film 35B of titanium nitride are deposited to form heat- |
generating elements 35, following which the insulating
layer 36, cavitation resistant layer 37, ink liquid
chambers 44, channels, and the like are formed.
Ink is guided to the ink liquid-chambers 44, the
heat~generating elements 35 generate heat by the switching
operation of the switching transistors 24A under the

control of the driving circuit, thereby locally heating the

ink in the ink liquid chambers 44. With the printer head



35 in the ink liquid chambers 44, and the bubbles join to forma film
bubbl e which grows. The increased pressure of the bubhbgmmw&m@k out
fromthe orifices 43 and causes the ink to fly to the object of printing.
Thus, with a printer according to the printer head 21, intermttent
heating of the heat-generating el ements 35 causes ink to sequentially
adhere to the object of printing, therebKP'enabI ing formation of a desired
i mge. Now, with the heat-generating elenents at the time of printing,

electricity,is repeatedly applied by pulse voltage being repeatedly

appl i ed, a%&l' ﬁ'fh@h?? ﬂf@&ﬁé?ra&%@e felt@ﬁgﬁ@tmgaﬁtéhe@ e facedf yhenkeatiod leniarts

conventiongl .printer heads, as described above, the repeated appllcatlon

of electri SJIS frﬁthﬁé@‘ loyichenenbiass Adcanst tha bubhlgs inin tonferna adiiminbbie whighagrows. | i ne

breakage of resistor el ements, and accordingly reliability has been

i nsuffici e{q'ﬂe. 'Wsegmﬁﬁ%%fhﬁdmﬂb@cmeéﬁﬁ%n&r%éf@ﬁéwedmiléesl_éﬁiaad causes
hot ographg of a heat- generating elenment imediately follow ng .

ﬁanuf gct Er ﬁ’ﬁd”'&%ﬁ]%ton@ﬁtob&‘é’ﬁe? arﬁrﬂwg- elrelfewith arpsigéar dicaerdingi terihe hentﬁelcaie@i ance

val ue has anged. due to application of electricity are illustrated in

Figs. 6 angrﬁn%@'@ﬂbﬂﬁﬁtinﬁpqgi tge hegt-generating plemesise i gausesnink do sequgntially

fol |l ow ng nuf ac%uri ng, a great many dome-shaped m nute 10 Septenber 2004

11 pr ot PANS Fsthe hisish et pringng dhersbvremakling ferenatipn aha desirsdtimage.  fi | m

lifting off of the |ower layer, are observed. Local cracks were observed

inthe titaniumnitride filmwth that in whi chdt[\)e ée5| stance ;/_a![ue_ had

changed. This heat- generating el enent was forne y depositing titani um

ni t rigde on a si NP¥oMWIR; the| ratoenerating Slementr rsstbe dime g printing, electricity is

repeatedly applied by pulse voltage being repeatedly applied, and the heat-generating
elements are repeatedly heated. With conventional printer heads, as described above,
the repeated application of electricity may change the resistance value and eventually

lead to line breakage of resistor elements, and accordingly reliability has been

insufficient,

Now, SEM (Scanning Electron Microscope) observation photographs of a heat-
generating element immediately following manufacturing and a heat-generating element
regarding which the resistance value has changed due to application of electricity are
llustrated in Figs. 6 and 7. As shown in Figs. 6 and 7, with elements immediately

following manufacturing, a great many dome-shaped minute



FromFigs. 6 and 7, it is thought that with conventional printer heads,
cracks occur in the silicon nitride filmdue to repeatiodiepteriitrP00gy
thermal stress due to the heat generated by the heat-generating el enent
itself in the state that such dome-shaped portions lifted off have
occurred, and it is thought that the resistance value changed due to the
cracks. Al'so, it is thought that such- tiaek spread to eventual Iy lead to
l'ine breakage of the heat-generating elenments. Also, such portions that
have .lifted off have poor heat emi ssion as conpared to other portions,

and 11, L vASRUAIN B! clsbehoceh, bETVEEAL Gy EL NG BESELET ALER L1

occurri ng of CI’aCJkI ng. nci dent a as shno
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of the silicone nitride which i dyer o t- ating

el ement, @pddis ierdiaahi-vod! 181 eAk. LiRRMRln HLE0Ral SeLoRegLEd gtegragm

repeated generating of heat. Further, this sort o al - gener

is formednowhdch [HON @ 16t 88cdi LA usl hixeoRRtqies i | Fhi 8t fiont 10
Sept enber 3b04 - 12 and it wascfounduthatag?nﬂt%ﬁi eventf%ﬁat ?ﬁe

heat - genegahiorat ialere@ndment fwagedohe8Chly depRys 8¢ {1488 ukne heat-

generating el enent does not closely adheré wth suffiTient
nitride on a silicon nitride film to a thickness of 100 nm.

From Figs. 6 and 7, it is thought that with

conventional printer heads, cracks occur in the silicon -
nitride film due to repeatedly applying thermal stress due
to the heat generated by the heat—generating element itself
in the state that such.dome—shaped portions lifted off have
occurred, and it is thought that the resistance value
changed due to the cracks. Also, it is thought that such
crack spread to eventually lead to line breakage of the
heat-generating elements. Also, such portions that have
lifted off have poor heat emission as compared to other
portions, and it is thought that such local temperature
rising acceierates the occurring of cracking. Incidentally,
as shown in Fig. 8, the linear expansion coefficient of
titanium nitride. is greatly different from that of the
silicone nitride which is the lower layer of the heat-
generating element, and it is thought that great thermal
stress is repeated by repeated generating of heat.

Further, this sort of heat-generating element is

formed on a silicon nitride film, silicon oxide film, etec.,



strength. Accordingly, with conventional configurations, ,the thernal
expangion coefficigng, of the two differ greatly, so 10 Septenttedgbo4 t hat
cracks occur in the filmstructure making up the heat-generating el ement
due to the repetitive thermal cycle fromrepeatedly applying electricity,
and eventually the heat-generating el ement experiences |ine breakage.
Wth conventional printer heads, the -hea-generating elements 35 which
repeat heat generating under driving of such swtching transistors 24A are
directly formed on a silicon nitride film34 with which the |inear

e oragd 8 LLSL TR ALY O e Behe et DR en 2
j e i.ch J. I.V. A neta i ntroduced therebetween. Fig.
o hove. e Senbht B2 FOHE 0 b N%8 ekl FILIES R At 1) and ¥ A

metal s (VeoRbralahaVbi Brhtl los Sldd con 8] deganThese It s A oy

characterized int anpunt ‘0 e

(han { e ofengthi coRoheenngl i 456 ENPRbabIAL SR Al deposi ed

on a silicon oxide, oxides a ener a

mat eri al stisé rengtMali Bdphastite H EPiSPer 3808 136 diffef greatly,

so it is thought that cracks occur in the film structure
making up the heat-generating element due to the repetitive
thermal cycle from repeatedly applying electricity, and
eventually the heat-generating element experiences line
breakage.

With conventionallprinter heads, the heat-generating
elements 35 which repeat heat generating under driving of
such sﬁitching transistors 24Alare directly formed on a
silicon nitride film 34 with which the iinear expansion
coefficients greatly differ, but with the printer head 21
according to the present embodiment, this is positioned
with a buffer layer 35A of titanium which is a IV A metal
introduced therebetween.

Fig. 2 shows a comparison of generated heat of IV A
metals (Ti, Zr, Hf) and V-A metals (V, Nb, Ta) with that of
silicon oxides. These metals are characterized in that the
amount of heat generated by oxides is smaller than that of
silicon. Accordingly, in the event that these are
deposited on a silicon oxide, oxides are generated at the

interface, and these metal materials strongly bind to the



silicon oxide. with the printer head 21, the |lower |ayer of the

heat - generating elenments 35 is a silicon nitride, but 10Bpenmrabsshol d
the sane relation with silicon nitrides, as well. Thus, the buffer |ayer
35A strongly binds with the silicone nitride which is the underlayer.
Conversely, these metal materials and the tantalumnitride or the |ike
meki ng up the heat-generating elenents 36 are netal materials of the sane
type, so the buffer layer 35A and the resistor |ayer 35B can also be nmade
to strongly bind. Accordingly, with the printer head 21, even in the event

ly s ' d l.ied by heat] t he_i nk under
conn o PR BHLF P! PR B AR b e i,
itrid ' ' I ayver _and t hat fhe tantalumnitride ich is
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resi stance val ues, -and i 6n t af%Yenerati ng

el enent s ed, thereby narkedly inproving the-reliability
of the hggfgggﬁgﬁéfgigmgp%hents 35 as conpared to-the conventional. Fig.

3 s an SEM obsatival] AU AEEAPaEWEEE LREGHAL ind e, K BRE O 2

heat - generati ng el enment 35,
silicone nitride which is the underlayer. Conversely,

these metal materials and the tantalum nitride or the like
making up the heat-generating elements 30 are metal
materials of the same type, so the buffer layer 35A and the
resistor layer 35B can also be made to‘strongly bind.

Accordingly, witﬁ the printer head 21, even in the
event that thermal stress is repeatedly applied by heating
fhe ink under conditions wherein the linear expansion
coefficients of the silicone nitride which is the lower
layer and that of the tantalum nitride which is the
resistor material greatly differ, the resistor material can
be prevented from peeling off of the lower layer, and
consequently change in resistance values, and destrucfion
and the like, of the heat-generating elements 35 can be
prevented, thereby markedly improving the reliability of
the heat—genefating elements 35 as compared to the
conventional.

Fig. 3 is an SEM observation photogréph showing the
state of the surface of a heat-generating element 35, and

by comparison with Figs. 6 and 7 it can be understood that



by conparison with Figs. 6 and 7 it can be understood that 10 Septenber
2004 -14 the resistor material is sufficiently adhered10@&dpamber@eo4! ayer,
since there are no protrusions or recesses forned whatsoever. Also, Fig. 4
shows experinental results of repeating passing pulses as a conparison

wi th conventional heat-generating elenents, and the inprovenent in
reliability can be confirmed fromthese ¥xperinental results, as well.

Al so, this experinent involves applying electric power far greater than
that actually applied in usage, The reference nuneral L1 represents that
of the pri KSeresiRieiameterial dg sufficiitly pdheeedh e S towero siipiesince wde tare no
reference nuneral L2 represents that wherein the titaniumnitride is

posi t i onedP@IHEIRDS ¢ [RFSHSEErMedhwhaisagwar, Al diidlidehaws etperimedial easuite0hl
configuration. Incidentally, observing the surface state in the sanme nmanner
with a SEMSPSPIRAWRRFIELBHS RS p Ai GREPEEE b WItdicanyaRtional\heat-geneyatinigasigments, t he
printer head, according to the present enbodi nent. 1-3 Advantages of the
first emboBPHEIR IMRENGNRNG talabitfy capdrecardrmedyliomtthess expesimestal agsultst gs of
the heat-generating elements can be markedly inproved over that of the
convent i on¥Ell- BlpodBisoRperimgnbinvelvesaapnlying alpefric\noven far greatenthan that actualiy er
followng which a resistor material is deposited to form heat-generating
el enents. RRIGAINSHBERI nEM refpigncs nusesalcl b sepresants Hadlof dhegrriater head 21

illustrating a 10 Septenber 2004 - 15 printer head applied to a printer
accor di ng acpording to M present embodiment, and the reference numeral L2 represents that

wherein the titanium nitride is positioned directly upon the lower layer, according to the
conventional configuration. Incidentally, observing the surface state in the same manner
with a SEM following such experimentation did not reveal any change in the printer head

according to the present embodiment.
1-3 Advantages of the first embodiment

According to the above configuration, the reliability of the heat-generating
elements can be markedly improved over that of the conventional, by depositing a
titanium layer which is a IV A metal layer following which a resistor material is deposited

to form heat-generating elements.

Second embodiment

Fig. 5 is a cross-sectional diagram illustrating a



nbodi nent of the present invention, as a conparison to Fig. 1. In the

gonf I guration showﬁ in Fig. 5, configurations which arte Sdpemisgreoes t he
printer head described above with reference to Fig. 1 will be denoted with
corresponding reference nunerals, and redundant description will be
omtted. Wth this printer head 51, the driving circuit for driving the
switching transistors 24A is formed by NMOS and PMOS transistors 24B being
connected by the first layer of wring pattern 28. Also, the driving
circuit and the switching transistors 24A are connected by this first

1) Pl qorprinas B bt o0 8 BE hter X oaldihg 1 8NseBhhbL0S 1!

34 is deposited, the he generating elenments

Lhe heal -@ANetdhcng &R rbdenfninkBRtIN CidIG, (SAISLPIGLR 28 pae

connected by the second |ayer of wiring pattér

of the heat-ggnerdld kel RIEH EiGH éﬁoﬁﬁn&ﬁcﬁg%,%} r@onflcgﬁ%éai:?dggmr

| ine. Thus, the order of making the second of wrin ern 30 and

t he heat -gkhehahireg telcenRiiies a§5tEéT%§YﬁEé%dH@dd‘déﬁE?f#é@ 593%@0&1Eﬂe
above-descri bed first enbodi nent. e heat-generating elenents 35 are

formed byrefiepescti ng & iAntnlwinl esésehorelekiialh IRF-FokboNE Dy
depositing the titanium buffer [ayer 35A on the silicon
reference numerals, and redundant description will be

omitted.

With this printer head 51, the driving circuit for
driving the switching transistors 24A is formed by NMOS and
PMOS transistors 24B being connected by the first layer of
wiring pattern 28. Aléo, the driving circuit and the
switching transistors 24A are connected by this first layer
of wiring pattern 28. Subsequently, after the silicon
nitride film 34 is deposited, the heat-generating elements
35 are formed, one end of the heat-generating elements 35
and the switching transistors 24A are connected by the
second layer of wiring pattern 30, and also the other end
of the heat-generating elements 35 is connected to the
electric powér line. Thus, the order of making‘the second
layer of wiring pattern 30 and the heat-generating elements
35 1is reversed with regard to that of the above-described
first embodiment.

| The heat-generating elements 35 are formed by
depositing a tantalum resistor material 35B following

depositing the titanium buffer layer 35A on the silicon



10 Septenber 2004 -16 nitride film34 which is the |lower layer. Thus, with
the printer head 51 as well, the resistor material is1deeptnied2004! owi ng
depositing of the titaniumlayer which is a IV A netal layer to formthe
heat - generating el enents, and tantalumis applied for this resistor
material. According to the above configuration, advantages the sane as
those of the first enbodinent can be ob4i ned by depositing a titanium

| ayer which is a IV A netal layer following which a resistor material is
deposi ted t?. Of,lm ggat -generatjng elenents, even in the event that

tant al um i BTSN iEhS fesloweblayent eihugl wWithrthe grintenieereSt as well, the
heat - generatin el ements. O her enbodi ments Now, while the above

enbodi ment ?Sﬁé‘\%'é“ﬁ@aﬂ' 'aéieEP?'E?é’dfOU\W*HQ depesitng of WadéaniumHayasiwhiethis auy fer

| ayer is forﬁ%of@gtani um of the IA A netal materials, the present

i nvention & GYeF P dicehFatgensrating alrtreatsyand tgéalum iearpiied ferghis egistonf

t he above- descri bed enbodi nents can be obtained by form ng the buffer

| ayer of o ‘a[v A nmetals such as zirconium of hafnium and al so

advant ages the sanme as those of the above- described enbodi nents can be
obtained by formng the buffer layer of V A materials instead of IV A
metal materials, Also, \M]'itle t he above enbodi nents have been described with
regard to casesAc?ﬁﬁ@F‘%itﬁ’lt ShaPeygrqopfigyraticn. aduantagesctie seMEcasose whée 04 -

17 one Iageg é)f a lVv é\ nmetal material, the present invention
mbodiment can pe obtained by depositing a titanium layer which is a IV A metal layer

following which a resistor material is deposited to form heat-generating elements, even in
the event that tantalum is applied to the resistor material for forming the heat-generating

elements.
Other embodiments

Now, while the above embodiments have been described with regard o cases
wherein the buffer layer is formed of titanium, of the IA A metal materials, the present
invention is not restricted to this, and advantages the same as those of the above-
described embodiments can be obtained by forming the buffer layer of other IV A metals
such as zirconium of hafnium, and also advantages the same as those of the above-
described embodiments can be obtained by forming the buffer layer of V A materials

instead of iV A metal materials.

Also, while the above embodiments have been described with regard to cases

wherein the buffer layer is formed of



is not restricted to this, and since the essence of the present invention
is to prevent change in the properties of the heat-genersiptdmberi2egent s by
i mproving the binding with the |ower |ayer, advantages the same of those
of the above- described enbodi mrents can be obtained by form ng the buffer
| ayer of a nulti-layer structure wherein a IV A netal-film or a V A netal
filmis positioned at the |ower |ayer_sjge. Also, while the above
enbodi ments have been described wth regard to cases wherein titani um
nitride or tantalum are used as the resistor naterial, the present
invention is _not restricted to this, and the same advantages can be
obt ai ned PREILILHIONE N R HBetaéshatsr igduerting Presert | inyesbionhil e
t he above .,enbodi nent s- have been described wth regard to cases wherein
silicon nittr fes TPt t B thisy nandnsdngs ddie sasereet@d thaer | ayer
for the heat - nerating. devices, the present invention is not restricted
to this, EFFSHE sHhEH t15)e5C cBReBENGLCARRES i ddespreperbiasngLit he
i nsul ating,layer. .using various other, ipsul.ating materials as well. Also,
whi | e thegggbé§%§ﬂﬁﬁﬁ%ﬁﬁl%P%a%ge%ggﬁsdgchWR£§%%MQan%d%}%d%%chéEQ of
appl yi ng r ty i.nventjon t ripnter heads of .a configuration wherein
ink is | ot(':;glgl 30@%&2,{1@ A %&Y%‘Egﬁg% hghﬁr E80& ot RrPT sthet abe¥eri ct ed
to this, a@cha%éﬁaé%ﬁgﬁfhéﬁ¥é'ggntgevgﬁkgg%e%ygﬁsfgrming the buffer
layer of a multi-layer structure wherein a IV A metal film
or a V A metal film is positioned at the lower layer side.
Also, while the above embodiments have been described
with regard to cases wherein titanium nitride or tantalum
are used as the resistor material, the present invention is
not restricted to this, and the same advantages can be
obtained in cases of using other resistor materials as well.
Also, while the above embodiments. have been described
with regard to cases wherein silicon nitrides are depoéited
as the insulating layer of the lower layer for the heat-
" generating devices, the present invention is not restricted
to this, and the same advantages can be obtained in cases
of forming the insulating layer using various other
insulating materials as well.
Also, while the above embodiments have been described
with regard to cases of applying the present invention to
printer heads of a configuration wherein ink is locally

heated and printed, the present invention is not restricted

to this, and can be widely applied to various types of



10 Septenber 2004 - 18 printers. heads which print by driving

heat - generating elenents, such as therno-sensitive prilotSsptdsiesgt004 t he

| i ke, and further to printers using such printer heads. As described

above, according to the present invention, heat-generating elenents are

formed by depositing at least a IV A netal layer or a V A netal |ayer,

.followed by depositing a resistor natengal. thereupon, so the reliability

of the heat-generating elenments can be inproved over the conventional. 10

Sept enber 2004 19 CLAIMS: 1. A printer head conprising: a sem conductor

substrateg ? d oxuge filmdis ogeg on _sai.d sem conductor substrate; a
ay Bop&d

di el ectri 1R P 1y ng |hRat-geReraEaBBati ng
heat - gener 2??%9 & en%%%ﬁ’taos cefehipgorBiT iR siiiie hardesPFelibPomge: and
a0 d heat “§5Rér éﬁ’an'gﬂ%ﬁe%nenf@gs ?wﬁs%%bglsﬁiﬁéaqmqﬁ;ﬁ‘%ﬁ?@ﬁéﬁg% Boof a1V
Ametal layer apd ckch fBiAlalVE! QBc5Rhdnd SheRhd Gl dYSTe
invention, heat-generating elements are formed by
depositing at least a IV A metal layer or a V A metal layer,
followed by depositing a resistor material thereupon, so

the reliability of the heat-generating elements can be

improved over the conventional.



2. A nethod for nenufacturing a printer head conprising-- disposing a doped
oxide filmon a sem conductor substrate; disposing a doedepedmibet doayer on
said doped oxide film disposing at |east one of a IV A netal layer and a V
A metal layer on said dielectric layer to forma heat-generating el ement;
di sposing a resistor material upon said heat-generating el enent; and
driving said heat-generating el enent usin‘ a transistor to generate heat
and to. print a desired inage 3. The printer head according to claim 1,
further conprising an ink protecting S: di sposed on said

heat - generating element. 4. A printer head conprising: a sem conductor
substrat e; 1.2 dopedintxhegd Eohmprighgposed on said sem conductor substrate; an
oxidised silicon fi|lm f-j” sgosed on said doped oxide film an insulating

| ayer di sposed BRCECHISIOAUOEHAS; | i con film a heat-generating el ement

di sposed on sai 8ldbpsdibadd fth digy¥ed oA dafPethisbRIuclR sulifayd;ng said _
heat - generati ng g!ﬁ?ment to generate heat for printing a desired i mge; and

an anti - cavi t at # Sig'aciirdpvesidisposedion said sogethexigle flsmer at i ng el ement; 10

Sept enber 2004 a REatfipkRiting SRirforil @RboSaNSH @éi&'a%lé’ég?d'is ris formed by
degositi ng at | east .one ofg_a IV A tretetal | ayer and a @A metal |ayer on

sai d i nsul at i ng® Fajistor for diiMiag saidheat-greergting elemenhtp genasateiheatifor whsting n
sai d i nsul atésiedlimegs; drel @ Si | i-con

an anti-cavitation layer disposed on said heat-generating element:

wherein said heat-generating element is formed by depositing at least one of a IV
A metal layer and a V A metal layer on said dielectric layer.

2. A method for manufacturing a printer head comprising;

disposing a doped oxide film on a semiconductor substrate;

disposing a dielectric layer on said doped oxide film:

disposing at Jeast one of a IV A metal jayer and a V A metal layer on said
dielectric layer o form a heat-generating element;
disposing a resistor material upon said heat-generating element: and

driving said heat-generating element using a transistor to generate heat
and to print a desired image

3. The printer head according to claim 1, further comprising an ink protecting layer
disposed on said heat-generating element.

4, A printer head comprising:

a semiconductor substrate;

a doped oxide film disposed on said semiconductor substrate: ‘

an oxidised silicon film disposed on said doped oxide film;

an insulating layer disposed on said oxidised silicon film:

a heat-generating element disposed on said insulating layer;

a transistor for driving said heat-generating element to generate heat for printing
a desired image; and

an anti-cavitation layer disposed on said heat-generating element;



nitride layer. 6. A nethod for manufacturing a printer head conprising:

di sposing a doped oxide filmon a semi conductor substrd0&eptathtap@e0hg an
oxidised silicon filmon said doped oxide film disposing an insulating

| ayer on said oxidised silicon film disposing at | east one of a IV A netal
| ayer and a V A netal layer on said insulating |layer to forma
heat - generati ng el enent; disposing a relst or materi al upon said

heat - generating el ement; and driving said heat-generating el ement using a
transistor to geFerate_hgat and to print a desired image. 7. The nethod
according to cl ¥PRTe S3ifhapal9enerating efeemankis lngnedihe fepasithogt ieasbanapt 2 I\ge

| ayer.  PRIMSERayd?RnBERAHFAR afdNdn\akHREUIEGR IMUFACTURI NG - PRI NTER HEAD
ABSTRACT OF THE DI SCLOSURE Heat - generating el enents are forned by

depositing at least a IV A netal layer or a V A netal |ayer, followed by

deposi tingsa r eShé pAfterhbad iadtorbing t6 \eRAN-4, WHeSein lsBRI helibAky laybyY O siicon
heat-genera}t el ements applied to thermal type ink-jet prrnters, ?or
exanple, i¥ rl‘i%g@fﬁ?ed as conpared to conventional arrangements. Figure 1

6. A method for manufacturing a printer head comprising:

disposing a doped oxide film on a semiconductor substrate:

disposing an oxidised silicon film on said doped oxide film;

disposing an insulating layer on said oxidised siticon film;

disposing at least one of a IV A metal layer and a V A metal layer on said
insulating layer to form a heat-generating element;

disposing a resistor material upon said heat-generating element; and

driving said heat-generating element using a transistor to generate heat and to
print a desired image.

7. The method according to claim 7, wherein said insulating layer is a silicon nitride
layer.





