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 nmethod of causing the ink to fly.

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



O these nethods, the thermal nethod is a nethod wherein bubbles are
generated by local heating of ink, and ink is pressed outsddi@b&ioiphes

whi ch are discharging orifices, by these bubbles, thereby causing the ink
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 heat?ts arranged such that
heat - generating el ements for heating ink, transistors for driving the
heat - generating e] epents,, and so forth, are nounted on the printer head.
Now, the hE&Y 9%@‘%‘?%‘9’19‘1’@‘3‘89(@?\%‘ﬁ5§°%}f~e formed by depositing a resistor
material such as tantalum tantalum alumnum titaniumnitride, etc., on
a predeterm ned substrate by sputtering, which is widely used in

sem conduct or f%r i ng processes, formng alum num el ectrodes thereupon,
fol | owi ng whi ch énibﬁg? deethods. | higethepnalamethadc én a methodi evifergim bubkigse aré ke

is formed. The @rinter head has a cavitation-resistant layer, ink [liquid
chanbers, ER¥FREIZPELo0bMsaING P! dnk Adainknist Pregsesh ouh dronp perzlesiywhiciofare hi s
protective | ayer, thereby enabling ink in the ink liquid chanbers to be

heated by Higenargiag:qriligesi by Hiesadubbipsn dieselhn gawsirandia ik wufly Herthe tpieting
printer head js arranged such that electric power can be supplied to the
heat 10 SeEdnBErAcMINGlY. F0[E HBRGAS G0 kel Rsimtast with a simmgsofigurationOxi de

Sem conductor) or bipolar transistors, and further configured so 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 . A’thermal printer is configured using a 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-



Now, with the heat-generating elenents at the tinme of printing,

electricity is repeatedly applied by pulse voltage beH@%el‘p@é?ﬁ@ér%bx
applied. Wth 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. ' SUMVARY OF THE | NVENTION I n one aspect, the present

i nvention provides a printer head conptising: a seniconductor substrate; a
doped oxide filmdisposed on said sem conductor substrate; a dielectric

| ayer di sposed on said doped oxide film a heat- generating el ement

di sposed &IfSFRd 1@idelcd@mend S| dfjrom MOS t tMeta st Oxider Semivomiusain) or

heat - generat i el enent .t enerate heat for printing a desired i mage; and

an an?i - gg‘%%rl%[ri oﬁcJ:I‘—ngfé‘rs(%&)lrgdosé"d1 n ﬁbﬁ@%atqﬁéfé}‘gﬁ%g?@ erfeht ;o

wher ei n saichtheat -geneppbiagighemnt chs ft%ﬂ%%*&)srsdebgpsﬁé@&té‘frph‘?@ét one

of alV A netal layer and a V A netal layer on said dielectric layer. In

anot her asiFdating miysnedent theesiy odrpringdedta dmttiod fairrawmnsf ass uring

a printer algj%ad (ofe) r55| ngij Tidl sposi ng a doped oxide filmon a sem conduct or
e

subst r at e 2 G §pdEing g EQP?i @7 18387 on sai d doped oxide film

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;



10 Septenmber 2004 - 4 disposing at |east one of a IV A netal layer and a V

A netal
el enent ;

and driving said heat-generating

heat and

| ayer on said dielectric layer to form a heat -0 pRehEEri2004

di sposing a resistor material upon said heat-generating el enent;

el enent using a transistor to generate
to print a desired inmage. In yet another aspect, the present

I nvention provides a printer head conprising: a sem conductor substrate; a

doped oxide filmdi sposed on said seri ¢oriductor substrate; an oxi di sed

silicon filmdisposed on said doped oxide film an insulating |ayer

di sposed
di sposed

heal - geneyaing ke, Lo 0POTLAL Gl ) (0F DLl pLing, o, desired | mage:

an anti-cavitatio | ayer &ispos

on said oxidised silicon film a heat- enerating elenpnt
(di%ﬁ%%}QQHQH deAsg oapert & dVaAsmsted fayerdandi agVsaid

n~Sai

and

lement; wherein

sai d heat -ggererating edleer@nt; disbosing By rdepgsbti Agratialhegpbnongigf a 1V
layer and a V A netal layer on said insulating layer. [n anot her
aspect, tRe3roedfratineneilemeptevpadsdaivimuhedifioheatngénetating a

A met al

printer

h%ﬁ%ﬂ%%%pﬁgihﬁgé transistor to generate heat and to print 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



di sposing a doped oxide filmon a sem conductor substrate; disposing an
oxidised silicon filmon said doped oxide film disposjongepAembdisitioat i ng
| ayer on said oxidised silicon film disposing at |east one of a IV A
nmetal layer and a V A netal layer on said insulating layer to forma
heat - generating el ement; disposing a resistor material upon said _
heat - generating el ement; and driving said heat-generating el ement using a
transi stor 10 Septenber 2004 - 4a to éénérate 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 - gdrerd B2 kP eftBAts 28Ferto kN2 cdnvénedodiaags + angenents. I n

order to solve t I i he e _enmbodinpents, _application is
made to a printer, r%t or hea ,e%ttfndpgé?ryaqﬁﬁf alt uPir?‘lagE?rEt hod fﬁ?“_f”ffér
printer héwdd,archd he mieafageneiss i ngrebenest ihel Yrte@dhy Hieposi thpg at
least a |V A netal layer or a V A netal |ayer, followed by depositing a
resi stor rFEAVANIuFEH t Resiaihity apér heat-asmeraiodi meementd \ovenet al

layer or yAmeabonventional arrangements.

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;



| ayer is introduced between these, and the IV A netal |ayer or V A netal

| ayer closely adheres with sufficient strength to the {o@terhisoreioowhi ch is
silicon nitride film silicon oxide film etc., due to form ng conpounds
therewith and the interface, and al so closely adheres with sufficient
strength to the upper layer of TiN or the Iike making of the

heat - generati ng el enents, due to being tal material of the sane type.
Thus, even in the event that thermal “sfPess s repeat ed, peeling off of
the heat-generating elenments can be prevented, and the reliability of the

heat - generating_gel enent, can be i nproved over conventional arrangenents.

BRI EF DESCRI PTI &FQT@HEWV\W@SEW&G% Gurve cfessdesetilbhny dihegr am

illustrati i r : i printer according to the first

enbodi mnté%%%g%%getn}{@?%vl%fo%%a% S@E’E’Pe%ﬁeﬁﬁooi'- 4b Fig. 2 is a

. properties curveFfgr daschkbimg mmbtdyragﬂi(mlxﬁsﬁﬂgtﬂﬂgrﬂgﬂehe@ga§homn in
Fig. 1; Fu%. 3 is, a photograph il]ustrating the heat- generating el enents

of the prifETTHIAP SHEMSTER pfgthe: Prigten head Fhrapern digsudve

illustrating theFig. 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



properties of the printer head shown in Fig. 1, Fig. 5 is a cross-sectional
diagramillustrating a 10 Septenber 2004 5 printer headoapdiefBerizolthe
printer according to the second enbodinment of the present invention; Fig.
6 is a photograph illustrating the heat- generating elenents of a
conventional printer head; Fig. 7 is another photograph illustrating the
heat- generating el enents of a conventi 6nal 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

| vent] onsthbeRONR codinerd hof ATpEehpLence Lo die Henngs st g
or Cnter aamRogPRERtoSs M M L AREIBN: "Cont i Sl ed Using ihis
S 1 con substra 59520 aevre B ReRmranh o usERer Bade RECRRRES, 1 VP
generating elements of a conventional printer head;
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.
. bodj
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



o 'dation of silicon) 23 for separating transistors. The .device
separating areas 23 are formed by depositing a siliconomdptdraigerfaobm on t he
p-type silicon substrate 22, partially renoving and patterning the silicon
nitride film by a |ithography process and reactive ion etching processes,
and subjecting the patterned pattern to thernmal oxidation 10 Septenber 2004
6 processing. Next, following a cleansinf-process, gates of a tungsten
silicide 1 poly-silicon (thermally oxidized filmstructure are forned on
the transistor formng areas |l eft between the device separating areas 23
on the pri RI%PSHAd 21, and further subjected to an ion injection process
for formng source and drain areas, and a heat treatnent process, thereby
formng MOS transistors. Forned on the printer head 21 are sw tching
transistors 24A for driving the heat- generating el enents, which are
connect ed to thbBedh deliowing podieansiiguposess. @des/oby tungstenvaicideah polytsdicsn vi a
t he heat-gf'qerati ng el ements, and transistors 24B of a logic integrated
circuit fofthegmally pydizad filhstregiuiecare farmsdserihe tramaistas ferming argas it indtween

el ectric power source voltage 5 V. Next, on the printer head 21 is

deposi ted g‘eeiﬁg@e(%@@&ﬂﬁaﬁﬁﬁﬁo%pmtbﬁtpén@r &s8g 21f angrfrthep pulgiobed Ghaniioml
Vapor Deposition), and contact holes are fornmed on the silicon

seni conduct¥siclion draess dor fosping saes @ad diaip aeas.na)d byheat greatroentt progessphy

process an(ii_l reactive ion etching using a CFx gas.
thereby forming MOS transistors.

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—Qenerating 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



Next, the printer head 21 is cleansed with dilute hydrofluoric acid,
following which a titaniumfilmof 20 nmin thickness 1a8ptenhtidr20b4m
nitride barrier metal of 60 nmin thickness sequentially deposited by
sputtering, and 10 Septenber 2004 7 alum numw th 0.6 at% copper added is
deposited to a thickness of 600 nm Further, a first layer of wiring
pattern 28 is fornmed by a photolithography process and dry etching
process. Wth the printer head 21, the MOS transi stor maki ng up the driving
circuit are nutually connected by the first layer of wiring pattern 28, a
driving ci aeminum githdl-grathe ppppéreaddedds deposited tat éckriess of 600 and  Filnther, a
heat - generating el enents are driven by driving of the swtching

transi st or §rsplaxenf whisg deitteim2s i fooued by NepiatolitidgnagHyeproeesst arid fgasicildg an
oxidized silicon film(so-called TECS) 29 is deposited by CVD on the first
| ayer of aPigeesrunY\Wiihithergriptat head22.8he M@S titaasistor thakirdy us thel driving kot 2% i S
snoot hed by a CMP (Chem cal Mechani cal Polishing) process or resist

et ch- back. Muésally cerractast bynibe diesst {ayeeof widhe pittern 28ea tiiviag tiecuithie fdrined by ltiaey er
of alumnumwring are fornmed by a photolithography process and a dry

et chi ng prggissistegred cirauit, &indntha theat-genératingaketments ae drivenelsly dnvihd ©f Rere
manner as with the first |ayer by sputtering, and a second |ayer of

al um num wiwitdhingdsansistors 28Aiby thedrinduy tircuit. phot ol i t hogr aphy process and a
dry etching process. Wth the printer head 21, an electric power |ine
pattern 31 and ground line wiring pattern 32 are fornmed by the second

| ayer of wiring pattern 30. Wth the printer head 21, an insulating |ayer
34 is then fornb¥gxtbyittiedhe printendiead 21, ianovxidizdd sideon fiir (sdgalled 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



10 Septenber 2004 8 CVD, which is snoothed by a resist etch-back process or
the like. Next, with the printer head 21, contact hol d8 Septsitiber2QD4s)
connecting to the second | ayer of alumnumwring are forned by a

phot ol i t hography process and a dry etching process. Further,

ti

t ani um

which is a IV Anetal, is disposed fromthe |ower |ayer side by sputtering
to a'thickness of 10 nmto forma buffé +ayer 35A followi ng which a
titaniumnitride |ayer 35B is deposited to a thickness of 100 nm and
heat - generating el ements 35 are created by a .photolithography process and

a dry etclivDg micassis Téth@othéciitﬁ?i aﬁkebtifsitd%ﬂcﬁu-ﬁ%iﬁgrn%g?é

head 21 as resistor nmaterial for the heat-generating e S

5

388 EBRS! ey

form ng t Adkleeat - generating el enents 35 by depositing this resistor
material on the silicon nitride film34 across a titaniumfilm 35A which

is a metal of tNextsawstlypsheapitinteti haaumyni tondeand, @ &0
nmetal. Next, a silicon nitride film 36 functioning as an ink

ot

@eéryv A

ot ecting

layer is holesd towrmeadtikness ohe appeoxtimiagler o¥0Q N iA0A Wit fpgal um

film37 serving as a cavitation

are formed by a photolithography process and a dry etching

process.

Further, titanium, which is a IV A metal, is disposed

from 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-generating elements 35 are created by a

photolithography process and a dry etching process.

titanium nitride is applied to the printer head 21 as

Thus,

resistor material for the heat~-generating elements 35,

thereby forming the 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 an 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 in the next process,

and thus is completed (Fig. 1).



resistance layer is formed to a filmthickness of 200 to 300 nm by
sputtering. The printer head 21 has ink liquid chanberig Skpteraarrpoeks

etc., formed in the next process, and thus is conpleted (Fig. 1). 10

Sept enber 2004 9 Next, sequentially layered on the printer head 21 are a
dry film40 of, for exanple, a carbon resin, and an orifice plate 42. . Wth
the printer head 21, the ink liquid ch&nbers 44 are fornmed on the

heat - generating el ements 35 by the dry film4.0 and the orifice. plate 42,
and further, orifices 43 which are mnute ink discharging orifices

e L CreRe | BeccitliINAME; S dd P8 Bl dlS nd B SV elie

channels and the like for guiding t to the

are formed. aty2 r@ner atd V¥ Ofrdhectamsicenpodmpl Ifudie ahoye
configuration? with the printer headézﬁf sw t chi ng tf%nsﬁg?or%n24A and the

|ike are boiMideoplche pi2. PRl he 0Pr SHRSE! Hea RS AN RONNAEt pely Y4t he
wiring pattern 28 and the |like, follow ng which an 1 nsulating ayer is

forned of chambkreon dnidrd dioriiddn . t e bHEREL gen@¥ @it ;3RA OferhdA @1 3N Whi ch
is alV Anetal, and a resistor film35B of titaniummnitride are deposited
to form hbut the dry film 40 and the orifice plate 42, and further,
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



generating el enents 35, follow ng which the insulating |ayer 36,
cavitation resistant layer 37, ink liquid chanbers 44/10dwpmiebs,208ad the
like are formed. Ink is guided to the ink |liquid chanbers 44, the
heat - generating el ements 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 t he 0k | iquid chanbers 44. Wth the
printer head 10 Septenber 2004 -10 21, air bubbles are generated due to
this heati g"; at the side face of the heating elements 35 in the ink |iquid
chanbers 44! aiR}bbigs 356 EBPYateddlus tp dhis Heating atithersida fasiecl it keatigg elesnentsThe
i ncreased gges ure of the bubble presses ink out fromthe orifices 43 and
causes t he® iMikedry yquid ghambass 4, and thgbupblesiqim ip form asfiimiiubhleavhich anows.
accordi ng io the printer head 21, intermttent heating of the

heat - gener &b'§ HiFreasardressuss ot hgdabblenRressess il st o] the origesdd and aabiees
object of printing, thereby enabling formation of a desired inmage. Now,
with the h@’&t'ﬁg%@\f i the poidck pEPARing: ke, witha psntesracaending, todhe ptintec head i s
repeatedl y_app] i ed by pul se voltage being repeatedly applied, and the

heat - gener %ﬁi | Yfrmﬁtﬁﬁgrﬁ‘?ﬁt@gaqfeth? disahgenargtingealementsyed isausssvisktio saguentieivnt er
heads, as described above, the repeated application of electricity may
change t he?PeEs 1o tha cbleghpl psinRg therehy aaabling formadion of a dasirasriwatage of
resistor elenents, and accordingly reliability has been insufficient. Now,
SEM (Scanni ng El ectron M croscope) observation photographs of a heat-

Now, with the heat-generating elements at the time of 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 elecfricity 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



generating elenent imediately follow ng manufacturing and a
heat - generati ng el enent regarding mhich t he reS|stancepmﬁbﬁﬁunagogmanged
due to application of electricity are illustrated in Figs. 6 and 7. As
shown in Figs. 6 and 7, with elements imediately follow ng manufacturing,
a great many dome-shaped minute 10 Septenber 2004 - 11 protrusions,
t hought to be fornmed by the titani umnifiide filmlifting off of the |ower
| ayer, are observed. Local cracks were observed in the titaniumnitride
filmw th that in which the resistance val ue had change?._ghls heat;l_ o
neratin i S by .depositi i jum.nitride on a silic
b e s et R T
that withgfj j I | Qe e CH 0 n.the silicon__nitride
fil m due tfgq?g\gggﬁe%% %ﬁl?? n{éhtghggérrrgf %%?eésﬁrs’ %‘Séejé (%%S?Jﬁ‘ée‘aéat Eﬁgﬁ&fr at ed

by the heatrageReraidddowserpal Lhseht thebhe i & BLER GOrR- 2haped
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portions lifted off have occurred, it 1's thoug nce
val ue chdngethide i thes L5 85kSe Phile had B ! LPREs SHEy Crack
spread to eventually lead to |ine breakage of t eat-generafing

el enent s. ganeratiueh ¢Iehé ) SwidatoPREs bylHaﬁakfﬁfﬁgayﬁtgﬂﬁﬁmheathl |

em ssion as conpared to other portions, and it 1s thought that suc oca

tenperatundtride 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.,



rising accelerates the occurring of cracking. Incidentally, as shown in
Fig. 8 the linear expansion coefficient of titanium notSeptitber 2004 eatly
different fromthat of the silicone nitride which is the |ower |ayer of
the heat- generating element, and it is thought that great thermal stress
i s repeated by repeated generating of heat. Further, this sort of _
heat - generating element is formed on-alsiticon nitride film silicon oxide
film etc., 10 September 2004 - 12 and it was found that in the event that
t he heat-generating elenent is fornmed directly upon these filns, the heat-

' d t_.cl.osel dhere w sufficient strength.
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directly #10s "ellePRa® expansion coefficient. of the two differ 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 nitride film34 wth which the |linear expansion coefficients
greatly differ, but with the printer head 21 accordi ngotSeptdmebeprressgnt
enbodi ment, this is positioned wth a buffer |ayer 35A of titanium which
is alV Anetal introduced therebetween. Fig. 2 shows a conparison of
generated heat of I'V A netals (Ti, Zr, H) and V A netals (V, Nb, Ta) with
that of silicon oxides. These netal s~ale characterized in that the anount
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

. ' h I j al t ly_bind to the
00" Sept enfar gy SFEE! SFR1EREnkT B Il nemt S?lH_ ntehe h%é{i%ﬂ;a%ﬁf | ower
_ i . 5 i Lnhitrige, . bu
{hece. ot Site s HefenaL R 08 Su BT BRnt2 38 3 2 1o T Get RASEAERY. Thus,
' ' t.h ilicone nitride ichis the
LEgelrjtn;ilg%P@mﬁ{/eeﬁéi%éf%%ﬂé%%gkgﬁgl \gﬁéigeﬁe;asél%cvi?ﬁghtﬁﬁ{[é?ﬁﬁl nitride or

the Iike paakispgdp jhe dept-generating el enents 30 are netal nmaterials of
the same type, so the buffer layer 35A and the

Thus, the buffer layer 353 strongly binds with the
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



resistor |ayer 35B can also be nade to strongly bind. Accordingly, with the
printer head 21, even in the event that thermal stresd0iSeptaneatoadsy
applied by heating the ink under conditions wherein the |inear expansion
coefficients of the silicone nitride which is the lower |ayer and that of
the tantalumnitride which is the resistor material greatly differ, the
resistor material can be prevented fromdpeeling off of the |ower |ayer,
and consequently change in resistance val ues, and destruction and the

| i ke, of the heat-generating elenents 35 can be prevented, thereby

mar kedl y i FiSr BRAIAY federiabis swificianyly gdherase thdbe Iguerelaxen reinesl éraesatare 3% as
conpared to-the conventional. Fig. 3 is an SEM observati on photograph
showi ng t hBroéigieas &f quq’és%sufroffﬁ@éWgﬁtsae‘f’%atmﬁerﬁiﬁi-eﬂ shiyvsedpesmentb resaltsl of by
conparison with Figs., 6 and 7 it can be understood that 10 Septenber 2004
-14 the reSPSEHIY REISEN BYISeSsas afqoMplagsen yith gRevantond heaboenaneting elgmentssi nce
there are no, protrusions or recesses forned whatsoever. Al so, Fig. 4 shows
exper i ment @nd fesimpravegrent jreprliakility gap Leseangrped e theseexsmmental sesultist as
conventional heat-generating elenments, and the inprovenment in reliability
can be conVE¥-nBlos FeEgentivpevehennlving elestictoowenfar areater. than dwt attially

experinment invalves appl_}[i ng electric power far greater than that actually
applied in usage. The reference numeral L1 represents that of the printer head 21

according to the 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



applied in usage. The reference nuneral L1 represents that of the printer
head 21 according to the present enbodinment, and the refSypesaiserpoogral L2
represents that wherein the titaniumnitride is positioned directly upon
the |ower layer, according to the conventional configuration.

I ncidental ly, observing the surface state in the same manner wth a SEM
foll owi ng such experinentation did not tBveal any change in the printer
head according to the present enbodinent. 1-3 Advantages of the first
enbodi ment According to the above configuration, the reliability of the

heat - genepat hhgr ﬂéﬁﬁﬂﬁﬁbfﬁ@ib@o”Qrgf%b¥§%gg&§%ﬁgﬁﬂﬁfn%éP%Fig%S%QE | ayer

conventional, by depositing a titanru
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el enents. Second enbodi nent IS a Ccross-sectiona

|| lustrating anl@nSepicficfudofon dRowhl iBl sideall anRhELdalgr foRLI Nt er

according to a second enbodi nent of the prese I nvent1on; a conparison

to Fig. lwhioht heecaild Giaes 00 SHOWriALrErThead %Héﬂfﬁé‘&igﬂévg}"gi%g{ are

the sane as the printer head described above with reference to wil |

be denot edefierbncer tes guirdl Ny wiEf ehe€n@enBEER ¥ith %f@éﬁé‘ﬁ’%ﬂﬁ .
description will be omtted. Wth this printer head 51, the rlglng

circuit foeference 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



driving the switching transistors 24A is formed by NMOS and PMOS

transi stors 24B being connected by the first |ayer of 10iSeptegntgatesn 28.
Al'so, the driving circuit and the switching transistors 24A are connected
by this first layer of wiring pattern 28. Subsequently, after the silicon
nitride film34 is deposited, the heat-g!enerati ng el ements 35 are fornmed,
one end of the heat-generating elenents $-5 and the switchi ng transistors
24A are connected by the second |ayer of wiring pattern 30t a?g al s?) t[le_
other end of the heat-generatjng elenents 35 is connected to the electric
power | i nef‘ﬁrﬂ?u@,m Sﬁé’”ﬂ v 6t IOWBKilavgT-t nlhuse Wsh dhe psipter herdvt magvallather n
30 and the_heat - generati elenents 35 is reversed with regard to that of
t he above- E?é‘?g Ti ’ﬂ%@”alf'ﬁr OgiiRdoalPHing .demt'nﬂeaftthgéﬁ@wmiIm;;plremmm@ A are
formed by depositing a tantalumresistor material 35B following

deposi ti %gmﬁﬁ’@?ﬁyﬁf ﬁ’rfgﬁﬁ#lﬁﬁ?efaéﬂer%&mg elsmepis. apd tagialirg dhapmiedéptbisivesision04
-16 nitride iJ[n34 which is the lower layer. Thus, with the printer head
51 as wel I',“aIEW@' resistor material is deposited follow ng depositing of the
titaniumlayer whichis 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 same as those of the first
embodiment can be 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



According to the above configuration, advantages the sane as those of the
first enbodi ment can be obtained by depositing a titano@spteamsdr 20biich is a
IV A netal layer following which a resistor material is deposited to form
heat - generating el enents, even in the event that tantalumis applied to
the resistor material for form ng the heat-generating elenents. O her
enbodi ments Now, while the above enbodi ygnts have been described with
regard to cases wherein the buffer layer is forned of titanium of the I A
A nmetal materials, the present invention is not restricted to this, and
advant ages the same as those of the above- described enbodi nents can be
obt ai ned B g Vhe? bbY fRruehydr Matestindr, Ohea pirasert Sueantdon

zi rconi um,of hafnium and al so advantages the same as those of the above-
descri bed XEnh6di Mt 2P hetdptAifedaBd FénGenFhehesngnee oHybheof V A
materials__instead of IV, A netal materials. Al so, while the above

enbodi menPE SRR LEEFEek® i Hodti PREVERAr Gheddchdds thhPEPRSThéesupter
| ayer i s E rm%%ég_lo.Se tenber12004 - %7 .one |layer of a |V_A netal
nmateri al , ﬁﬁé StPesent - Trve o SRENHSt PY e POV Y SR RIndHRISVAER t he

he. hoat - §urorsis Elshan 9 Taufe, PhE FRBS O Ipas (3 The RBaRP-
Lver: 20uearansnd ansiltndled "0sR 8L LBR.3RUP Ly RALERS ERROBLFERLS Can
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 therinsulating 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



| ayer of a nulti-layer structure.wherein a IV Anetal film or a V A netal
filmis positioned at the |ower |ayer side. Al so, whil dotSeptabioare004
enbodi ments have been described wth regard to cases wherein titani um
nitride or tantalum are used as the resistor nmaterial, the present
invention is not restricted to this, and the sane advantages can be
obtained in cases of using other resistog materials as well. Also, while

t he above enbodi ment s- have been described wth regard to cases wherein
silicon nitrides are deposited as the insulating |ayer of the |ower |ayer

o this, BdhEae i SRaBE i BY SBiais N9F €adeRorBrLRg: mi ng ( he
wni et no TERSE s LT HioBhaehanads ot Lk e, hagdsdorotbases of
TPk s PokaTTy SR YT L0 bBinCekE Beatini ik o Fafer SHRaRST oo ri ct ed
16 printers hebsouneannsd Hbgey, faERtE, SR AT R erent s, _such
as ther”Diﬁﬁaﬁkﬁbﬂ%FHédﬁﬁﬁeﬂgfgﬁiﬂﬁ Eﬁgments 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.



li ke, and further to printers using such printer heads. As described
above, according to the present invention, heat-generatiorgepidraifaPos4ar e
fornmed by depositing at least a IV A netal layer or a V A netal |ayer,
.followed by depositing a resistor material thereupon, so the reliability
of the heat-generating el ements can be inproved over the conventional. 10
Sept enber 2004 -19 CLAIMS: 1. A printer1ﬁead conprising: a sem conductor
substrates a doped oxide filmdisposed on said seniconductor substrate; a
dielectric layer disposed on said dop&&fMBye film a heat-generating

el enent di sposed on said dielectric layer; a transistor for driving said
heat - gener &t i ngAQliAte Abad BorBigisigt e heat for printing a desired image; and
an anti-cavitation |ayer disposed on said heat-generating el enent; wherein
sai d heat-gener%§9ﬁ§°é&§W@H¥¢$§a$brned by depositing at |east one of a |V

A netal |ayer aadopedoidémhPdispciéalonejdintcHlcRrSlb&rdi@yer- 2. A nethod

for manufacturing, rinter head conprising-- disposing a doped oxide film
on a seni conduc?gp?%cﬁ@?¥eétdé?posﬁﬂ ep&ansigrad gride Etiri ¢ | ayer 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.

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;



di sposing at |east one of a IV A netal |ayer and a V A metal |ayer on said
dielectric layer to forma heat-generating el enent ; di 4p@ebtegnter 2064 st or
material upon said heat-generating element; and driving said _
heat - generating el ement using a transistor to generate heat and to. print
a desired image 3. The printer head according to claim1, further
conprising an ink protecting layer dispgosed on said heat-generating
element. 4. A printer head conpri si gg: a segl fon?uctor sub_s'él_ratg; al idggﬁd
oxi de filmdisposed.on said sem conductor substrate; an oxidised si
film di sposed oWEE?f'HS%@E%%PQ‘PBPEPé'HS elemeni s foraed BY Aerpsittiget least pas el A
sai d oxi di aefketsi Ibye?(alﬁdfd\lfmm&ahﬁﬁr-ﬁ%ﬁﬁéﬂlﬁﬂjﬁbﬁ&?m di sposed on said
insulating layer; a transistor for driving said heat-generating elenment to
generate heat for printing a desired image; and an anti-cavitation |ayer
di sposed 08. sai Whé fihted BBRY AbEEing!tS ¥Riith 4, J«%e’?@ﬁtsﬁrmﬁéulgﬁ}%|aly@Pis"\é“§pi86r{‘
said heat-generating el ement is formed by depositing at [east one of a IV
A net al Ia&gldee{%ra V A nmetal layer on said insulating layer. 5. The
printer head according to claim4, wherein said insulating layer is a
silicon nétri dR Iaxeé 6. A nmethod for manufacturing a printer head
conpri si ng® 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.



di sposing a doped oxide filmon a sem conductor substrate; disposing an
oxi dised silicon filmon said doped oxide film di spogoeeptdmbdrabat i ng

| ayer on sai.d oxidised silicon film _di;spgesing at |east one of a IV A netal
| ayer and a V A netal layer on said insulating |layer to forma

heat - generating el ement; disposing a resistor material upon said

heat - gener at i NBReEPRRN! § RfﬁPE t using a
transi stor to generateée eat aﬁdﬁ%o ]ﬁgrhgméfgaggﬁgg ﬁ%@§§58£§ met hod
according to claim7, wherein sai *RIATHERHEM | ayer is a S|I|con nitride

| ayer. N METHOD FOR MANUFACTURI NG PRI NTER HEAD
ABSTRACT %gb%%gl gﬁﬁ Ré%@fo rating el enments are fornmed by

depositing at least a IV A netal layer or a V A netal |ayer, followed by
depositing a resistor material thereupon. Thus, the reliability of

heatgener 2| OugLETE A £ b1 Byl B MRS SR 6L oL

least a IV A metal layer or a V A metal layer, followed by

depositing a resistor material thereupon. Thus, the
reliability of heat-generating elements applied to thermal
type ink-jet printers, for example, is improved as compared

to conventional arrangements.

Figure 1



