-S04P1057 DESCRI'PTI ON LI QUI D DELI VERY HEAD, LIQUI D

DELI VERY DEVI CE, AND PROCESS FOR PRODUCTI ON CF LI QUI D

DELI VERY HEAD Techni cal Field.The present inventiongg,pigs7
relates to a liquid delivery head, a liquid delivery
device, and a process for production of the liquid
delivery head, which are applicable to ink-jet

printers of thermal type in which heating elenents and
~transistors to drive themare integrally formed on

the same substrate. The E@%E§#§ﬁ§%®' are netal oxide
Whi'e a

field effect transistors pol yci de gate
or nmetal gate for reduction-in parasitic resistance.
Background Art There is an increasing demand for col or
hard copies__in the fi rocessin

eld of inage g . This
et NARLHERRY FehD by LEQVEP PR Y- ?YcBEWﬁgr AND PROCESS
processes, which include dge sublimation thermnal
t?%%s?%QDQﬁ?%QRSQFn%?@?ﬁ@ heFYBRY EEARsfer process,
ink jet process, electrophotography process, and
t hermal devel opnent silver salt process. O these
processes, the ink jet process is sinple S04P1057 in
ciashtiteal oniehdl yet capabl e of producing high-quality
images. It is so designed as to eject ink droplets
toward The present invention relates to a liquid delivery
head, a liquid delivery device, and a process for
production of the liquid delivery head, which are
applicable to ink-jet printers of thermal type in which
heating elements and transistors to drive them are
integrally formed on the same substrate. The transistors
are metal oxide field efféct transistors which have a

polycide gate or metal gate for reduction in parasitic

resistance.

Background Art

There is an inCreasing demand for color hard copies
in the field of image processing. This demand has been
met by séveral célor copying processes, which include dye
sublimation thermal transfer process, melting thermal
transfer process, ink jet pfocess, electrophotography
- process, and thermal developmeht silver salt proceés.

Of these processes, the ink jet process is simple
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printing paper (or any other objects) fromnozzles

that open in the printer head (or liquid delivery

head) The ink jet processes are classified into thgggpqgsy
categories, electrostatic pulling process,

continuously vibrating process (or piezo process),

and thermal process, according to the nethod by which
ink droplets are ejected fromnozzles. The thernal

. process is so designed as to generate bubbl es by

lﬂga%oéﬁﬁi ré%&ﬁganéggéfg%%§§ﬁfén§§Fh%oQEQ?ESSq%§§~gPaiity

ef ect om nozz! _ Cprinting paper:
SR 01 P8GR TG S0 LS LI G

heatip ' elenentf to heat _jink which a{e formed o theh
Same t S Rt OF SubstTREE PRiegra | frARt ROERLSS that
logic ,integrated circuits to drive the heating
étRFRent the RRENLeF i pead fehd  oFuifi Seiypervthgad) . The
heati ng el ements are densely arranged so that they

ik e TerRERFR ST et heraswt edt Het prihtes fehageries,
thermal process is required to have densely arranged

Hele ¢ trieP et ahentBu E bing b pbce®al | eynpinneialy Tébbeting
concrete, it .is necessary that the heating el enents

e aresngenr giiern epvadss of , SOAP10ETrr2] 38Bogasfor

print quality corresponding to 600 DPI

Udartdineg el , the mestived yoyli viiicul ink odaspaage drévefhgeted
from nozzles.

The thermal process is so designed as to generate
bubbles by local ink heating, thereby causing the bubbles
to eject ink from nozzles toward printing paper. Thus it
is capable of printing color images despite its simple
_ structure.

The printer head of thermal process has the heating
elements to heat ink which are formed on the same
semiconductor substrate integrally with the logic
integrated circuits te drive the heating elements. 1In the
printer head of this type, the heating elements zare
densely arranged sc that they drive certainly.

In other words, the printer head of thermal process
is required to have densely arranged heating elements for

high-quality printing. To be concrete, it is necessary

that the heating elements be arranged at intervals of
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el ements individually for the densely arranged heating

el enents. The printer head that avoids such

difficulties has switching transistors and heatinggnspigsy
el ements on the same sem conductor substrate, wth S
the former being connected to the latter by the
integrated circuit technol ogy. The switching

transi stors are driven by driving circuits formed on

t he same sem conductor substrate. In this way the

i ndi i dual ating el enent.s _are driven, easi
B 1R R0 SR R e T i Y e
transjstor nd ,the driving.citcuits to drive t?en1.
VB RTEY okt des "y CRRBLLESL] FPeriFappect Iving
transistors (netal ide fjeld effect transistors), .
a%@eli‘%rét%eja? n l@‘i‘%ﬁtﬁﬁt g‘”ér ehe n‘&ﬁﬁs‘aiyt ahrargrf( IFS%iFlng
tantalumnitride (TaNs), or_ tantalum alum num(TaAl ). .
HHeat i nd @ et Fedmarks-ha A eRl 4ol 1uge dbffictlities
- evolve 0 . 8 to 1.4 uJ of heat, which generates
HHE%I%%l¢%hl@%et¥%%5%ﬁ%ﬂ%%r?n@h@?@hynéj@é?mﬁQtFan the
droplets from nozzles. A though the driving circuit
| SRRD BT LePRGuUGEOr MOEP$ ¥ Bdice st O Ehwhhehfosmar| heing
operate at 5V, the switching transistors to drive
thenect¢h g ¢l erentst uadeby Cloat inteofathd dikging
circuit operate at a source 3 S04P1057 voltage of 8 to
2dhnsioghat Thire shdatdmigeeltererdisstares are driven by
driving circuits formed on the same semiconductor
substrate. In this way the individual heating elements
are driven easily and certainly.

In the printer head, the switching transistors and
the driving circuits to drive them are MOS (Metal Oxide
Semiconductor) field effect transistors (metal oxide
field effect transistors), and the heating elements are
made of tantalum (Ta), tantalum nitride (TaNx), or
tantalum aluminum (TaAl).

Each heating element receives a pulse voltage to
evolve 0.8 to 1.4 puJ of heat, which generates bubbles in
the ink chamber, thereby ejecting ink droplets from
nozzles, Although the driving circuit is constructed of
MOS transistors which usually operate at 5 V, the

switching transistors to drive the heating elements under

control of the driving circuit operate at a source
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supplied with sufficient electric power. This is
because the electric power applied to the heating
el ement is proportional to voltage squared and S04P1057
inversely proportional to resistance. Fig. 1is a _
sectional view showing the constitution of the
swi tching transistor of this kind. The transistor 1
is made up of a silicon substrate 2, a LOCOS (Local
Oxidation of Silicon) 3 of silicon nitride (Si3N4), a

Xi ilm4.in th rapnsjstor formng.,regqgion,
e 2f B o 831 i 19 cEhEE HiC Phrrpi S pidRER e
In_other . words, the transistor of this kind has. a
PP DR ARy ER  subRSolidloe BhgE Pk RBUFEr onfbiheS because
transistor of this kind hqﬁ a source S and grain D,
WHFE RS BT B FOF ieaoh TRRLSFT EBntheuBsetire 9igpenbnis
i mpl antation and heat treatnment. The  transistor 1
COFRR T Hiet ¥+ nt? hY Sl hadineF IRased PO 1BBREEALYat i ON

diffusion |ayer AR between the gate G and the drain

RroOpr st HpRd ustonreaieraldrerel i eves the electric

field between the drain and the channel form ng _ _
regi on dnder 1t e gatsgcuimaradby i reusiing tiee constitution
breakdown voltage. A printer head disclosed in

Jap arles eswPat @nind ai danspenoNoo £ Heh140k188484 e transistor
provided with transistors each having a 3 um | ong

ol ysinadonumad €. 2 Thi 51 gat estlepgt it & s2 SO4PLOSESt hBocal
lower limt that can be achieved by using a mrror
Oxidation of Silicon) 3 of silicon nitride (SisNai}, a gate
oxide film 4 in the transistor forming region, and a gate
G of polysilicon 5 in laminate structure. In other words,
the transistor of this kind has a gate of polysilicon
electrode. In addition, the transistor of this kind has a
source S and drain D which are formed on the silicon
substrate 2 by ion implantation and heat freatment. The

transistor 1 constructed in this manner has a low-

concentration diffusion layer AR between the gate G and

the drain D. This diffusion layer AR relieves the

electric field between the drain and the channel forming
region under the gate, thereby increasing the breakdown
voltage.

A printer head disclosed in Japanese Patent Laid-
open No. Hei 10;138484 is provided with transistors each

having a 3 #m long polysilicon gate. This gate length is
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projection aligner (MPA), which is a 1:1 exposure

system On the other hand, a printer head of side

shoot type is proposed in Japanese Patent Laid-ope§O4PlO57
No. 2000- 1083555. This printer head has the heating

el ements and gates which are forned sinultaneously
frompolysilicon. The printer head of side shoot type

is characterized in that the nozzle is not positioned.
right above the heating elenent, so that the heating
el.ement. generates, bubbles . and the . resul ting bubbl es

IR TRt SEELT o VAL es 8 oPS T ERISTRY HY oBP TS frBRETOr

- the nozzle. The transjistor to.drive the heating :
R L i ot BoPEPh b WRAERetS & conbunEROdrEe: PrateT.
power in varyin%. ampunt s dependi ng aon the

on-resi SFadd® Mtheate ahsistRIF N td 198 ri Stdhchert

the wiring pattern (which are collectively referred
tovke barkerreeed ek sfapregse Brheet baddreaasi ¥per 280~
serially connected to the heating elenent, the

dk ¥ &3 TP v olThdge pappitiesd Iepd He g rdsilaring e ingrfedl and
by the parasitic resistance and the resistance of the
hesite hgrlel emente  Idnemed o epul benpanasit Ffromepbdyantécon.
shoul d be nmuch snaller than the resistance of the

H&et ipinetenerdd i 6f tdieddeshooy eypaent cksatacberized in
driven efficiently. Thus it is considered that if the
parasithe 1SUPIH5s rest spentei dsed eduget, abbesa the heating
woul d be possible to

element, sc¢ That the heating element generates bubbles
and the resulting bubbles transmit pressure waves to
eject ink droplets from the nozzle.

The transistor to drive the heating element, which
ejects ink droplets, consumes electric power in varying
amounts depending on the on-resistance of the transistor
and the resistance of the wiring pattern {which are
collectively referred to as parasitic resistance). Since
the transistor is serially connected to the heating
element, the driving voltage applied by the transistor is .
divided by the parasitic resistance and the resistance of
the heating element. Therefoxe, the parasitic resistance
should be much smaller than the resistance of the heating
element i1f the heating element is to be driven

efficiently.

Thus it is considered that if the parasitic

5



realize a printer which consunes | ess electric power

than before and ejects ink droplets nuch nore

efficiently. It is also considered that the decrea$ﬁ9P1057
parasitic resistance will reduce voltage to drive the
heating elenent. Disclosure of Invention The present

i nvention was conpleted in view of the foregoing. It

is an object of the present invention to provide a-

liquid delivery head with a reduced parasitic

: y head wi th a reduced parasitic
PR PR T e HIER T heibiEs PReaBs i REE Be,
t tain_the ab bj.ect di t t he, t

1FRh fore TRETRoY S BroG GUBC T gl s GbPFuGiy RadA: then
(PShAPRITY. TIeGHT Vol kHERPRAFER BYGhIBPRBI T GACREPELY. Tt

substrate such that the heating elenments driven by

the FETRAICHFLREFPR| Bhatfeke dransprsedrRaRRaitaCl i quid
contained in a liquid chanber, thereby ejecting the

| FRd Ttance Hel tbr aedfcdrvpl eagef Eontineye| ebe baghinvg
the netal oxide field effect transistors can have a
polseemlee gate or a metal gate. In the configuration
of the present invention, S04P1057 there is provided a
liquid delivery head having heating elenents and
netal oxide field effect transistors to

Disclosure of Invention

The present invention was completed in view of the
foregoing. It is an object of the present invention to
provide a liquid delivery head with a reduced parasitic
resistance, a liquid delivery device, and a process for
production of the liquid delivery head.

In order to attain the above object, according to
the present invention, there is provided a I1igquid
delivery head having heating elements and metal oxide .
field effect transistors to drive them which are formed
on a substrate such that the heating elements driven by
the metal oxide field effect transistors heat a liquid
contained in a liquid chamber, thereby ejecting the
liquid in the form of dropleté from nozzles, each of the
metzl oxide field effect transistors can have a polycide

gate or a metal gate.

In the configuration of the present invention, -
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drive them which are formed on a substrate such that

the heating elenments driven by the netal oxide field
effect transistors heat a liquid contained in a  g54p1057
‘|'iquid chanber, thereby ejecting the liquid in the
formof droplets from nozzles, the depletion |ayer

bet ween the polycide gate or netal gate and the gate
~oxide filmcan be thinner than that between the
conventional polysilicon gate and the gate oxide

fildge The n;& b0 dep! et on, | ayel i@&%&aﬁgéddﬁgﬁ‘ _heating
current” and decr eases On-Tesi stance’ an para3|??c
i St . A dj fto t t i ti '
TR Qe T Py Hbur BE 1T of - o SCtT HGCT1 T RS T BBF Bt 50
t d [ect f liquid deli head,
e Yot e T (e TOMES | Gfbi O 0GPT VEFyShedgPnERat the
ating elenments and netal oxide field effect

he :
ﬂ?%%@i JT- SN | Vel Yot Whteh B2l foxide Bhedd effect
substrate such that the heating elenents driven b

e 0ok 2t | 2| L@@ ceorFaneedt HR sa hedfudd chamber,
liquid contained in a liquid chamber thereby ejecting
tHershywirsninhetiorioiidrbpl ehe feoom abzdreslehadfrom
each of the netal oxide field effect transistors has

a g yasd dethgadep et ometaye gatet wéer ot e ngb yycifie gate or
liquid delivery device can have a S04P1057 | ower

pertasl tgat g emidttane eydthanohiodor#i 1th ncaddbe | thinner than
according to the present invention,

that between the conventional polysilicon gate and the
gate oxide film. The thin depletion layer increases drain
current and decreases on-resistance and parasitic
resistance.

According to the present invention, a liquid
delivery device for ejecting liquid droplets toward an
-object from a liguid delivery head, characterized in that
the iiquid delivery head has heating elements and metal
oxide field effect transistors to drive them which are
formed on a substrate such that the heating eiements
driven by the metal oxide field effect transistors heat a
liguid contained in a ligquid chamber thereby ejecting the
liquid in the form of droplets from nozzles, and each of
the metal oxide field effect transistors has a polycide

gate or a metal gate.

Accordingly, the liquid delivery device can have a
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there is provided a process for production of a liquid
del i very head which has heating el ements and netal

oxide field effect transi-stors to drive therr1\/\hichSO4Plo57
are formed on a substrate such that the heating

el ements driven by the netal oxide field effect
transistors heat a liquid contained ina liquid

chanmber, thereby ejecting the- liquid in the formof
droplets fromnozzles, each of the netal oxide field

ﬁgfegg trqgglstgrs can ga e a%g %O gate or a
TR gat e ﬁ%% p?%%%%% XELor %gg? Fﬁe pr esent
|nvent|on is  .designed to rmthe C|de ate or . -
o o e L R 1-9 Irivelition,
tranS|stor to drive the heating elenent
2R e i b3 RFANsERY of E%%C%%%ef%rlﬁﬁiéﬁiu%%%l?fca liquid
resi stance than before. Brief Description of the

Dk FREY Arepd 1Whikch kaethephaing eheBanhs ngngheetal oxide
transistor which is applied to the conventiona
phien@rehbeet Frapsbsigra perdpecei Veeni ehichoaragiehaed
printer pertaining to the first enbodi ment of the
prresergubsiwaie | soch Rlpt 3the heptangvébenshbai dgivae by
arrangenment of S04P1057 head chips in the printer
stionwmate Figride FH@ldlefsfeat secédnohatovsehmeshoai hiyquid
the printer head which is applied to the printer
stEWhiedi gn 2.1iquid chamber, thereby ejecting the
ligquid in the form of droplets from nozzies, each of the
metal coxide field effect transistors can have a polycide
gate or a metal gate.

The process according to the present invention is
designed to form the polycide gate or metal gate for the
metal oxide field effect transistor to drive the heating
element. The resulting transistor.can have a lower

parasitic resistance than before.

Brief Description of the Drawings

Fig. 1 is a sectional view showing the transistor
which is applied to the conventicnal printer head.

Fig. 2 is a perspective view showing the printer
pertaining to the first embodiment of the present
invention.

Fig. 3 is a plan view showing the arrangement of



Figs. 5(A) and 5(B). are sectional views iIIustrafing
the steps of preparing the printer head shown in Fig.
4. Figs. 6(A) and 6(B) are sectional views - §94P1057

illustrating the steps that follow the step shown i
Fig. ‘5(B). Figs. 7(A) and 7(B) are sectional views
illustrating the steps that foll ow the step shown in
‘Fig. 6(B). Fig. 8 is a sectional view show ng the
~transistor which'is produced by the steps shown in
.9 .0.s a section ViEMIO%ithe transi stor

Fig. 5. Fi I

TR P B TR B TR Heali¥ nedt por at ed

~into the, printer pertai,ning to second .enbadi nent, of head

the predéft 4 ivert iSETIBEA WOE EPYEdHT ilify But e hea

I nvention Enbodi nents of the present invention wll
HEs T RRPHEHorR o pYiveh FRP¥rehtefi9: the

acconpagxing drawi ngs. (1) Configuration of Enbodi nent

S04P10571Eisy. 2 H)s aacher Fpedts EadtawntHatVisiths a

printer pertaining to the present invention. Aline

prilnsirating themtsteny tbusecoining reke apyihber head

encl osure 12. The line

shown in Fig. 4.

Figs. 6(A) and G(B) are secticnal views
‘illustrating the steps that fcllow the step shown in Fig.
5(B).

Figs. 7(A) and 7(B) are sectional views
illustrating the steps that follow the step shown in Fig.
6(B).

Fig. 8 is a sectional view showing the transistor
which is produced by the steps shown in Fig. 5.

Fig. 9 is a sectiocnal view of the transistor which
is applied to the printer head incorporated into the

printer pertaining to second embodiment of the present

invention.

Best Mode for Carrying out the Invention

Embodiments of the present invention will be
described in more detail with reference to the
accompanying drawings.

(1) Configurztion of Embodiment
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printer 11 is provided with a paper tray 14 that holds
paper 13 on which inmages are to be printed. For paper
feeding, the paper tray 14 is inserted into the PapP&f4pi057
tray port at the front of the enclosure. Once the |inhe
printer 11 is provided with the paper tray 14 through

t he paper tray port, the paper 13 is ‘pressed agai nst

the paper feed roller 15 by a paper feed -nechanism

The paper feed roller 15 turns to feed the paper 13

in the gLrec ian of _arrow A .toward tﬁﬁﬁgear side of

the Iind 5 ft & P1PoRPSHY G i'orf'of Papei e f R ter
reversed by the reverse rol|er 16, pl aced near the rear _
FHUL BN 19 i DR R EFN R 11 TIRRISLOF he I it @7 GHIGH 11 is
16  noves- back the paper 13 in_the direction_of arrow,
BhtiRakd BHesed ol 3 BRCEANREAT | fRChPFRFRridd. Heniine
the paper 13 is further transported over the ﬁa er
tRENEer i B the RIFTEEdednvbEh o rewPer byraput4rBhpergolds

17 and finally discharged fromthe paper discharge

gorRer ak3 tére Whigth Hhalgesfardetoibe printed. 1fFomraper
line printer 11 has the exchangeabl e head cartridge
1Bedindj cdtied mmpar rove D bét weeinsbetspuintol teespdfer

and the paper discharge port. 10 S04P1057 The head

Cardy imget 18 cdnsi &tenofof tied dencPOsanel. exchangeabl e

ink cartridges contained therein for yellow

Once the line printer 11 is provided with the paper
tray 14 through the paper tray port, the paper 13 is
pressed against the paper feed roller 15 by a paper feed
mechanism. The paper feed roller 15 turns to feed the
paper 13 in the direction of arrow A toward the rear side
of the line printer 11. The direction of paper feed is
reversed by the reverse roller 16 placed near the rear
side of the line printer 11. Thus, the reverse roller 16
moves back the paper 13 in the direction of arrow B
toward the front side of the line printer 11.

Then, the paper 13 is further transported over the
paper tray 14 in the direction of arrow C by spur rollers
17 and finally discharged from the paper discharge port
at the front side of the line printer 11. The line
printer 11 has the exchangeable head cartridge 18

indicated by arrow D between the spur rollers 17 and the

paper discharge port.
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(Y), magenta (M, cyan (C), and black (B) inks. The
ink cartridges are connected to their respective _
printer heads 19 attached to the lower surface of the P1057
.hol der 20. Being constructed in this manner, the ITnhé
printer 11 is. capable of printing inmages on the
printing paper 13 with inks of different color
supplied- fromthe line head. Fig. 3 is a partly

enl arged plan view show ng the printer head 19 as

vi ewed f n1the pr| er shown_ i n _Fi 2.
 The pri o R oS e didtoFied R0 and
each i nk and the head chlgs 22 of ldegtlcal structurf
ViR SPPRY AT aig dCa T GEadOt Al DAYt BLRRDsFRBESHR ?ﬁeYe low
ink duct 21) on the nozzle plate. Each head chip 2
i ¥hodragemed Shth EvaR f%brh%%@|ﬁba%keﬁ%htlﬂﬁérmq$¢s#nk

close to the ink duct 21. In other words, the head
ctapsridgerareyaopneread €9 Eh@hrorﬁépeﬁﬁﬁﬁeré§bééﬁr

to the ink duct. Thus, the printer head 19 can supply
imadd 1heathechiedhtp Ph2etheotghsarfengl efi akedhetder 20.
for each color. This sinple structure contributes to
Ppetigiomprinciead imn thia hagher esthat Lone Phénheadll is
chip 22 has the connecting pad 24 at the center of

| dsgpdlengtdf | pir inhg Thig nbazdes @3 e prihot éngnkaper 13 with
del.ivery ports) are arranged. Positioning the

cofaecd £ ngi die SOHP1O6To pasuZdliadt hr@mnan@ehﬂéeneaas

one flexible wring board

Fig. 3 is a partly enlarged plan view showing the
printer head 19 as viewed from the printing paper 13
shown in Fig. 2. The printer head 19 consists of the ink
duct 21 for each ink and the head chips 22 of identical
structure whiéh are arranged zigzag (along both sides of
the ink duct 21) on the nozzle plate. Each head chip 22
‘is positioned such that the heating element therein is
close to the ink duct 21. In other words, the head chips
22 are symmetrical to each other with respect to the ink
duct. Thus, the printer head 19 can supply ink to the
head chip 22 thfough a single ink duct 21 for each color.
This simple structure contributes tb precision printing
with a2 high resclution.

The head chip 22 has the connecting pad 24 at the

center of its length in which nozzles 23 (or minute ink

delivery ports) are arranged. Positioning the connecting
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connected to one connecting pad 24 from com ng cl ose

to. the other flexible wiring board connected to the

ot her adjacent connecting pad 24. A problemthat S04P1057
ari ses when the position of the nozzle 23 is shifted
as nmentioned above is that it is necessary to reverse

t he sequence of driving signals for the heating

elements in the head chips 22 placed above and bel ow

the ink duct 21. However, this problemis avoided

‘bec "the head chip 22 is so.constructed. as to. :
R oy ST SRR dr YL Requen et | R LRbS Y1 bifg board
circuit. Fig. 4 is a sectjonal %i xlﬁhomﬁn t he
FrIMT AR PP PRI 1Y B % i hFSP. CIRLNPr FHPRF tO
head 19 consists _of a silicon substrate (wafer),
&h%@%ﬁ?%uf%%%l%twwn%l]%%%‘fls‘?o%]ﬁ%c?ﬁ ERahbergther
The procedure for fabrication is as follows. First, a
cdbrentitoreecisupstPatedwafer) 31 is coated with
silicon nitride film (Si3N4) by deposition, as shown
in Fig. 25pmbleTthamat iatiegsaptiherand e axptitvion orf the
etching are perforned on the coated silicon substrate
JozFlor 11 sis esivvEtedxes utkmyglohedr@gooa whetkeat 1t 1is
transistors are to be forned. Thus the silicon -
Mmdddsea £y [ e oretdiese sthe congsethss raf edB8ilviegashgnahkyfor
in the region for 12 S04P1057
the heating elements in the head chips 22 placed above
and below the ink duct 21. However, this problem is
avoided because the head chip 22 is sc constructed as to
adequately switch the drive seguence in the driving
circuit.

Fig. 4 is a secticonal view showing the printer head
to be used for the printer. The printer head 19 consists
of a silicon substrate (wafer), drive circuits, heating
elements, and ink chambers. The procedure for fabrication
is as follows.

First, a cleaned silicon substrate {wafer) 31 is
coated with silicon nitride film (SisN«) by deposition, as
shown in Fig. 5(A). Then, lithography and reactive ion
etching are performed on the coated silicon substrate 31
for its removal excluding the reglon where transistors

are to be formed. Thus the silicon nitride film on the

silicon substrate 31 remains only in the region for
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transistors.  Next, thermal silicon oxide film (500 nm
thick) is formed by thermal oxidation in the region

where the silicon nitride filmhas been renmoved. This$sqg59
thermal. silicon oxide filmformthe el enent isolating
region 32 or LOCOS (local oxidation of silicon) to
separate transistors fromeach other. Incidentally,

the thickness of the elenent isolating region 32
‘eventually swells to 260 nmafter ensuing steps. The
silicon substrate 31 is cleaned and then a thernmal

oG UL ¥t MFor the gate is formed in the transistor

form ng_region, as shown in Fig., 5(B).. Afte further .
¢l eani nd'e%E pdiRAEME e G 990 (O%@ois%ﬁﬂtlﬁ? c{é({q S ethigy LS
by CVD (chem cal vapor depositiog% process. Next, _a
t @rP%i Fhermrl (VBT PP i 100 nARERPRKYR PSS BRARd
froma gas conposed of W6 + SiH4 or W6 + Si H2C12 b
QD igewcessriqact Hbntkas yoeenerenaysten 811 irmat m
‘may be forned by sputtering. The gate region is
exposean byxid¢ t hohpapbym bine ¢hemediryieectabhgowredian 32

m xed gas of SF6 + HBr is carried out to renove the

N eo@E3AHr ylodwl nekidaxioe 6fl s1lipobysitoceapéicbbe and
tungsten silicide film |In this way there is obtained
ttheared ectoodef fan d¢deh gatleer G Vviiclddrsc cldnposetk ofhtdieness
gate oxide film33, the polysilicon film34, and the
tamosienesdrhéet desd1dtN39. rd@ion 32 eventually swells to
260 nm after ensuing steps.

The silicon substrate 31 is cleaned and then a
thermal oxide film for the gate is formed in the
transistor forming region, as shown in Fig. 5(B). After
further cleaning, a polysilicon film (100 nm thick) is
formed by CVD (chemical vapor deposition) process. Next,
a tungsten silicide (WSi;) film (100 nm thick) is formed
from a gas composed of WEFs + SiHs or WEFs + SiH;Cl; by CVD
process. Incidentally, the tungsten silicide film may be
formed by sputtering. The gate region is exposed by
iithography, and then dry etching with a mixed gas of SFj
+ HBr is carried out tc remove the unnecessary thermal
oxide film, polysilicon film, and tungsten silicide film.
In this way there is obtained the eiectrode for the gate

G which is composed of the gate oxide film 33, the

polysilicon film 34, and the tungsten silicide film 35.
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S04P1057 In the subsequent steps shown in Fig. 6(A),

the silicon substrate 31 undergoes ion inplantation

and heat treatment so that the lowconcentration ¢4,p71057
diffusion layer 37 is formed, and the silicon

substrate 31 further undergoes ion inplantation and

heat treatnment so that the source-drain regionis

formed. In this way there is obtained the MOS

transistors 43 and 44. .Incidentally, the

| ow- concentration diffusion |layer 37 i,s a.fie

i Cing ™ FEFer P SaSti e T SRR dPhi g melBl dire
resj stance. The switching transjstor 43 functions as
SNESW i%@“%%%gjst%‘?d GRTY HOWi PRI TR LR eﬁ@‘?hheat
of about 18 to 25 V to drive the heating elenent, and
tHeaiethi ¥y tidtansiet bW 22onemrEr dhkCasdhi tRaheR st ayer
(which works at 5 V) as a constituent of the

i ht elgy afegned s cand &he coht kePn swesEraver3transtBesr

43. In this enbodi ment, the MOS transistors with the
poldesi atee fat @ avrep proidhiceen bynd i héplyrapbytmenh so that the
stepper of step-and-repeat type having a reduction
reiumcefdddih wergildd,is nfevmed. t e Itighet wsourdeforis
exposure is g-line (ultraviolet rays) having a

weed dareggt e MESH tanaldingrs tH3 téme 94 ocedurigdertteel 1y, the
resulting transistors 43 and 44 have a smaller gate

tihan- ddrade it ediicad DyF tiei eonveydt oAl 1 @Xposus B4 Sy sketing
having a reduction ratio of 1/1. To be concrete, the
transt toresnAdr@anthddbsdirddidrain insulation resistance.
The switching transistor 43 functions as a MOS driver
| transistor having a dielectric strength of about 18 to 25
V to drive the heating element, and the'switching
transistor 44 functions as a transistor (which works at b
V) as a constituent of the integrated circuilt to control
the driver transistor 43. |

In this embodiment, the MCS transistors with the
polycide gate are produced by lithography with a stepper
of step-and-repeat typé having a reduction ratio of 1/4
or 1/5, in which the light source for exposure is g-liine
(ultraviolet rays) having a wavelength of 436 nm. Owing
to this procedure, the resulting transiétors 43 and 44
_have a smaller gate than that produced by the
conventional exposure system having a reduction ratio of

1/1. To be concrete, the transistors 43 and 44 in this

14



14 S04P1057 enbodi nent have a gate length shorter than
2um OnMng to the short polycide gate, the

transistor 44 in this enbodi nent has a | ow  S04P1057
on-resi stance and hence has a |ow parasitic

resi stance accordingly. The low resistance |eads to

the efficient driving of the heating elenent.
Incidentally, in this enbodinent, the reduction

exposure with g-line is enployed.in |ithography for

~other_  steps than the steps for the tran3|stors 43 and
APOqQHngE h8ie st éiﬁt%\ﬁf?fi%tlba?}??@be%u? 2152 shdwn i n

Fig. 6(B), to sequentially forma PSG film_ (100 nm

thi ck) OXrd% tBPE&S shartsee lwnics gate, fhe pagnsistor 44
(Phosphorus  Silicate Gass) filmis a

pHbSPHeT nkisbietesth |han i ok eonT1¢ 94 Segrice hengPseice has
(Boron Phosphorus Silicate dass) film is a boron-

and phaspreridstadopptistanecoreseuditglm  Theesow wo

filnms constitute the first interlayer dielectric film

4 I60G e tlheadks . td nthde bkt isnepdsimieguet tihe heating
phot ol i t hography, the contact holes 46 are fornmed on
tdlesrgddti conncdelntaidyct dm dinfifsusimodimeer:, the reduction
(source-drain) by reactive ion etching with a m xed

g2 Hu AR/ EO P2 Afe TThesrOr ©god noh ST ephdSréphy ofed other
by cleaning with dilute hydrofluoric acid. Then,

SHegL i ithPesfaidretbr tond of radsies v é ng3 pahd e .
| ayer which is conposed of the

In the next step, CVD is carried out, as shown in
Fig. 6(B), to sequentially form a PSG £ilm (100 nm thick)
and a BPSG film (500 nm thick). The PSS (Phosphorus
Silicate Glass) film is a phosphorus-doped silicon oxide
film, and the BPSG (Bcron‘Phosphorus Silicate Glass) film
is a boron- and phosphorus-~doped silicon oxide film.
These two.films constitute the first interlayer
dielectric film 45 (600 nm thick).

In the next step subsequent to photolithography,
the contact holes 46 are formed on the silicon
semiconductor diffusicn layer (source—drain) by reactive
ion etching with a mixed gas of C4Fg/CO/02/Ar.

The foregoing step is folléwed by cleaning with
dilute hydrofluoric acid. Then, sputtering is performed

to form the wiring pattern layer which is composed of the

following five films sequentially formed on top of the
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following five filnms sequentially fornmed on top of the
.15 S04P1057 repeated twi ce. Thus there is obtained the
second oxide filmis planarized by back etching. T@§4P1057
step is silicon oxide filmby SOG (spin on glass)

The silicon filmas an interlayer dielectric film as
shown in Fig. 7(A). The silicon oxide filmis covered
with a coating Si (OC2H5)4 gas is perforned to deposit
the silicon oxide renoved by photolithography and dry
etching. Thus the wring pattern 47 for the first

I Tis formed. This wring pattern 47 constitutes:
the logic integrated circuit that connects the MOS
tTidrid St rf W £ ot 0 e ERAFXi ng circuit. Then, CVD
process wth TECS (tetraethoxysil anezi The thus forned

W iriargh pwattidrnl deyerids kareedy viglahntilnef T @R ol ick.
coating film Titaniumnitride-oxide (TiON) film 25

it tariioky fEslan J0omshddlek. Al umi num fil m cont ai ni ng
1 at%silicon or 0.5 at% copper, Titaniumfilm 30 nm
gk nif tEninuneon taimderax] detbas il eecometal 0§ 9| &t % 70opper,
nmthick. Titaniumfilm 30 nmthick. other.
iFterdmayeriak el ectric film48 of silicon oxide film
(440 :

Titanium nitride-oxide (TiON) film, 25 nm thick, as an
anti-reflection coating film.

The thus formed wiring pattern layer is selegtively
removed by photolithography and dry etching. Thus the
wiring pattern 47 for the first layer ié formed. This
wiring pattern 47 constitutes the loéic integrated
circuit that connects the MOS transistor 44 for the.
driving circuit.

Then, CVD process with TECS {tetraethoxysilane)
S1{0C:Hs): gas is performed to deposit the silicon oxide
film as an interlayer dielectric film, as shown in Fig.
7{(A). The silicon oxide film is covered with a coating
silicon oxide film by SOG (spin on glass). The silicon
oxide film is planarizea by back etching. This step is
repeated twice. Thus there is obtained the second
interlayer dielectric f£ilm 48 of silicon oxide film (440
nm thick) which insulates the wiring pattern in the

second layer adjacent to the wiring pattern 47 in the
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~nmthick) which insulates the wiring pattern in the
- second | ayer adjacent to the wiring pattern 47 in the
16 S04P1057 Next, sputtering is performed under the P1057
followng -conditions to deposit a R—tantalun1fi|n1%%%
to 100 nm thick) which functions as a resistance
film Wafer tenperature: 200 to 400C DC power
applied: 2 to 4 kWArgon gas flow rate: 20 to 40 sccm
‘The resistance filmi's patterned by photolithography
and drf etching with BCl3/Cl2 gas to formthe heating
EriEnt P 2YRE having a resistance of 4 to 100 Q. The
.entire surface is covered with a-siljcon

nitride film
(300 nmNSHiTek SPRYF FOPB A% dce SETFRTES i YMdSIh T tfqld?éjwmg
filmfunctions as the insulation protective film 51
fernd Hel dreat i gdep enihta 4 tamea bym | £€bknn(e@ i de 9P mm
is selectively renmoved by photolithography and dry
difekiing whiidh af Wi Xledorrase ofa GFESLEFanae, fsdmi hat the
heating el enent 49 is partly exposed for connection to
tWheef ant riergoqued ttweren: 20@i te oh@d°dry etching with a
m xed gas of CHF3/CF4/Ar is perfornmed to nake the via
Hut Bt nepphisednt2rt@ayerki el ectric film48. The
steps up to this stage are shown in Fig.. 7(B). The
frorpgoiags stlegw | satf@l | DOveth by spatteri ng t hat
The resistance film is patterned by photolithography and
dry etching with BCl3;/Cl:; gas to form the heating element
49 having a resistance of 4 to 100 Q.

The entire surface is covered with a silicon
nitride film (300 nm thick) by CVD process. This silicon
nitride film functions as the insulation protective film
51 for the heating element 49. The silicon nitride film
is selectively removed by photolithography and dry
etching with a mixed gas of CHF3/CF4/Ar, so that the
heating element 49 is partly exposed for connection to
the'wiring pattern. Additional dry etching with a mixed
gas of CHFs/CFs/Ar is performed to make the via hole 52 in
the interlayer dielectric film 48. The steps up to this
stage are shown in Fig. 7(B).

The foregoing step is followed by sputtering that

sequentially forms a titanium f£ilm (200 nm thick),. an

aluminum film (600 nm thick) containing 1 at$ silicon or
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. sequentially forms a titaniumfilm (200 nmthick),..an
alumi num film (600 nmthick) containing 1 at%silicon

or first layer. 17 S04P1057 0.5 at % copper, a titanégg§1057
‘nitride oxide film (25 nm thick) as an -
anti-reflection film and a wiring pattern |ayer of
silicon- or copper-containing alumnum In the

'subsequent step, the wiring pattern | ayer is

sel ectively renoved by photolithography and dry o
etching wth a mxed gas of BCl3/Cl12.. Thus.therg_is
o@tg;i"fh Y THPSSecdndt ?morﬁler‘??wg%h%‘?e$h£%4.(§5rhf”§ .
wiring pattern is, for power supply an roundi ng and
-awocl%ora%o%me%fﬁJoﬁr%?lgcemoarfﬁﬁpf t‘?‘%ﬁsgs‘t’biﬂﬁﬁ pattern
the heating elenment 49. Incidentally, the silicon
MaYeHerf | $ 1 5o enf nFPIPOR Cohea heal ¥ ngleneReht 49
functions as a protective |ayer which protects the .
heat i ng I8l dents s Sqush tetsdifing thratWigingagtoremy taver 1s
formthe wiring pattern. During etching, the silicon
ré¢Yeatel ¥¢1m Sdncleed dageghdhol hitkpesghyrend 309 anrhéng
100 nm Next, plasma CVD is perfornmed to deposit the
siiilton misted dead i M BEL{/400.nnThhs ckherahishobtained the
functions as an ink protective |ayer and an

| sadred | gydyef . wiltisg Sdepetrs 5ol | aveids byihiesd pattern is
treatment at 400C for 60 minutes in an atnosphere of

Nid# agere gasudpy Cdndreyr S@mdahd 4% also for connection of

the driver transistor 44 to the heating element 49.
Incidentally, the silicon.nitride £ilm 51 remaininé on
the heating element 49 functions as a protective layer
which protects the heating element 49 from etching that
is performed to form the wiring pattern. During etéhing,
the silicon nitride film 51 decreases in thickness from
300 nm to 100 nm.

Next, plasma CVD is performed to deposit the
silicon nitride film 55 (400 nm thick), which functions
as an ink protective layer and an insulating layer. This
step is followed by heat treatment at 400°C for 60 ﬁinutes
irn an atmosphere of nitrogen gas {(which may contain 4%
hydrogen). This heat treatment makes the transistors 43
and 44 work stably and reduées contact resistancé between
the first layer of wring patterxn 47 and the secopd layer

of wiring pattern 54.
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hydrogen) . This heat treatnent nmakes the transistors

43 and 44 work stably and reduces contact resistance
between the first layer of wing pattern 47 and thﬁ% P1057
second layer of wiring pattern 54. 18 S04P1057 On %
silicon nitride film55 is deposited a | ayer of
a-tantal-.um (100 to 300 nmthick) by DC nagnetron
sputtering that enploys tantalumas the target. This

| ayer is patterned into the anti-cavitation |ayer 56

by dry _etching wth BC13/Cl2 gas. lncidentally, the
Canti - cQ@iFQ?igﬁlﬂé§@rn5§r&@§o%ﬂgnb sPﬁ%Fﬂﬁﬁﬁy cﬂﬁblayer
to cavitation which takes place when bubbles _

difs dbpeat adimer (1Gheye Rk Bedi geherkat diF imagrrREF ek
chanmber by the heating elenment 49. Thus it protects

tR teetiingg téramenrlonos frams pHYR| a2l thrnkyedes- wilhis

as chem cal action of ink heated to high tenperatures
byaytehre e agtd e wleheimt 4ot he Tet Tbeovel pehidoneayer 56 by
R-tantal um may be repl aced by tantal um al um num (TaAl)
cbnt aitnimihcabaoiith 1B at/%lal gasnumncifgenionphy edting t amti-—
the Rtantalumfilm the TaAl filmhas a |ess
cairessiore Istyesssbedasroofphysi cd T ushorles wiltd to

al um num exi sting in the crystal boundary of

Rawartal iwn WWier fabsd gatd@n wind i massl @boyesamsear after
shown in Fig. 4, the substrate is covered with a dry

fiddp Ghwf aadnerasdd by wontact benthag. bfhese
parts corresponding to _
heating element 49. Thus it protects the heating element
49 from phyéical damage as well as chemical action of ink
heated to high temperatures by the heating element 49.
The above-mentioned P-tantalum may be replaced by
tantalum aluminum (TaAl) containing about 15 at% aluminum.
As compared with the B-tantalum film,-the.TaAl film has a
less compressive stress because of its structure with
aluminum existing in the crystal boundary of P-tantalum.
After fabrication mentioned above, as shown in Fig.
4, the substrate is covered with a dry film 61 of organic
resin by contact bonding. Those parts corresponding to
the ink chamber 62 and the ink duct are removed from the
dry film 61, and then the remaining parts of the dry film
61 are cured. In this way the ink chamber 62 and the ink

duct are formed. The thus fabricated substrate is scribed

into pileces to be made into head chips 22. To the dry
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the ink chanber 62 and the ink duct are renoved from
-the dry film®61l, and then the renmaining parts of the
dry film 61 are cured.. In this way the ink Cha”berS@£P1057
and the ink duct are forned. The thus fabricated
substrate is scribed into pieces to be made into head
~chips 22. To the dry 19 S04P1057 film 61 on each piece
is bonded the nozzle plate 63, which is a prefornmed-
~sheet nmenber that provides the - nozzle 23 above the
heating el enent, 49, In this the printer head
) BRI GHLTER TP (53 RoreLE! RkS Chaiber
62, and the ink_duct 21 through which ink is,
MR R iTERT e R P aberesd. ke PFPRtErsnelg
219 is forned in such a way that the ink chanbers 62 '
fIRFRE Tombavpushe i Rat g elyaper $8ed Tt ridbks ofpy the
The assenbly of such printer heads constitute the
|prientrrradied @) 1 Dpks artraml of cErmbotc relng s Thee prppEee 23, the
head 19 fabricated as nenti oned above is conposed of
tdrek faldmvenge Lonponherits fmk nddcon2t hehrgighcehich ink is
substrate 31. Metal oxide field effect transistors 43
aink i ddh 1ntsol @td anmidi ehaabet c82 32. Thhepfintsdtr |tegest 12
of wring pattern 47 insulated by the insulating
|y efodled (A4 decleannesy echdo the itkagsasbers4d2afdrm a

the transistor 44.)

continuous line in the paper feed direction. The assembly
of such printer heads constitute the line_head.

(2) Operation of Embodiment

The printer head 19 fabricated as mentioned sbove
is composed of the following components formed on the
silicon substrate 31. |
Metal oxide field effect transistors 43 and 44 with
isclation dielectrics 32.

The first layer of wiring pattern 47 insulated by
the insulating layer 45. (It is connected to the
tfansistor 47 and the transistor 44.)

The transistor 47 to drive the heating element 49.

The transistor 44 to constitute the logic circuit.

The heating element 49.

The insulating protective layer 51.

The second layer of wiring paftern 54, which conﬁects the

transistor 43 to the heating element 49 and which leads
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‘The tran3|stor 47 to drive the heating el ement 49.

The transistor 44 to constitute the logic circuit.

The heating el ement 49. The i nsul ating protective S04P1057

| ayer 51. The second |l ayer of wiring pattern 54, whitc T
connects the transistor 43 to the heating el ement 49
~and whi ch |.eads S04P1057 to power source and ground.
The anti-cavitation |ayer 56, the ink chanber 62, and
the nozzle 23. (Figs. 4 to 7) The printer head 19
works as follows. The ink —chanber 62 is supplied wth

i Tk RYMGI FRHETH 3 Fedddcartri dge 18 through t he

i nk duct, 21, as shown, in Fi .. The | i ntroduced
i A 1T ChRSt Bve S St e by sk FESHBSE | fg. and the

el ement 49. This heating generate bubbles, which in
RFP Rt eH v T HE? eabe=Ot he pressure in the ink

chanber 62. The increased pressure causes the ink to

fly (i Fheherigtamohaark Id¢ oisiees)as rishh kdes noZhkeed nk

23. The ink droplets attach thenselves to the.

prianbery paper Aphiehviaks belkncédetziner thetpapkead
tray 14 by the rollers 15, 16, and 17, as shown in
FMart2idde prdbtlemowgh htlideink ndupt i Bt erad 1shoan in Fig. 3.
performs printing as nmentioned above is that the

head i ok el reiisducd® toes tiod ok keledbered? | ysihiebhedeby
is a high parasitic resistance ascribing to

Qihd @fd St ang e mddie 49 anginSiOheating generate bubbles,
which in turn rapidly increases the pressure in the ink
chamber 62. The increased pressure causes the ink to fly
(in the form of ink droplets) from the nozzles 23. The
ink droplets attach themselves to the printing paper 13
which has been fed from the paper tray 14 by the rollers
15, 16, and 17, as shown in Fig. 2.

A problem with the line printer 11 that performs
printing as mentioned above is that the heating element
49 does not work efficiently if there is a high parasitic
resistance ascribing to on-resistance of the transistor
43 and resistance of the wiring pattern 54. 1In other
words, the high parasitic resistance consumes a large
amount of electric power to be supplied to drive the
heating element 489.

In the present invention, this problem is solved in

the following manner. The heating element 49 is driven by
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43 and resistance of the wiring pattern 54. |In other

words, the high parasitic resistance consunes a | arge
anmount of electric power to be supplied to drive th§04P1057
heati ng el ement 49. In the present invention, this
problemis solved in the foll ow ng manner. The
heating elenment 49 is driven by 21 S04P1057 the

“transistor 43 in which the gate is the tungsten

silicide film35, as shown in Fig. 8. The polycide

~gate _has a | ower_on-resjstance than the conyventiona
%&T%/s’?’?qw*'g%]f 13 Th Byt RS FRRIcET ohnF ntlb%ﬁg%g??i c

resistance, which in turn permts the heating eleqfnt

A LG eprki Bri3 i et | SPOBhot Pef 1S onPondnite dfotyreide gate
parasitic resistance is the on-resistance of the

thamhst stoferPntreshetange Brannehal corvartieerd

~effect transistor, it is possible to reduce the o
are kesi biegre gdye nakivig titedfattee GEPECTigomin marrgitic

thereby increasing the drain-source current which is

| TR/t stedycr oplot ¢h oital thon (mareltenghd) hgat yageelexede 4°

filmthickness) . However, this principle is not
applwasabl ef ficidet Tpnventi onal polysilicon gate, in

which the depletion [ayer (due to di sappearance of

free elpeeighens)kdnpdreal @f alacqrdditihe tediestface: is
between the gate oxide filmand the el ectrode. This.
depl elh-Ofesistance of the transistor 43. In the case of

metal oxide field effect transistor, it is possible to
reduce the on-resistance by making the gate oxide film
thinner, thereby increasing the drain-source current
which is inversely proportional to (gate length) X (gate
oxide film thickness). However, this principle is not
applicable to the.conventional polysilicon gate, in which
the depletion layer (due to disappearance of free |
electrons) 1s liable to occur in the interface between
the gate oxide film and the electrode. This depletiocn
layer apparently.increases the thickness of the gate
oxide film and hence prevents the drain-source current
from increasing sufficiently.

On the other hand, it is possible to reduce the
thickness of the depletion layef by reducing the
resistance of the gate. In fact, the gate of tungsten

" silicide film 35 in this embodiment has a resistance
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l'ayer apparently increases the thickness of the gate

oxi de filmand hence prevents the drain-source current
fromincreasing sufficiently. On the other hand, it56§P1057
- possible to reduce the thickness of the depletion

| .ayer by reducing the resistance of the gate. In

fact, the gate of tungsten silicide film35 in this

. enbodi nent has a resistance 22 S04P1057 which is

approxi mately one-tenth that of the conventiona

pglysiljicon gate. Thus the advantage of the printer . -
HEAED 15 | FPRHTCRAROH e TS0t hat 2 heo Hephet FgRvent ional
| ayer between the %gte oxide filmand the el ectrode head
R B HEeRD t PR Hher TRt ACVAN GRS Qs Ripgiter hea
pol ysilicon gate. The result is an_increased_ drain
ck rigntthis reftRrEHYHt rbsi Shahcehe dpRlefipri spyer between
driving of the heating element 49. The printer head 19

itthe Hgatemyobiereht 1n sand sbhe chbeaerede ze@n | pejpgde thinner
fabrication process. The lithography step to formthe
trlarsithar 43 Empl oyse the steppelyeilistepsand- r éfeatresult
type designed for exposure with g-line (ultraviolet

risy/ S9n hiavé mep e dvaked Bngtr 486t nna  Thiscedt eppeesistance,
operates with a reduction ratio of 1/4 or 1/5. The
athehnd Bt dn it s sieppef overhédiei cgnybanéonall 9.

mrror projection aligner (wWth a 1:1 ratio) is its
?bl ity he $irgritibrcarty reduceHihe dreaidimerai zies dIso

act,

characterized in its fabrication process. The lithography
step to form the transistor 43 employs the stepper of
step-and-repeat type designed for exposure with g-line
(ultraviclet rays) having a wavelength 436 nm. This
stepper operates with a reduction ratio of 1/4 or 1/5.

The advantage of this stepper over the conventional
mirror projection aligner (with a 1:1 ratio) is its
ability to significantly reduce the feature size. In fact,
when fabricated by using this stepper, the resulting

transistor 49 to drive the heating element 49 has the

gate length as short as 2 um. This short gate length

leads to a lower on-resistance and efficient driving of
the heating element 49,

The aetual measurement of the transistor 43 haVing
the gate length of 2 um revealed that the resistance of

the heating element 49 is 100 Q while the parasitic
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when fabricated by using this stepper, the resulting
transi stor 49 to drive the heating el ement 49 has the
"gate length as short as 2 gm This short gate Iengt§b4P1057
| eads to a | ower on-resistance and efficient driving

of the heating elenment 49. The actual neasurenent of

the transistor 43 having the gate length of 2 gm

reveal ed that the resistance of the heating el enent

49 is 100 Qwhile the parasitic 23 S04P1057 resistance

is about 11 Q (which js equivalent to the on-
r%ﬁﬁ%ﬁ?ﬂﬂﬁ?cﬁs]ﬁP%P%f1¥Hg ﬂWBﬁ%Ps%ére$§}V?E?HFstPe§ﬁﬁtOn'
expl ai ns why the heati-ng el enent 49 can_be driven
e‘feffrjcﬁfeﬁfﬂ@%/.o%yl%oﬁitPgstgf?eatf-’ﬁﬁﬁé%f’ér frh Bhis result
polysilicon gate, 3 u mlong, produces an ,

ARG dree Uic Ieating)ereet 4F ¢Re BROIEIRRt

The printer head constituted as nentioned above has a

| fielCirittaky ¢ | @Y eondiraride tthdwaitid donv éhitibialPonesilicon
because its netal oxide field effect transistor to

draites, 3 hemhéanhigngpebenert has onheepdlsyeinde gdt 6.7 the

low parasitic resistance permts the efficient

di3 viBEfeft tde thedingdehement . Moreover, the | ow
parasitic resistance is also due to the gate with a

gat e | emgeh psiialtleer hichah cdnstmtutied centmdriniteesed alddiee has
efficient driving of the heating

a lower parasitic resistance than the conventional one,
because its metal oxide field effect transistor to drive
the heating element has the polyvcide gate. The low
parasitic resistance permits the efficient driving of the
heating element.

Mcreover, the low parasitic resistance is also due
to the gate with a gate length smaller than 2 gm. It
contributes to the efficient driving of the heating
element.

(4) Second Embodiment

Fig. 9 is a sectional view showing the transistor
73 used for the printer head of the printer pertaining to
second embodiment of the present invention. This
transistor is identical with that shown in Fig. 8 (used
for the printer head 19 in the first embodiment) except
for.the gate structure.

The gate in this transistor 73 is a metal gate of
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el enent. (4) Second Enbodinent Fig. 9 is a sectional

view show ng the transistor 73 used for the printer

head of the printer pertaining to second enbodinené04P1057
of the present invention. This transistor is

identical with that shown in Fig. 8 (used for the

printer head 19 in the first enbodi nent) except for

‘the gate structure. The gate i'n this transistor 73 is

a metal gate of SO4P1057 | aminate structure which is

conposed of a gate oxide film .33, a tupgsten nitride ..
FrabAte G e R SEUACh | 10 atrosEd Phogevere GBS £iln
- for this netal gate has a_resistanc;_ whichis a?oﬁt 2g
- ohe- RINIRAR PR Mt EorOpof Y51 7 con®nghd TyadRtedr Fihis /2-
transistor 73 is fornmed by sequentially depositlgg
tThﬁgﬁﬂ%ﬁ%ﬁﬁ@éu$¢¢nﬁ%%,t@h% @%ﬁ@%t%ﬁt%i@?ﬁd% reflargsee
nm thick) by sputtering, and the tungsten film (100
hich ck§ Wospwererhwrtradth f that | 9T paeteshi hGODt hebee
deposited filnms. As nentioned above, it is possible to
. prajtkicEct hehisameams feioer ag3i hst herfed sy epbodénehalby
replacing the polycide gate with the netal gate. The
gtmodiavimy Ehe |gaver oxebistAhte 33y thee congstbotestrode
the reduction of on-resistance. (5) Additiona
Bhdlodi (mim thick) by sputtering, and the tungsten film
(100 nm thick) by sputtering, and finally patterning
these deposited films.

As menticned above, it is possible to produce the
same effect as in the first embodiment by replacing the
polycide gate with the metal gate. The gate having a
lower resistance further contributes to the reduction of
on-resistance.

(5) Additional EZEmbodiment

The embodiments mentioned above are concerned with |
the transistor to drive the heating element which is
fabricated by lithography with the stepper that employs
g-line for exposure. The present invention is not limited
to using such a stepper. Other usable steppers include
one which employs i-line having a wavelength of 365 nm,
one which employs KrF excimer laser having a wavelength

of 248 nm, and one which employs ArF excimer layer having

a wavelength of 193 nm.
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The enbodi nents nentioned above are concerned wth

the transistor to drive the heating elenent which is
fabricated by lithography with the stepper that | S04P1057
enpl oys g-line for exposure. The present invention i35 _
not limted to using such a stepper. O her usable
steppers include one which enploys i-line having a
wavel engt h of 365 nm one which enpl oys KrF exciner
"laser having a wavel ength of 248 nm and one which

enpl oys F excijer | ayer havin wavel ength of 19
LG Rl it T rﬁ@]ﬂrse%?ﬁqvo%@or%g%%cea%e with
concerned with the printer head a [iver |nk
dripI RS E$hviesRt , t¢ h%elbY%l%ehftlk YRRt FBR- | HHGTVEL the
limted to such a printer head. 1t nmay be applied to

IR IS Rfui TR ERIT Ver yifeadt f bmiaed obie S‘Riﬂﬁdé BFlPFaﬂl head.
ot her than ink, such as dye solutions and protective

1% mavnrive @Bblr%sﬂ ionsanytlhayldl delbeergpherddies various
m crodi spensers (which handl e reagents in the form of
deopietsy , Livpabds | oighelevilas, inkst $ugh naghinessolangons
patterni ng apparatuses (which handl e dropl ets of

e madtsedoiverit et fomingnselechiogy . |INdustyialso be
Applicability The present invention, which relates to
appoisd tdaehivesyideadsens | {wul ch desdhdbeyrdeyenes andthe
a process for production of the liquid delivery head,
nBYyres £ droplets), measuring devices, testing machines,

and patterning apparatuses (which handle droplets of

chemicals for protection from etching).

Industrial Applicability

The present invention, which relates to a liquid
delivery head, a liquid delivery device, and a process
for production of the liquid delivery head, may be
applied to the ink-jet printer of thermal type in whiéh
_the heating elements aﬁd the transistors to drive them

are integrally formed on the same substrate.
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applied to the ink-jet printer of thermal type in

which the heating elenents and the transistors to

drive them are integrally formed on the sane S04P1057
substrate. 26 S04P1057 CLAIMS 1. A liquid delivery

head havi ng heating el ements .and nmetal oxide field

‘effect transistors to drive said heating elenments

which are forned on a substrate such that said

heating elenents driven by said netal oxide field

effect transistors heat a géﬁﬂﬁ%contalned in a
Ii quid chanber, thereby ej said liquid in the
form of droplets fromnozzles, characterized in that

each of said netal oxide'field effect transistors has
a ponC|de gate or a netal gate. 2. The liquid

del i ver y -heBdlaguidf fiﬁééIVﬁﬁydlaﬁﬁH havipge heak 1Fe edaMENtS
has a gate le xé£|1 no larger than 2 gm 3. A liquid
detd veate Hevt cee fbrebf eet T oGt | FoRieil e obF et €BiEP dSakRd
object froma liquid delivery head, characterized in
thestt igad deldmprits déllveryracharmed oheat snigserehensych
and netal oxide field effect transistors to drive
shat hesmitd rgest enent kemdri it é@r evénrivpdsand amesabstrate
such that said heating elenents driven by said netal
oixi et fa efabtefienisisanss shoss dhentqaidi gohtdained in a
contained in a liquid chanber, thereby ejecting said
ligquid chamber, thereby ejecting said liquid in the form
of droplets from nozzles, characterized in that each of
sald metal oxide field effect transistors has a polycide
gate or a metal gate.

2. The liquid delivery head as defined in Claim 1,
wherein the gate has a gate length no larger than 2 gm.

3. A liquid delivery device for ejecting liquid
droplets toward an object from a liquid delivery head,
characterized in that said liquid delivery head has
heating elements and metal oxide field effect transistors
to drive said heating elements which are formed on a
substrate such that said heating elements driven by said
metal oxide field effect transistors heat a liquid
contained in a liquid chamber, thereby ejecting said
ligquid in the form of droplets from nozzles, and each of

sald metal oxide field effect transistors has a polycide

gate or a metal gate.
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liquidin the formof droplets fromnozzles, and each

~of said netal oxide field effect transistors has a
"polycide gate or a netal gate. 27 S04P1057 4. - A S04P1057
‘process for production of a liquid delivery head
whi ch has heating el enents and netal oxide field
effect transistors to drive said heating el enents
which are formed on a substrate such that said
heating el enents driven by said netal oxide field
effect transistors heat a liquid contained in a .

i qui d éhanbePTOTREF ebyTePEEEHAGIOBaPd Fi qufid +Pndehd very
formof droplets fromnozzles, characterized,in that '
A oth i et to)d AL FIRIRLS AR P EF AnF S Br §1RLE

a polycide gate or a metal gate. 28 ' - .
effect transistors to drive said heating elements which

are formed on a substrate such that said heating elements
driven by said metal oxide field effect.transistoré heat
a liquid contained in a liguid chamber, thereby ejecting
said liquid in the form of droplets from nozzles,
characterized in that each of said metal oxide field

effect transistors has a polycide gate or a metal gate.
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