0 6 MAR DESCRI PTION LI QU D DROP DI SCHARGE HEAD AND. MANUFACTURE NE@%AR fm
THERECF, M CRO DEVI CE, | NK-JET HEAD, | NK CARTRIDGE, AND I NK-JET PRI IN&
DEVI CE 5 TECHNI CAL FI ELD The present invention relates to a liquid drop

di scharge head which discharges a liquid drop froma nozzle, and its

manuf acture nethod, a mcro device, an ink jet head, an ink cartridge, and
an 10 ink jet printing device. BACKGROUND ART An ink jet head is a liquid
drop di scharge head used in an i MXESCHRIPMION i ng device provided as an

i mge recording device or an .15 imge form ng device, such as a printer, a

facsinmile or a copi@UIDIDROPHISEHAREE HBADIEN MANYEAGTUGREI schar ges
the ink drop, a liquid chanber (also called pressurized |iquid chanber,

pressure c o ISR RIEUSE C haithed, DEVAMSAMRETE ELIREA IWhiNgR communi cat es
with the nozzle for free passage, and a pressure generating neans 20 which

generates th t 1§t iRtk iquid chanber. The
ink drop is .‘%ﬁg?fge ’f‘?gjﬁ’??ﬁ‘?r{@?f}g g{/f prelggﬁlpi@zﬁi ng the ink in the
l'iquid chanmber. by the pressure generated by the pressure generating neans.
As for other liquid drop discharge heads, for exanple, the 25 liquid drop

di schar ge hef‘%dﬂ‘h?@ﬂ‘ ﬁﬁiﬁges the liquid resist as the" 2 -1

The present invention relates to a liquid drop discharge head

which discharges a liguid drop from a nozzle, and its manufacture
method, a micro device, an ink-jet head, an ink cartridge, and an

10 ink~jet printing device.

BACKGROUND ART

Anp ink-jet head is a liquid drop discharge head used in an ink-
jet printing device provided as an image recording device or an
';15 image forming device, such as a printer, a facsimile or a copier. The
ink-jet head includes a nozzle which discharges the ink drop, a |
liquid chamber (also called pressurized liquid chamber, pressure
chamber, discharge chamber, ink passage, etc.) which communicates
with the nozzle for free passage, and a pressure generating means
20 = which generates the pressure to pressurize the ink in the liquid
chamber. The ink drop is discharged from the nozzle by
pressurizing the ink in the liquid chamber by the pressure generated
by the pressure generating means.
As for other liquid drop discharge heads, for example, the

25 . liquid drop discharge head which discharges the liquid resist as the
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0 6 MAR 20 liquid drop, and the liquid drop discharge head which dh@q@gygg@
~the sanple of DNA as the liquid drop are known. In addition, as the mcro
device, for exanple, the actuator (or the optical switch) of a mcro punp,
the mcro optical array, the 5 mcro switch (or the mcro relay), and the
multiple optical lens, the mcro flow neter, the pressure sensor, etc. are
known.. A description will be given of the ink-jet head as the exanple of

representati figuidliesp, ane thbrigguidpifp Hideaaroé hehd which eischeaglss the
pi ezoelectric 10 type, thermal type, and electrostatic type. The

pi ezoel ect ri gahyPe of BHRANZE IBS 118 di drte pdd@Pkywaar ryi ng out deformation and
di spl acenent of "t he di aphragm which forns the surface of a wall of the

1quid chanber Usifdaglesh! QeEdamcesldeviansiicalampRlaleas udiorq@e! ect i c

el enents, as the pressure generating neans. The 15 rmal type di scharges

the ink by gﬁpéﬁegg{iicgpsg@&hgﬁm{cgs%{ﬁﬂ%}% rdﬁg}% ﬁgitilc!a'f'Qr | Nge

el ectro-ther onversi on , 'such as t ating resistors

arranged.in the liguj er. c tic..type discharg t he ink
i op. by der ofHERy P Ll e e Thr sign Hhe e AR Rl ng tne
di aphragm (or_.t he 1 nt%geral I ﬁbe;or med 20 el ect rode# k/\,hi ch fornms the surface
of a wall O}‘ r’fclﬁﬁoffodﬁih tgﬁ’a B P,rf_‘sséf.ﬁg SFE%"%F&;SSF g Eﬁg&-r ode. Iln. a y
hanber whi ch conmubfUaRion THI PReEirEs et BTGt ehHDERERIE for med
with the material, such as a 25 photosensitive resin, a resin nold, netal
or gl ass. HofE¥epresspiaiEomp.

- There are three major types of the ink-jet heads: piezoelectric
10 type, thermal tf,rpe, and electrostatic type. The piezoelectric type
-discharges the ink drop by carrying out deformation and |
displacement of the diaphragm which for.ms the surface of a wall of
.the liquid chamber using electromechanical transducers, such as
ﬁiezoelectric elements, as the pressure generating means. The
15 thermal type discharges the ink by generating the bubble through the
ink boiling using electro-thermal conversion elements, such as the
heating resistors arranged in the liquid chamber. The electrostatic
type discharges the ink drop by deforming the diaphragm through the
electrostatic force using the diaphragm (or the integrally formed
20 electrode) which forms the surface of a wall of the liquid chamber,
| and its opposing electrode.
In a conventional ink-jet head, the liquid chambers and the
common liquid chamber wlﬁch communicates with the respective
liguid chambers are formed with the material, such as a

25 - photosensitive resin, a resin mold, metal or glass. However, since
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0 6 MAR 20 the rigidity of resin is insufficient, it is likely thajgtum 2006
cross talk between the neighboring liquid chanbers takes place, and there
is the problemthat the picture quality deteriorates. Moreover, the
rigidity of nmetal or glass is sufficient, and the 5 problemof the cross
tal k does not take place. However, the manufacture processes of the netal
or glass liquid chanbers is difficult to perform Further, for the

convent i onal tHefigi &ty hefatksin tis igsuffRgent, g idilfkdlguhk tRe WREeés td1R recent
demand for the ink-jet head having a high-density |Iiquid chanmber in order

to attain gopekwitd i/ neibdRlrids 1RAIACHGErbdriBaRes PIREIESHT Halenk No.
3141652, Japanese Lai d-OQpen Patent™ Application NoS. 7-276626 and 9-226112

di scl ose an {H%kg}cﬁileglgﬁpatit'ﬁeﬂzitm %ﬁ‘ﬂii)j gedishappers and the common

| i qui d chanber are rmed b he ani sotropic etching of a silicon

substrate (sili Coplor@@ilgf,)tﬁg;rﬂgg%diit ioqirhé(ta?fofrzéllﬁiggqg sg?)fl?/i%{/{, ggg tﬁlge

manuf acturing processes 't can be per ea I'ng 't he

ani sotropi ¢ _et.ghin The for i on of erpendi cyl ar _surf.ace of the

o Enanbisifi Pl Spe FRE' Ek o REBSRE, B HRFLIREE 0110)
crystalline orieg%ation, and thi nakeilit gﬁfsible. o] co%fi ure the 20

hi gh- densi t yPRPEIAFUERRADBETSS nihen@eld] e glpss iquichchambefps

| i qui d- chanber,_ formation, nenmber, it is necessary to formthe plural liquid
chanber s andgkfﬁ@ultcbqrﬁs#qrﬁqui G EheImer tl&%FPegﬁ%ﬁaPﬁbu@%ﬂ?h@ﬁ%@d& ighi ps on
the silicon substrate (silicon wafer), and to separate_the silicon
substrate 2be¢aining Afradpdemert e feent dgmand for the ink-jet head

having a high-density liquid chamber in order to attain good quality
10 of a feproduced image.

Japanese Patent No. 3141652, Japanese Laid-Open Patent
Application Nos. 7-276626 and 9-226112 disclose an ink-jet head in
which the liquid chambers and the common liquid chamber are
formed by the anisotropic etching of a silicon substrate (silicon

15 wafer). The rigidity of silicon is high and the manufacturing
processes thereof can be performed easily by using the anisotropic
etching. The formation of a perpendicular surface of the liquid
chamber wall is possible by using the silicon wafer of (110)
crystalline orientation, and this makes it possible to configure the

20 high-density liquid chamber.

When the silicon ié used for the liquid-chamber formation
member, it is necessary to form the plural liquid chambers and the
comimon liquid chamber corresponding to the head chips on the
sﬂicon substrate (s.ilicon wafer), and to separate the silicon substrate

25 - into the respective chips.




0 6 MAR 2006 In this case, as a method of separating the silicon wyfgepat Bjof
the chips, the dicing is generally used. In the dicing, the cutter blade In
whi ch di anond powders are attached to the circunference thereof is rotated
at high speed and 5 noved along the cutting line, so that the silicon
wafer is cut into chips. For exanple, Japanese Lai d-Open Patent
Application No. 10- 157149 discloses a silicon dicing nmethod in which the

adhesi on of chi pghngss t#sd,he dintdthedi 6f edpdratiaigethe dilicdohewaedhagdoof the
above 10 docunent, a predeterm ned separation pattern mask is forned on the

~silicon waf efhe @RgpAntheadic 'qsggﬁehﬂgyhﬁegerforned so that the wafer is
separated into chips by the V-shaped grooves. Japanese Lai d- Open Patent

Appl i cation No. 51§@§85ﬁ@hfgqlt%ec%m@fneféa&riﬁhniignfﬂigxhshagp&ﬁa@gdaéen whi ch

t he adhesion of chippings im 15 the dicing is i mnate n the method of

the above doGURRLg th\GelditSimPAL IERAAR O ANARSILILORYAD (ALEg [T On the

silicon wafer, the concen stress 1S app and second

- shaped h he. [ ' hi. .t he V-shaped
ar ooves. 520 NEGLAbrh e BRRHE TR, B ATRARE LhhPafs G B patigld® o"ere

.conventional ,dicing nmethod, the cutting line is straight as shown in FIG
27, and the F8%%ctive chips 201 nust be configured in the lattice

formation on the sjlicon vYafEr 200. Ee{)e ding_on the sjze and form of the
chip, the restrictirsfEamRe, paraneenkeidiinnn Pasat iherbsatign-NeedOporti on

of the wafer will be increases, The nunber of the -4
157149 discloses a silicon dicing method in which the adhesion of

chippings in the dicing is eliminated. In the method of the above

10 document, a predetermined separation pattern mask is formed on the
silicon wafer, and anisotropic etching is performed so that the wafer
is separated into chips by the V-shaped grooves.

Japanese Laid-Open Patent Application No. 5-36825 discloses

another silicon dicing method in which the adhesion of chippings in

15 the dicing is eliminated. In the method of the above document, the
first and second V-shaped grooves are formed on the silicon wafer,
and the concentrated stress is applied the first and second V-shaped
grooves so that the wafer is separated into chips by the V-shaped
grooves.

20 | However, when performing the chip separation by the
conventional dicing method, the cutting line is straight as shown in
FIG. 27, and the respective chips 201 must be configured in the
lattice formation on the silicon wafer 200. Depending on the size
and form of the chip, the restrictioﬁs will be in the layout, and the

25  non-used portion of the wafer will be increases. The number of the
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0 6 MAR 2006 chi ps produced froma piece of silicone wafer will bea 6 MAR 2005
decreased, and the manufacturing cost wll be increased. Moreover, the
respective chips can be arranged with the sane size only, and it is

i npossi ble to produce simnmultaneously the chips 5 with different sizes. On
t he other hand, the anisotropic etching nmethod separates the silicon wafer
into chips, and the degree of freedom of the layout of the chips on the

waf er becomeshipar geadubledr Boat e pibee ad\walitagesvafierabill be ddvirpssad,tdhd
different configurations can be arranged on the 10 sane wafer, and that

i ncreasing ti{e pumRghcRiriddeoshiviE 1Y ptieaded s possible by arranging the
chips in a staggered formati ont. However, when bonding the chip after the

separation to ot hﬁroreeae;sthel ﬁesbécﬁes%ﬁ?uah@é abg @é%tﬁfthts%r&@' pis
brought into contact wth the other parts in al |gn In this case, it

|5 eaui red thalodige antfiusddhflshile ts%éfu;cepmmamﬂlmcﬁp%@ si on.

However, when Separation-ls y ani sotropic
preci si op of Wil | no | onger be ensured. That is, when the
separ atlgn |‘§’s%ed¥fg?}rre gg%nl sotropic etching, the chip edge wll be

tapered, like a k edge, .du 20 crystal, orient n, and good
precision is not @\ %@ ef\)mﬁ tﬁ‘é at“ﬁ?%%%%’scs lPﬁén%PZ# SePaLatf3ri ati ons,
the chip edg al. so vari.es, and .t sipn of the edge deter orates since
the chi b Cedie SR BASEE M0 GHIas nBRe. IIEHPECRP 0 TdBETE Qafhier bgio%nd ¢ he

precision of the edge deteriorates due to cracking during cFrOdUCtI on. 25
Dependi ng on®tF&eRiPoPReheadisndesrmay latgh; Thetestreaibghtdyaniagss

that the chips with different configurations can be arranged on the
10 same wafer, and that increasing the number of the chips produced is
possible by arranging the chips in a staggered formationt.

However, when bonding the chip after the separation to other
parts, it is_ necessary that the edge of the chip is brought into contact
with the other parts in alignment. In this case, it is required that the

15 edge of the chip is placed with good precision. However, when the
separation is performed by anisotropic etching, the precision of the
chip edge will no longer be ensured.

That is, when the separation is performed by anisotropic
etching, the chip edge will be tapered, like a knife edge, due to

20 crystal orientation, and good precision is not obtained.

When the thicknese .of the wafer has variations, the chip edge
also varies and the precieion of the edge deteriorates since the chip
edge is tapered. Furthermore, the chip edge is tapered, and the
precision of the edge deteriorates due to cracking during production.

25 Depending on crystal orientations of silicon, the straight-line




08 MAR 20 edge is obtained by anisotropic etching. The reason that grmR 2008
straight-line edge is as follows. In a silicon wafer of (100) crystal i ne
orientation, there are two < 1 10> orientations which are intersected

per pendi cul arly. However, in a silicon wafer of (110) 5 crystalline
orientation, there are. two <112> orientations or two <110> orientations
~which are not intersected perpendicularly. In the latter case, the silicon
waf er cannot etige $epdrained bntaisaed pivgedchin®r TlsOtedsenCthiapshe Wien it is
desired to separate the silicon wafer of (I 10) 10 crystalline orientation

into rectangsraigiirlinglge BhiPsellbhe. MBt AQMicoh wifead N@®dhe pattern in
the shape of a straight line and formng the separation |l'ine nmay be used.

However, in thjSanaseorichea8ae iire atrlgetvsr@&wmbn@rl@ﬁta%@ﬂméh??wl'ke or
t he prolectlon is formed thereon, and such edge i s unsuitab

al'i gnment  ang defsdHYd ﬁ:%?}épﬁ@i@ﬁ‘f 19arltlb@le%%ra;;g;§cfeﬂgbhtv¥a fr (}fh@eltbﬁnd' ng of

the chip to the dlap m or t nozzl e teriorates d o the
particle pa otro et ching and
et chi ng gepay‘g{ es in E% W[é [Eaﬁ |‘p{slﬁa’%-:rl(‘;’n&qle te(f ?%e&eéeﬁ%tg £ OFF\‘@O pr obl em
that the res Chl are arated, a i,n.etchin [ O Inthis
case, the colghigtl orlie%ﬁ%%{%é ‘c‘fﬁf%’saf%naffgfaéﬁ?(fted‘l%erg\ei{}ﬁbm{lﬁglypr{fb % the Vv
groove vvhlch{(%ges not ene rate the se tion line .,is forned _so that the

waf er may not?'HE €&farl 'Fé" ipeg g f§gn 86 I%ﬁtpéllrﬁtedl—ﬁ(/{/@\/r&“allﬂi’éa§iolfl con

wafer in which the separation line is 25. formed by anisotropic etching has
very smal |l h8HHEsRIPENd there is a i

When it is desired to separate the silicon wafer of (110)

10 crystalline orientation into rectangular or squére chips, the method
of arranging the pattern in the shape of a straight line and forming
the separation line may be used. However, in this case, the edge of
the resulting chip becomes saw-like, or the projection is formed
thereon, and such edge is unsuitable for alignment-and it may

15 produce particles. The quality of the bonding of the chip to the
diaphragm or the nozzle plate deteriorates due to the particles.
Moreover, when separating the wafer by anisotropic etching
and etching separates into the chips completely, there is also the
problem that the resulting chips are separated apart in etching liquid.

20 In this case, the collection of the chips is difficult. To avoid the
problem, the V groove which does not penetrate the separation line
is formed so that the wafer may not be separated into chips
completely.

However, the silicon wafer in which the separation line is

25 . formed by anisotropic etching has very small hardness, and there is a
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6 0 6 MAR 2 WO possibility that the wafer is damaged during the 5%?%@@%@%
process or conveyance. Moreover, when separating the wafer into the chips,
it pushes wth the roller and the stress is applied, and the wafer is
separated 5 by the cleavage. Like an electronic device, the chip of a size
bel ow several square mllinmeters can be produced by the separation cutting
along with the separation line fornmed by anisotropic etching. However, as
for the m cropodebility vhitcthei waferconpamated eluyidgrige subddqudnt phicebs t he

t hrough holes are forned or sub-chips of various 10 sizes are arranged
therein, it bsconkeyyddat the chip is danaged due to a concentrated
stress. DI SCLOSURE OF I NVENTION In order to overcone the above-descri bed

probl ems, an obj eMoredbenfwhbg sRpasahgitRY &Mfie®AntS the cRIPY,i &AL MProved
liquid drop discharge head and its manuf-acture nethod, an inproved micro

device, an igppoviedrdik: b4 i8aGreANis! ami)efcﬁdaﬂmkhé:gratfé} @'S‘?egﬁ'ﬁté‘@ | mproved

ink jet printing device which increase the nunber of the e I ng chips

f th f | S ; f: chi t

on'the. wi or O g ERPAY, Lie AROERELANI (RHANEL P 4E A Befi T Re
fact | o I I the liquid

G op. i scnar e b S0 BB Beak e RoaolBeld Ra RS RBaE Rusintnont ™

hip formed t foa sili fer, the silicon.wafer havi
25 fivst driins o DSt RerBantinr rRRntRt Rats rEMASHYE [ntor sected
7

However, as for the micro device which is a comparatively large
chip in which the through holes are formed or sub-chips of various
10 sizes are arranged therein, it is likely that the chip is damaged due

to a concentrated stress.

DISCLOSURE OF INVENTION

In order to overcome the above-described problems, an object
_15 of the present invention is to provide an improved liquid drop
discharge head and its manufacture method, an improved micro
device, an improved ink-jet head, an improved ink cartridge and an
improved ink-jet printing device which increase the number of the
resulting chips from the wafer by raising the degree of freedom of
7 20 the chip arrangement on the wafer, provide easy positioning with
other parts, and allow the manufacture with low cost.
In order to solve the above problems, the liquid drop discharge
head of the present invention includes a head component chip
formed by separation of a silicon wafer, the silicon wafer having a

25 . first direction and a second direction that are mutually intersected.




0 6 MAR 2000 The chip conprises: a first separation line parallel p@ MAE:006
first direction of the silicon wafer, the chip being separated fromthe
waf er along the first separation line by a first separation nethod; and a
second separation line parallel to the second direction of the 5 silicon
wafer, the chip being separated fromthe wafer along the second separation
line by a second separation nethod.. It is desirable that the chip is

separ at ed fr @hetdidpveafmpriabang firkheeparasiors par pdradie] ltort@elfyrset chi ng, and
separated fromthe wafer along the second separation line by dicing. 10 In

this case, ifirestidasof eid eilidvad whaller, dhielcHip B€inki Gpaesiednfram fget angul ar
formation having a longitudinal direction parallel to the second

separation |iyaged BIOMY el 6t Qé’}%d}ati%nsﬁﬁéw edifst QRphhAidRhestholly di cing,
and a |lateral direction parallel to the first separation line in which the

chip is sepayaedsddoa Ei}%r%ﬁ%%l%?é’ p%mhiaﬁlg? the 3 SB EAYRIctidd oh%thSi rabl e

that the silicon wafer 1s of crystalline oritentation, the chip is

formed feom 4 j L f qr: i IS i i the chip
bei ng se|§oar a%lggoﬁir gﬁ%(f?ﬂet%sﬁlpcboeﬁﬁgasﬁegrgr ﬂfdeﬁrgﬁl?% iqi‘afggra g ?éltﬁ)% o <112>
orientation t ilicaon.wafer. 20 reogver,. it i esirable that the
di schar ge heg%cocnr(;ienﬁ?féérgimg ll\fa\?cwi %_sgﬁgﬁ/%éspppa%tﬁ%?i %t%ﬁgnber whi ch provi des
a liquid chanber, . a nozzl.e formation. nenber i royi des_a nozzle, and
an el ectrode for nbti%o%° ﬂﬁgrt%\ﬂﬂ?lé IRV dﬁga%e‘i{}é&r eValgielong:  the
chip constit | east. one of the lLiquid;chanber formation 25 menber,

tes, at .
the nozzle fﬂ}%@ﬁbﬁew%@ﬂ ing bt fiehingctnd geratatpddrom thy wafer

along the second separation line by dicing.

10 In this case, it is desirable that the chip is configured in a
rectangular formation having a longitudinal direction parallel to the
second separation line in which the chip is separated from the wafer
by dicing, and a lateral direction parallel to the first separation line
in which the chip is separated from the wafer by etching.

15 Moreover, it is desirable that the silicon wafer is of (110)
crystalline orientation, the chip is formed from the silicon wafer,
and the first separation line of the chip being separated from the
silicop wafer by etching is parallel to <112> orientation of the
silicon wafer.

20 Moreover, it is desirable that the discharg.e head comprises a
liquid-chamber. formation member which provides a liquid chamber,
a nozzle formation member which provides a nozzle, and an
electrode formétion member which provides an electrode, and that
the chip constitutes at least one of the liguid-chamber formation

25 . member, the nozzle formation member, and the electrode formation

-8 -




0 6 MAR 20 nenber. Furthernore, it is desirable that the chip is ggoyifdegs
w t hout ‘any bridge portion at an intersection between the first separation

| ine. and the second separation line. 5 In order to solve the above

probl ens, the manufacture nmethod of the liquid drop discharge head of the

present invention conprises the steps of: etching the silicon.wafer along

first separation lines parallel to the first direction of the silicon

waf er in orderemtibeiseparate a plurality of chips fromeach other along the
first separation lines; 10 and dicing the silicon wafer along second

separation |ines Patdlerglorkpit ish@egefnadhdi tREIchop i9prbbRied Wigutwaf er to
separate the plurality of chips fromthe silicon wafer along the first and

second separ aﬁ&%i%gé pestiohtati s HastiRbloh bbateaptke ofrst BeplaWodl ity of
chips is configure .15 in a rectangul ar formati on having a | ongitudi nal

di rection pafiakl £l i sBSoRPEOPS2RRATIALI ON ine in which the chip is
separated fromthe silicon water by the dicing step, and a | ateral

separ at o3 1 rom tni CEdFd B8 sOLiSt SRR Ebt Olem i it L ED e nfithBa Sce, 114
and the pl ur 8] £ey Hgrsos BRshR G pbn BF b mretent il FRmbr s are
arranged in Ehe Si Isi con er.. and.the fi.rst. separation lines for the
plurality of hf{s® toofot?é\é\ﬁj’é]@aftbﬁ ﬁlglcforno%a{‘?fealqeﬂa EEhSWRATEHOBYIIRER et chi ng
SI\,/}A\eRp ga&ﬁpar 3zllr|a‘ﬂcltt% t<helfi%szt>dicl)"[322t?g}1aotfit gssili%%no&a%greinsiol'(iigrotrg) \s,\éa;a?r;fe 06

a plurality of chips from each other along the first sepzlt.ration lines;

10 and dicing the silicon wafer along second separation lines parallel to
the second direction of the silicon wafer to separate the plurality of
chips from the silicon wafer along the first and second separation
Hlnes.

It is desirable that each of the plurality of chips is configured

15 in a rectangular formation having a longitudinal direction parallel to
the second separation line in which the chip is separated from the
silicon wafer by the dicing step, and a lateral direction parallel to
the first separation line in which the chip is separated from the
silicon wafer by the etching step.

20 In this case, it is desirable that the silicon wafer is of (110)
crystalline orientation, and the plurality of chips, configured in a
rectangular formation, are arranged in the silicon wafer, and the first
separation lines for the plurality of chips to be separated from the

silicon wafer by the etching step are parallel to <112> orientations

25 . of the silicon wafer.




In this case, it is desirable that the first separation lines for %W@ARzﬂﬂﬁ
plurality of chips to be separated fromthe silicon wafer by the etchl ng
step are set to be 1 mcronmeters or nore in width. In order to solve the
above probl ens, the manufacture nethod 5 of the liquid drop discharge head
of the present invention conprises the steps of: etching the silicon wafer
along first separation lines parallel to the first direction of the
silicon wafer, inlothisrcdse, isepdesirebb Hatrthlei fiystafepabation fligw £dre silicon
wafer along the first separation lines; and dicing the silicon wafer along

second 10 sepk¢ §1u10m:tbrld’f66h1parta|Iie?lsep@ratt&lﬂ? feemomhe diiceatwaferoby the silicon
wafer, in order to separate the plurality of chips fromthe SI i con wafer

al ong the seemmng%ma%a&e@et kd BeS1 mikrbhetdmnel AGlrbrg WRidhod, the etching
step is perforned such that the individual chips are not conpletely

separated after the gichiddoBlcLihe %‘Sivé Iﬂ?ogle‘}ﬁsnQh%tlﬁgnhPac]tﬁﬁé)ﬁ{thBBHEd SO

that the individual chips are conpletely separated after I Cl ng st ep.

It is desi raBth{:h u13r}ﬁoetﬁﬁéb?1§%t ﬁga&r&'fgﬁc r%Fé‘IH] %ﬁldﬂ%%&aﬂi(&ﬂ rows

of chips in paralle th directio Icon er such

that the fi f. the 2 .

st Zgger:d : :ﬁ% g&&’ @f&gg%argnﬁse?q&q{ ﬁ’é?glg(a:{)ﬁ]& glgf) ?%qeafrgﬁ(’%i%ﬁ%. In this
d bI t t i ded such

Chat the secBRILNS e Brey TeSGPRate ﬁl&"?‘ﬁﬁ@'ﬂ&%ﬁn?elﬁfar%%r Bhips has a_

wi dth | arge enouhto a range. of . hei ghboring, . chip on said
one of the pPTRRE ?9&13 %lﬁ'iypgfc iphEr tPEo‘"ﬁ 0110’”‘%6 Re theTirst

separation lines; and dicing the silicon wafer along second

10 separation lines parallel to the second direction of the silicon wafer,
in order to separate the plurality of chips from the silicon wafer
dlong the second separation lines. In the manufacture method, the
etching step is performed such that the individual chips are not
completely separated after the etching step, and the dicing step is

15 performed so that the individual chips are completely separated after
the dicing step.

It is desirable that the plurality of chips are arranged in a set
of rows of chips in parallel with the first direction of the silicon
wafer such that the first separation lines of adjacent rows of the

20 chips are staggered in a direction parallel to the second separation
lines.

In this case, it is desirable that the second separation lines are
provided-such that the second separation line of one of the plurality
of chips has a w.idth large enough to project to a range of a

25 . neighboring chip on said one of the plurality of chips in the silicon
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wafer. Moreover, it is desirable that the plurality of chips are S@mmﬂtm
fromthe silicon wafer without any bridge portions at intersections
between the first separation |ines and the second 5 separation lines. It
is desirable that the etching step is performed to formthe first
separation lines in the silicon wafer by etching fromboth top . and bottom
~surfaces of the silicon wafer at the sane tine. It is desirable that the
etching step wafeperforned to formthe 10 first separation lines in the
silicon wafer by etching, at the same tine as formation of a head

conponent chip st Motduver, itnisodeldeable hak ke tpherabgver pripy ems, the mcro
device of the present invention includes a chip fornmed by separation of a

silicon waf eepapdiddiffbm i filico npwayédedtiduti dmdf biid gt HforRRAR gonponent
chip .15 in the liquid drop discharge head of the invention. In the mcro

chip, the fijh&drsadosEBeRe SERRE #rsPRePRINRAS11ALS Ndl ftfY 8o dd OM each

other and selected fromanong dicing, etching, sand blasting, wre saw

processi By, efatt & 1pkocessi ng, and | aser processing. According to the
liquid drop g?gciaar ge head of the present 20 invention, the head conponent

chip is separated . i ef chi th er along the
separation |line pgt{r gﬁoﬁéél??%ﬁt{%?qgﬁég?gﬁ{% g%:é i'6 or?g{rﬁggvxt/\ggeorrmaﬂ%c by di ci ng
the wafer al gng,the _sepaf.ation . line;.parallel to e _second, direction of
the waf er . 1 000t SRara Y iR5 B bt LRBRSy ot elshing SKP RN PBIRET? par (o
The degree of ﬁsbfreedom of th l:(l:hi .arrangenment. on the silicon wafer is
rai sed, and 2nfibotEom SHEERCASopt the silicon waTer at the same time.

It is desirable that the etching step is performed to form the
10 .first separation lines in the silicon wafer by etching, at the same
time as formation of a head component chip structure.

In order to solve the above problems, the micro device of the
present invention includes a chip formed by separation of a silicon
wafer, and this chip is provided similar to the head component chip

,15 in the liquid drop discharge.hcad of the invention. In the micro chip,
the first and second separation methods are different from each other
and selected from among dicing, etching, saﬁd blasting, wire saw
processing; water jet processing, and laser processing.

According to the liguid drop discharge head of the present

20 invention, the head component chip is separated from the silicon
nger by etc.hing the wafér along the separation line parallel to the
first direction of the wafer and by dicing the wafer along the
separation line parallel to the second direction of the wafer. It is
possible to provide easy positioning with other parts. The degree of

25 - freedom of the chip arrangement on the silicon wafer is raised, and
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t he nunber of the resulting chips fromthe silicon wafer is increaﬁg%MRzmﬁ
Thus, the yield inproves, and | ow cost manufacture can be attai ned.
According to the manufacture nmethod of the liquid drop discharge head of

t he present invention, the degree of freedomof the 5 chip arrangenent on
the silicon wafer is raised, and the nunber of the resulting chips from
the silicon wafer is increased. Thus, the yield inproves, and | ow cost

manuf act ure gannhgbdrtc thetresAlERE Ghifs FrothBeBilcon de¥icdisisdnctémedr esent
invention, the mcro device is provided a kind of the liquid drop

di scharge hegquQf thelQidIASmpT6RRE] QAd 1bhRcBSRRhuPcthbe chfBY hitAgh&di ps from
the silicon wafer is increased, the yield inproves, and | ow cost

renuf acture can e catdilnene iGaidh it dilhod oK uietigizadgh the present

invention, the ink- je ead I's provided as a kind of the |iquid drop
o cchar o, el Shed pERE AIMYETN 000 B PHOOHELI AP EOL UREO B
the i nk o t R ARAREEHEERET e R MeTpels HEstd wmd ERE aVeRdh GBSt he i i
rvent i on |0 BYAHAZNIPA T OOt ORI aF R TESHHAT VIR SOfE ho | nk
cartriqge can, he rai sed and_| ow cost _na?un%ctu;e can be attained.
Accor di ng t oYielé impaoves. prd APPngo HeWradiztturn&apissatipingdivention, the
|l iquid drop discharge head of the invention is 25 provided as the ink jet
head whi ch di schafAgésrding fonthegmapro dayiqenel the presyng ippgntipgwthe
micro device is provided a kind of the liquid drop discharge head of
IO the invention, the number of the resulting chips from the silicon
wafer is increased, the yield improves, and low-cost manufacture can
be attained.
According to the ink-jet head of the present invention, the ink-
jet head is provided as a kind of the liquid drop discharge head of
15 the invention, and the prod;lctivity of the ink-jet head can be raised
and low-cost manufacture can be attained.
According to the ink cartridge of the present invention, the ink -
tank which supplies the ink to the ink-jet head, and the ink-jet ilead
which discharges the ink drop are integrally formed, and the liquid
20 drop discharge head of the invention is provided as the ink-jet head.
The productivity of the ink cartridge can be raised and low-cost
manufacture can be attained.
According to the ink-jet printing device of the present

invention, the liquid drop discharge head of the invention is

25 . provided as the ink-jet head which discharges the ink drop, and the
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productivity of the ink jet printing device can be raised and IOWI{Q%‘\R- 2006
manuf acture can be attained. BRI EF DESCRI PTI ON OF DRAWNGS 5 FI G is a
perspective expl oded view of the ink-jet head of the first preferred
enbodi ment of the liquid drop discharge head of the present invention.

FIG 2 is a sectional view of the ink jet head of the first preferred
enbodi nent taken along the line parallel to the lateral 10 direction of
the Iiquid chayhrtivity 6f Belinkdedipdtitang JRONNGah R Lhidd ahnaBgawBst on the
wafer in order to explain the first preferred enbodi mrent of the

manuf act ure bh?ﬂ:tﬁ‘}atcgﬁ Bd guafhedy op di scharge head of the present

i nvention. 1 IG 4 1s a diagram show ng the strip-like chip that is
separated fromthe wafer. FIG 5 is a sectional view of the chip taken
along the line A-A line indicated in FIG 3. FIG 6 is a diagram show ng

the chip ar rm (Y)\ﬁf | er to explain another exanple
of the manuf 1 erred enbodinent. FIG 7 is a
di agram show ng t chi.p arrangenent on the wafer_. .in.arder to, explain the
second pteferred €ﬁ“3ogi1ﬁe"n?eb§fp Hee ‘?Faﬂafis&t"dw fetholrsict herd Phui d drop
di scharge head of the present 25 inventf_lon, [.-.13 .0 6 MAR ZéU

the first preferred embodiment of the liquid drop discharge head of

the present invention.

FIG. 2 is a sectional view of the ink-jet head of the first

preferred embodiment taken along the line parallel to the lateral
10 direction of the liquid chamber.

FIG. 3 is a diagram showing the chip arrangement on the wafer
in order to explain the first preferred embodiment of the
manufacture method of the liquid drop discharge head of the present
invention.

15 FIG. 4 is a diagram showing the strip-like chip that is
separated from the wafer.

FIG. 5 is a sectional view of the chip taken along the line A-A
line indicated in FIG. 3.

FIG. 6 is a diagram showing the chip arrang'ement on the wafer

20 in order to explain another example of the manufacture method of
the first preferred embod.iment.

FIG. 7 is a diagram showing the chip arrangement on the wafer
in order to explain the second preferred embodiment of the
manufacture method of the liquid drop discharge head of the present

25 invention.
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FIG 8 is a sectional view of the wafer taken along the line B- B ggdisaatgs
in FIG 7. FIG 9 is a diagramof the strip-like chip that is separated
fromthe wafer. 5 FIG 10 is a diagram showi ng the chip arrangenent on the
wafer in order to explain the third preferred enbodi ment of the

manuf acture nethod of the liquid drop di scharge head of the present
invention. FIG 11 is a diagramshow ng the chip arrangenent on the 10
wafer in order toFé&&plBaisna shetiboak viewpodftherwafenakdh mdohgahetihes B-

manuf acture nmethod of the liquid drop di scharge head of the present

i nventi on. FBGAndi2atesl anFE@El drged vi ew of a pattern which constitutes an
etching separation line. 15 FIG 13 is an enl arged view of another pattern

whi ch _consti t ut eBI@n 9eischidigpraapar aké Qeripi ke chifthidid §ec§>ar9't@ﬁr am f or

expl ai ning taper remains produced in. chip separation. FI 15 is a diagram
show ng the gtdoinp tRhé vedrgenent on the 20 wafer in order to explain the fifth
preferred enbodi nent of the manufacture nethod of the |iquid drop

di scharge head of Fidie 1B1i@S£Rladra¥e Bk Rihg thd ,Qhé&grfa% pafldOppl view of
the wafer for explaining the Tethod of Torm ng an etching separation |line.

25 FIG 17 1 §afersPbHa0alo VkfHif'unb G P irck s BXRLRLALAG FULNer - 14 O

manufacture method of the liquid drop discharge head of the present
invention. |
FIG. 11 is a diagram showing the chip arrangement on the
10 wafer in order to explain the fourth preferred embodiment of the
manufacture method of the liquid drop discharge head of the present
invention.
FIG. 12 is an enlarged view of a pattern which constitutes an
etching separation line.
15 FIG. 13 is an enlarged view of another pattern which
constitutes an etching separation line.
FI1G. 14 is a diagram for explaining taper remains produced in
chip separation,
FIG. 15 is a diagram showing the chip arrangement on the
ZC ~ wafer in order to explain the fifth preferred embodiment of the
manufacture method of the liquid drop discharge head of the present
invention.
FIG. 16is a sectionzﬂ view of the wafer for explaining the
method of forming an etching separation line.

25 - FIG. 17 is a sectional view of the wafer for explaining another
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exanpl e of the nethod of form ng an etching separation line. FIG g&MAS288
di agram for explaining the sixth preferred enbodi nent of the manufacture
nmet hod of the liquid drop discharge head of the present invention. 5 FIG
19 is a perspective expl oded view of the ink jet head of the second
preferred enbodi nent of the liquid drop discharge head of the present
invention. FIG 20 is a sectional view of the ink-jet head of the second
preferred enmeadinpdatofttheanetiahgf tfhemingnanpachidgekeparative Lidel ongi t udi nal
direction of the diaphragm FIG 21 is a sectional view of the ink-jet head

of the second pr &6 nadiseatdodgrmntfor akphaiainnghé Rexthi prerparedl l'el to the
| ateral direction of the diaphragm FIG 22 Is a perspective view of the

ink jet headewicthmentidfethe thanbddtdrdnaftapaask ﬁfébHth@anﬁfdl&é}ﬁrgbqw d
drop di scharge head of the present invention. 23 is a perspéctive

view of the ggggnghfe%ﬂggghp;hvégpgﬁrate of the ink jet head of the third
preferred enbodinent.  FIG 24 is a perspective view of the ink cartridge

of the 20 pr e_seni:I NYenisi o ﬁf@e@tl@eiﬁloﬁgﬂeﬁ%gﬁfi? t%(geﬁ{k-ﬁ\évt BL ?3 Dﬁvent i on.

mechani sm secti on o "the'in rinti evice O esen

o SRS g L G s
0 6 MAR 200 of the present invention.
| FIG. 20 is a sectional view.of the ink-jet head o-f the second
preferred embodiment taken along the line parallel to the
10 longitudinal direction of the diaphragm.
FIG. 21 is a sectional view of the ink-jet head of the second
~preferred embodiment takén along the line parallel to the lateral
direction of the diaphragm.
FIG. 22 is a perspective view of the ink-jet head which is the
15 third preferred embodiment of the liquid drop discharge head of the
| present invention.
FIG. 23 is a perspective view of the passage formation
substrate of the ink-jet head of the third preferred embodiment.
FIG. 24 is a perspective view of the ink cartridge of the
20 present invention.
FIG.251is a perspéctive view of the mechanism section of the
ink-jet printing device of the present invention.
FIG. 26 is a sectional view of the ink-jet printing device of the

~ present invention.

25 FIG. 27 is a diagram for explaining a conventional chip
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arrangement on the silicon wafer. FIG 28.is a diagram show ng theg ¢WaR 2006
arrangenent on the wafer in order to explain the seventh preferred

enbodi ment of the nmanufacture nmethod of the |iquid drop discharge head of
the present 5 invention. FIG 29 is a diagramfor explaining the chip
separation of the wafer of FIG 28. FIG 30 is a diagramshow ng the chip
arrangenent on the wafer in the state before formng the slit. 10 FIG 31

is a secti ona{raﬁigem@ft dihenavaflesosd @rafexpl ai ni ng the probl em when
perform ng the chip separation in the state of FIG 30. FIG 32 is a

~di agram show ng t peGChigpisay SRR Rho®ink KBe Wi Srark M dtBeft 8hqnafter
formng the slit. FIG 33 is a diagramfor explaining the state when the

chip of 15 the.pos @8 t8 W1 SR fhr&eséi‘eintthgﬁefé}'ig@%n&@oéﬁxﬁéﬂta&eﬁgromthe

wafer. FIG 34 1s a diagramof the chip for explaining the wd of the
slit. FIG 35 t] ' . [ i nj t engt h of
the siit. 20tHraoRREhonRi bk e HolldRseh Aot REnfRL A Urthe HEeedC00t " ©F
waf er in.order e‘rt{g.expl ain the eighth preferred enbodi nent of the

manuf act ar e MYHBYHF the 1i quid drop di scharge head of the present
nvention. FIG 37,83 sectional wiew of the yalertaken along the |ine
‘wafer of FIG. 28.
FIG. 30 1s a diagram showing the chip arrangement on the
wafer in the state before forming the slit. |

10 FIG. 31 is a sectional view of the wafer for explaining the
problem when performing the chip separation in the state of FIG. 30.

FIG. 32 is a diagram showing the chip arrangement on the
wafer in the state after forming the slit.

FIG. 33 is'a diagram for explaining the state when the chip of

15 the portion in which the slit is formed is separated from the wafer.

FIG. 34 is a diagram of the chip for explaining the width of
the slit. |

FIG. 35 is a sectional view of the chip for explaining the
length of the slit.

20 FIG. 36 1s a diagram showing the chip arrangement on the
wafer in order to explaiﬂ the eighth preferred embodiment of the
manufacture method of the liquid .drop discharge head of the present
invention.

FIG. 37 is a sectional view of the wafer taken along the line

25 . A-A indicated in FIG. 36.
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FIG 38 is a diagram showing the slit portion on the wafer in ordﬁgﬂ@m
explain the ninth preferred enbodi nent of the manufacture nethod tﬁ'ue

|l iquid drop discharge head of the present invention. FIG 39 is a sectional
view of the wafer taken along the line 5 B-B indicated in FIG 38 when
carrying out the slit formation by etching fromone side of the wafer.
FIG 40 is a sectional view of the wafer taken along the line B-B

i ndicated in FI G r3§ waen £ﬁi£gﬂaﬂﬂsHH§V1ﬁ§Qh§|sﬂﬁ ﬂcﬁ*tﬂ%t bRMhBYwalGRI Ng from
both sides of the wafer. 10 FI'G is a sectional view of the wafer for

explaini ng t Beded & BRY10R (HEWAREY p?eﬁebﬁe@leh{boﬁn@m%% the RaflufH:@F Show ng

the chip arrangenen In order to explain the tenth preferred

ebodi ment ofyJifiga MM RGIY 8- JEH0AS Rle Wil A LR dhoeharge head of

t he present nvention I's an~enlarged Vi B |p whi ch
corresponds to ogi‘F E size of the. wa a di agram
artg

f f .
chowt g the chip CirehfeeopheTia R R biGdrtes Aepe PR e el eventh
referre t of, th 2 t th he | d d
o otar o8 hodlBueha b SN SRR 0 kA U oh o
the chip which corresponds to one- ChlfgﬁSI ze of the wafer of FI G 44. FIG

46 is an enl aFcééHg\fif%W ofe shie ehithe Wi corresponds to 25 one-chip size

of the wafer as a variation of the enbodinent of FIG - 17 0 6 MAR
FIG. 40 is a sectional view of the wafer taken along the line

B-B indicated in FIG. 38 when carrying out-the slit formation by
etching from botﬁ sides of the wafer.
10 FIG. 41 is a sectional view of the wafer for explaining the
formation method of the slit.
| FIG. 42 is a diagram showing the chip arrangement on the
wafer in order to explain the tenth preferred embodiment of the
manufacture method of the liquid drop discharge head of the present
13 invention.
FIG. 43 is an enlarged view of the chip which corresponds to
one-chip size of the wafer of FIG. 42.
FIG. 44 is a diagram showing the chip arrangement on the
wafer in order to explain the eleventh preferred embodiment of the
20 manufacture method of the liquid drop discharge head of the presen‘t
invention. |
'FIG. 45 is an enlarged view of the chip which corresponds to
one-chip size of the wafer of FIG. 44.
FIG. 46 is an enlarged view of the chip which corresponds to

25 one-chip size of the wafer as a variation of the embodiment of FIG.
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44. FIG 47 is an enlarged view of the chip which corresponds to ggadspEs
size of the wafer as a variation of the enbodinent of FIG 44. 5 FIG 48
is a sectional view of the groove in the wafer when wusing the silicon

waf er of (100) crystalline orientation. FIG 49 is a sectional view of the
groove in the lateral direction of FIG 45 when using the sili.con wafer of
(110) crystalline orientation. 10 FIG 50 is a diagramfor explaining the
pattern by adidsotropic etching. FIG 51 is a diagramfor explaining the
first exanple when the patterns of two parallelograns are arrayed. FIG 52
is a diagram for &If.a7inge ehéargedovit vexdtht ehipierhichScdites paidLins of two
paral |l el ograns are arrayed. FIG 53 is a diagram show ng the chip

arrangenent ometdleip siaberf the wattarad 0 vexpdt@bd of HBe todeh & dim Pi €h e ried

enbodi nent of the nmanufacture nmethod of the liquid drop di scharge head of
the present 4unvention. 20 FIG 54 is a sectional view of the wafer for
explaining an exanple in which the pattern which constitutes a separation

line is sfornmed byignissofs PRESH 8N NG [0, ! Ga
sectional view of the wafser for1 expl ai ni ng gnﬁ%gjlaeq% teh In V\g‘is‘c‘;ﬁl%tnhe pattern

whi ch consti h‘éfr?g'stl?e §ﬁ%r@w|v&%' égggObf cr%&aﬁﬁﬁ%ﬁile%aﬁnh.sm ropic etching

from both sides.
FIG. 49 is a sectional view of the groove in the lateral

direction of FIG. 45 when using the silicon wafer of (110)
crystalline orientation.

10 FIG. 50 is a diagram for explaining the pattern by anisotropic
etching.

FIG. 51 is a diagram for explaining the first example when the
patterns of two parallelograms are arrayed.

FIG. 52 is a diagram for explaining the second example when

15 the patterns of two parallelograms are arrayed.

FIG. 53 is a diagram showing the chip arrangement on the
wafer in order to explain the twelfth preferred embodiment of the
manufacture method of the liquid drop discharge head of the preseat
invention.

20 FiG. 54 is a sectional view of the wafer for explaining an
example in which the paftern which constitutes a separation line is
formed by anisotropic etching from one side.

FIG. 55 is a sectional view of the wafer for explaining an
example in which the pattern which constitutes a separation line is

25 - formed by anisotropic etching from both sides.
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FIG 56 is a sectional view of the wafer for explaining another eﬁgrm[ReW
whi ch the pattern which constitutes a separation line is formed by

ani sotropic etching fromboth sides. FIG 57 is a flow chart for explaining
the first exanple of the 5 manufacture nmethod when the chip structure is
bonded to another substrate. FIG 58 is a flowhart for explaining the
second exanple of the manufacture nethod when the chip structure is bonded

to another subst FgGes561Q £kéztioRal $idw fdfanehiter Rr «pPhaiiRicMthdihert hird
exanpl e of the manufacture method when the chip structure is bonded to

anot her  subgtatge iflvhicBOheSp o] weﬁic\bﬁsﬁme_@daegeaﬁar%wo%f 1ihB§s! k-] et
head of the fourth preferred ‘enbodi nent of the |iquid drop di scharge head

of 15 the p$g§£€% biyng,ﬁgéiér%@éc Eh&i&%lﬁjo% BoseGidQnal view of the ink-jet

head of the four pre ment taken along the line parallel. to

t he | ongitudinal odirecti onof t ' ragm. 20 IVQI)EF YI NG OUT
THE | NVENTI ON A dggeé'r ?‘Ztlisoanffv’a"r |°E%6€v%‘g’gg’5ﬁ%\%‘d‘édth§r§£”fRF%IPPS'I’rQé’ &PFed
enbodi mept of th esent .invention w.t.h reference.to . .the acc anyi ng

cr vt nge. i antiaPBTE dRetad RBah et i EuTPIEpoRikd o AR of t he
25 liquid drop, di scharge head of the present invention will be explained -
19 0 6 MAR SWPtH2{%ference to FIG 1 and FIG 2. :

FIG. 58 is a flowchart for explaining the second example of
the manufacture ﬁlethod when the chip structure IS bonded to another
substrate.

10 FIG. 59 is a flowchart for explaining the third example of the
manufacture method when the chip structure is bonded to another
substrate.

FIG. 60 is a perspective exploded view of the ink-jet head of
the fourth preferred em_bodiment of the liquid drop discharge head of

15 the present invention.

FIG. 61 is a sectional view of the ink-jet head of the fourth
preferred embodiment taken along the line parallel to the

longitadinal direction of the diaphragm.

20 BEST MODE FOR CARRYING OUT THE INVENTION

A description will Vno_w be provided of a first preferred
embodiment of the present invention with reference to the
accompanying drawings.

First, the ink-jet head of the first preferred embodiment of the

25 . liguid drop discharge head of the present invention will be explained
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FIG 1 shows the ink jet head of the present enbodinent. FIG 2 Rzﬁﬁ
sectional view of the ink-jet head of the present enbodi nent takenh along
the line parallel to the lateral direction of the liquid 5 chanber. The

i nk-jet head of this enbodi nent includes the passage formation substrate 1
(the I'iquid-chanber substrate) which is a |iquid-chanber formation nmenber
formed by single-crystal silicon, and the |iquid-chanber formation nenber

serves as thg;ghidellh&d tHFIEL Q. add®1GNk-j et head includes the di aphragm 2
bonded to the bottom surface of the passage formati on substrate 1, and the

nozzle plate 3 ?gadqd &9w§r1ﬁe iQ J%wh aeeofoihet B?es%%%%ﬂﬁo&ﬂﬁé‘iﬁ“f’m

substrate 1. he ink | et i ncl udes the common [iquid chanber

whi ch suppl 'f%stahe SR b BeeP RS il aeedd g?'t‘ﬂe%??ﬁ{em% offefe ' S the

passage (i nk I|qU| nlcates e noz

di scharges t dro nd th er hrough the
i nk supply eﬂs 8n§s n?lp&irgllgggq ?1 %{' ﬁl atgg]ef Bﬁﬁé% On the
outside (the |iquid- chanber 6 side) of the dlaphragn1 2, the piezoelectric
device 1 (Kﬁ#%@ﬁ%ﬁdlng to each pressurized Iiquid chanber 6 is provi ded a
drive nmeans and bonded there. Each piezoglectric, devigce 12 is bonded to
the base substratth QSDkQﬁtPﬁéd‘Eﬂpé%ﬁﬁg¥@H@@n6ﬂnPH§? P 28F t he

pi ezoel ectric devices 12, the 25 spacer menber 14 is bonded to the base

substrate 13formaigon gubsivare 1A6bo qnidudhamber sebwirpie) whickelsdr 15 whi ch

is provided as the
liquid-chamber formation member formed by single-crystal silicon,

and the liquid-chamber formation member serves as the chip
10 structure.

The ink-jet head includes the diaphragm 2 bonded to the
bottom surface of the passage formation substrate 1, and the nozzle
plate 3 bonded to the top surface of the passage formation substrate
1.

15 The ink-jet head includes the common liquid chamber 8 \;vhich
supplies the ink to the pressurized liquid chamber 6 which is the
passage (ink liquid chamber) which communicates_with the nozzle 5
which discharges the ink drop, and the pressurized liquid chamber 6
through the ink supply way used as the fluid resistance section is

20 formed. On the outside (the liquid-chamber 6 side) of the diaphragm
2, the piezoelectric deviée 12 corresponding to each pressurized

‘liguid chamber 6 is provided a drive means and bonded there. Each
piezoelectric device 12 is bonded to the base substrate 13. On the
circumference of the sequence of the piezoelectric devices 12, the |

25 - spacer member 14 is bonded to the base substrate 13.
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pi ezoel ectric device is arranged between the piezoelectric devi cesp E&AR e
pi ezoel ectric device 12 is formed by |am nating the piezoel ectric- materl al

| ayer and the internal electrode alternately. 5 In the present enbodi nent,

t he conposition which pressurizes the ink in the pressurized liquid
chanber 6 by using the displacenent iin the d33 direction as a.direction of
the piezoelectricity of the piezoelectric device 12 is possible. Mreover,
t he conposition wh efidpiesstrd gdiarnt menbus 15 whiehps geewidedds lthgui d 10
chanber 6 by using the displacenment in the d31 direction as a direction of
t he pi ezoel epiazoeidotriaf déhieepisemosh gad beowdavithe plezodecnos debi@s The
passage formation substrate 1 is formed by carrying out anisotropic

etching of tirgepibsédlateriofdevies 32ng! fRraleyisbllamihbGap @k 15 the
crystalline orientation (110) using the alkali etching |iquid, such as

pot assi um hygiaxlefie: iAQUARINSHiaPIadrothd K intefhSl bIN-OrER QR!:Fnatlagy for mi‘d in
the substrate 1 to prOV|de each pressurized liquid chanb nd

through Jole i Tf P8t deotblOS A the Bm M Koliew %sgégmg Zels qu' T

chanber 8. Each pressu |ze 1 qui 0 ¢hanb e partltl on

vl | The i ARNLASM Bod B LALTEALS A, dcﬂgﬁ%'erm&%s%%%gke' and is

pr oduced by ormn nozz te'3is provided to

cach preseur %@&aﬁ%ﬁﬁ“ 1%%&%@3?6@9&@ o'y R hie o LESBQQSLSE °

formati on substrate t he_ source ter of the
nozzl e pl at eP*¥Z° Fifé;t h%’ﬁgﬁﬁsﬁ’l%qelﬁﬁ%? ?Se’vé‘ifcﬁ ds RYssiklees %‘F@@Pf’and

ni ckel , the ri;et al and the resh
e composition which pressurizes the ink in the pressurized hquld

10 chamber 6 by using the displacement in the d31 direction as a
direction of the piezoelectricity of the piezoelectric device 12 is
possible.

The passage formation substrate 1 is formed by carrying out
anisofropic etching of the substrate of the siﬁgle-crystal-silicon of

15 the crystalline orientation (110) using the alkali etching liquid, such
as potassium hydroxide agueous solutio.n (KOH). The through hole
is formed in the substrate 1 to provide each pressurized liquid
chamber 6, and the through hole is formed in the substrate 1 to
provide the common liquid chamber 8. Each pressurized liquid

20 chamber 6 is divided by the partition wall.

The diaphragm 2 ié formed from a metal plate of nickel, and is
produced by the electro forming method. The nozzle plate 3 is
provided to form the nozzle 5 with a diameter of 10-30 micrometers
corresponding to each pressurized liquid chamber 6, and it is bonded

25 . to the passage formation substrate 1 by adhesive,
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such as a polyimde resin filmor silicon, and ot her conblnatlons(JGMARgms
i ncluding these materials can be used. 5 Modreover, in order to secure the
wat er repellence with the ink, the mater-repellent filmis formed on the
nozzl e side (the discharge side surface in the discharging direction) by
using a known nethod, such as the plating, the coating or the.

wat er-repellent coating. In the ink-jet head of the present enbodi nent, the
10 piezoel ectric devibgesonxce gnafiespilaefethd nottle plané Bathewodiri@atioan when

t he pul sed driving voltage of 20-50V is selectively applied to the

pi ezoel ect ri of destiats siZh Ahetadnbgshrsagehl 2nd aickalo thie pdtat eddi thet fegin,nozzl e 5
direction, and the ink in the pressurized liquid chanber 6 is pressurized

by the vol umeuchasgepolyitdide peeias filirz et siliepi, arthathar cdbbbratsend hat t he
ink drop is discharged fromthe nozzle 5. And in connection with the

di scharge of indladink tiésepmatdrgalsf tati denfsegsure power in the pressurized
| iquid chanber 6 declines, and a certain negative pressure occurs in the

pressuriged |iqui f#oeBeEPen & AGCR Qé&ﬁettﬁet\pﬂe'rriﬁgﬁlléneg WiiE thBXnk! ow at
this time. 20 The diaphragm 2 returns to the origi hal position and t he

pressuri zed kﬁgwaqelcﬁ‘g;@g%ntﬁﬂf’lﬁ%%%ﬂ ﬁ’rthgéﬁ%lé Q{Qef’téglz&’iss@hg the

vol tage applied to t I ezoel ectric device into and t he
oy SEFY A2 8 o LB AP TA BT
tsggt fgﬁpolml @#%%s tEefpéatdngag? agatm’?h%rnﬁ]r aWPgefrd{eTt?h %u{;@ﬁ{ﬁhzt 23?$ace of
the nozzle 5 is In the ink-jet head of the present embodiment, the
10 piezoelectric device 12 is displaced in the lamination direction when
the pulsed driving voltage of 20-50V is selectively applied to the
piezoelectric device 12. The diaphragm 2 is also displaced in the
nozzle 5 direction, and the ink in the pressurized liguid chamber 6 is
pressurized by the volume change of tﬁe pressurized liquid chamber
15 6, so that the ink drop is discharged from the nozzle 5.
And in connection with the discharge of the ink drop, the
fluid-pressure power in the pressurized liquid chamber 6 declines,
and .;:1 certain negative pressure occurs in the pressurized liquid
chamber 6 according to the inertia of the ink flow at this time.
20 The diaphragm 2 returns to the original position and the
pressurized liquid chamber 6 becomes the original form by turning
the voltage applied to the piezoelectric device 12 into the OFF state,
and the negative pressure occurs further.

At this time, the pressurized liquid chamber 6 is filled with

25  the ink through the ink supply way which is the common liquid
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vi brated and stabilized, the pulsed driving voltage is applled totiﬂ AR
pi ezoel ectric device 12 for the following ink drop di scharge, and gﬂﬁ
ink drop is discharged fromthe nozzle 5. The passage formation substrate 1
whi ch includes the silicon substrate constituting the |iquid chanber 6 and
the common liquid chanber 8 in the ink jet head is produced by applying

the nmanufacture nethod of the present invention. 10 A description wll be

given of theql) kbl BIACHCHuFRON RN, s Ohidd frdiB b ATk R dTRINAAPC OF the

liquid drop sc arge present Invention with referencée to FIG

3 th h FIG 5. I f 20
'n order (o expl HHEHERnTak AT EtR: RBEARD ST ROAES o mont . 15

Th hip 21 h El G t h f
ubstrare 1 BPTEI Fit TR RERs e RSO G 80T gaelspé"‘féﬁ%& b IRE™ ' "

is.a,sectional

strip-like chip that .is separ d fro he. waf

vi ew of the E’rﬁzﬁe]feé’ﬁf-:lﬁ deFIVdﬁE] 1tébh qf%p]%&%wf%? PéaP ‘ﬁsc 1ge #0388 he
present errbodl ment, the silicon wafer f (100) crystalline orientation
i s used.S As Hrkodren is fisghasged ﬁ@@éﬁér%ﬂ% #5-lines in the lateral direction
of the chip 21 are the etching separation |[|ines 22 by anlsotroplc et chi ng,
and the | engt hwi sEhe@pasagd Errmenes Smbﬁﬁ'aé@itle‘ﬁhtﬁb indudet tthe siiipes in FIG
3 are the dicing separation lines 25 23 by dici - 23 06 MR 2WD As

shown in FI Gulstratheoatstitistiggpthooliqhid ehampar 6s the commosiliqeidn oxi de
and the silicon nitride, are formed on the silicon wafer
chamber 8 in the ink-jet head is produced by applying the

manufacture method of the present invention.

i0 A description will be given of the first preferred embodiment
of the manufacture method of the liquid drop discharge head of the
.p;esent invention with reference to FIG. 3 through FIG. 5.

FIG. 3 shows the chip arrangement on the silicon wafer 20 in
order to explain the manufacture method of the present embodiment.

15 The chip 21 in the wafer 20 of FIG. 3 constitutes the passage
formation substrate 1 of the ink-jet Vhead_ mentioned above. FIG. 4
shows the strip-like chip that is separated from the wafer 20. FIG. 5
is a sectional view of the chip taken along the line A-A indicated in
FIG. 3.

20 In the present embodiment, the silicon wafer 20 of (100)
crystalline orientatiou'is-used. As shown in FIG. 3, the separation
lines in the lateral direction of the chip 21 are the etching separation
lines 22 by -anisotropic etching, and the lengthwise separation lines
indicated by the dotted lines in FIG. 3 are the dicing separation lines

25 23 by dicing.
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20, and the patterning is nmade in the formof the etching separati@g MAR 365
by using the photolithography technology, and it is renoved. 5 The pattern
of the etching separation lines 22 is formed in the direction parallel to
the <110> orientations of the silicon wafer. Then, the openings of the
etching-proof |ayers 24 are etched by using the alkali liquid, .such as

pot assi um hydr oxi de (KOH) aqueous solution, TMAH (tetra-nethyl amonium
aqueous sol ution) As difoEbRn(EtGyb erledetrhing-prybddayeshdl) sueh akithBi um
hydroxide (LiOH). In this case, in the anisotropic etching of the silicon
waf er of (1GDicer pxtidd hhdaherdititbatdieridBy ates Fédn &M@ nadHeabilidonwiaber t he
tapered surfaces 25 of (111) orientation are fornmed to be at 54.7-degree

angles to th@_m\@harth%tﬁafta@ﬁ-in%%\hh@ab iRené BrhaeRde &M haGeparaify € net,
the V groove is fornmed and the etching will not progress. The depth of the

V groove is qiirey uethdind Bﬁo%l@fﬂbg@ﬁpﬁ?ﬁecﬁ%ﬂ)g&ganﬁn.iq iistre-gﬁ)vf[%ﬁgessar y to

design it fromthe wafer thickness and e required anount

he ot oBi ho sepanat’ B ok 15 SCnind lashitth lnde' 22 WELrBEmEd S el O
strip- ke cHIRSISIERRGATITHe S50 % Thialads RS RDnbding
separ 2Ll on | 1nes B0t tngpeated 81 TR s B doo AR bR RACEERR 2 F20L
(p:)t"egeﬁ'? ;ﬁbzggﬁgﬁ{é%”qiﬁéﬂgqg“ Is}gl ugsilpgpésgfungjhy%argkligé (K'(AZ\)C]E(I:)Or ding to the
agueous solution, TMAH (tetra-methyl ammoﬁium aqueous solution),
10 = EDP (ethylenediamine pyrocatechol), or lithium hydroxide (LiOH).
In this case, in the anisotropic etching of the silicon wafer of
(100) crystalline orientation by using the alkali liquid, the tapered
surfaces 25 of (111) orientation are formed to be at 54.7-degree
angles to the wafer surface.
15 When the two tapered surfaces 25 are met, the V groove is
formed and the etching will not progress.
The depth of the V groove is determined by the width of the
pattern, and it is necessary to design it from the wafer thickness and
the required amount of the remaining parts. |
20 By carrying out the dicing of the wafer 20 (in which the
etching separation lines 22 are formed) along the dicing separation
lines 23 that.are perpendicular to the etching separation lines 22, the
strip-like chip 26 shown in FIG. 4 is produced.

Since the etching separation lines 22 are already formed, by

25 . applying the stress to carry out the cleavage of the strip-like chip 26,
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the wafer is separated: lengthwi se into the chips 21 by the dicing. Gﬁgﬁ2ﬁﬁ
preci sion of the edges of the chip is kept at a high |level, and tﬁ%
precision at the tinme of positioning to other parts which contact the chip
will be kept at a high level. Mreover, the cross section of the chip does
not beconme tapered but is perpendicular, and cracking of the chip does not
occur when positioning. 10 Furthernore, the wafer is separated laterally

into the Chi&&bg%(iﬁfg}sﬁ{‘%g egggg égﬁﬁfﬁgdg&té rﬁg@gg@ﬁﬁﬁ@ | P1 QpLApgenment

on the wafer e nunber o resulti'ng chi ps”produced
from the wafer ig |larger th tof ey: ent i I ! rangemnment
shown in FIG 27.%@%&%‘?‘&&&%&‘@ ]%%368 éag%/ﬁ;ogdeﬁ?%\éa I gfﬁa'rrgn?’t H\;\,{i?&%{h% et chi ng
separation |jnes 22 can be easi|l er.fornpd W th.th tri.p-Like chip 26,
and the dana@iehaa%?r f%@e%%iageitﬁétgglﬁﬁéﬂ oLy ﬁp o ght%ytt]ﬁ‘ge “"8&vage with
the wafer is_prevented, and the yield inmproves. One nethqd to atfain a
i gh- speed | RERIECH PhIiBeciaesest the SRt Kiet Baadiehdenthuad Be 't he
nozzles of the ink jet head, and the chip of the ink jet head wi |l be
confi gur®d i PresisiCmoaythetims ehaesitioning (§ ethampanty g cpniasbheie of the
nozzles. In the case of such rectangular chip, as shown in FIG 6, it is
desirabl e tochivewiHebekent ayaddphrlgvebn according the orientation of 25
the short side of the chip 21 by the etching separation lines 22 and - 25
0 6 MAR 2WD t he Marienyesejhar aoisescatioorelf tie thin Heevnpebeaeingn of the | ong
side of the chip 21 by the dicing separation |ines 23.

tapered but is perpendicular, and cracking of the chip does not occur

when positioning.

10 Furthermore, the wafer is separated laterally into the chips by
etching, the degree of freedom of the chip arrangement on the wafer
becomes large, and the number of the resulting chips produced from
the wafer is larger than that of the conventional chip arrangement
shown in FIG. 27.

15 Moreover, the cleavage in alignment with the etching
separation lines 22 can be easily performed with the strip-like chip
26, and the damaging of the chip such as when carrying out the
cleavage with the wafer is prevented, and the yield improves.
One method to attain a high-speed ink-jet printing device is to

20 increase the number of the nozzles of the ink-jet head, and the chip
of the ink-jet head will be configured in an elongated slender form
with the increased number of the nozzles.

In the case of such rectangular chip, as shown in FIG. 6, it is

desirable to use the etching separation according the orientation of

25 . the short side of the chip 21 by the etching separation lines 22 and
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Wien it becomes the strip-like chip by the dicing, the etching sepanaRi B
lines 22 are already on the short side of the chip 21, and 5 the cl eavage
can be perfornmed easily. There is little breakage of the <chip and the
yield inproves. Mreover, when carrying out the positioning of the
rectangular chip 21 to other parts, the precision is kept at a. high |evel
if the positioning is perforned in the |ongitudinal direction of 10 the
chi p. Ther ef the dibiyngseqmarationgaddoedived ¢o tha drimntaticanifatieoroyd sideeof | ong
side of the chip by the dicing, the precision of the separation lines is
kept at a hi ghe lchvel2 labyg thédicin@sse paratioanlinss al3so per pendi cul ar, and the
precision is kept at a high level. 15 Next, the second preferred enbodi nent

of the nmanuf acturWha@ﬁheec@ﬁaethﬁeIsitﬂ@i-ﬂkeraﬁpddesq{@agﬁng,eaﬂe%ftcﬁilﬁ%
invention will be explained with reference to FIG 7 through FIG. 9. FIG

7 shows the gbppraaldmnaesey aﬂﬁa&egd?idﬂ B s M8 11 d BB 1 e @Jigeil,té’ncfxp' ai n
t he manufacture nethod of the present enbodinent. 20 FIG I's a sectional

view of she vgf @ledwaleen. Al esgte&f@rrﬁw%a%lﬁégfgé&afseﬁgh%fé&%ge Efg% 7? -

shows the strip-like™hip th IS separa rom-t er

t he present ggﬁﬁgggqﬂggﬁkgfgﬁkggggg wafer 30 of (110) crystalline

orientation i wn in FIG 7, an etching separation |ine 32

TR MR PR AR o P S £

orientation, récht%ngular chip 21 to other parts, the precision is kept at a high

level if the positioning is performed in the longitudinal direction of
10 the chip.

Therefore, by sep.arating the wafer in the orientation of the
long side of the chip by the dicing, the precision of the separation
lines is kept at a high level and the cross section is also
pcrpendibular, and the precision is kept at a high level.

15 Next, the second preferred embodiment of the maﬁufacture
method of the liquid drop discharge head of the invention will be
explained with reference to FIG. 7 through FIG. 9.

FIG. 7 shows the chip arrangement on the silicon wafer 30 in
order to explain the manufacture method of the present embodiment.

20 FIG. 8 is a sectional view of the wafer taken along the line B-B
indicated in FIG. 7. FIG. 9 shows the strip-like chip that is
separated from the wafer of FIG. 7.

In the present embodiment, the silicon wafer 30 of (110)

crystalline orientation is used.

25 As shown in FIG. 7, an etching separation line 32 is formed in
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perpendi cular (111) to the wafer side is fornmed by the pattern of ﬁ@ﬁAR
<112> orientations. Therefore, if etching does not stop |like etching of the
silicon wafer of (100) crystalline orientation in V groove and etching
time is lengthened, an etching separation |ine will be penetrated to the
back of the wafer. 10 Therefore, by form ng an etching separation |line 32
in the <112> orientations, width of an etching separation line 32 can be

made smal |, bS8 o ALRA AR SeunS et &ld aairey 80Yof OM&fstaldneShown in
FIG 7 and FIG g?&ano et ching separatllon l'ine 32 ?sm(?e lﬁﬁt% t he dotted

line. 15 Evegnt 1;3 gtﬂogtchl ng separation line 32 penetrates to the wafer
sirde by doing in thi's wa the bridge 33 is forned and retai ned between

the chips 21. The%xhttfé%@ llz‘ztﬁ?v&ar}'ep 3%60f Sl P@)t @fj&%gﬂﬁ{é 6k %]l?%hgﬁcglg‘}gcand it

separates into ea b appl rrylng ou Ieavage

%f EaPe3St L:i%e}ﬁﬂrﬁp%@ﬁ ﬂgqﬁgo‘?‘ f‘ivt"1 IZSZI r@lrﬁ‘sedatl’%é R %t;?ggﬁ)éint t ratl on

section. _Since _the thickness is several | Onm - about 2 m crorreters t here
i s no hafdnesd 126 PHER@HWMS that the chip is ret al ned. 25 It is necessary
to renove the etchi ng roof |ayer 24, after - 27 6 MAR. 2005 formng an
et ching separ at i ot BEFH@rgifpgic] M8 does et FéPEHi‘]ﬁ‘QEt%téﬂ of the &390 g- pr oof
filmwhich remains in the opening breaks and _there is probl em that the

particles arwafen@fi¢d@0xcryHellingnerymtatien in V groove and etching time

is lengthened, an etching separation line will be penetrated to the
back of the wafer.

10 Therefore, by forming an etching separation line 32 in the
<112> orientations, width of an etching separation litle 32 can be
made small, and wafer area can be used effectively.

Moreover, as shown in FIG. 7 and FIG. 8, an etching
separation line 32 is made into the dotted line.

15 rEven if an etching separation line 32 penetrates to the wafer
side by doing in this way, the bridge 33 is formed and retained
between the chips 21.

The strip-like chip 36 is obtained after the dicing and it
separates into each chip 21 by applying and carrying out the

20 cleavage of the stress to the bridge 33 during the chip 21.

In addition, in the-wafcr 30 back, the etching-proof film 24
remains also in the penetration section.

Since the thickness is several 10nm - about 2 micrometers,
there is no hardness to the extent that the chip is retained.

25 It is necessary to remove the etching-proof layer 24, after
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cl eavage. 5 Moreover, wth the wafer of (110) crystalline orienta IPQAR2&B
since etching formserves as the parallelogramw th the angle of '
degrees or 54.7 degrees, and the hexagon, in a straight line, an etching
separation line of the orientation which intersects perpendicularly in the
<112> orientations cannot be fornmed. 10 Although the small pattern can be
put in order and formed when formng an etching separation line in the

orientation mhiGh ar{ltegéhﬁﬁgts%pra%ﬁ@miwh@rwah&&tr@pﬁl@{%mﬁg i WREAL I Ons,
t he edge of the ghlp wi 'l “beconme saw-like i'n that case. Then, since an

et chi ng_Sepayali@fihk gbgtob% figﬂrmﬂchqemqnﬂ&%ﬁe IpeAhkenkaki aag | n which

the straight ained by etching and th dicrng separated the

ot A on, BREPRIY FHliRen] B \Be Sl fE1 ORI EPEAIAONP ot 1P EIO5EShe Ne O P

is formed w he "s sion- reover, in order to be
able to stanq.the liquid chanber in a 20 I|ne wth hlgh density with the
i nk-j et head®'®A¥?#% effective to form the partition wall of the 1iquid

chanber erpendlcu arI usi n ubstrate of (1 crystalline
ori ent at Vet ruith ineew plin of fﬂh%wst%ﬁl%enl AL haber
perpendlcularly, the I| ui d chanber makes ﬁhe orient |on of thg ﬁ?
strai ght siddnca eighi m s§TY $ieakih® pappll eloegamypdthythe gaely of 26 28 0
6 MAR. 206 wafer, forms it, and arranges many liquid chanbers in the
orientation gesnseAdircid Qrd@gfepﬁeamiihﬁ’h@?‘ﬁéﬁﬂaﬁ?@n%“a’(&mé&ﬂje%ﬂ ly, chip
formturns into rectangle formlong in the

etching separation line of the orientation which intersects

perpendicularly in the <112> orientations cannot be formed.

10 Although the small pattern can be put in order and formed
when forming an etching separation line in the orientation which
intersects perpendicularly in the <112> orientations, the edge of the
chip will become saw-like in that case.

Then, since an etching separation line is formed in the <112>
15 orientations in which the straight line is obtained by etching and the
dicing separated the orientation perpendicular to the <112>
orientations, the edge of the chip is formed with the sufficient
precision here. |
Moreover, in order to be able to stand the liguid chamber in a

20 line with high density with the ink-jet head, it is effective to form
the partition wall of the liquid chamber perpendicularly using the
silicon substrate of (110) crystalline orientation.

In order to form the partition wall of the liquid chamber
perpendicularly, the liquid chamber makes the orientation of the

25 . straight side in agreement in the <112> orientations of the silicon
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orientation perpendicular to the <112> orientations. 5 Accordi ng tgs MAR 2006
present enbodi nent, since the orientation of the straight side of the chip
will be separated by the dicing, the edge of the long side of the chip can
be obtained with the sufficient- precision, and can contact against other
parts, jigs, etc., and positioning can carry out with the sufficient
precision. 10 Furthernore, width of the chip separation line at the tine of
usi ng the siwatan feaimaritpfind hiYn gesymhak|liqeidchenbats imthes nade theoretic
without Iimt thinly. However, if air bubbles are generated at the tinme of

ani sotropi ¢ etiehtdtgompdrpdrediaularbibiiecs1 a0 @hemtagiprisnt o the thin 15
groove, etching liquid wll no | onger be supplied into the groove, and

etching will not @bagE@sstly NcipdRIrmOhrsOinth Yecthih @k FokHORYASid Mo the
groove, as for the wdth of the chip separation line 32, it 1s desirable

that it is 301'1€hﬁft?6‘i?tp%f§erﬁf1cﬁpd}eto%ET?ZStdﬂlénﬁa@idmer groove can etch by
usi ng the nechani sm which applying the supersonic wave during etching etc.

drives ogt the Dhbpbefinkiol (i blsR0! ﬂfovoemgﬁg%ugfn% b oA gyes the

circul ation of the roove mc orre ers or nore

desirabl e al 82 g&,a%lhgt g%% th%5ch3|8>\%/iltl ep ra%dolﬁ d errgI di tO?ftLQe

manuf acture - net’h 19 qui
present inven

shows the ch? { }%Q%enf’fgﬁg ﬁl@??g}l b{}eﬁ%gtﬁe@ﬁﬁ the suf?méﬁ%-- FI G 10

precision, and can contact against other parts, jigs, etc., and
positioning can carry out with the sufficient precision.

10 Furthermore, width of the chip separation line at the time of
using the silicon wafer of (110) crystalline orientation is made
theoretic without limit thinly.

However, if air bubbles are generated at the time of
anisotropic etching and the air bubbles are shut up into the thin
15 groove, etching liquid will no Jonger be supplied into the groove,
and etching will not progress.
In order not to shut up air bubbles into the groove, as for the
width of the chip separation line 32, it is desirable that it is 3
micrometers or more.
_20 The still thinner groove can etch by using the mechanism
which applying the supersonic wave during etching etc. drives out
- the blister in the thin groove compulsorily, and improves the
circulation of the liquid in the groove, and 1 micrometers or more
are desirable also at that case.

25 - Next, the third preferred embodiment of the manufacture
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order to explain the manufacture nethod of the present enbodi nent. gﬁAﬁQmﬁ
t he present enbodi nent, the wafer is separated conpletely, and it
separated al ong the etching separation line by the etching after the
dicing is made to separate it along the dicing separation line. That is,
the bridge portion 34 is located at an intersection between the etching
separation line 32 and the dicing separation line 10 33 as in the second

preferred embodygBs mreet\zqeuﬁhyomntémge healhentdprélieqitndviseipgr forned to
separate the chip 31 fromthe wafer 30, the bridge 34 on the etching

separation | ih¢ g2 etx hgg VGHZ%I rethHé‘&JéeEo Pygt he dicing, and the chip
y

separation is conple per orme at the end of the dici ng. 15 In the

R L s

narrower than the W|dth & dic g se ation Il ne S|nce|t

by tho. di 61 g aThiS FEh 455 e ?ﬂ%?%ié‘ fribedfie s%ﬁ%%m%r?edﬁeeeﬁh' P

prevent generatin 9 the artl& gs,on t 20fch| p. due t f}g
remai ns at the next 'Bf &E& NBRPpRRLY ﬁr‘t’h eﬁﬁéfﬁ&?ﬁéﬂt %‘BP fitY:of the
manuf acture nethod of the |IC]UI d drop, di schar e head t he present
i nvention isangddpinspBeraied R1oRE épéﬁégh‘t“@ FRar @?“ lﬂﬁ%yl@esﬁt&\kéng he chip
arrangenment on the silicon wafer 30 in 25 - order to _explain the
manuf act ur e AEteRdlesticingeipmadiento ssRAIaIhithtlong the diging MGRATHENY Si ni | ar | vy,
in the present enbodinent, the wafer is separated conpletely, and it is
separated al ding.t Eéaéuemmgbeégarmmm P#ne lbgatedhas an ehiengectiorr the
dicing is nade to separate it along the dicing

between the etching separation line 32 and the dicing separation line

10 33 as in the second preferred embodiment previously mentioned.

When the dicing is performed to separate the chip 31 from the
wafer 30, the bridge 34 on the etching separation line 32 is also cut
together by the dicing, and the chip separation is completely
performed at the end of the dicing.

15 In the present embodiment, the width of the bridge 34 has the
~desirable one narrower than the width of the dicing separation line
33, and since it does not produce the remains of the btidge 34 at the
edge of the chip 31 by the dicing, .the manufacture method of the
present embodiment can prevent generating of the particles on the
20 chip due to the bridge remains at the next process.

Next, the fourth pfeferred embodiment of the manufacture
method of the ligquid drop discharge head of the present invention is
explained with reference to FIG. 11.

FIG. 11 shows the chip arrangement on the silicon wafer 30 in

25 . order to explain the manufacture method of the present embodiment.
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separation line. The chips 21 are arranged in a set of rows of chig@g MAR 1806
parallel with the first direction of the silicon wafer 30 such that the
first separation |ines 32 of adjacent rows of the chips are staggered in a
direction parallel to the second separation lines 33. Thus, since the
etching separation lines 32 do not turn into the |long straight |line by the
arrangenent, it can prevent increasing of 10 the hardness of the wafer
after the etchi ngSseplarkt,iionthe pres8ft eorbtmatinomt, dndwiddendgs sgpafatéde waf er
due to the cl eavage being carried out by the etching separation |ines
during the waberpletdnyeydnces sépatated atase thalekcliing sedjazedoh I6he pyr ows do
not necessarily need 15 to be staggered conpletely, and it is adequate

that the chiphe afmnﬁqm thesdTie6p d86Has&litd 3P XNrark tih al bieg WRE Qi c i@l dness,
the chip form or the chip size. Next, the relationship between the

etching sepagapi@fidd NRe. 3he 3Achd be ﬁbcarpgnge&pﬁ{ awe@rbﬁforws%?%hh?
explained with reference to FIG™ 20 12 through FIG 14. FIG 12 1s an

enl argedsvi eyy g;;arﬁlli'@l RiidgR poEd Hﬂ:@cgi (W ﬁiee‘sﬂlcjo% “ﬁ@gﬁ]gb%uc:hs % an
W I'nt

enl arged vie the bridge portion case o0

s1 1 oon val ey Oh (LIl GEYSLALLL 39 o b8 tc%gpag g%h@% S G 12 o

FIG 13, the orm serves as al’l el ogram or

E)Eet nggtggﬂl ﬁ%"@%a?{ci ]1%? m&) g?n R a&%ll%"flr aI els%%%%@s%iaa%&?ogﬁl ae%oglldepends

Thus, since the etching separation lines 32 do not turn into the

long straight line by the arrangement, it can prevent increasing of
10 the hardness of the wafer after the etching separation line 32

formation, and damaging of the wafer due to the cleavage being
carried out by the etching separation lines during the wafer
conveyance.

In this case, all the adjacent chip rows do not necessarily need

15 to be staggered completely, and it is adequate that the chip

arrangement 1s designed suitably' with the wafer hardness, the chip
form, or the chip size.

Next, the relationship between the etching separation lines 32
and the dif:ing separation lines 33 is explained with reference to FIG.

20 12 through FIG. 14.

FIG. 12 is an enlafged view of the bridge portion 28 in FIG.
10, and FIG. 13 is an enlarged view of the bridge portion 28 in FIG.
11. |

In the case of the silicon wafer of (110) crystalline orientation,

25 - as shown in FIG. 12 or FIG. 13, the etching form serves as the
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The tapered surfaces 40 of the (111) orientations appear at the T&ENAR 2005
portions .as indicated by the shading lines in FIG 12 or FIG 13, and the
| engt h of each tapered surfaces 40 is proportional to the thickness T of
the silicon wafer, and is expressed by (,r3)T. The silicon wafer is
penetrated in the portion of 41 by etching. In FIG 12 and FIG 13, the
dotted line shows the dicing 10 separation line 33, and the dicing

separation Ibagaliﬁglotgla@llﬁg@stﬁ/@j hbxaddye Wdth B or the width C which is
determ ned by the wwdth of the Icing blade. The width B and the width C

of the dicing sepgypithep it bBEoR3s t8ESFHAML it bEthd e3¢0kl fapehilsas
conparative exanples, and not 15 restricted to them Wen the wdth of the

di ci ng separ gt,i @l el,ticﬂ?nréﬁuési f?ﬂﬁﬁlbefr& us&i, any portion of the tapered
re e

surface 40 does not inint citcunference of the separated chip.

o when t hei o . . . o
the taper renai ne 145 5peBy h%eShanctr BEFPLEL) QB eblifoutiabPefiliEindd
left at the ed f _the. ted chi IS t t ' 42
ser ve as5t e SB0 T AR Dol TC BHdeeY (BF “RAQTInT5es2n ey L2108 BOLET bi i ¢y
f the d [ f th hi th t : d th ticl b
or oduced. | 25300 e 19BEL A ReARSIPETRS THTARROSD IF IPPORHORAT & AR t ho - 32
0 6 MAR thickness of the digcing bl ade whether the taper remains 42 will be
left. The waﬂé‘l‘:ktﬂﬁ%Fn%%éh%6€§%W%Bﬁeaqc‘fW¥H@§é6ﬂ % (65 Tani ch

The silicon wafer is penetrated in the portion of 41 by etching.
In FIG. 12 and FIG. 13, the dotted line shows the dicing
10 separation line 33, and the dicing separation line 33 changes with
the width B or the width C which is determined by the width of the
dicing blade.
The width B and the width C of the dicing separation line 33
are shown in FIG. 12 and FIG. 13 as comparative examples, and not
15 restricted to them.
When the width of the dicing separatio'n line 33 is equal to
“B”, any portion of the tapered surface 40 does not remain in the
circumference of the separated chip. However, when the width of
the dicing separation line 33 is equal to “C”, the taper remains 42 of
20 the tapered surface 40 as shown in FIG. 14 are left at the edges of
the separated chip 21. |
Since the taper remains 42 serve as the point-sharpened edges
of the chip 21, there is a possibility of the damaging of the chip at
the next process and the particles may be prodﬁced.

25 . It is determined by the thickness T of the wafer and the
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can break neither the design and the wafer
be chosen freely. Then,
met hod of the liquid drop di scharge head of the present
explained with reference to FIG 15.
and forms until it starts 10 the chip 21 which adjoins
separation line 32. It is possible to prevent, by doing

nor the chlp,
the fifth preferred enbodi nent of the manufacture

In the present enbodi nent,

and can @Bsmhﬁlm

invention is
it extends
t he etching

in this way, the

damagi ng of thitleneds §f vikd AiihgtHede aplestheethe napeat rdtheinsatX wlbbess by t he
dicing, and the particles do not occur. The circunference is mnute

al t hough theegt.g |unp of an 15 etching separation line 32 will be forned
also in the contiguity chip 21 since an etching separation line 32 is

bei ng prol onged fPpe thfFer 3 RinBEHA0eRidOt b B8 TR0t thieSc HBE oAS RAIdHK-] et
head, it does not become the problemat-all. Mreover, in the chopper

di ci ng whi Chcatrﬁg?éa]gﬁg‘ﬂggptﬁ@ﬁes%% X‘@(ﬁ‘?ﬁet»p@feg'ngr”tﬂctﬂtﬁ a}‘}'ﬁ'cfa!ﬁ carries out

hi gh- speed rotation can cut” the part wthin the fer

al ternatd vel I is circular, the length of the cuttlng
pl ane 1|i g d*?gébgggﬁEgﬁggﬁé g top surface and the bottom surface. Wen

chopper d|C|ng i s.used .fo t chi.n atlon 25 for ion of the
present enbodi nen H hgl géﬁt% ?Ietfﬁg[ ?eé) ﬁ’& lﬁllegké’?%he %%nuii%%& f the top
surface

ggg;pgmaﬁfitﬁgﬁu”af of L1811 €250 e a0y IR A Rk n 11 @

explained with reference to FIG. 15.

part of

In the present-embodiment, it extends and forms until it starts
10 the chip 21 which adjoins the etching separation line 32.

It is possible to prevent, by doing in this way, the darhaging of
the chip without the taper remains at the back process by the dicing,
and the parti_cles do not occur.

The circumference is minute although the dig lump of an
15 etching separation line 32 will be formed also in the contiguity chip
21 since an etching separation line 32 is being prolonged for the
adjoining chip in case it is used as an ink-jet head, it does not
become the problem at all.

Moreover, in the chopper dicing which takes down on the
20 wafer the dicing blade which carries out high-speed rotation, and
can cut the part within tﬁe wafer side alternatively, since the blade
is circular, the length of the cutting plane line differs on the wafer
top surface and the bottom surface.

When chopper dicing is used for etching separation line

25 formation of the present embodiment, the gap of the cutting plane
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Next, the formation method of an etching separation line of 5 thg)gwifaer2oiss
explained with reference to FIG 16. FIG 16 is a sectional view of the
silicon wafer for explaining the nethod of form ng an etching separation
line in the wafer. The taper 40 is formed in right and left, when FIG 16
(a) expresses the cross section which neets the CGCline of FIG 12 and
10 an etching separation line 32 is forned by etching fromone side of the

waf er 30. OnlinkeoPtetohamtactlabd e Kbjosxpidasevitthe wake odiere carried
out the patterning of the etching-proof |ayer 24, perforned etching to

bot h si des Oﬁbﬁmwalﬁ?&uaﬂﬁn%ri@rﬂ PatthofSidiRgatisRdiae sefiehhBGontfsepar ati on

line 32 is formed in them The half of etching fromone side is sufficient
as the dept hchfﬂ!g deep by performing etching fromboth sides until it
penetrates the wafer 30, it beconmes, therefore the length of the taper 40

becortes hal f, andict hap! rd 46 i PG MSIRYNSn BRSO iBa LR oF4, 20 it

is possible to prevent the remaining o e taper “remains a

process, 5andtﬁ$%§‘£§ﬂ%§£§ﬁa§9?ﬂ %tth(}%féyehﬁéﬁﬁtﬁé g@se, if etching is

further performne aper rom sides collides with, etching

of the taper can gress, and. as, shown_.in FL 17 i nal | he .t aper 40
can al so be | ost E%ﬁpllgtléli/.sec L 3 i toﬁéﬂgisiﬁﬁoﬁr‘%"l‘%ﬁ}g& %ﬁ%i’)’(ﬂlﬁﬁnt of
the manufactyre - 34 Q MAR. 2WD nethod of the ]iquid drop discharge head
of the preseHt® fnr?\;gﬂflioénf%fglméﬁ& G REBE PR HAT R the PRGEE 15, Thie Vi ow

is the cross-section diagram which neets_in the
The taper 40 is formed in right and left, when FIG. 16 (a)

expressés the cross section which meets the C-C line of FIG. 12 and
10 an etching separation line 32 is formed by etching from one side of
the wafer 30.

On the other hand, FIG. 16 (b) expresses the case where
carried out the patterning of the etching—prodf layer 24, p.erformed
etching to both sides of the wafer 30 from both sides, and an etching

15 separation line 32 is formed in them.

The half of etching from one side is sufficient as the depth
dug deep by perforﬁiﬁg etching from both sides until it penetrates
the wafer 30, it becomés, therefore the length of the taper 40
becomes half, and without the taper remains 42 as shown in FIG. 14,

20 it is possible to prevent the remaining of the taper remains at the
back process, and the pafticles do not occur.

In this case, if etching is further performed after the taper
from both sides collides with, etching of the taper can progress, and
as shown in FIG. 17, finally the taper 40 can also be lost completely.

25 . Next, the sixth preferred embodiment of the manufacture
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array orientation of the liquid chanber of the wafer, and shows ag GMARRZNE
for the one chip of the wafer for convenience. In the present enbodi nent,
shortening of the process is aimed at by forming the |iquid chanber 6 and
the common |iquid chanber 8 at the sane tine it forns an etching
separation line 32, since the |Iliquid chanber 6 the comon |iquid chanber
8, etc. are forned by 10 anisotropic etching. As shown in FIG 18 (a), the

silicon nitriden&s 2aBiNgaR 8Rp diRNaESe Zéad i Prdsent phv@aMidpiPot h
sides of the silicon wafer 30 of (110) crystalline orientation. As shown

in FIG 18 (gﬁypla'ﬁ’@d %Eﬁ%f’%ﬁc@ftﬂtfﬁ?}. €hing-proof 15 layer 24a on top is
t

carried out e photolrthography nethod and dry etching at the form of
t he |iquid-chanb ) ] -1 g d- r t , and an
etching separati g?h S?%l{ee% g%? %%rc%lg*gss.ggﬁgggﬁémg&dﬁ ﬁ%rﬁb%ge%gin, ﬁﬁ:e
patterning of_the etching- f..20.1ayer, 24b. at the bott is carried out
simlarly at AR q‘ré?l?ﬁa('i]fo%t ﬁé%)? }lcﬁﬁlilgcg'ﬁ eé'rOpr{et graﬁe%if ?%H%Wﬁc?mmn

| i qui d-chanber pattern, and. ap etching_.separation |line pattern 55. IR

bl onment | SopnebRednS ehindF 16 NRIEDES: ERBTBAESEn et he posi i on on
top at this time._25 Then, anisotropic etching is perfornmed at the
tenperature of 350 PRSI GORD Gy sBeTiening A hsRIvFaFbLs adnadueous

solution 35w% At this tine, since the silicon wafer of _8110) crystalline
orientation tsbydesming shevryid dhambas amd theheomimpen ligeid chpgthesB

at the same time it forms an etching separation line 32, since the
liquid chamber 6 the common liquid chamber.S, etc, are forméd by
10 anisotropic etching.
As_ shown in FIG. 18 (a), the silicon nitride as etching-proof
layers 24a and 24b is formed to both sides of the silicon wafer 30 of
(110) crystalline orientation.
As shown in FIG. 18 (b), the patterning of the etching-proof
15 layer 24a on top is carried out by the photolithography method and
dry etching at the form of the liquid-chamber pattern 52, the
common liquid-chamber pattern, and an etching separation line
pattern 53.
As shown in FIG. 18 (c), the patterning of the etching-proof
20 layer 24b at the bottom is carried out similarly at the form of the
liquid-chamber pattern 5.fou1'the common liquid-chamber pattern, and
an etching separation line pattern 55.
IR alignment is performed in order to double the pattern and
the position on top at this time.

25 Then, anisotropic etching is performed at the temperature of
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in the perpendicular. 5 If etching is furthernore continued, the yga& ®AR 205!
be penetrated, and as shown in FIG 18 (e), the |iquid-chanber 6, conmon
l'i qui d-chanber, and etching separation line 32 will be formed. Thus, by
formng the pattern of an etching separation line with 10 the liquid
chanmber and the common |iquid chanber, and performng etching

si mul taneously, sinultaneously with the formation of the |[|iquid chanber

and the compf delogbd I CCPEHRSTum Y Bb&IH9quSsERAL 8119 35Ra9ean al so be
formed sinultaneously, can be produced w'thout the special process for the

f ti f ' 15, L QEY; k4 t. Inth
ormation or an eh‘frﬂg{%ﬁﬁ,ss‘?ﬂﬁé%é9ﬂ1é6ﬁ‘%vaf%PQ)_fCﬁrlor)‘%ggr§]£(§lﬁﬁé n the

present enbodi nent, ough t Cross section is pérp cul ar, straight

P nbodi m “cross Sect| _ dar, st
Separ ot on’ neuRBER AT §s FRES alryor 19 HIBLI N 2P uBRa R TphedBa

cl eaning, the m)ere saw, ..t hf water jet, etc. can be 20 used as the
separation nEt dpme&ﬂh?ﬁ ¥Fills all or a part of the advantage. Moreover,

also in that anisgfropic etching can formth tHi n roove with the
SUTTicieht  proci SHoMeRI hatgRT BRFOQE? GEPLICEn R et HUL O nt 0 an exanpl o
as a nethod of formng the separation line in 25 the part. wthin the wafer
si de al t er naP¢R&IF§tedajandorgyphowniia BlfF¢ 4B (g). thgsliguadghambed & net hod of
form ng the separation |line alternatively, the nethod of the water |aser
which Tets |eg@mqmiiguidrehambenaad; pfehingsapapption diger dpivilebehi ng, the
bl ast cl eani ng, chopper dicing, |aser
formed.
Thus, by forming the pattern of an etching separation line with
10 the liquid chamber and the common liquid chamber, and performing
etching simultaneously, simultaneously with the formation of the
liquid chamber and the common liquid chamber, an etching
separation line can also be formed simultaneously, can be produced
without the special process for the formation of an etching
15 separation line, and can reduce cost.
In the present embodiment, although the cross section is
perpendicular, straight line precision is good and the dicing is raised
as an example as the separation method with the sufficient position
precision, the blast cleaning, the wire saw, the water jet, etc. can be
20 used as the separation method which fulfills all or a part of the
advantage.
Moreover, also in that anisotropic etching can form the thin
groove with the sufficient precision although anisotropic etching is

made into an example as a method of forming the separation line in

25 - the part within the wafer side alternatively, although it is suitable,
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processing, and the water colum. 5 Next, the second preferred enddiar s
of the ink jet head as a liquid drop discharge head of the present
invention is explained with reference to FIG 19 through FIG 21. FIG 19
is a perspective exploded view of the ink-jet head of the present
enbodinent. FIG 20 is a sectional viewof the ink jet 10 head of the
present enbodi nent taken along the line parallel to the |ongitudinal

di rection of 54 hem@iRhbAgemM Ethe bep SradiciLbineodld rnvit By Othd hiethad- j et
head of the present enbodi nent taken along the line parallel to the

lateral diregtipd woftet D edt RRIVAIN 1108 paks 481 aRAEsOthd Esipeasent

enbodi nent includes the 15 |iquid-chanber formation nenber (which is the

first subst r?s%‘?)opi%t\?ﬁ%dﬁ t:grgo%liggpgh&?lri]ﬁgiefggslﬁ]?ﬂggiczr‘gs]a[&tre 61. It is the

| am nating structure nde ctrode substrate 63

which is the Wﬁﬂggﬂi %ﬂﬂihggﬁﬁﬁ%ikﬁﬁﬂé te 64 which is the third substrate

prepared in PhHe passgage subs " bottom The el ectrode formation

whi ch is_the seco ubstrate repared aon t.he bot of , t.he,passage
SUbstrac 61, TheNFRGuE LetimdohraBREA cRBol R BEbF TR Shi 3L BRI, o
two or nore nozzles 65 open for fre assage, .the commpn |iquid chanber 68
which i 5 opehared GrpBaisiEgsdhaad SE.ohe PREHIt IPYesBoPas ernldies ¥l on 67
to the liquid chanber 66 are formag. - Si Q@ MAR 2WO The concavity which
forms the di BfRFeREA v FME AP toPH8RlG: Shirface of a wall used as the

| iquid chanber 66_and the bottomof this |iquid chanber 66, and the
partition wall 71FWfi dR isepaeesnestive exploded view of the ink-jet head of

the present embodiment. FIG. 20 is a sectional view of the ink-jet
10 héad of the present embodiment taken along the line parallel to the
longitudinal direction of the diaphfagm. FIG. 21 is a sectional view
of the ink-jet head of the present embodiment taken along the line
parallel to the lateral direction of the diaphragm.
| The ink-jet head of the present embodiment includes the
15 liguid-chamber formation member (which is the first substrate)
which is provided as the passage substrate 61.
It is the laminating structure which is bonded in piles the
electrode substrate 63 which is the member, and the nozzle plate 64
which is thé third substrate prepared in the passage substrate 61
20 bottom. The electrode formation which is the second substrate
prepared on the bottom 6f the passage substrate 61.
The liquid chamber 66 which is also the ink passage which
two or more nozzles 65 open for free passage, the common liquid
chamber 68 which is open for free passage through the fluid

25 - resistance section 67 to the liquid chamber 66 are formed.
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each liquid chanmber 6sixthe concavity which forms the comon 5 |i g dar 2006
chanber 78 are fornmed in the passage substrate 61. In the passage substrate
71, boron is diffused as the high concentration inpurity in the thickness
(depth) direction of the single-crystal-silicon substrate (silicon wafer)
of (100) crystalline orientation with the diaphragm and by perform ng

ani sotropic 10 etching by using the high-concentration boron doped | ayer as

the etching stoprTha¥8hca Mg whieHTESEmE ke @9 lgtny 78SRH; @ rbhfs khgui d
chanber 66, and the di aphragm 70 of a desire hi'ckness i s obtained. Apart

fromthe aboygriBOLEAGAIPRE a5 Qﬁl:'lidgﬂu @da‘ﬁ%&“% anfef the GBNoRE ESEd as the

hi gh-concentration p-type I npurit Moreover, by 1 ncluding gernmani um

with a latti ﬁﬁ cﬂﬁhg{ﬁper%i)é‘]{ ggr ahﬁqﬂe%ﬁnﬁ) Wah Ei? hidh gé}fatrm&h

concentration ayér n"a ion to oron can be based
on the boron ngd th re can.be .r. reover is also
possible to E%C fﬁé‘ §ici1 % f‘h%%?é?%arwf)éwyﬁﬂécf)m%sug@ F%P?%l ch bonds

t he base_substrate, a act ve- I substrate to r through the
oxide Tifm aBapHbe Bs&ggﬁ% Fpef I the ReERAES SRR 8 T oncani by whi ch
becones the base substrate wth the liquid chanbg 66 or the comon liquid
chanber 68 is calVEf Pagiags suRstartei Ve-torparissiifiused as she hpgh di aphr agm
70. 25 In the el ectrode substrate 63, the concavity 74 is formed, the - 38
0 6 MAR 20\ ePRantFriéoty SIMPRIrEy isythe thatékp%%@%@rtm MeEECion gaghes on the

di aphragm 70, and counters it is fornmed in the bottomof the concavity 74,
and the act usingle-serstabrsitigonrsindistrate (sfiligshr w@ferpoof 6€100) crystalline

orientation with the diaphragm, and by performing anisotropic
10 etching by using the high-concentration boron doped layer as the
etching stop layer, when forming the concavity used as the liguid
chamber 66, and the diaphragm 70 of a desired thickness is ob‘tained.
Apart from the above-mentioned boron, gallium, aluminum,
etc. can be used as the high-concentration p-type impuritf.

15 Moreover, by including germanium with a lattice constant
larger than that of silicon, in the high concentration boron doped
layer in addition to the boron, it can be based on the boron, and the
tensile stress can be reduced.

Moreover, it is also possible to use the silicon-on-insulator (S

20 . OI) substrate which bonds the base substrate and the activc—layef
substrate together through the oxide film as the passage substrate 71.

In this casé, the concavity which becomes the base substrate
with the liquid chamber 66 or the common liquid chamber 68 is
carved, using the active-layer substrate as the diaphragm 70.

25 - In the electrode substrate 63, the concavity 74 is formed, the
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changed into by electrostatic force, and the contents product of tHg maR 2006
| i quid chanber 66 is changed by the electrode 75 and the diaphragm 70 is
constituted. In order to prevent that the el ectrode 75 be danaged by
contact to the diaphragm 70 on the el ectrode 75 of the el ectrode substrate
73, the insulated |ayers 77 of 0.1-mcroneter thickness, 10 such as Si Q2,
are fornmed. The el ectrode pad section 75a for installing the electrode 75

to near the e@@&_r@ﬂeUBewﬁEﬁﬂEﬁ@sdﬂa§gb§c_lét@E@iH§d a@nga qBNeEttheg through the
external drive circuit and the connection neans is forned.. The el ectrode

substrate 63 (figﬁlﬁ@agtr@qﬂ?!a%‘até&ﬁﬁe¥§i@fﬂ Yormed ie thd Dot de 74 by form ng
the concavity 74 by etching in HF aqueous solution etc. on the gl ass

SUbSLLACe O iegFl0 6 AU EhclUOPIBUSHTS g8l . MBARBETTL
hi ck f d I i i
. okness of NSSEARHERY skl Blegh e Lol bR A g

heat-resisting p i I tani umni

Vacuum edapor S Brb s by bRg tetaka Y Pl P ST ARy e

el ectrode sumr ate 63 antg t he passage substrate 61 are bonded in the
processes, 18,6005{4Y&H1 at e bondi ng and direct 25 - bonding. - 39 0 6

MAR. MO The polycrystalline silicon filmwhic d the refractory
metal's, such as t B AFeeAILPiRTERERLIRA] the @a&ﬁoggqf%ﬁﬁa@?g Pdcture of for

exanple, the tungsten side filmand the poly silicon filmor the
' contact to the diaphragm 70 on the electrode 75 of the electrode

substrate 73, the insulated layers 77 of 0.1-micrometer thickness,
10 such as SiO,, are formed.

The electrode pad section 75a for instz_llling the electrode 75 to
near the end of the electrode substrate 73, and connecting through
the external drive circuit and the connection means is formed.

The electrode substrate 63 forms the electrode 75 only in the

15 concavity 74 by forming the concavity 74 by etching in HF aqueous
solution etc. on the glass substrate or the single-crystal-silicon
substrate in which thermal oxidation film 63a is formed on the
surface, forming membranes iﬁ the thickness of the request of the
electrode material which has high heat-resisting properties, such as

20 titanium nitride, in the concavity 74 with membrane formation
technology, such as the sputter, CVD, and the vacuum evaporation,
forming the photo-resist after that and etching.

The electrode substrate 63 and the passage. substrate 61 are
bonded in the proceéses, such as anode plate bonding and direct

25 . bonding.
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gold, and alum num Cr, nickel that are generally usually used in ﬁ@mﬁ_m
formati on process of the sem conductor device, and Ti, Ti N, and the
inmpurity can be used for the electrode 75. In the concavity 74 with a depth
of 0.4 mcroneters formed in the silicon substrate by etching, the
el ectrode 75 carries out the sputter of the titaniumnitride to the
t hi ckness of 0.1 mcroneters, 10 forns it, and forns the SiQ2 sputter film

as an insul ated | gherpolychystalide gilecoeiler wHicEkwped @R fdfradtori s
exanpl e. Therefore, in this head, the length (interval of the diaphragm 70

and the insubpiten, |sa¥8ras/theSetAR) matediBR, duchdaPtwé-1abéLEraengiengr the
el ectrode substrate 63 and the passage substrate 61 is 0.2 15 mcroneters.

Moreover, the,i pkafeed t(?llﬁtﬂu%gsgél EQfe AYRPAYS P8 ?%Ty isﬂg%&? ghgﬁf ort@gzl e

6fifthe groove used"as the liquid resistance section , and the common

I quid Cha”b§61c{58%x{cf 9m1£gﬁn§xb?r h%kdnstlhfaqagg%e%gr%}:fg usﬁgﬁél ngslegfefrl inse“’ and

it has given®a Water-repelleht finis n charg this

nozzle pLate.66 is of the d e | tur f_the. | l.ayers, such
neretald stemadofipbigist s pRE I T e T TR 2niRe)

el ectrocasting nethod, the silic ubstrate, and SUS, the resin, and
zirconia, et E‘.%Peéﬁyt?émul%%&seégoﬁ'ﬁge r‘?i'ﬁz“th%df)h;te 64 is bonded to the passage
substrate 61 by -_40 adhesive._  Thys, the ink-jet head is produced in the
above manner. By?%ébﬁ@oPﬁ%VﬁVJﬁhWééhﬁ%P& _‘ffhé°4c6‘ﬁ?ﬁﬂ{n%‘leé%tf95’ﬁégdﬁd

i npressing the driver voltage between the diaphragm 70 and the el ectrode
75 al ternati g yili¢hsuberaie Reetelangdthe electrede /Y earriesi ot the

sputter of the titanium nitride to the thickness of 0.1 micrometers,
10 forms it, and forms the Si0, sputter film as an insulated layer 77 by
0.1-micrometer thickness on it in this example.

Therefore, in this head, the length (interval of the diaphragm
70 and the insulated layer 77 surface) of the air gap 76 after bonding
the electrode substrate 63 and the'passage sﬁbstrate 61 is 0.2

15 micrometers.

Moreover, the ink feed outlet 79 for supplying the ink to the
nozzle 6fifthe groove used as the liquid resistance section 67, and
the common liquid chamber 68 from the exterior is formed in the
nozzle plate 64, and it has given a water-repellent finish in the

.20 discharge side.

As this nozzle pIatrc 66 is of the double layer structure of the
metal layers, such as metals, .such as the metal-plating film
manufactured by the nickel electrocasting method, the silicon
substrate, and SUS, the resin, and zirconia, etc. can be used.

25 : The nozzle plate 64 is bonded to the passage substrate 61 by
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5 the electrode 75 as the individual electrode The di aphragm 70 cgy$ MAR 2008t
deformati-on and di spl acenent of the di aphragm 70 by the electrostatic
force generated between the diaphragm 70 and the electrode 75 at the

el ectrode 75 side, and the diaphragm 70 carries out the return defornmation
by what is made for 10 the charge between the di aphragm 70 and- t he

el ectrode 75 to discharge fromthis state (the driver voltage is set to
0). The cont edhssipreodlibus (sl ie)qtdresskis prafdu qddeid thppbovhandeser. 66
changes, and the ink drop is discharged out fromthe nozzle 65. Next, the
ink jet head of t Ry uhingdther dfaphregmehaditirentoomonheletfrddegand dr op

di scharge bead of the present invention is explained with reference to
FIG 22 and En@re&3ngRh&dr2Persholagt betweakn jtht diephragh G0 isdtthe third
preferred enbodinent of the |iquid drop discharge head of the invention

FIG 23 shoefedthed passaeganhenvighy ifeomsiasdiiabe 107 (drhee titéuigtbyhasthof the
20 present enbodi nent. The ink-jet head of the present enbodi nent includes

the firss subseladtfodd 78MsCihe MmdiVRINASSRBGoler MaLi on menber o
(l'i qui d-chanber formation nmenber), and the second substrate 82 which is

the heating ele ; I ;L st ttom
25 The comon' || Qurg- SHAEaan o 2 EEHIEE R e Rt b0t Pt ginbiy BT 10

DR, Lo PRESHARI TON o DRI, RESRIE: SepUAUER A o,
Ink drop, ang;I{iG.Bht98Un LAk LAt SiC 8 MGhe RA82ATTe A0S and HRY
diaphragm 70 carries out the return deformation by what is made for
10 the charge between the diaphragm 70 and the electrode 75 to
discharge from this state (the driver voltage is set to 0).
The contents product (volume)/pressure of the liquid chamber
66 changes, and the ink drop is discharged out from the nozzle 65.
Next, -the ink-jet head of the third preferred embodiment of the
15 liquid drop discharge head of the present invention is explained with
reference to FIG. 22 and FIG 23.
FIG. 22 shows the ink-jet head which is the third preferred
embodiment of the liquid drop discharge head of the invention. FIG.
23 shows the inassage formation substrate of the ink-jet head of the
20 present embodiment.
The ink-jet head of the present embodiment includes the first
substrate 81 which is the passage formation member (liquid-chamber
formation member), and the second substrate 82 which is tﬁe heating

element substrate provided on the first substrate 81 bottom.

25 The common liquid-chamber passage 88 which supplies the ink
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5 The ink is supplied fromthe ink feed outlet 90 of the first susMARL206
81, and i's injected as a drop fromthe nozzle 84 through the comon

| i qui d- chanber passage 88 and the pressurized |iquid- chanber passage 86. - .
The first substrate 81 which is the passage formation nenber 10 fornms the
nozzl e 84, the pressurized |iquid-chanber passage 86, and the comon

| i qui d- chanber passage 88 on the silicon wafer for each chip unit, and
separ at es t hesthe prexaneiredchqpsi-bliattber giassage 8&nethadtchd tige 1ifléd common

el ectrode 92 and the individual electrodes 93 for 15 applying the drive

vol tage at tpgssagethibidi comaentisitates( witCeadic of thermvaki«aogyassi on el enent)
91 and the exothermc resistor 91 are forned in the second substrate 82.

Thus, in thedis@lsad@at t e gk @Eofgh@n@rt%?a&sm@ai DRyid- dam BePp ¥dshdet he drive
IV

voltage to the in i dual electrode 93 20 alternatively, the exothernlc
resistor 91 genetahescheat, the bubble occurs, the pressure change occurs
and the ink drop is discharged out fromthe nozzle 84 by usi ng the i nk of

th d | Next ,
thg Pgﬁsgg:'tfle dge Tﬂ?'zﬂﬁ égf&%ggﬁredpﬁﬁ%ﬂ?e B BYed *&%t&&%‘iﬂ}f ‘31%8 Ee X

ent tnvention is ex |"ai ned reference
the present THRHEEL 4R I BiegleLES H‘#fg’% frpgh g dereld'sy tﬁ?%'i‘fﬁ ok tank
103 which s plles th? 1% 0 Hﬁg i nk- %é?-@tﬁozf and. thgl djet head
102 of the PSR Uhi@ A R TRV P |§8ﬁ% GFRG 19T nk dr op
are chamber passage 86.
The first substrate 81 which is the passage formation meﬁber
10 forms the nozzle 84, the pressurized liquid-chamber passage 86, and
the common liquid-chamber passage 88 on the silicon wafer for
each chip unit, and separates these component chips by the dicing
and etching.
The common electrode 92 and the individual electrodes 93 for
15 applying the drive voltage at the exothermic resistor (electric
thermal-conversion element) 91 and the exothermic resistor 91 are
formed in the second substrate 82. |
Thus, in the ink-jet head of the present embodiment, by
applying the drive voitage to the individual electrode 93
20 alternatively, the exothermic resistor 91 generates heat, the bubble
occurs, the pressure chaﬁge occurs-and the ink drop is discharged
out from the nozzle 84 by using the ink of the pressurized liquid-
chamber passage 86 by the pressure change.

Next, the ink cartridge of the present invention is explained

25 - with reference to FIG: 24. FIG. 24 shows the ink cartridge

.42 -




5 forned integrally. Thus, the yield defect of the ink jet head c@usRar e
defect of the whole ink cartridge immediately in the case of the present
enbodi ment. According to the present enbodinent, it is possible that the
poor ink drop discharge by the remai ns of chippings 10 decreases, and the
yield of the ink cartridge inproves, and | owcost nmanufacture of the ink
cartridge can be attained. Next, an exanple of the ink-jet printing device

whi ch carrie Hend K thElpReas Wiieglions the liquid drop discharge head of
t he present igcncvoterm??%n IS é)xrpFai nledevvith reference to FIG 25 and FIG 26.

15 FIG 25 15 2 Pf BReElL (Britl i Pho I IPCARNRMACEI0 09w RE 10K | e

printing device e present odinent. FIG 26 1s a sectional view of

the mechani Sty sqetd Al 9‘%‘% 1880t e et nBhd Mo Gadlfd fifksjeritad 12l

printing devit® sen odrment i he 'main part 111 in

whi ch the printin chani sm section .l i rovided. J.n the.printing
mechani sm sel§ BW%H w lﬁb E}‘f‘k&'f’a??ﬁlaéé)l i\?ﬁ gﬁc f)%llnigerheT‘ng( flﬁckp 8%t he ink
j et head, the carriage mich is novable in the direction of the main
scanni ng? t hEPTRGhiRtsgTad%d  which is constituted by the ink jet head of
the invention and 25 provided on the carriage are provided. - 43 0 6 MAR
In the | ower portTBasothe wieldetephpt the inkgekhead sapses ehe defent of he paper
“tray) 114 which can | oad several copy sheets 113 therein is freely
i nserted i ntteowheke ﬁabtcédtrﬂﬁzﬂﬂmﬁ@%ﬂ@ﬂﬂ ig; the. capgeofviitfupresefibed tray 115
is rotatably attached to the front side, and the copy

embodiment. According to the present embodiment, it is possible

that the poor ink drop discharge by the remains of chippings
10 decreases, and the yield of the ink cartridge improves, and low-cost
manufacture of the ink cartridge can be attained.

Next, an example of the ink-jet printing device which carried
the ink-jet head which is the liquid drop discharge head of the
present invention is explained with reference to FIG. 25 and FIG. 26.

15 FIG. 25 is a perspective view of the mechanism section of the
ink-jet printing device of the present embodiment. FIG. 26 is a
sectional view of the mechanism section of the ink-jet printing
device.

The ink-jet printing device of the present embodiment includes

20 the main part 111 in which the printing mechanism section 112 is
provided. In the printing mechanism section 112, the ink cartridge
which supplies the ink to the ink-jet head, the carriage which is
movable in the direction of the main scanning, the printing head
which is constituted by the ink-jet head of the invention and

25 - provided on the carriage are provided.
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5 sheet 113 may be manually supplied to the printing head by usingé #hg 2006
manual feed tray 115. Wen the copy sheet 113 is placed on the feed
cassette 114 or the nmanual feed tray 115, it is fed fromthe tray 11.4 or
115 to the printing nechani smsection 112 so that the image printing is 10
performed on the copy sheet 113 by the printing mechani smsection 112.
After this, the copy sheet is delivered to the delivery tray 116 which is

provided at the rbEathslewespbtAcs off thieh@api ipatdi NY1 detvd €eedldsseltre(drmi n
guide rod 121 and the follower guide rod 122 are provided as the guide

nmenbers in t{iR pipéxdt ird¢) TRANRRIETERTbhOReveddl dolpy EREdBONIALHSfeBEIHSS the
right and left side plates. The carriage 123 is retained by the guide

menbers 121 gid)dPdsdred Betodbs 8%ira@lefrom Re RO SRNNTHE thifgal ,
per pendi cul ar dirtection of FIG 26). The-head 124 provided on the carriage

)
123 | ncl udeseddierhgk i £1s rOGR1,AERNAQ T L s ! dhdp iggehar ge head

of the present 2 nventi on, I nk-] charge t yel | ow

Fexpect Vel yonedtit RS PERH B kyBPtchE B Ttp LSRRIl | e are

arranged in,the dirF&,ti n V\:hk)fgl intersects the direction of the main
scanni ng, and PREUAT Fetd Y bf°the ink drop discharge is turned. to the 25

W th the respect i Bemiic EopY Phaged 128 MAFS L ApFi 5% HOSFHE okt Bhch col or
to the head 124. Each ink cartridge 125 is installed such that the
exchange of iheemjagual feed tray 115, it'is fed from the tray 114 or 115 to the
printing mechanism section 112 sduthat the image printing is
10 performed on the copy sheet 113 by the printing mechanism section
112. After this, the copy sheet is delivered to the delivery tréy 116
which is provided at the rear side surface of the printing device 111.
The main guide rod 121 and the follower guide rod 122 are
provided as the guide members in the prin.ting mechanism section
15 112 horizontally across the right and left side plates. The carriage
123 is retained by the guide members 121 and 122 in the direction of
the main scanning (the perpendicular direction of FIG. 26).
The head 124 provided on the carriage 123 includes the ink-jet
heads according to the liquid drop discharge head of the present
20 invention, and the ink-jet heads discharge the yellow (Y), the cyan
(C), the magenta (M) and the black (Bk) ink drops, respectively,
The ink discharge nozzles for the respective color inks are arranged
in the direction which intersects the direction of the main scanning,

and the direction of the ink drop discharge is turned. to the

25 . downward direction.




cartridge 125 with new one is possible. 5 Each ink cartridge 125 iggMadegs
the atnosphere inlet at its upper portion which communicates with the

at nrosphere, the ink supply outlet at its upper portion which supplies the
ink to the ink- jet head, and the porosity object inside with which the ink
is filled. Moreover, the head 124 having the ink-jet heads of the four 10
colors is used as the printing head in the present enbodi nent, but a

single head whi chypgsole, &%Eéﬁag@géb%ﬁieﬁ%ﬁﬁﬁa&v&i?ﬁthg!‘regg.?cftg‘é Fnkthe

respective colors nay be used Instea e carriage 123 is y nount ed

on the back sig:{ddie)> oY 3NERln6 MMUGURNGRL A £61d:C WSSy g3 Si de) of

the main gui at the rear side portion,

Spst roam o1 deyohrink el TR v FEtafe§aunRRE i BRVENRER G b TRk G,

portion. In order.to rry,out the transfer scanning of the carriage 123
in the direcCrbmtdse %%@W%Pﬁ‘%gﬁ'ﬁi WPOBhEC i ming belt 130 is provided 20

bet ween the drive_pu|leys 128 andj#ﬁe foll ower pulleys 129 by which the
rotationdrive i sEéﬁLrlp FastAdeg kaveindadns ﬁe abmesPHers, TRk At 1 ng bel t
130 is fixed to the carriage 123, and the both-way drive of the carriage
123 is carri 8@psupoption Hehiahgme mmpyicates withy thenaigrosnheres éhginlg not or
127. 25 On the other hand in order to convey the copy sheet 113 - 45 0 6
MAR. cont ai neédpply ohdet abdtsceppen pertiam vilochvapipdigsrthsaink &t tee ikt he head
124, the feed roller 131 and the friction pad 132 which carry out
separ ati on apet Heeldiangl tdfe pheodoppbibecnsidg wirlomhibk theddkcasHete
Moreover, the head 124 having the ink-jet heads of the four
10 colors is used as the printing head in the present embodiment, but a
single head which has the nozzles which discharge the ink drops of
the respective colors may be used instead.
The carriage 123 is slidably mounted on the back side (the
copy sheet conveyance direction downstream side) of the main guide
15 rod 121 located at the rear side portion, and is slidably mounted on
the back side (the copy sheet conveyance direction upstream side) of
the follower guide rod 122 located at the front side portion.
In order to carry out the transfer scanning of the carfiage 123
in the direction of the main scanning, the timing belt 130 is provided
20 between the drive pulleys 128 and the follower pulleys 129 by which
the rotation drive is carried out by the scanning motor 127. The
timing belt 130 is fixed to the carriage 123, and the both-way drive
of the carriage 123 is carried out by the right reverse rotation of the

scanning motor 127.

25 - On the other hand in order to convey the copy sheet 113
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114, the gui de nenber 133 which guides the conveyance of the copy (% MhgeBls
113, the.conveyance roller 134 which is reversed and supplies the copy
sheet 113, and the front-end roller 136 which specifies the sending angle
of the copy sheet 113 fromthe conveyance roller 135 and the conveyance
roller 134 are provided. The rotation driving of the conveyance roller 134
is carried 10 out through the gear sequence by the feed notor 137. The

printing recgphaGhed 1BRe fetd%dsSelEOMIAaS 1 14Wer basndidenof a0y hespondi ng
to the successive range of the direction of the main scanning of the

carriage 123;122{?%}]@%&& LSGeF 88EPEAE R PRERGEL J2P1BS whits: 69RY Gheet guide

menber by which the copy sheet 113 is sent out 15 fromthe cOnveyance

rol ler 134 ang, tigs Neblis bPYRE cBRYIn8bfe) 3ol £E4d dhiigacad 124,

The delivery“roller 1 and spur l-er are associated wth
e coneyansa, thl Shidd h AR 195N BLS iRy LN E S Gt L on
Send ‘qut St ho Skely! Chedt sasvsytascrodh 1ERGRERRade TR dap PRPBRRer 1o
145 and 146, Why ENBF Giget de- aBe B GopkeRdalidrel 16 pYHicheme iiies 44 anged.
25 At the time of printing, the carriage_ 123 is noved by driving -46 0 6
MAR. the recéeading arsle qutiwae%mhﬁet 3é3tfﬁ@mi thegeorygrice sden hiS i s
di scharged out to the copy sheet form 113 at the printing position, and
one line of wthd thewgavieyaneeserled 16 axe peavddele following line is
| The rotation driving of the conveyance roller 134 is carried
10 out through the gear sequence by the feed motor 137.
The printing receptacle member 139 is provided at the location
corresponding to the successive range of the direction of the main
scanning of the carriage 123. The printing receptacle member 139 is
.the copy sheet guide member by which the copy sheet 113 is sent out
15 from the conveyance roller 134 and retained by the lower part side
of the recording head 124.
The delivery roller 143 and the spur roller 144 which are
associated with the conveyance roller 141 and the spur roller 142 by
which the rotation drive is carried out are provided in the copy sheet
20 conveyance direction on the downstream side of the printing
receptacle member 139 in order to send out the copy sheet 113 in the
delivery direction. And, in order to send out the copy sheet 113 to
the delivery tray 116, the guide members 145 and 146 which form

the delivery path of the copy sheet are arranged.

25 - At the time of printing, the carriage 123 is moved by driving
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recorded on the copy sheet 113 after a predeternmined quantity 5 cqy &aarass
is perforned. By receiving the print end signal or the signal with which
the back end of the copy sheet 113 arrives at the printing range, the
printing operation is termnated and the copy sheet 113 is ejected. In this
case, since the controllability of the ink jet head of the 10 present

i nvention which constitutes the head 124 of ink drop injection inproves
and the propeiéd Yeddrdeh gdedn i atohidihped, thietinisge siguail) threonlaigd t he
picture of high picture quality can be recorded. Mreover, in the position

whi ch separ ahgd nfai 98a e thaserdhpy siga foynt he3sditddeqirihtiagtpanisbar
orientation right end of carriage 123, 15 the collecting device 147 for

recovering thgqRARY 11k S @edtn e 19eecdi@ad ddt,isndcaif Qs REng THe: is

col l ecting device 147 has the cap neans, -‘the suction neans, and the

cl eani ng weaggc%@ggimnpé wgg&%e%& gﬁgba/mef’ b ﬁr%aefscflrgcgaeatqﬂanﬁi@ol lecting

device 20 1 and capping o he carri age is carriéd out in the

head 124 with i , and it prevents the poor discharge by ink
dryness by nﬁPﬁ%gﬁﬁﬁﬁgﬂ%ﬁ%fggﬁgééry section at the hum d state. Moreover,

b i t the disch f the ink whichis . . inti
during the printi B BHsreome pracond oata) 60 ¢hF bR BRFHRICRINE oo °
fixed and th bl e di schar gi - 247 . perf is maintajned. W

Lhe. poor i DRBKGBREIRSCoPRETE! 143 4Fri s BF Brating ieda 134 i s seal ed

with the cappi ng neans, air bubbles etc. are : .
p%rin ing operation is terminated and the copy sheet 113 is ejected.

In this case, since the controllability of the ink-jet head of the
lb present invention which constitutes the head 124 of ink drop
injection improves and the property fluctuation is inhibited, it is
s“tabilized and the picture of high picture quality can be recorded.
Moreover, in the position which separated from the record
range by the side of the transfer orientation right end of carriage 123,
15 the collecting device 147 for recovering the poor discharge of the
head 124 is configured.
The collecting device 147 has the cap means, the suction
means, and the cleaning means.
During printing standby, it transfers at the collecting device
20 147 side, and capping of the carriage 123 is carried out in the head
124 with the capping me-ans, and it prevents the poor discharge by
ink dryness by maintaining the delivery section at the humid state.
Moreover, by carrying out the discharge of the ink which is
not related to printing during the printing operation, the ink:

25 = viscosity of all the nozzles is fixed and the stable discharging
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sucked out of the delivery with the ink with the suction nmeans 5 Qi HAR 005
the inner tube, the ink, the dust, etc. adhering to the delivery side are
renoved by the cleaning neans, and the poor discharge is recovered.
Moreover, the attracted ink is collected to the used ink reservoir (not
shown) which is installed in the | ower portion of the 10 main part, and
absorption retention is carried out with the ink absorber of the used-ink
reservoi r. Thedprsiance itheaimkinedt head of the | ow cost which carried out
the present invention in this ink-jet printing device is carried, |ow cost
manuf act uri ng canWieertiicapoes diskh aNgx tocclule, grvestitenr af 1716y oenhedi nent of
the manufacture nethod of the liquid drop di scharge head of the present

invention i shef£kiRhai Regkaned Wvitiehlré %_@PQI@ ntdas, 48 88bRsGtc29re FIG 28
shows the chip arrangenent on the silicon wafer 220 in order to expl ai n

the seventh pial&f badoeihedicmRRty ofithhec20KRIM ARl WAidPLIOMsf the |iqui d

drop di scharge head of the 1invention. FIG I's a diagramfor explaining
the sepasaliatoBlen'fie indlbf tfp! éﬁ%fdu%ef&l@gp %P@ RN RS 220 The
present enbodi nmefit is prOV| d as an’exanple’in e ca ere the silicon

waf er 220 Ofdéltji % ?fci"esﬁ%l }érggvgcg ntttﬁaéitilggphz%lﬁ%%é’ﬁﬁg% FIG 28, it is

configured so WO Or nore s R Uhi ps 221 by
separati ng |ntoht he silicaon \A@fer 220 in the position of the lateral
separation | TH&R358° 15 GRS Pdngt hwi se separation line 223 may be

obt ai ned. L. :
Moreover, the attracted ink is collected to the used ink

reservoir (not shown) which is installed in the lower portion Vof the

10 main part, and absorption retention is carried out with the ink
absorber of the used-ink reservoir.

Thus, since the ink-jet head of the low cost which carried ont
the present invention in this ink-jet printing device is carried, low-
cost manufacturing can be attained.

15 Next, the seventh preferred embodiment of the manufacture
method of the liquid drop discharge head of the present invention is
explained with reference to FIG. 28 and FIG. 29.

FI1G. 28 shows the c‘hip arrangement on the silicon wafer 220
in order to explain the seventh preferred embodiment of the

20 ~ manufacture method of the liquid drop discharge head of the
invention. FIG. 29 is a d-iagram for explaining the separation of the
strip-like chips from the silicon wafer 220.

The present embodiment is provided as an example in the case
where the silicon wafer 220 of (100) crystalline orientation is used.

25 . In FIG. 28, it is configured so that two or more strip-like
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In this case, it is considering as the |ayout which the chip of 5gh®ARt2006
| east | sequence (it is the right-and-left 2 sequence in FIG) of one
separation line (lengthw se separation |line 223) and the sequence of the
parallel chip 221 shifts to the sequence of other <chips in parallel wth
the separation line (lateral separation line 222) of another side and by
which it is configured. 10 In the present enbodinent, the slit 224 which

penetrates téigipssidli e9reparefin238tHyht afetowthafed 228 Patke pbsBRAALBALI ON
line 222 of the longitudinal orientation of the silicon wafer 220 is

fornmed. In agfl Litomnl sehars@panatd on2ldnerlle Bwi §€ sephiatddf1inBatoar e
overl apped are illustrated FIG 28, and it is for the purpose of

clarifying theypashbifRe@f the slit 224. As shown in FIG 29, chopper
di cing separatés by the dicing separation |ine 225 (thick line)

corresponding to ltng%lsa%ﬁgﬁlt issg(p&riaghglg 14 Bf %utggg%%%d%%gggrsepar ates

the silicon wafer e dicing separation’lin i ne)

di { 20 i t] j Si
GoL7 250og 10 G 20 BRI FE PP I 2o R ERRRE e
fer, al ith the. digi at i i 2f i di.ci foit b
vaTer, o0yt Ly LG ) FoR SRR o S 8008 hChD, o 11, Can, Pe

slit 224, as the arrow 227 shaws, . and. droppjng it. - 4 0 6 MAR 2WD
Al'so in the TYFRGE qfag}!&ul?a%ﬁfféw lnez%lh?‘%f& 4 bhe papencs of ot8ghuence of

t he sequence of the se&aratj on line and the parallel chip, shifts to the
separati on | $hi@sdacpamablepayith tbe soppesianline Gladens) separation line 222)

of another side and by which it is configured.

10 In the present embodiment, the slit 224 which penetrates the
silicon wafer 220 by laser etc. on a part of separation line 222 of the
longitudinal orientation of the silicon wafer 220 is formed.

In addition, the separation line 222 and the slit 224 that are
overlapped are illustrated FIG. 28, and it is for the purpose of

15 clarifying the position of the slit 224. |

As shown in FIG. 29, chopper dicing separateé by the dicing
.separation Iine 225 (thick line) corresponding to the lateral
separation line 222, and the dicing separates the silicon wafer 220
by the dicing separation line 226 (dotted line) corresponding to the

20 lengthwise separation line 23.

Since chopper dici.ng can go up and drop the dicing blade in
the arbitrary places on the wafer, along with the dicing separation
line 22fifthe dicing of it can be carried out by raising the dicing
blade to FIG. 29 in the position of the slit 224, as the arrow 227

25 - shows, and dropping it.
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whi ch according to the present enbodi nent while showed in FIG 28,5 $MARst
is configured to the sequence of other chips at them Since it has separated
| engt hwi se by the dicing-as shown in FIG 29 the precision of the edge of
the chip can be good, the precision at the tinme of carrying out
positioning to other parts which contact the chip can beconme good, the
chip can take, and the nunber 10 can be increased. Moreover, since the

cross section does, j89tinRECARE i AP FHESu DWhich ShPRhPSRYI Bl Alleabhigre is
little cracking when positioning. urthernore, since the |ongitudinal

ori entati on ssqSERar f fle DY ghbFeobiunandpehARAPIIA £ 04D AL aRE chie

degree of freedomof t array o econes

chi ps can be prodyse, Satfisr LhaReUA GANYENNIANAL AR ShEWY in FIG 27.

Next, the fofmo he"s ormed on-the separation ne-i expl ai ned

with reference.tp FIG .30 through FI 35. .FLG . 3Q.sho t he. | ut,,of the
chi b separ at ROHCRATErATE HE BEPTERTT o Spalmeph hle AP mer10: 287 e
confi gursti on is shifted in the direction fal %n he sepﬁrati on |ine of

FIG 28 Pn t RBISH Af £oBEeedsto hent qurace Qi QteESRdPR AL yIeMn the di ci ng,
the circular dicing blade with the_ dianond abrasive grains is used. 25 The
'slit 224 is not f&rRetiibBaspenprated dpagthspisp by the did8g0ts shawn 1) cj ng of
the wafer with the chip layout of FIG 28 using the circular blade. FIG
31 is an enl dlGedXtha prardbian efvtle edge afathercliprcaekplgaad.fget he probl em

when performng the chip separation in the Iayout of FIG 30.
precision at the time of carrying out positioning to other parts which

contact the chip can become good, the chip can take, and the number
10 can be increased.
Moreover, since the cross section does not become tapered but
is perpendicular, there is little cracking when positioning.
Furthermore, since the longitudinal orientation is separated by
the slit and chopper dicing by laser, the degree of freedom of the
15 array of the chip becomes large, and many chips can be produced
rather than the conventional array shown in FIG. 27.
Next, the form of the slit 224 formed on the separation line is
explained with reference to FIG. 30 through FIG. 35.
FIG. 30 shows the layout of the chip separation pattern (the
20 cutting pattern) in which the configuration is shifted in the direction
along the separation line of FIG. 28 in the state before forming the
slit.
Generally, in the dicing, the circular dicing blade with the
diamond abrasive grains is used.

25 The slit 224 is not formed as shown in FIG. 30 in the case of
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5 The portion 230 which is indicated by the shading lines in FIG g6#aR 2006
not separated conpletely by the dicing blade 231 and will remain on the
chip 221A. Wen the dicing tends to separate the portion 230 conpletely,
the blade 231 will enter even the range of the chip 221A, and the 10 chip
221A wi |l be kept as a poor chip depending on the case. The end surface of
the chip does not serve as the straight Iine when the edge of the chip
tends to be dixinacé®the wafer mitlotiie chlp daymnt of BEDG. 2Bergingcthei cimcillacones
poor if the cleavage tends to separate the portion 230 (the shaded I|ines)

into the chi psa®@21BIand1 kSaR2hGieeldi suttiodwrdbar ef thid whdepfies possible to
separate the chips 221B and 221C conpletely, w thout nmaking the chip 221A

poor, by forﬁkﬁﬂ@iniﬁ?tﬁé ptoB4n athdihgedfoshangdni ie) SRpht MoRghVvRen t he
| ateral separation line 222 and the | engthw se separation |ine 223, as
shown 20 inif{da¢ 2r1QNep. the dicing of the chip 221B of FIG 32 is
~carried out and the chip separation occurs, as shown in FIG 33, the |evel

differenge W arfﬁ@gaié‘feiaﬁ%?»(??@i riEiiBHic%%gd%‘éryfﬂt%ﬁse 'Ziggzﬁags id g evel

difference W. is pro e uctuat1 ons size variation on

Lol erance of 08 T aisd re Bl ReIL e theistIE ka7 208 BEISIN e i e

VK of the dici n%. bl a 23}]1 _ai%legot necessarily in agreenent, as shown in
FIG 34. WeR®THE Q' P&rEHBe between the width Wof the slit 224 and 5 the

- width W of th o] I 231 i I h I
W dt of the d\ﬂé‘ngtﬁ’e %9t:eing3tenldss ttoosg)erpa%:rigeefhetpgrt-goer}/%30 completely,

the blade 231 will enter even the range of the chip 221A, and the
10 chip 221A will be kept as a poor chip depending on the case.

The end surface of the chip does not serve as the straight line
when the edge of the chip ténds to be contacted to carry out
alignment, and the precision becomes poor if the cleavage tends to
separate the portion 230 (the shaded lines) into the chips 221B and

' 15 221C behind.

Therefore, it becomes possible to separate the chips 221B and
221C completely, without making the chip 221A poor, by forming
the slit 224 at the T-shaped intersection between the lateral
separation line 222 and the lengthwise separation line 223, as shown

20 in FIG. 32.

When the dicing of the chip 221B of FIG. 32 is carried out and
the chip separation occurs, as shown in FIG. 33, the level difference
WL arises at the end portion 232 of the chip 221B.

The level difference WL is produced due to fluctuations by the

25  size variation on the manufacture when forming the slit 224 or the
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difference W nmay differ greatly, and the alignment precision ca@qpnA@Qmm
secured. . The defect at the tine of assenbly nmay sonetines be caused.
According to the present invention, it is confirned that if the 10

absol ute value of the difference between the width Wof the slit 224 and
the wwdth W of the dicing blade 231 is less than 0.5mm (or if. the |evel
difference W. is 0.5mmor less), then the alignnent precision could be

secured and tHhwaedsifoaal talerbfi€e bf MThe Hlads D3Mand GeUlviddew edutedlitl5 Thus,
by restricting the level difference W of the chip's end surface, the chip

size after separaid gt widfh WisbednbmitaigrbYadd D81 GRE RotidbcoRigNIPiADI €
positioning is possible is obtained, and the cost at the time of packaging

can be reducggreé}ﬁ\gﬂv ak fshlohén WIFQGZZ?,]‘@A tends to be nmade poor when it is
going 20 to eparate by the dicing or the cleavage tends to separate as

the conpletely i Wlﬁééﬁglﬁeblggffé%% f)%tvgfge%g{l%t le,ﬁ'd{hfw g th@r&qfth%%%%ldt he slit

224 is too short not serve as st rai ght

[ t hat d ot . i

o iees S5 Thh AU Tk aR pk el 4 JNELoaRTE 3'1%2%6 R fEEL s a radius |
- 52 Q 6_NAR. 61 of %ﬂf d|0|ﬂg bl ade. and % cates a thi.ckness of the
chip, it is JHIETSRES5 y dHées gﬁ%attﬂ}y’l_a% ’ﬁﬁqe%ﬂrescéﬂoé’fl es the

Fol I ow ng fggrrlrllljclatabe secured. )fhe defect at the time of assembly may
sometimes be caused.
According to the present invention, it is confirmed that if the

10 absolute value of the difference between the width W of the slit 224
and the width Wk of the dicing blade 231 is less than 0.5mm (or if
the level difference WL is 0.5mm or less), then the alignment
precision could be secured and the defect at the time of assembly
could be reduced.

15 Thus, by restricting the level differegce WL of the chip’s end
surface, the chip size after separation is finished uniformly, the chip
in which simple positioning is possible is obtained, and the cost at
the time of packaging can be reduced.

Next, if the chip 221A tends to be made poor when it is going
20 to separate by the dicing or the cleavage tends to separate as the
comﬁletely inseparable range is generated if the length L of the slit
224 is too short, the chips 221B and 221C will not serve as the
straight line, and the problem that the alignment precision does not
improve arises. |

25 Then, as shown in FIG. 35, assuming that r indicates a radius
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Accordingly, if the length L of the slit is restricted accordi ng 0 WA 2006
formula (1) when performng dicing, the bridge portion does not remain on
the chip after separation. Easy and high-precision alignment is possible
with the chip arrangenent of the present 10 enbodi nent, and | ow cost
manuf acture can be attained. Next, the eighth preferred enbodinent of the
manuf acture nethod of the |iquid drop discharge head of the present

invention isopfekpldatigdbMdehai®t eheitied @ thidkned® dntheFtk3p, 37isFIG 36
shows the chip arrangenent on the wafer in order to 15 expl aining the

manuf acture H%Ei}gglé)fhatthﬁe%ﬁ?ﬁ{‘l 8?@5’&“311?@24 faltféfles"’?hé %oﬂo%v‘?ﬁé' onal view
of the wafer taken along the Nne A-A indicated in FIG . I'n"the present
enbodi nent g’gﬂﬁﬁdﬁ )224 is formed in the <112> orient atl ons of the

si licon waf er (110) crystalline orientation 20 by etching using the
silicon wafer 240 of (110) crystalline orientation. |In the silicon wafer
240 of (110) crystalline orientation, if the perpendicular (111) to the
waf er side is forned e pattern of the - 53 0 6 MAR 20N <112>
orientations and etc |“ng('fTﬁE$ | engt hened, the slit will be penetrated
to the back of the wafer. Therefore, by form ng the slit 224 in the <112>
orientations, the width size of the slit 224 by etching can be forned with
the 5 sufficient precision, the relation between the width Wof the slit
and thewi dth W of the blade can be managed with the suffici

precision, and the level difference W. can be further managed w th
Accordingly, if the length L of the slit is restricted according

to the formula (1) when performing dicing, the bridge portion does

not remain on the chip after separation. Easy and high-precision

alignment is possible with the chip arrangement of the present
10 embodiment, and low-cost manufacture can be attained.

Next, the eighth preferred embodiment of the manufacture
method of the liquid drop discharge head of the present invention is
explained with reference to FIG. 36 and FIG. 37.

FIG. 36 shows the chip arrangement on the wafer in order to

15 explaining the manufacture method of the present embodiment. FIG.
37 is a sectional view of the wéfer taken along the line A-A
indicated in FIG. 36.

In the present embodiment, the slit 224 is formed in the <112>

Vorientations of the silico.n wafer 240 of (110) crystalline orientation
20 by etching using the silicon wafer 240 of (110) crystalline
orientation.

In the silicon wafer 240 of (110) crystalline orientation, if the

perpendicular (111) to the wafer side is formed by the pattern of the
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the sufficient precision. In the wafer of (110) crystalline orient)d Mk 2086
the etching 10 configuration becones the parallelogramwth the angle of
54.7 degrees, or 70.5 degrees. The hexagon, in a straight line, the slit
of the orientation which intersects perpendicularly in the <112>
orientations cannot be fornmed. Although the small pattern can ‘be put in
order and formed 15 when forming the slit in the orientation which

intersects RQnpSNGHisAldns hid ehehinkldmeOfs Rk OIS thehgiredgr wf the chip
will becone sawlike in that case. Then, since the slit is forned in the '

<112> orient gEth}ﬁtécﬁto W ehck R Gler@hfdit line is obtained by etching and

the dicing 20 separated the orientation perpendicular to the <112>
orecision. A deschtet TorcuPt IO ThE kS S TRE AR S Tar VhERAE M hie o1 1
or  ent at i on 1% RiPEH Shismeh A1 s Bt 272507 enbERa YR B Bimbagtln S 3 00 e
of the.nPnt hspHariEnt dae et fenteaopri uaedo it v ol Porbe A ah | s o
when carryi nEhoRidiaY EIGt ther ARk s b ARGt Gtf BREIGFEE of the
wafer. FIG 40 is a 5 sectional view of the wafer taken along the |line B-B
i ndi cat ed i nPrisionanthdie kel \diftgrenee (ME can be furtharimanagedtd ng from
both sides of the wafer. FIG 41 is a sectional view of the wafer for
expl ai ni ng t Hee sgffMWrnetSh@m of the slit.
In the wafer of (110) crystalline orientation, the etchiﬁg
10 configuration becomes the parallelogram with the angle of 54.7
degrees, or 70.5 degrees. The hexagon, in a straight line, the slit of
the orientation which intersects perpendiculaﬂy in the <112>
orientations cannot be formed.
Although the small pattem can be put in order and formed
.15 when forming the slit in the orientation which intersects
perpendicularly in the <112> orientations, the edge of the chip will
become saw-like in that case.
Then, since the slit is formed in the <112> orientations in
which the straight line is obtained by etching and the dicing
20 separated the orientation perpendicular to the <112> orientations,
the edge of the chip is fﬁrmed with the sufficieﬁt precision.
A description will be given of the method of forming the slit
224 in the <112> orientations of the silicon wafer of (110}

crystalline orientation with reference to FIG. 38 through FIG. 41.

25 FIG. 38 shows the slit portion on the wafer in order to explain
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As shown in FIG 38 and FIG 39, when etching-proof |ayer 10 24210 2905
formed in the whol e surface for etching-proof |ayer 242a which has t e
opening for the slits on the whole surface of the silicon wafer 240 of
(110) crystalline orientation on the other hand and the slit 224 is forned
by etching fromone side of the wafer, the taper section 241 is formed on
the right and left sides. 15 Then, as shown in FIG 40, the depth dug deep

by carrying end mddiFaPairk ahpibdd of thbaiglic térvdohbbanaen24fanwhi ch has -
the opening for the slits, perfornmng etching to both sides of the wafer

240 from bog'ﬂes%rﬁ%veﬁﬂgnf oIt NP9 106 SddciorkANied bPem Wniret take,penet rates
the wafer O becones good in the half of etching fromone sid

therefore thg A@;gﬂ@lﬁf BIS ihaReh 396 IR IS, iﬁlwlg&pemgmgloﬁn thEtgﬁfzthe”mre

if etching is fifued after co Ing wt er-section 241 fr

Lhe both oi dpSemSh e B S 8A05he IRF4 bR tng HidreErR O gog, and s

shown in FI aper sec i on can al's

conpletely. It bec he t ins.at. the result and
Che. substaueRteih BEp L Otfgﬁa Wff%“*%k?l? P58 AP 8L E" Brodieed Rewt .t he
tenth prefer i ment aof the nuf.act ur e thod of t qyid drop
di-schar ge hegggoggfwg‘eﬂrce@égﬁflgi ?ﬂfe% g]ﬁt ?%rm?)“@}? P irddngi th?imr el ence to
FIG 42 and FIG 43. FIG_ 42 _shows the chip arrangenent on the wafer 320 in

order to expldasrot the Wakeh aELGr & nkst %66°HPn?h§13ﬁYé’§éﬁF watsddiatent. FIG

43 is an enlarged view of the chip corresponding to one-chip size of the
waf er 320 of erplyinitps thoformatien phethwst obtbodlitent, the chip arrangenent is

designed for the eight chips (structure) 321 of t he passage substrate | on
t he . As shown in FIG, 38 and FIG. 39, when etching-proof layer

10 242b is formed in the whole surface for etching-proof layer 242a
which has the opening for the slits on the whole surface of the
silicon wafer 240 of (110) crystalline orientation on the other hand
and the slit 224 is formed by etching from one side of the wafer, the
taper section 241 is formed on the right and left sides.

15 Then, as shown in FIG. 40, the depth dug deep by carrying out
the patterning of the etching-proof layer 242a which has the opening
for the slits, performing etching to both sides of the wafer 240 from
both sides, and forming j:he slit 224 in them until it penetrates the
wafer 240 becomes good in the half of etching from one side,

20 therefore the length of the taper section 241 becomes half.

Furthermore, if etéhing is continued after colliding with the
taper section 241 from the both sides, etching of the taper section
241 can progress, and as shown in FIG. 41, finally the taper section

241 can also be lost completely. It becomes without damaging the .
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silicon wafer 320. The thin groove 322 is formed between the chi p§ 6 821 205
The thin groove 322 is forned by anisotropic etching at the 15 sane tine
with the form ng of the conmon |iquid chanber 8 (or 68) and the |iquid
chanber 6 (or 66). In this case, since the high concentration boron
diffusion layer is fornmed in order to formthe diaphragm2 (or 70), as
nmentioned above, the thin groove 322 did not penetrate the silicon wafer

320, 20 but embper tdieainkiatkthesiesoft 4hd thé apbsaguen? proves s, adr gaver, the
thin groove 322 is fornmed intermttently and the <chip 321 is retained by

t he di sconti @g@galdgogrteim fplvdudgd) 323, w thout comi ng apart. In addition,
the wdth of the discontinuous portion 323 is the 25 - width for the chip

not coming apart Wdh t{iec&hthPpeiréfredt BbSUARERS of tPS m A NBRire- MO the
wafer, etc. The chip separation line 324 consists of putting the pattern

and the di SC%tﬁlBHO&Fth%Ofiﬁ%gg tdgﬁﬁ? ﬁgcﬁﬂgé%éa}? %%@g}z’&%nﬁﬁv%ﬂtighﬁﬁ{h

Therefore, since it is co . bet weelT eacl 1 on the .
cach cni § 320 ByRaEl ithdSeFiaRe OIS M RIS # ke thin oroove 302 |
eaves o b 1O e st A eSS s B et PR ean 2 g gt L
i east Y 10 SeR Pl g LS Feanbh SPGILEAUE Mol Db Er gt
| 43 is an enlarged view of the chip corresponding to one-chip size of
the wafer 320 of FIG. 42.
10 In the present embodiment, the chip arrangement is designed
for the eight chips (structure) 321 of the passage substrate 1 on the
silicon wafer 320.. The thin groove 322 is formed between the chips
321.
The thin groove 322 is formed by anisotropic etching at the
15 same time with the forming of the common liquid chamber 8 (or 68)
and the liquid chamber 6 (or 66).
In this case, since the high concentration boron diffusion layer
is formed in order to form the diaphragm 2 (or 70), as mentioned
above, the thin groove 322 did not penetrate th;: silicon wafer 320,
20 but only the thickness of the diaphragm 2 remains.
Moreover, the thiﬁ groove 322 is formed intermittently and the
chip 321 is retained by the discontinuous portion (bridge) 323,
without coming apart. |

In addition, the width of the discontinuous portion 323 is the

25 - width for the chip not coming apart with the chip size, the size of
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322 will not carry out penetration, although it becones V groove ufaogmz_m
this time, it is separable with easy power by making small 15 the

remai nder (=(thickness)- (V groove depth)) of the V groove. The renaining

t hi ckness of the V groove can be adjusted by the groove w dth. Moreover,
when not making the groove portion stop and penetrate in the V groove, it
i's not necessary to necessarily use the 20 groove 322 as the intermttence
target. Thusthd wdfsr| @t by formng the thin groove between each chip,
applying stress to the silicon wafer, and separating the chip into it that

the chipping adhemgg @iptdPakdti®nAind Be4didrisigts dﬂc}pmirﬁg EleS Patteh i ke the
fine chipping generated at the time of 25 . the dicing, since it is

conpar ati vel b b ' s 5 of the
o7 Gge ey e Py S e e i g P B e ng

after chip separ a?h%?efgg/g,; Sinee!it ig%’ec%{fﬁeﬁ%%ggéh RILGT S48 A8 t NE

vacuum chuck, isno ei'th ut since t Icing tape etc. is 5

onneceesgty e NUEkAPABHE ATy o SRR R SAL i priseLrent of

t he manufact I-qui char ge of "t he present
invention is ex i ned vvith-ﬁef Lence to FlG 14 andWFI G 45. FIG 44
shows t he ch?ﬁp%l&b”iﬁélé??eﬁ?plbﬁ {th 3@ % APBRYNES IS POV EH t o explain the
manuf act ure nmet hod .of the present enbodjipgent. FIG 5 is an enlarged view
of the chip whi chAdBR R lflogmecﬁ#gﬁeéﬁ’%ad’iﬂﬂ for A F830°of FI G
4 thickness as the diaphragmrz and has not penetrated, since the
thickness of the portion which remains is very thin, it is easily
10 separable.
Moreover, if the groove width is made still thinner, the groove
322 will not carry out penetration, although it becomes V groove
form.
At this time, it is separable with easy power by making small
' 15 the remainder (=(thickness)- (V groove depth)) of the V groove.
The remaining thickness of the V groove can be adjusted by
the groove width.
Moreover, when not making the groove portion stop and
penetrate in the V groove, it is not necessary to necessarily use the
20 groove 322 as the intermittence target.
Thus, it is lost by forming the thin groove between each chip,
applying stress to the silicon wafer, and separating the chip into it
that the chipping adheres at the time of the dicing.

In this case, unlike the fine chipping generated at the time of

25 = the dicing, since it is comparatively large, it is removable although
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The passage substrate 1 is fornmed using the silicon substrate (sgQltMdaR 2006
waf er 30) of (110) crystalline orientation. 15 Since the substrate of (110)
crystalline orientation is used, the comon |iquid chanber 8 does not neet
the parallelogramand the |engthwi se direction of the figure does not neet
the crystal face in plane form the liquid chanber 6 is fornmed in the
saw | i ke shape. Moreover, in the anisotropic etching of the substrate of

(110) 20 cr st Adalginiéh 084 aﬁtaﬁidge,mbz HeAETiYhi19 Qitferh@l RAkhehRi digp the
partition wall between the liquid chanbers 6 becones perpendi cul ar, and

the liquid ﬁh?épq)frrateﬁi Gath R se MY LoWrehip depalagBndensity. Between the
chi ps 331, the ane formfornms the grooves 332a and 332b on the

par al | el ogram (paﬂ,%oqreg)vs&gl%é‘pgr,pgﬁeg% gﬁgploggg&rﬁg% a’{}ﬁqﬁg LaQMBE the figure,

since the lateral (the > ori ent at R groove 332a is the

sane orientation as the Liguid..cha r.. i t l.ong and sl ender
groove in re%fb'éé(;ii’ %?fﬁ?%aeé%‘g&rj’peelﬁ]?l%lrﬁ%armgﬁ? rtfé%td’ll%g%%(nﬁa%f)&%m?s groove 332a
and di scontinuous partial (bridge) 333a 5 between each groove 332a

? aBart, s et

constitute chRPCEESaF it jeldd &% On the other hand, since the

| engt hwi se (the <111> qrientation) IS npt in reement with crystal
orientation all oyélxtstﬁ’é’elfei"ﬁﬂﬁb?f‘? &r SBRPé’dgﬁ‘%pﬁ%it&‘&Iméﬁﬁﬁ%%{mB"e f or ned.
Then, the groove Spattern) 332b of .the small parallelogramis 10 put in
order and fomeshod pighenaqend dropdischarsn hepdeo 3Epprasent dpvertiends ooves

332b and di sconti nuous partial 333b between the grooves 332b.
explained with reference to FIG. 44 and FIG. 45.

FIG. 44 shows the chip arrangement on the wafer 330 in order
10 °  to explain the manufacture method of the present embodiment. FIG.
45 is an enlarged view of the chip which corresponds to one-chip
size of the wafer 330 of FIG. 44.
" The passage substrate 1 is formed using the silicon substrate
(silicon wafer 30) of (110) crystalline orientation.

15 Since the substrate of (110) crystalline orientation is used, the
common liquid chamber 8 does not meet the parallelogram and the
lengthwise direction of the figure di_)es not meet the crystal face in .
plane form, the liquid chamber 6 is formed in the saw-like shape.

Moreover, ‘in the anisotropic etching of the substrate of (110)
20 crystalline orientation, by carrying out the patterning, the partition
wall between the liguid t;:hambers 6 becomes perpendicular, and the
liquid chamber 6 can be configured with high density.
Between the chips 331, the plane form forms the grooves 332a
and 332b on the parallelogram (pattern) in the present embodiment.

25 All over the figure, since the lateral (the <112> orientation)
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In this case, if the pattern of the parallelogramis too small, eimﬁkﬂ.ﬂﬁé

taper of the (111) wll enter and etching will stop in V 15 groove, it is
necessary to decide the size of groove 332b of the parallelogramin
consideration of the thickness of the silicon wafer. In addition, about

the formof the grooves 332a and 332b which constitute the chip separation
| ines 334a and 334b, it is not restricted to the exanple of FIG 45, and

as shown in Hdavet832h8s 2Re QbR Abh i Of afshﬁeq_&?@ldl elagbamscan al so be
|

made into the orientation by the side of opposite, i.e., the parallel ogram

tt f Lauyi v - th
pattern o B?ﬁoljﬁ}e%ﬂhg %gﬂgs@aﬁrslénaeﬂgfﬁgg pggffkikgéa%@meoﬁeﬁp%rnrm@rar e

contrari es, shown | n can al so be made the

groove on thg. hex (pattern) not in the parallelogrampattern but in
pl ane form &Hégng’%é %&E 2000 The chip in the wafer takes the thinner

et eases. the w Gh SBTC Vndoebpaoadennrinadud Bl Ruiae 328 N (i nner
o1 entatf on PerURGcach EFRPLE Do7e. B HF SLiEaer FONC [ BRc lfor ¢ hi ckness
be. Shown i FI G OBeiha fiiadiantonneh el e HBGRS BY81525 whi ch
includes the 10 silicon oxide, the silicon nitride, etc. iis forned from
both top anderigatatbpmlisdest bt agreempanremith grysipk ogjeptatdon d} ever the t aper
of Q = 54.7-degree (111) :
figure, the groove on vertical cannot be formed.
Then, the groove (pattern) 332b of the small parallelogram is
10 put in order and formed, and the chip separation line 334b include
the grooves 332b and discontinuous partial 333b between the
grooves 332b.
In this case, if the pattern of the parallelogram is too small,
since the taper of the (111) will enter and etching will stop in V
15 groove, it is necessary to decide the size of groove 332b of the
parallelogram in consideration of the thickness of the silicon wafer.
In addition, about the form of the grooves 332a and 332b
which constitute the chip separation lines 334a and 334b, it is not
restricted to the example of FIG. 45, and as shown in FIG. 46 the
20 orientation of the parallelogram can also be made into the
orientation by the side on opposite, i.e., the parallelogram pattern of
the liquid chamber 6 and the parallelogram pattern for the contraries,
1in FIG. 45.

As shown in FIG. 47, it can also be made the groove on the

25 - hexagon (pattern) not in the parallelogram pattern but in plane form.
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enters by anisotropic etching, and the etching stops in the placeg éwak @Bl
the taper is contacted. 15 (L= (12)T) and in order to come out, to be
expressed and to nmke the wafer of thickness A penetrate, the groove w dth
of the relation between depth T dug deep in case the taper is contacted,
and the groove.w dth should just be nore than LPLQ= (f2)A. Moreover, the
case where he wants to |l eave only the slight 20 quantity b, w thout making

it penetrate, thergeamip i thehwhferliakesdhe (hither poshible 688 the chgpt at hi gh
| evel . Moreover, the cross section of the wafer thickness orientation of

groove 332a @ipdfeionOnAks dunaln ©858PIR At hidmbeBindRRbs ! iR Wigh of
using the silicon wafer of (110) crystalline orientation conmes to 25 be

shown i n Fl Gyr 4, sé%mti ﬁn'é/‘s“%u\é"%ﬁ%]ﬁa@%"ﬁés‘e&%é){hiﬁél%f%%;%?ddd“e

orientation, the perpendi cular wal the i1s torne t he groove
width is mage.without limt thinly theoretically. However, if air bubbles
are generated at the tinme of 5 anisotropic etching and the air bubbles are

confined.in the thin roove in_the insi etching liquid.wll no |onger
e suppl Ted i nio Wik BESEoT wales R0 RUEAe e A 15 BRder o
to shut up aartbubbl esafpnto t he roovg, 3 n}ce%-rtﬁ ters or nore of .the

groove wi dt h2 tiSd1gq the SEOSS1 PN QT hE rlemithickfiass PYaewtianetinie i f
the groove width L is_ 1 m'crorretersho_r nore.in wdth when a neans to add
the super soM&EiRRNe Fhdch GopalEnteRdbsi sersantPRIRG COMES 0% §haPdchar ge

in FIG. 48.
In addition, the etching mask layer 325 which includes the
10 silicon oxide, the silicon nitride, etc. is formed from both top and
bottom sides of the wafer.

In this silicon wafer, the taper of 8 = 54.7-degree (111)
enters by anisotropic etching, and the etching stops in the place
where the taper is contacted.

15 (L= (4 2)T) and in order to come out, to be expressed and to
make the wafer of thickness A penetrate, the groove width of the
relation between depth T‘dug deep in case the taper is contacted, and
the groove width should just be more than LPLQ= (J 2)A.

| Moreover, the case where he wants to leave only the slight
20 guantity b, without making it penetrafc, the groove width L, L=/ 2.
(A-b), and it cén be kepf at high level.

Moreover, the cross section of the wafer thickness orientation
of groove 332a of the longitudinal orientation in FIG. 45 at the time
of using the silicon wafer of (110) crystalline orientation comes to

25 - be shown in FIG. 49.
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conpul sorily is used. The groove 332b which, on the other hand, cgresﬂm_%@s .
15 separation line 334b lengthwise in FI.G 45 at the tinme of using the :
silicon wafer of (110) crystalline orientation. (the <111> orientations)
cannot be set to thin groove 332a |like the longitudinal orientation. Then,
t he conposition which nmakes thin width of |engthwi se 20 separation |ine
334b is explained in detail. -First, the taper of the orientation of slant

is formed al so i nwife thsiwifeenivaien @fs(allar efiysialdd n@eorientation. The
pattern of the hexagon as shown in the pattern and view 50 (b) of the two

ki nds of Pargéllcp%qgémﬁ WRIISITOMR ii§‘fghﬁ:’edE(QIﬁ?)andzﬁleagﬂ)&\@wii@thtﬁe
ani sotropic etching of the silicon wafer of (110) - 6 0 6 MAR. 2000

crystall'ine grientahbe? 1imio ﬁqsp% fl&ﬁf?ﬁ ition, the form of quadrangle,

trapezoi d or pentagon on either side rs, but all over this view can

oxplanati on 1 s onfiersy i ERb RS A AR SO, e e BECC, L N®ecom ng
t he sane_depth, _when the.V gr e is. f d_It is the ttetn with the

angl o of 370, SUSRHORIS TRBRE Fhd Aheait BEOPISE S confipafdrtBEdBi®tm that t he
wi dth Wbecones the smallest in_. .these,. and.the,width is se;. tq WO. 10
Therefore, tBEWediththe dsiffeclhiasdiqid vilaoioneets eBBPPhﬁbrIB\t/\%d by

putting the groove (pattern) .332b_of the parallelogram wth this angle of
70.5 degr eesthengenier anshgtFap &gl 8epRTALTESS: | i ne

In order not to shut up air bubbles into the groove, 3 |
micrometers or more of the groove width L are required.

10 Moreover, etching will become possible if the groove width L
is 1 micrometers or more in width when a means to add the
supersonic wave and to make the air bubbles in the groove discharge
compulsorily is used.

The groove 332b which, on the other hand, constitutes
‘ 1-5 separation line 334b lengthwise in FIG. 45 at the time of using the
silicon wafer of (110) crystalline orientation (the <111>
“orientations) cannot be set to thin groove 332a like the longitudinal
orientation.
Then, the composition which makes thin width of lengthwise

20 separation line 334b is explained in detail.

First, the taper of the orientation of slant is formed also in the
silicon wafer of (110) crystalline orientation.

The pattern of the hexagon as shown in the pattern and view
50 (b) of the two kinds of parallelograms as shown in FIG. 50 (a)

25 . and (c¢) in the anisotropic etching of the silicon wafer of (110)

- 61 -




334b. Then, the first exanple of the relation of the configurati o0 8ofAR 285
the two parall el ograns when arrangi ng the groove of the pattern of the
paral | el ogram perpendicularly and constituting the separation line is
explained with reference to FIG 51. In this exanple, the height H of
pattern 332b of the parallelogramis nade smaller than the pirtch P of the
array of the 20 pattern 332b of the parallelogram In order for the

pattern 332bcGfstiltind vhicpedtabh 6 ofraimedt 0 acquire the formpartially
connected in the bridge 333b, the range delta A with which the pattern 32b

of the parall el ogr AR BaFoh 2MREEbrmTYS$ lquRXir 54 gled r fife oS d AltPRmMBEoh d@im FI G
51, the mninumseparation line - 62 wdth L at the time of etching depth

T i s determ dogdep¥iden@ifrold, Bt bOEFVAR «idw chr)als® bERirnicdl AREEESArY iN
order to make the wafer penetrate is just to nake the etching depth T

| h i , i f
arger than f H?ef%mghghgﬁﬁﬁ%ﬁr G%Efggﬁ,gPE@mgh?@?ﬁﬁfgﬁ?%g@ gg{é.ern 0

the parallel ogramis term ned I 'owm™ng (3) The
width t of the brigge | rd ' cQr.dj t e
requir edg)har dnessi.:ﬂ?t Slﬁgﬁl te%@‘i rﬁg t%gc?oﬂogﬁlgg‘gégphma#%%ﬁ@% %red%ﬂg? C%Pttghe
bridge is adeg{éattﬁl Y., arge f.or. the sufficient hardness in wafer conveyance
or handling SfEBABE ¥rgERgVeils foIMEdsi |y separable 15 at the tine of chip

separation and thy yefier area ¢an, Be SLLELHY!Y degrees shown in FIG.

50 (a) of the parallelogram that the width W becomes the smallest in
these, and the width is set to WO0.
10 Therefore, the width L of the separation line 334b can be
| narrowed by putting the groove (pattern) 332b of the parallelogram
with this an'gle of 70.5 degrees in order, and forming separation line
334b.

Then, the first example of the relation of the configuration of

15 the two parallelograms when arranging the groove of the pattern of
the parallelogram perpendicularly and constituting the separation
line is explained with reference to FIG. 51.

In this example, the height H of pattern 332b of the

parallelogram is made smaller than the pitch P of the array of the
20  pattern 332b of the parallelogram.

In order for the pﬁttern 332b of the two parallelograms to
acquire the form partially connected in the bridge 333b, the range
delta A with which the pattern 32b of the parallelogram has lapped
must exist.

25 - | As is apparent from FIG. 51, the minimum separation line
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used. Mreover, it is desirable that the width t is |less than thEOGMARm
separation width of the dicing which i's the general chip separation

nmet hod. Therefore, the width t of the bridge is 1-50 mcroneters and 20
the length delta A of the bridge is 0.5-100 micronmeters. Preferably, the
width t is 5-30 mcroneters and the length delta Ais 2-50 m.croneters.
Al t hough the taper (111) surface is also included besides the - 63 Q6

MAR. 2000 Wi @idht I dth@edesiegst yhigg depther by dégenthedlny be: det ermi ned by
taking into consideration the influence of the taper. The height H of the
pattern of tﬂﬁlcp@{@élf@llrggraam)i_s ((.[6)T - 0.35) mcroneters to ((.,r6)T -
70) mcronmeters. Preferably, it is 5 ((T6)T - 1.4) mcroneters to (([6)T -
35) micronmeters. Next, the second exanple of the relation of the pattern
configuration of the L.mq{ipaéal | el ograns when arrangi ng the groove of the
pattern of the parallel ogram perpendicularly and constituting the
separation line is explained with reference to FIG 52. 10 This exanple is
t he case where height H of pattern 332b of the parallelogra 'bs made

| arger than the pitch P of the array of the pattern of the 32 al I el ogram

As is appare fromFIG 52, th mnlr;\gxr?nt?‘epargetloneglwr}e.wdhLat t he

time of =tchMiptdéRaressiy TePrlsh 198 eV RISW g3 f8fhi?a (4). L=
T+A (4
(4) make the etching depth T larger than the wafer thickness,
Moreover, the height H of the pattern of the parallelogram is
determined by the following formula (3).
P 6T-Y% 4
2
10 (3)

The width t of the bridge ca1;1 be arbitrarily determined
according to the required hardness. It is desirable to ensure that the
width t of the bridge is adequately large for the sufficient hardness
in wafer conveyance or handling after etching, it is easily separable

15 at the time of chip separation and fhe wafer area can be effectively
used. Moreover, it is desirable that the width t is less than the
separation width of the dicing which is the general chip separation
method.

Therefore, the width t of the bridge is 1-50 micrometers and

20 the length delta A of the bridge is 0.5-100 micrometers. Preferably,
the width t is 5-30 micrometers and the length delta A is 2-50
micrometers.

Although the taper (111) surface is also included besides the
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Vhat is necessary in order to nake the wafer penetrate is to nake( 6eMahi2ig
depth T larger than wafer thickness. 20 Mreover, the height H of the
pattern 32b of the parallelogram is determned by the follow ng formula
(5). 64 06MAR. 2000 (5) As nentioned above, the width t of the bridge can
be arbitrarily determ ned according to the required hardness. It is
desirable to ensure that the width t of the bridge is adequately large 5

for the suffigignt, thar @ndss v4lusasiferheCsiigy ahoaldbehdstdbintgedbiyer et chi ng,
it is easily separable at the tine of chip separation and the wafer area

can be effectimglkyinusdnsMuramvarshel infiferd@shf &Y tagdrat the width t is
| ess than the separation w dth of the dicing which'is the general chip

separation net hod %eTng[f 8{”% Q}tfhthte PralR@o PrdHas 65?@150

m cronmeters and epS| the bridge 1s70.5-1 m’cronet ers.

Preferably, ?g;%éﬁﬁ&lo*i'n te&?t?é@?‘ﬂ"{”@) tn?fc?o?ﬁ:‘?dxf !r&%%ﬁ'l Reid on of the

bridge is 2- m croneters s ar e sepa ation |ine

width L can 15.0 deltas nmet hod of the first
exanpl e. The@?&&'ﬁ é)‘ﬁlél 5rpopq;18§gr e(%‘/_ée)l}‘aaptsgm fﬁﬁfaffh t, and the

hei ght H of the ttern of the aral el T + m croneters
toI ?( r6) T+35) m 2&8?&51 sSeqangk F?ﬂ’ﬁ‘lp ?%?s‘:e a(%’l‘gé ot tﬁ)?)Par}?eéPorret ers to
((,r6)T+21) mcroneters %Next kﬁtwelfth referred e Hbodlnent of the
manuf act ur e C%{lﬁﬁﬁa%‘?ﬂﬂfet ©i e #28% ?}"éF%’@ﬁa‘f’E RELAN P ELIE P8YENt

invention is . o
of the pattern of the parallelogram perpendicularly and constituting

the separation line is explained with reference to FIG. 52.

10 This example is the case where height H of pattern 332b of the
parallelogram is made larger than the pitch P of the array of the
pattern of the parallelogram.

As is apparent from FIG. 52, the minimum separation line
width L at the time of etching depth T is determined by the

.15 following formula (4).

L= J§T+-§5

(4)
‘What is neceesary in order to make the wafer penetrate is to make
etching depth T larger than wafer thickness.
20 Moreover, the height H of the pattern 32b of the parallelogram

is determined by the following formula (5).

P...,ﬁr-‘r
2




explained with reference to FIG 53. FIG 53 shows the chip arrangéndat 2i
the wafer in order to explain the nmanufacture nethod of the present

enbodi ment. 25 The present enbodi ment nakes the nunber of chips taken out -
65 fromone wafer rather than the exanple of FIG. 44 by configuring the
chip 331 alternately. That is, the degree of freedomof. the chip array on
the wafer can inprove by using the chip separation |ines 334a and 334b 5
menti oned above, and many chips can be taken by the two chips(s)fromthe
waf er of the sane size conpared with the separation nethod by the

i nseparabl e di ci ngsaRkyiBYelN Ve’ 3hORSidPRRAOIHOPrilligBan HPreover, in this
case, since the lengthwse is the straight line, the lengthw se is also

separ abl e usij i G . : it drani . t Qr:Qcess usin
P %{%tltalgﬁ.ydﬂé:tf[eﬁlg'lné&) 20614iR St'gfﬂh?ﬂfe Cll?éd hAfadest RNQ 9

t he edge of rp, orientatio ge separated by the dicing

ctohi ng, 1 nedeRFgoteciakBas el BE L s ARPBHARE R AR BEY,

etching, the Chip n nunber ‘can be

exanpl e iC rfor .etching is explained wwth 15 reference to FIG 54
ond Fi 6 555 oo i TiaiEnE Bapfnd sk L PPt n tiaahee'Ss ERGHRERS I e v ow
is a sectional view of the wafer ﬁhic ness orientation of the silicon
vafer. FIG SEHARGuA ISHAsTEY SHpATebin ahiRe R A QT FRIP YR 228HeR i0dt thig t he
separation line is 20 forned by etching fromone side. At _this tine, when
the silicon ¥@het pEaeCHt DE1MFEECHY It wied- nMotsaves: b isodesirabdethaing t he

taper angle theta uses the silicon ) ] o o
the width t is less than the separation width of the dicing which is

the general chip separation method.

10 Therefore, the width t of the bridge is 1-50 micrometers and
the Iength epsilon of the bridge is 0.5-100 micrometers. Preferably,
the width t is 5-30 micrometers and the length epsilon of the bridge
is 2-50 micrometers.

By this array method, the separation line width L can make

15 only delta smaller than the array method of the first example.

The A (delta) is approximately equal to the width t, and the
height H of the pattern of the parallélogram is ((4 6)T +0.7)
micrometers to ((4 6)T+35) micrometers. Preferably, it is ((y 6)T
+7) micrometers to ((4 6)T+21) micrometers.

20 Next, the twelfth preferred embodiment of the manufacture
method of the liquid drob discharge head of the present invention is
explained with reference to FIG. 53.

FIG. 53 shows the chip arrangement on the wafer in order to
explain the manufacture method of the present embodiment.

25 - The present embodiment makes the number of chips taken out
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substrate of 54.7 degrees and (110) crystalline orientation, it QécHAR 2006
35.3 degrees. 25 On the other hand, FIG 55 shows an exanple in which the -
66 0 6 MAR M etching mask pattern 328 constituting the separation |ine
is formed by etching fromboth sides. The depth in which the wafer will be
dug deep to penetration if etching is perforned fromboth sides is good in
the half of etching 5 fromone side. Therefore, the groove wi dth al so

serves as hakfoRfordewaédidtheMihamifle eRAmMAK & fIINKG Sepayatbofighiing W dt h
thin. In this case, if etching is further perforned after the taper from

both sides celd LHEs 39t tednlatayl | begin to be etched in the taper 10 and
the opening wll beconme large (FIG 55 (b)). Finally, the taper is |ost

conpletely (FIG 2)) i i t hi ps by
the taper being ﬁ%ggq%éggﬁggggﬁfﬁéﬁgﬁgﬂ?fbgg%%E§§$25§§i§ﬁ?§e§£%§$ate it.

\orcover 2o et OMvIe T sl R SR e gRSIOROBLE! 35 etadp one (Lop
the pattrn e apsbarng tof ohPh e LR eRed BRGNS P ot Ched
Uhe Thi ng_ ¢ hfTBALE AR (hent HRAALES GPmEREed TGk e SePREED) 320 to be
obtai ned, an?ngtggdbbr)i( (tjlagginge%%,?algﬁa Siecqgrga(;[n%ytbhf tlget]ispr'aight separation line.
Moreover, in this case, since the lengthwise isi the straight line,
the lengthwise is also separable using the dicing.
10 When positioning at the next process using the edge of the
chip, the orientation of the edge separated by the dicing has the good
precision, since the lateral separation line is using etching, the chip
takes and the number can be done mostly.
Next, the example which performs etching is explained with
.15 reference to FIG. 54 and FIG. 55 from both sides 6f the silicon
wafer.
In addition, each view is a sectional view of the wafer
thickness orientation of the silicon wafer. FIG. 54 shows the
example in which the pattern constituting the separation line is
20 formed by etching from one side.
At this tinie, when the silicon substrate of (100) crystalline
orientation is used and the taper angle theta uses the silicon
substrate of 54.7 degrees and (110) crystalline orientation, it
becomes 35.3 degrees.

25 - On the other hand, FIG. 55 shows an example in which the

- 66 -




Next, the case where it lamnates with the passage substrate 1 agcg MAR 2006
substrate with the another el ectrode substrate 2 etc. is explained. 25 The
first nethod bonds the chip which gave anisotropic - 67 0 6 MAR 2006

etching to the silicon wafer (substrate), forns the chip separation |I|ine
with the liquid chanber of each chip, and the conmmon liquid chanber,
separated into each chip along with this chip separation I|ine after that,

and i s separ giding esfiephiteed B2BocddmihieQt (Hede:guratibat iak s €bémad shown in
FIG 57. If it does in this way, the nethod of etching the chip separation

l'ine patternpfrQeniel frovh $sh Gadede used, the separation |ine can be nade
thin and wafer area can be used effectively. As showmn in FIG 58, the

second net hod gi Veg.aupsRAOPhch &k QLEbE BG1L e Bl &id] FPBeNRiralion
(substrate), forns the chip separation line wth™the”liquid chanber of

each chip, affjeﬁfﬁg%g?ﬂg‘égﬁdé%ﬁﬂégron?ITJao'mesrideé bs k8o23845E 1 £ Y hin

substrates, suc e substrate and the nozzle plate, Rith the
waf er size, rot h%ute Siﬁgparati ng into each chip. 15 The el ectrode substrate
and the nozz erﬁlgte y be nmade of the netals, such as nickel or SUS, the

CETAMCS: PUET 85 BT o e AR PR ot B o5
G T et Spepl SR RS Al UL LIS M (B g, 20 separation | ne o
substrates, the SIIr|1 itlgi%ncasélé??% L?c:thei'nigsisSf%?t?l{eartpeeqml?rgggl la%fer the taper
from both sides collides with, it will begin to be etched in the taper
10 and the opening will become large (FIG. 55 (b)).
Finally, the taper is lost completely (FIG. 55 (é)).
Bridge 333b which connects between the chips by the taper
being lost becomes thin, and it becomes easier to separate it.
Moreover, as shown in FIG. 56, etching mask pattern 328a of
15 one (top surface) of the wafer is made the same as FIG. 55.
If etching mask pattern 328b of the (bottom surface) of
another side is formed without putting in the pattern corresponding
to the bridge, and the sil_icon wafer is etched using these mask
patterns 328a and 328b.
20 Finally it becomes easier for the thing thinner than the
thickness of the substraté (wafer) 330 to be obtained, and for bridge
333b to separate the chip.
Next, the case where it laminates with the passage substrate 1

‘and substrate with the another electrode substrate 2 etc. is explained.

25 The first method bonds the chip which gave anisotropic
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Next, as the third method, as shown in FIG 59, it is bonded to @réoMAR 2005
substrate, such as the electrode substrate, the nozzle plate, 25 etc. in
the wafer size, and etching is given after that. And the chip 68
separation is performed by the chip separation |ine formed in the silicon
waf er. According to this nethod, by the above first and the second nethod,
since etching is given to having had to handle that to which 5 hardness

became weak ByhehghbnleafiliebnbeatirnGubktrats, fhemb akbnatipngpaedsbhat e and
that hardness is strongly danmaged by the handling al so decreases. Next,

the ink-jet headynh hR9i§eid ERapbel ¥ &dneiigdiaiBtheombdtm lilgaua d drop
di scharge head of the invention will be explained 10 with reference to

FIG 60 and Bh Bl sdplafhcedimtBRR Bl Mool fieatls hib N2 pREATER!

enbodi nent, an IS a sectional view o ink-je of the

present enbodi e l. |4i hel, ta t i tudi nal
i rocti on. - Daerr A End i e PR et o el RO T o
i nk-jet _head t he singl.e-crystalssitkicon substrate (Iiquid-chanber
subst rat 8). F?P%%teteﬁg i %lb%‘?ﬁdﬁl%' gthded to the bottom surface of the
passage formati on_substrate 341, and the nozzl.e plate 343 is bonded 20 to
the top surface o*fs]tt Sl this WaYniha H’ﬁt]%?fié’lfreé&lémﬁ&he H¥® comon i quid
chanber 348 which supplies the ink to the, pres urizgd | i qui d chanmber 346
which is thespR&eHEE lipapattegniigon: RaHh etdes\itche t§ednbss FEPRASIGHh ch
carries out the discharge of ' .

line can be made thin and wafer area can be used effectively.

As shown in FIG. 58, the second method gives anisotropic
10 etching to the silicon wafer (substrate), forms the chip separation
line with the liquid chamber of each chip, and the common liquid
chamber. It is bonded to other substrates, such as the electrode
substrate and the nozzle plate, with the wafer size, without
separating into each chip.

(15 The electrode substrate and the nozzle plate may be made of
the metals, such as nickel or SUS, the ceramics, such as alumina, or
the glass, such as Pyrex.

In this case, although if is difficult to cut simultaneously that
which laminated different-species material in this way, since the
20 separation line of only the bridge is contained, when the silicon
substrate cuts other subsrtrates, the silicon substrate is separated
easily.
Next, as the third method, as shown in FIG. 59, it is bonded to
another substrate, such as the electrode substrate, the nozzle plate,

25 - etc. in the wafer size, and etching is given after that. And the chip
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the ink drop opens for free passage, and the pressurized |iquid 29 &HARIG
346 through the ink supply way 347 used as the fluid - 69 resistance
section by these is forned. On the outside (the |iquid-chanber 346 side) of
t he di aphragm 342, the piezoelectric device 352 corresponding to each
pressurized Iliquid chanber 346 is provided a drive neans and bonded there.
The 5 |lamnation-type piezoelectric device 352 is bonded to the base

substrat e 358epdaatioheischergurhed encehothipeepaqgtioacHnefiforhed 3 gzoel ectric
devi ces 352, the spacer nenber 354 is bonded to the base substrate 353.
The pi ezoel egfifddn dayéce 352 | am nates the piezoelectric- 10 material |ayer
and the internal electrode by turns. In this case, it can also consider the

conposi tion whi cha cREERBY 7288 s thEHINK HyiHd18bHY £ $RYE hAQGHLT Qb dchanber
346 using the displacenent of the d33 6rientation as a orientation of the

bi ez0el ect 1 i Gletyof o WlE RLERAPIEENIE @IRULAS: A28 oMARNBALY E Wonikhe 15

conposition pressuri z Int pressuri ze I qui anber

340 ust g R ABLAGRTRIL $OLL P A0 BTIEL BUASAY, Ty (RLASAIALED Of the

pi ezoel eCtri Cl e pi ezoel ric tevice pOSSI ase
substrate 353 ,and the acer -- the through hole 20 tch faorns the ink
Foed out et S HHE DUDETS MyBRE Theeg En sz aRonY hE s REbEP 345
fromthe extgrior is formed in the nenber 354 Moreover, adhesion bondi ng

is carried ofit“™%®Sthe head flame 357 which forned the periphery section of

t he passage fornation
P g Next, the ink-jet head of the fourth preferred embodiment of

the liquid drop discharge head of the invention will be explained
10 with reference to FIG. 60 and FIG. 61.
| FIG. 60 éhows the ink-jet head of the present embodiment, and
FIG. 61 is a sectional view of the ink;jet head of the present
embodiment taken along the line paraliel to the longitudinal
direction.

.15 The passagé formation substrate 341 which formed this ink-jet
head by the single-crystal-silicon substrate (liquid-chamber
substrate).

It has the diaphragm 342 bonded to the bottom surface of the
passage formation substrate 341, and the nozzle plate 343 is bonded

20 to the top surface of the paslsage formation substrate 341.

The common liquid chamber 348 Which. supplies the ink to the
pressurized liquid chamber 346 which is the passage (ink liquid
chamber) which the nozzle 345 which carries out the discharge of
the ink drop opens for free passage, and the pressurized liquid

25 - chamber 346 through the ink supply way 347 used as the fluid
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25 substrate 341, and the bottom surface side rimsection of the & RARQ0S
MAR. 2WO di aphragm 342 with injection nolding with the epoxy systemresin
or the pol yphenyl ene ape fight, and the head flanme 357 and the base
substrate 353 -are nutually fixed wth adhesives etc. in the portion which
is not illustrated. 5 Although the head flanme 357 is divided into the two
parts, it can also consist of the one part. Furthernore, in order to give

the driving $igq0alnckQeli®n By BOE ECkbikedevice 352, the FPC cable 358 is '
connected by solder bonding, ACF (different orientation conductivity film

bonding, or 10 wi pg BANGENRYde UL Li'a%j&’-réh‘é‘[?m?érrﬂﬁ gicié%réffggezhgphﬁﬁr& or

inpressing the drive wave to eac i ezoelectric device ternatively
is mounted Lpat - 358, . Th j . 41 is
formed by an’ 33t PEoP i ST eHTi I8y ic S BRI AR ohaITHS BB Zed oy ' o
the crystal -f.ace,15 orie ton (110). using the_ alkalji etching |iguid, such
b the " pot aldiafRpRisE D MRS ER A B tes et d bl Hishene Pir ough
hol e used as_,each pressurized liquid chanb 346, th r Qov ortion wused
ne the | Sk SLRIIRtia Tab% PreAREIE RIS HES T Roe Beadt 4D Tobetmon 1 o g
chanber 348, respectively. 20 In this case, each pressurized |iquid chanber
346 is divi ds@byyate 33 .pLn the sirapanierenpe ofithpeayaneafitier or ned from t he

metal plate of the nickel, and is manufactured by the electro form ng
met hod. The RisZAederin dev4ss inZndherPager Membas3aftin kontedhta gre of

base substrate 353.
The piezoelectric device 352 laminates the piezoelectric-
10 material Iayer and the internal electrode by turns.

In this case, it can also consider the composition which
pressurizes the ink in the pressurized liquid chamber 346 using the
displacement of the d33 orientation as a orientation of the
piezoelectricity of the piezoelectric device 352. Alternatively, the

15 composition which pressurizes the ink in the pressurized liquid
chamber 346 using the displacement of the d31 orientation as a
orientation of _the piezoelectricity of the piczoelect.ric device 352 is
possible.

The base substrate 353 and the spacer -- the through hole

20 which forms the ink feed outlet 349 for supplying the ink to the
common liquid chamber l348 from the exterior is formed in the
member 354

Moreover, adhesion bonding is carried out at the head flame

357 which formed the periphery section of the passage formation

25 - substrate 341, and the bottom surface side rim section of the
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25 10-30 microneters corresponding to each pressurized |iquid chagerar 206
0 6 MAR 2WD 346, and is carrying out adhesive bonding at the passage
formati on substrate 341. As the nozzle plate 343, the conbination of the
netals, such as stainless steel and the nickel, the netal, and the resins,
such as 5 the polyimde resin film the silicon, and the thing that
consists of those conbination can be used. Mreover, in order to secure

the water repehplenage B4 hwithe EM&OMIH@ICM@E%HB&&GHMY Eydtem sediar med in
the nozzl e side (surface discharge side of the orientation of the

di scharge) by:tihe gmypRen Plend Gpeormymn, kR@whedead fFaeE 357 bAe dhleabdseg coat

or water-repellent <coating. Thus, 1n the constituted ink jet head, by

i npressing thgysQhie/s 5y agylﬁ@tuta@if £0& dO%i 02 NG R 4 BEN AT MR mgph%ﬁ he

pi ezoel ectric device 352, the piezoelectric device 352 to ich the pul se

vol tage 15 i g, Jd.npr: I.spkages in the orientation of the | am nating, the
di aphragm 343’”4@8%312’335&5?@? € nozzle 345 orientation, the ink in the

pressurized |i qui hamher, 3 i L . t. ol.une
change 05 t he pr e%sl&??urz%ld[tﬁ gg?%%%ﬁégbs%ﬁ ?zﬁﬂngéﬁ lpﬁoe\{g%iiws@ =%rgtge(’ it

(injection) of %ﬁe i nk drgﬁ LS carried out fromthe nozzle 20 345. And in
connecti on wieh ARQ SQPEHLLSRCH2% R8T 'nk drop, the fluid-pressure power in

the pressurized liquid chanber 346 declines, . and sqQne ne ive pressure
occurs in the prefdGHeSBMPIL; {yi© é%ﬁéﬁﬁ%YCtéﬁéfﬁeegﬁﬂgﬂﬁpf%?ﬁﬁe inertia of

the ink flow at this tine., )
piezoelectric device 352, the FPC cable 358 is connected by solder

bonding, ACF (different orientation conductivity film) bonding, or
10 wire bonding, and the drive circuit (driver IC) 359 for impressing
the drive wave to each piezoelectric device 352 alternatively is
mounted in the FPC cable 358.
The passage formation substrate 341 is formed by anisotropic
etching of the single-grystal-silicon substrate of the crystal-face
15 orientation (110) using the alkali etching liquid, such as the
potassium hydroxide aqueous solution (KOH), and forms the through
hole used as each pressurized liquid chamber 346, the groove portion
used as the ink supply way 347, and the through hole used as the
common liquid chamber 348, respectively.
20 In this case, each pressurized liquid chamber 346 is divided by
the partition wall. |
The diaphragm 342 is formed from the metal plate of the
nickel, and is manufactured by the electro forming method.
The nozzle plate 343 forms the nozzle 345 with a diameter of

25 - 10-30 micrometers corresponding to each pressurized lignid chamber
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25 . Since the diaphragm 342 returns to the original p05|t|on and sﬁRRzﬁm6
MAR. MO the pressurized liquid chamber 346 becomes the original forn1by
maki ng i npression of the voltage to the piezoelectric device 352 into the
OFF state under this state, the negative pressure occurs further. 5 At
this tinme, it fills with the ink in the pressurized |liquid chanber 346

t hrough the common liquid chanber 348 and the ink supply way 347 which is
the fluid resist anddssectyiag dutoadlidxdve ondirgdt aht lpatss 340 foAhtdbnshaki ng -
of the ink meniscus side of the nozzle 345 is 10 danp and stabilized, the
pul se vol t ageubsirhtgp3£psed . to the piezoelectric device 352 for the
follow ng ink drop discharge, and the ink drop is discharged. In this

case, the passageﬂs%@mdﬁ%gﬂbﬁé BaBe B4 Loi®inBtibh%f fHelmiedalchanbger 346,
the common |iquid chamber 348, etc. in the 15 silicon wafer, simlar to

the first prgf %Hﬁ?x‘i‘es‘%@%@gl TRALthdaREkEDEY . Iﬁ@&‘{eanﬁ%é ﬂe@lﬂshesu%t&ser n groove

of the mnute polygon by anisotropic et ching between each ¢hip, constitutes

the chipg se@% ﬁa %‘_Hldcri%fSL[{ PP Uhle! ﬂ?icﬁ)lﬁl %nhnthgrt%%?g ﬁQFBSﬁlglskfﬁfOUt

separatlon passage rmati on su each ch
separation 0 11 ne. | tg$ %que gggcrlbed enbodi nent s, the ink jet head
as a typica %%?aﬁ%lflg LR drop di scharge head has been expl ai ned,

but th t t ble to oth d d h
neads than the. i nitqieevREatt OB Bt Becur i arpitaneEnaphdbRad. °°

the water-repellent film is formed in the nozzle side (surface :
discharge side of the orientation of the discharge) by the method of

10 common ‘knowled.gc, such as the plating coat or water-repellent
coating.

Thus, in the constituted ink-jet head, by impressing the
driving pulse voltage of 20-50V alternatively to the piezoelectric
device 352, the piezoelectric device 352 to which the pulse voltage

15 is impressed displaces in the orientation of the laminating, the
diaphragm 342 is changed in the nozzle 345 orientation, the ink in
fho; pressurized liquid chamber 346 is pressurized by the volume /
volume change of the pressurized liquid chamber 346, and the
discharge (injection) of the ink drop is carried out from the nozzle

20 345.

And in connection' with the discharge of the ink drop, the -
fluid-pressure power in the pressurized liquid chamber 346 declines,
and some negative pressure occurs in the pressurized liquid chamber 7
346 according to the inertia of the ink flow at this time.

25 . Since the diaphragm 342 returns to the original position and
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25 whi ch discharges the liquid resist as the liquid drop, and the Ot Y&R Q00§
73 06MAR. 2000 drop di scharge head whi ch di scharges the sanple of DNA as
the liquid drop. As described in the foregoing, the liquid drop discharge
head of the present invention includes a head conponent chip formed by 5
separation of a silicon wafer, the silicon wafer having a first direction
and a second direction that are nutually intersected. The <chip conprises:
a first sepatlae poesshiriredpligaid ehamber (3t & besames tke originabfotmebysi | i con
waf er, the chip being separated fromthe wafer along the first. separation
i ne by a fi nsdkisgpdarpakscoennef tiodyohliage aostheopidzablezeriarddviona 35ne paral | el
to the second direction of the silicon wafer, the chip being separated
fromthe waf éitoalhenQFFhetaseaaddr skizastatd,othe ndg@i vy plessaeoREcaepar ati on
method. In the liquid drop discharge head of the present invention, the
chip is separgitgdrfromthe wafer along the first separation |line by 15

etching, and separated fromthe wafer along the second separation [|ine by
dicing. kn the |iqyid;diepe ditsf?ﬁérvgﬁhhﬁéqnﬁfmtﬁﬁ% e%%@ﬁ%eﬂ’l?(c?ﬁéi‘ the
chip is configured in a rectangular formation ing a longi naI

drection Pacabhgl tsqfﬁfe RBEHARY Ray glthapui 4 e LR A e PP TS 20

separated fr i Cl ng atera rectlon para lel to

the first sep 8;.9 th’lch“l the Pés‘?sﬂaﬁcé%@%{ tneﬂ wafer by
M the i o8 1

et ching. Moré&o I qui sChar gé head
i nvention, t¥%e£ hegg46afer is of (110) crystalllne orlentatlon t he

After shaking of the ink meniscus side of the nozzle 345 is
10 damp and stabilized, the pulse voltage is impressed to the
piezoelectric device 352 for the following ink drop discharge, and
the ink drop is discharged. |
In this case, the passage formation substrate 341 forms the
liquid chamber 346, the common liquid chamber 348, etc. in the
15 silicon wafer, similar to the first preferred embodiment described
above, puts in the pattern groove of the minute polygon by
anisotropic etching between each chip, constitutes the chip
separation line from putting this in order, and carries out separation
formation at the passage formation substrate by each chip separation
20 line.
In the above-described embodiments, the ink-jet head as a
typical example of the liquid drop discharge head has been explained,
but the present invention is épplicable to other liquid drop discharge

heads than the ink-jet head, such as the liquid drop discharge head

25  which discharges the liquid resist as the liquid drop, and the liguid
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25 chip is fornmed fromthe silicon wafer, and the first separatiopgd une 2606
- 74 the chip being separated fromthe silicon wafer by etching is
parallel to <112> orientation of the silicon wafer. Moreover, in the
liquid drop discharge head of the present invention, the discharge head
conprises a |liquid-chanber formation 5 nmenber which provides a liquid
chanber, a nozzle formati on nenber which provides a nozzle, and an

el ectrode fopp@} ideschafBoBREdWIhIdh AIsRhiadess it eAmpld edNangs that the chip
constitutes at | east one of the |liquid-chanber formati on nenber, the

nozzle fornplg,od gyepber, and the el ectrode formation menber. 10
Furthernore, i'n the Tiquid drop discharge head of the present invention,

the chip is provi g%dd%@:dr‘l%%gﬁliélaﬁeepge O?]%gp{ﬁé AQufd d@@? JifelSectdn between

the first separation separation line. The manufacture

t hod of the.ljiqui i f i i
et hod of tnEe kb 9s 8y UGy BhAEHRT Rt JpbBReR ERRManUERY O |
i nes pagallel totheitf'

] irst. direction of.the sili .wafer_in order to
separate a pPERHRAHA? O ac?ﬁflﬁgnf"%ﬁ%regl& Sﬂb?%rwsagle%ﬁgpf%a%’f%t separ ati on
lines; and di¢cing the silicon fer. alpong second Sseparatio i nes parallel
to the secondriFiod uhaoeeond Seeciph GBAC aE Brte el agiraeatie Theur al 1y
of chips fromthe siljcon fer along the fi rsﬁ and second _ separation
lines. In thePHROFREIGFe 2N SEPaFaRR IeRart! i infPethe HAst &HERUSP  t he
plurality of chips is configured in a rectangular formation having a
| ongi t udi nal cfiithesiliesn Feafar. die ¢lin heingeeenatatedfrom ithbe waisE alangs which
the chip is separated fromthe silicon wafer by the dicing step,

the first separation line by a first separation method; and a second

i0 separation line parallel to the second direction of the silicon wafer,
the chip being separated from the wafer along the second sepération
line by a second separation method.

In the liquid drop discharge head of the present invention, the
chip is separated from the wafer along the first separation line by

15 etching, and separated from the wafer along the second separation
line by dicing.

In the liquid drop discharge head of the present invention, the
chip is configured in a rectangular formation having a longitudinal
direction parallel to the second separation line in which the chip is

20 separated from the wafer by dicing, and a lateral direction parallel to
the first separation line in which the chip is separated from the
wafer by etching.

Moreover, in the liguid drop discharge head of the present

invention, the silicon wafer is of (110) crystalline orientation, the

25 - chip is formed from the silicon wafer, and the first separation line of
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- 75 06 MMR MO and a lateral direction parallel to the first sefd HAR @86
line in which the chip is separated fromthe silicon wafer by the etching
step. In the manufacture nethod of the present invention, the silicon
wafer is of (110) crystalline orientation, and the plurality of 5 chips,
configured in a rectangular formation, are arranged in the silicon wafer,
and the first separation lines for the plurality of chips to be separated

fromthe silkkorhi@beindYepdrated ehomohst GPicahewafRa Ry kething sldZallel
orientations of the silicon wafer. In the manufacture nethod of the present

invention, thg st oritltSePflotthenilicegswhiyr. the plurality of chips to be
separated fromthe silicon wafer by the etching step are set to be 1

m crometers or MhgoreloR W i fhe Ti3@iFRRY aﬁgeﬁﬁm&gﬁopfw& ebd,fiui d drop

di scharge head of the present Inventioh conprises e steps of: etching
the silicon | .o I rat i I . irst
direction of %%ﬁfi(g]lgl ?lgo%g\?\/g?g% h?%@%rogée'#rq?%é égg@rlg?‘gaﬂa&gkﬂ?gﬁéggoéf chi ps
fromthe5 siIicoQ waf er, al ongithe .fir.at separation Iir}.eS' aﬁnd dicing the
silicon Swaf SCRPEhY LR LRAVEESF Aiquif GHatIker, 2, 194Zlp IPTMANON o ¢ o
direction of thg siIi.@gn wafc%rs, in order to Sﬁ%ara e.the E‘I urality of

chi ps from 2@ 4RBeL MBI Rrodes 3 n8ag % MR GRR GlF LRI ARAHOM nes. " In the
manuf acture nmethod, the etchjpng step is perforned such that the i ndividual
chips are nof2&BhH &fﬁné?lwg%}s%d}ét%eﬁ%té?gft,h@ thﬂ’fitﬁ@ fgvepqon%ﬁert%et di ci ng
step is performed so that the individual chips are conpletely separated

after the di ¢¢af§ oeedf thslignidedhagphar formatio mmeibehftheogzlesent

invention, the )
formation member, and the electrode formation member.

10 Furthermore, in the liquid drop discharge head of the present
invention, the chip is provided without any bridge portion at an
intersection between the first separation line and the second
separation line.

The manufacture method of the liquid drop discharge head of
215 the present invention comprises the steps of: etc.hing the silicon
wafer along first separation lines parallel to the first direction of the
silicon wafer in order to separate a plurality of chips from each
other along the first separation lines; and dicing the silicon wafer
along second separation lines parallel to the second direction of the

20 silicon wafer to separate the plurality of chips from the silicon wafer

along the first and second separation lines.
| In the manufacture method of the present invention, each of
the plurality of chips is configured in a rectangular formation having
a longitudinal direction parallel to the second separation line in

25 - which the chip is separated from the silicon wafer by the dicing step,
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- 76 0 6 MAR .2000 plurality of chips are arranged in a set of rd&MaR 200§
chips in parallel wth the first direction of the silicon wafer such that
the first separation lines of adjacent rows of the chips are staggered in
a direction parallel to the second separation lines. 5 In the manufacture
met hod of the present invention, the second separation |ines are provided
such that the second separation Iline of one of the plurality of chips has

a width | ar gandnougbrilodirpepaqiaralied t6 ang€iet sepanai@hbord tgwdlitlp on said
one of the plurality of chips in the silicon wafer. 10 Mreover, in the

manuf act ure fgg kA of stherape@Fesrh thRrvaTdodnw afdriey pheledthing ekpchi ps are
separated fromthe silicon wafer without any bridge portions at

i ntersections betyeqRe thgnd fakflreSRRM A ioPNhe! jragsn @ doifoSakend separation
lines. In the manufacture nethod of the present invention, the 15 etching

step is perf%iﬁ@g% tupafrapﬁmgm'? s smﬂpa%&mﬁ?hito ?ﬁngﬁh}egglﬁragp ogn waf er

by etching fromboth top and boftom surftaces o e er at the

same (e, | 0pihe dEackUGe TELAOG L K RTSR ol LOURALAGR Ehe, | etching

step is rm-t separationl1inesi silicon
waf er by et chi

] t th i f J f head .. t chi
O B ik Ry T 51T RS0 e DIEFGBOERIRR, P
R R MR e N

invention. In the mcro_chip, the first and_second separation
_ parallel to <112> orientations of the silicon wafer.

In the manufacture method of the present invention, the first
10 separation lines for the plurality of chips to be separated from the
silicon wafer by the etching step are set to be 1 micrometers or more
in width.
The manufacture method of the liquid drop discharge ]i'eal.d of
the present invention comprises the steps of: etching the silicon
.15 wafer along first separation lines parallel to the first direction of the
silicon wafer, in order to separate a plurality of chips from the
silicon wafer along the first separation lines; and dicing the silicon
wafer along second separation lines parallel to the second direction
of the silicon wafer, in order to separate the plurality of chips from
20 the silicon wafer along the second separation lines. In the
manufacture method, the etching step is performed such that the
individual chips are not completely separated after the etching step,
and the dicing step is performed so that the individual chips are
completely separated after the dicing step.

25 - In the manufacture method of the present invention, the
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- 77 0 6 MAR 2006 nethods are different fromeach other and sel gdt MAR f2806m
anong dicing, etching, sand blasting, wWre saw processing, water jet
processi ng, and | aser processing. According to the liquid drop discharge
head of the present 5 invention, the head conponent chip is separated from
the silicon wafer by etching the wafer along the separation |ine parall el
to the first direction of the wafer and by dicing the wafer al ong the
separation | pheradityadi ehipscareharsegoddn di setcdf nowofoftdhdpwdah grarallel i s

possi ble to provide easy positioning with other parts. The degree of 10

freedom of tRatichhe fadst AMGRARH oPBhé REiSHA iveaPer wabRIthh6 th@ifed, and the
nunber of the resulting chips fromthe silicon wafer is increased. Thus,

the yield i NREPYASiorR f ek QF £aE MBI RGFUNE (APs Ree Atd8ddied in AAccording to
t he manufacture nmethod of the’liquid drop discharge head of the present

i nvention, tﬁ?f;@?wrﬁﬁagllélrt%%@@f%fontdh@epa-l'?til%ﬁ! Bnéd rangenent on the silicon
sed,

wafer is rai and” t he nunber o the resulting chips fromthe silicon

waf er isSi ncreasegaitggﬁ%n{ﬂgmrg ﬁle dﬁcﬁ%ﬂ“‘%ﬁ@ﬁ)re%ﬁ?’t in%n(f tg@nuf acture can

be attai hed. Accor he mcro device of the presént 1'nvention, the

m cro device is Iﬁ QVi deg. a #ci nd of the.‘il[icﬂui dlil éot? di scharge heaﬁ of 20

the inventi of*°YHe SHEABEET Tor RS LGN T HY > Eh S 2 S S S PFR EN Rt er i s

~increased, the yigld inproves, d Loy.cost manufaciure can ,be attained.
accor di ng. t o oweeof pe ot g st ratty E HiESBhe W oo fade et % e head

is provided as a kind of the_ liquid drop discharge head of 25 the

i nvention, aR801a5é tAriotARSS Q/f.w%asg?ﬂ@mgn&ﬁpefenﬁ Hhopg P ibd erpiugakty

of chips in the silicon wafer.

10 Moreover, in the manufacture method of the present invention,
the plurality of chips are separated from the silicon wafer without
any briage portions at intersections between the first separation
lines and the second separation lines.

In the manufacture method of the present invention, the
15 etching step is performed to form the first separation lines in the
silicon wafer by etching from both top and bottom surfaces of the
silicon wafer_ at the sgme time.
In the manufacture method of the present invention, the
etching step is performed to form the first separation lines in the

20 silicon wafer by etching, at the same time as formation of a head
component chip structuré.

The micro device of the present invention includes a chip
formed by separation of a silicon wafer, and this chip is provided
similar to thé head component chip in the liquid drop discharge head

25 - of the invention. In the micro chip, the first and second separation

- 77 -




- 78 0 6 MAR 2000 and | ow cost manufacture can be attained. Acc@®&IMAG 2006
the ink cartridge of the present invention, the ink tank which supplies
the ink to the ink jet head, and the ink jet head which discharges the ink
drop are integrally forned, and the liquid 5 drop discharge head of the

i nvention is provided as the ink-jet head. The productivity of the ink
cartridge can be raised and | owcost nanufacture can be attai ned.

Accor di ng t o nhéwolde kark &¥ifferent fritgn dR¢hcethet ahldesedé &ied@ntroni Aweddg on, the
liquid drop di scharge head of the invention is 10 provided as the ink jet

head whi ch digsetins, 326hin3e shfill ¥laofAngandré Rew ProR@ysinigyivyeefjet he ink | et
printing device can be raised and | owcost manufacture can be attai ned.

15 20 06 MAR2Q06: LA MR 1dserpddc@ebihgdr op di scharge head including a head
conponent chip formed by separation of a silicon wafer, the silicon wafer

having a first di %&toirf?{he%‘&g;c/ﬁ‘? Eﬁqﬁ@ﬁ?ﬂp&?&ﬁ%h&fgne;ﬂé‘%d ?E%h@lﬂﬂé@éﬁé’ o

I ntersected, characteriz onpris I rst 'separation |line

rse act'ert zed by 1 he “chi p-corm: parat
Caparated 1r oheRObTeHE) BEFLRERuRneplRayD it cERALB Mrom s BllOPP 10

ti t hod;, and d tion |i el t d
i Tacti on of G baorening SRS MERET MRk Brisse B RG: DaschsSiPOE: ho waf er

along the first direction of the wafer and by dicing the wafer along the
separation line parallel to the second direction of the wafer. It is
possible to provide easy positioning with other parts. The degree of
10 freedom of the chip arrangement on the silicon wafer is raised, and
the number of the resulting chips from the silicon wafer is increased. |
Thus, the yield improves, and low-cost manufacture can be attained.
According to the manufacture method of the liquid drop
discharge head of thé .present invention, the degree of freedom of the
.15 chip arrangement on the silicon wafer is raised, and the number of
the resulting chips from the silicon wafer is increased. Thus, the
yield improves, énd low-cost manufacture can be attained.
According to the micro device of the present invention, the
micro device is provided a kind of the liquid drop discharge head of
20 the invention, the number of the resulting chips from the silicon
wafer is increased, the y‘ield improves, and low-cost manufacture can
be attained.
According to the ink-jet head of the present invention, the ink-
jet head is provided as a kind of the liquid drop discharge head of

25 - the invention, and the productivity of the ink-jet head can be raised
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second separation line by a second separation nethod. 2. The |i quifd HARE00§
di scharge head of claim1 characterized in that the chip is separated from
the wafer along the first separation .15 |ine by etching, and separated
fromthe wafer along the second separation line by dicing. 3. The liquid
drop di scharge head of claim2 characterized in that the chipis
configured in a rectangular formation having a 20 |ongitudinal direction

paral l el to the 15ecesst maparadtued chnnee aftaddch the chip is separated from
the wafer by dicing, and a lateral direction parallel to the first

separation line iRcutgingt fRetifidk cartri®RAbAtIR ptéRmttine e WRbAL thy igk chi ng
25 4. The liquid drop discharge head of claim?2 characterl zed ini - 80

6 MAR 2000 t gt Wcﬁ'ghgﬁﬁ@s"{’ﬁfe%k't% Qfe {mhLR): HNStAld tHl%ﬂ}{?@tnB@éd on, the
chipis forrre fromth [i'con wafer, and the first separation |ine of

th hi b I lel t
S 250 P one SR AR EEs thOTHE G op! 5"“’0@3%%4@ f‘f’*‘a‘ﬁ‘? 3%@2&3 L8 oo head
f | 1‘. t

ol o ”%amo Rt %heﬁerﬁiﬁh%ﬁ%%tg@%@{ BENERA SO e ehead, 0,0 e
f t 1 f t 10
onber uhi iR rodRe BYIBLEL RS Sa A2RTAEH sBN e hiRe E Sbae R 1BE e " | east

one of the |iquid-chanber formatlo&"l menber, the nozzle formation nenber,

and the el ect? a‘FB‘I‘Fré’taPolFP

According to the ink-jet printing device of the present
invention, the liquid drop discharge head of the invention is
10 provided as the ink-jet head which discharges the ink drop, and the
productivity of the ink-jet printing device can be raised and low-cost

manufacture can be attained.

15

20

25
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6. The liquid drop discharge head of claim1 characterized in 15 g§haart2m
chip is provided wi thout any bridge portion at an intersection between the
first separation |line and the second separation line. 7. A manufacture

met hod of a liquid drop discharge head 20 including a discharge-head
conponent chip formed by separation of a silicon wafer, the silicon wafer
having a first direction and a second direction that are nmutual ly

i ntersected, cahmrMest eri zed by conprising the steps of: etching the silicon
waf er along first separation lines parallel 25 to the first direction of

the silicon wafer )i pigdtd drBpSARBRALR Redd indthdidk § HAYA cdAPBnBhiral ity of

chips fromeach other along the first separation |ines; and dicing the
silicon wafe t s I : cond
direction of E]tlﬂ:le?%?%%%n%&%gﬁpﬁ?g ésfe)%g?é?gﬁtvﬁ@eg’l t@afﬁ%%%ﬁ%hi ps from
the silicon I .he f1 o rati l.ipe 8. The
manuf act ur e ﬂn%%ﬁ(ﬁ:lgof?&gIdg?en%tgd%%gggagg%(fsof‘%&;ggﬁe%%t%%a atgagghm{é?uafl}.ye plurality

f chips, | fi d j t lar 10 f tion havi I ongi t udi nal
di rect of palBPFUted, ehEACLUdhe Pdeitr SHPOTOPRSITR which the chip is

separated fromthe._ silicon wafer b di ging step, and | at er al
direction paral | et 5t SRR2F4HLY mseebg"ra;rqﬁcfﬁ tliﬁengr tAigps A Hetheni p i s
separated fromthe silicon wafer A by the etching step. ' )
silicon wafer, the chip being'separated from the wafer along the first
separation line by a first separation method; and
a second separation line parallel to the second direction of the

10 silicon wafer, the chip being separated from the wafer along the

second separation line by a second separation method.

2. The liquid drop discharge head of claim 1 characterized in
that the chip is separated from the wafer along the first separation
.15 line by etching, and separated from the wafer along the second

separation line by dicing.

3. The liquid drop discharge head of claim 2 characterized in
that the chip is configured in a rectangular formation having a
20 longitudinal direction parallel to the second separétion line in which
the chip is separated froi:n the wafer by dicing, and a lateral
direction parallel to the first separation line in which the chip is

separated from the wafer by etching.

25 - 4. The ligquid drop discharge head of claim 2 characterized in
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15 9. The manufacture nethod of claim7 characterized in that the g&MARQHS
wafer is of (110) crystalline orientation, and the plurality of chips,
configured in a rectangular formation, are arranged in the silicon wafer,
and the first separation lines for the plurality of chips 20 to be
separated fromthe silicon wafer by the etching step are parallel to <112>
orientations of the silicon wafer. 10. The manufacture nmethod of claim9

char act er i zeghatntHehsiliconheafdrr Bt of €pEO pEiNallimesricatati e, fHeuchip iy of
chips to be separated 25 . fromthe silicon wafer by the etching step are

set to be | £8dnecd rPoPBeMIiFoar WARIC R dOtheNHF & ddpavhdbh 1idd ofAhganuf acture
met hod of a |iquid drop discharge head including a head conponent chip

formed by sepg{fbepil QbpAratdd FAAR theVaiiRbn &«Bﬁ‘ef%,} benvalkefaraaneiing a first
direction and a second " direction that are nutually intersected,

CharaCteriZeQ192>58HPﬁhﬁhﬂﬂof2F§s?%@?ﬁx9 fer€tching the silicon wafer along

first separation |1 nes paral e first direction of the silicon

waf er, ig order to separate a 10 plurality of chips fromthe silicon wafer
along the first separation lines; and dicing the silicon wafer along
second separation_.ines.parallel ..tq the.secon i.rection of the silicon
vt n order 1o SOgh BRI i aigcharel Al LR fE"T cArefterata Bon water
al ong the second separation i nes, wh reig t.he tgpgggastep is

15 | .
performed subkeh ik SBafgrhesdgamprides a liguid-chamber Formation

member which provides a liquid chamber, a nozzle formation
member which provides a nozzle, and an electrode formation

10 member which provides an electrode, and that the chip constitutes at
least one of the liquid-chamber formation member, the nozzle

formation member, and the electrode formation member.

6. The liguid drop discharge head of claim 1 characterized in
15 that the chip is provided without any bridge portion at an
intersection between the first separation line and the second

separation line.

7. A manufacture method of a liquid drop discharge head
20 including a discharge-head component chip formed by separation of
a silicon wafer, the silic.on wafer having a first direction and a
second direction that are mutually intersected, characterized by
comprising the steps of:
etching the silicon wafer along first separation lines parallel

25 - to the first direction of the silicon wafer in order to separate a
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chips are not conpletely separated after the etching step, and theg fiari2ig
step is perforned so that the individual chips are conpletely separated
after the dicing step. 20 12. The nmanufacture nmethod of claim 11
characterized in that the plurality of chips are arranged in a set of rows
of chips in parallel with the first direction of the silicon wafer such
that the first separation |lines of adjacent rows of the chips are

st agger ed i npduBitgi sfechipsrirpar adtlelother ol gstoofidstssqpaaratioanlihestes. - 83
0 6 MAR 2WDO 13. The nmanufacture nmethod of claim 12 characterized in that
the second sapdration lines are provided such that the second separation
line of one of the plurality of chips has a wdth |arge enough to project
to a range of a ngigothiendlicbnpw aferSalion g0t ovid ddparbtibhUigéd pyrdielchi ps in
the silicon wafer. 14. The manufacture nethod of claim 11l characterized in

that the plyahbikcohd @iRiA 8f IRPATBESH wARMNtbNRpatddeCi®R MRralityM t hout
any bridge portions at intersections between the first separation 10 |ines

and the seco i | s T, f ai.m 11
char act e?i zeggicn%q?ﬁgf&m? Eg Séltlgﬁlil nvgjbg?ﬁsetreigsflgst ggriﬁf)\sﬁtrgéﬁ {%é or ?n@é%r%h?)inr st

separation I;l es in the silicon wafer by etching fromboth top and bottom
surfaces of e 15 silicon wafer at the sane tinme. 16. The manufacture

met hod of claim 11l characterized in that the etching step is perforned to
formthe first separation lines in the silicon wafer by etching, at the

same time as for n%t IT%% r%];ngfahc%%Qe method of claim 7 characterized in that

each of the plurality of chips is configured in a rectangular

10 formation having a longitudinal direction parallel to the second
separation line in which the chip is separated from the silicon wafer
by the dicing step, and a lateral direction parallel to the first
separation line in which the chip is separated from the silicon wafer
by the etching step.

' 15
9. The manufacture method of claim 7 characterized in that the

silicon wafer is of (110) crystalline orientation, and the plurality of
chips, configured in a rectangular formation, are arranged in the
silicon wafer, and the first separation lines for the plurality of chips

20 to be separated from the silicon wafer by the etching step are

parallel to <112> orientations of the silicon wafer.

10. The manufacture method of claim 9 characterized in that
the first separation lines for the plurality of chips to be separated

25  from the silicon wafer by the etching step are set to be 1
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20 conponent chip structure. 17. A micro device including a chip & HaR 2085
separation of a silicon wafer, the silicon wafer having a first direction
and a second direction that are nmutually intersected, characterized by the
chip 25 conprising: - 84 0 6 MAR a first separation line parallel to the
first direction of the silicon wafer, the chip being separated fromthe
wafer along the first separation line by a first separation nethod; and a
second separ aticoomkiare qranaké éh wilthhe second direction of the 5 silicon
waf er, the chip being separated fromthe wafer along the second separation
| i ne by a second separation nethod, wherein the first and second separation
net hods are different fromeach other and sel ected from anong dicing,

etching, sand bl @§IiAnﬁlyaanﬁﬁu$§%@W§§!aﬂ9?uM?dﬁfp HRichRk g€ dgadng, and
| aser 10 processing. 18. An ink-jet head including a nozzle which

di scharges afdiilinglhdbadicdmPBhenfRBIPEEr MBI &Y SCYIHNLEASLS sMikhnt he

nozzl e, and a pressure generating unit which genérates pressure to

pr essuri ze i Gl GAN:RLBECyk ks ERATREon AP ol Mokl head

LSy iinlg O
i ncluding a head " conponent cﬁ?p orﬁed y separation of a Silicon wafer,

the silicon salel AL N9e nfidatty ficesdd 08 SRS BraesoL $,ALs RO that are
ed' by The ¢ gt O RPFISP AR

mutual |y i ntersected, characteri I'p conprisi
separation |ine gearaclk#f_el to the first direction of the 20 silicon wafer,
the chip beihﬂsg Pardted fromthe wafer along the first separation line by

a first separation nethod, d . . .
P etcﬁng tge_ silicon wafer along first separation lines parallel

to the first direction-of the silicon wafer, in order to separate a
10 plurality of chips from the silicon wafer along the first separation
lines; and
dicing the sirlicon wafer along second separation lines parallel
to the second direction of the silicon wafer, in order to separate the
plurality of chips from the silicon wafer along the second separation
15 lines,
wherein the etching step is performed such that the individual
chips are not completely separated after the etching step, and the
dicing step is performed so that the individual chips are completely
separated after the dicing step.
20
12. The manufactu-re method of claim 11 characterized in that
the plurality of chips are arranged in a set of rows of chips in
parallel with the first direction of the silicon wafer such that the
first separation lines of adjacent rows of the chips are staggered in a

25 . direction parallel to the second separation lines.
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a second separation line parallel to the second direction of the (s MARQNS
waf er, the chip being separated fromthe wafer along the second separation
| ine by a second separation nethod. 25 - 85 19. An ink cartridge in which
an ink-jet head and an ink tank are integrally fornmed, the ink-jet head

di scharging an ink drop, and the ink tank supplying ink to the ink jet
head, the ink jet head including a head conponent chip forned by separation
of a silicon 5 wdBeThet manyiidtoon methed dfwviaig A2 fobasscdirizedt inothaand a
second direction that are nutually intersected, characterized by the chip
conpri sing: ahéisesdndeppamiticnlinesaarpgraiviiétd sach hkaf thstecidcti on of the
silicon wafer, the chip being separated fromthe wafer along the first 10

separation |isapabitich fineSdf sepafahePluiElinpdf chngs BasaceidihskRaeat i on line
parallel to the second direction of the -silicon wafer, the chip being

separated fr ‘éﬂbhgﬁ m?@ge@tl N8 rhhge oFe£ ABFL IR ALhOP ol HBdh Ao egONd
separation nethod. 15 20. An ink jet printing device including an ink-jet

head whi gh %ﬁéﬁbﬁ@gﬁsc@i sl Kt HY G afdK j et - head including a head
conponent chip fofnmed by separation of a silicon wafer, the silicon wafer

having a first direction and a second direction that are nutually
intersected, characterized by the chip conprising: 20 a first separation

line parallel to tln.e'ljfhicrrﬁta gﬂc‘%ﬁk‘;e???t%%fit&g‘élﬁiﬁin;if%ﬁa\f\‘i‘a%egwﬁgl%ﬁ hi {) bei ng

separated fromthé wafer along rs
ration hod: n rafi lin r.al |l el h n
separation met hoth: 05 ot S5 SR AL o e RTAM Slake? Wil SECON
di rection of
any bridge portions at intersections between the first separation

10 lines and the second separation lines.

15. The manufacture method of claim 11 characterized in that
the etching step is performed to form the first separation lines in the
silicon wafer by etching from both top and bottom surfaces of the

‘ 15 silicon wafer at the same time.

16. The manufacture method of claim 11 characterized in that
the etching step is performed to form the first separation lines in the
silicon wafer by etching, at the same time as formation of a head

20 component chip structure.

17. A micro device including a chip formed by separation of a
silicon wafer, the silicon wafer having a first direction and a second
direction that are mutually intersected, characterized by the chip

25 . comprising:
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silicon wafer, the chip being separated fromthe wafer along the 25 BerQ@g
separation |line by a second separation nethod. - 86 0 6 MAR MO 21. A
l'iquid drop discharge head including a head conponent chip forned by
separation of a silicon wafer, the silicon wafer having a first direction
and a second direction that are nutually intersected, characterized by the
chip conprising: 5 a first separation line parallel to the first direction
of the silicon wafférst sapatitiobéimgppaiiidladd shef firswedireatibheff ilest

separation 'Iine to penetrate the silicon wafer by a first separation
net hod, the s{iddn beifef GRPeHiptiad ni Qiparhee dSidont eRe Wafer a2bPPaht Ferski r st
separation line; and 10 a second separation line parallel to the second

direction of s¢hsratfid i18@MyaTtefst skPerahbR eindd; 38Rar ated from the waf er
al ong the second separation Iine by a second separation nethod. 22. The

lauid drop di schargeoRgadpdtatoRnNS pafIIAG Bld &Rbad!RideBribiAe e chip

is separated fromthe wafer along the tirst separation [1ne by chopper

di cing, and. r r..al t ‘ ion |line by
i cing, 35 TR uERe! GRS (5 Wahe . aanRd i IR O RN e ™20 n
that the chi F)eafrtgfr thre sot%pﬁr gtbi on ing{léd%s an.end stglrface having a | evel

di fference of 0’5 AR SR et'8°0r FESSON2 A PRAE PR gRS °rop di scharge head
]E";l f'o‘v"‘V; ?921}0?23{ "y %rgélzneg]elgﬁf{/k&?%d LDEoRd sk phfart NI NG b0 dTFf en™®

from each other and selected from among dicing, etching, sand
blasting, wire saw processing, water jet processing, and laser

10 processing.

18. An ink-jet head including a nozzle which discharges an ink
drop, a liquid chamber which communicates with the nozzle, and a |
pressure generating unit which generates pressure to pressurize ink

15 contained in the liquid chamber, the ink-jet head including a head
component chip formed by separation of a silicon wafer, the silicon
wafer having a first direction and a second direction that are
mutually intersected, characterized by the chip comprising:

a first separation line parallel to the first direction of the

20 silicon wafer, the chip being separated from the wafer along the first
separation line by a first-separation method; and

a second separation line parallel to the second direction of the -

~ silicon wafer, the chip being separated from the wafer along the
second separation line by a second separation method.

25
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r - -t)" L. where L is alength of the slit formed in the wafer, rQésAa 20
radius of a dicing blade, and t is a thickness of the wafer. 5 25. The

. liquid drop di scharge head of claim 21 characterized in that the silicon
wafer is of (110) crystalline orientation, the slit is fornmed partially on
the first separation line by etching, and the first separation line is
parallel to <112> orientation of the silicon wafer. 10 26. The |iquid drop
di scharge head of 18.Ami®K cobidg: én iwlbdh aminkhat¢t héml dhdchminge tiad
conprises a liquid-chanber formati on nenber which provides a liquid
chanber, a naezrezliatdégraligtficamedyehbdnkwrit deadrdi¢chesiag nozile drapdasd

el ectrode formati on nenber which provides an el ectrode, and that the chip

constitutes ahelibklteaBtsuppeyiafg idketd thpliak Goanbed, e im-j@nhednber, the
nozzle formation nenber, and the el ectrode formati on menber. 27. A

nmanuf act ure FRENRENETa Redd dbinh oHeR Hip Toamea hea aﬂa’ﬂfHﬂJGf'&gsﬁac"&%ad
conponent chip fornmed by separation of a silicon 20 wafer, the silicon

wafer hagi ng k! fle Q!alfceoq]t bvg?elaﬂgvﬁlgsgw dliﬂé&?&ﬁ w80 4 géémﬁi e nutual Iy

i ntersected, characterlze by conprising the steps o ormng a slit,

whi ch_penet r gsgs. | e i3l d:8ORMBHIEY 1nPASLLAL ¥nBRacichleal Pty 90 a first

separation line ara tot |recf| € silicon fer in
order to separat E%ﬁ chip fromthe silicon wafer along the first

pr1
separation | iRE, dicing the silicon wafer along a second separatlon

![ Ihgecﬁia[)a:c :,glm > taof&sqese%%?gtqgnq:llr{ee%talrﬁ[l"el to %hheeflsrlstl dfr%gtm waf e{ th O separat e

silicon wafer, the chip being separated from the wafer along the fi‘rst
10 separation line by a first separation method; and
A second separation line parallel to the second direction of the
silicon wafer, the chip being separated from the wafer along the

second separation line by a second separation method.

15 20. An ink-jet printing device including an ink-jet head which
discharges an ink drop, the ink-jet head incluaing a head component
chip formed by separation of a silicon wafer, the silicon wafer
having a first direction E_tnd a second direction that are mutually
intersected, characterized by the chip comprising:

20 a first separation line parallel to the first direction of the
silicon wafer, the chip béing separated from the wafer along the first
separation line by a first separation method; and

a second separation line parallel to the second direction of the
silicon wafer, the chip being separated from the wafer along the

25  second separation line by a second separation method.
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the silicon wafer along the first and second separation |ines by g MgR 2d6e
slit. 28. The manufacture nethod of claim 27 characterized in that 10 the
chip is separated fromthe wafer along the first separation |ine by chopper
di cing, and separated fromthe wafer along the second separation |line by
dicing. 29. The manufacture nmethod of claim 28 characterized in that 15
the chip after the separation includes an end surface having a |evel

di fference of 0.52k & bapiédsoprdisebargesbeadrivclpding adtaadecomploodndf cl ai m
27 characterized in that the slit is .configured to neet the follow ng
formul a J7 (rchip $or@ed hiyeseparationaod ersglihonfwaﬂee, e silformmedifen the silicon
wafer, r is aradius of a dicing blade, and t is a thickness of the wafer.
- 89 31. Thaawmghddtstrdremidmendfa etadmd ATrechidnatiaerarzadutyalipat the
silicon wafer is of (110) crystalline orientation, the slit is forned

partially oniifeesddtes] chopatatized by e byipeéshprgingnd the first
separation line is parallel to <112> orientation of the silicon wafer. 5

32. The ganuf act up&ifRtsRpdrAfon Mhd parilteiioomdfisahdireetibaast tHf cl ai m 27
characterized in that the plurality of chips are arranged in .a set of

rows of chi p%ﬂ?{blf)%ra@lef el oWt tb'élﬁ?‘%afrh'éﬁty e bRQthf11tsrﬂ‘%68§¥+|ﬁ&9n waf er

such that the first separation ITnes of "adj acent rows of e chips are

staggered injg iy 514 1PMePHeA I Rlont RaF0ELTGCARH seHaRABh! ATcAdd e

chip being separated from the silicon wafer along the first separation
line; and

10 a second separation line parallel to the second direction of the
silicon wafer, the chip being separated from the wafer along the

second separation line by a second separation method.

22. The liquid drop discharge head of claim 21 characterized
15 in that the chip is separated from the wafer along the first separation
line by chopper dicing, and separated from the wafer along the

second separation line by dicing.
23. The liquid drop discharge head of claim 21 characterized
20 in that the chip after the separation includes an end surface having a

level difference of 0.5 micrometers or less.

24. The liquid drop discharge head of claim 21 characterized

in that the slit is configured to meet the following formula
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33. The manufacture nmethod of claim27 characterized in that the g®MARRHE
step is perforned to formthe slit in the silicon wafer at 15 the sane
time as formation of a head conponent chip structure. 34. A mcro device
including. a chip forned by separation of a silicon wafer, the silicon
wafer having a first direction and a second direction that are nutually
intersected, characterized by the chip 20 conprising: a first separation
line parallel to the first direction of the silicon wafer, a slit being
partially formed on t st separation line to penetrate the silicon
wafer by a first sepgrdt-igongfreghod, the chip being separated fromthe
silicon wafer along the first separation 25 line; and - 90 O06MAR 2000 a
second separation line parallel to the second direction of the silicon
waf er, the chip being separated fromthe -wafer along the second separation
line by a seqde IePARAELNOTH BEBlthed 11tsiortheldnin &ld tvafér,35is ARalifiks b£h head
including a nozzle which discharges an ink drop, a I|qU|d chanber which

conmmuni cat es d‘ﬂéﬁ% B138eN8d 6is ARCicRneP! BSSHE SvgRperating unit which
generates pressure to pressurize ink contained in the |iquid chanber, the

i nk-jet head including a head conponent chip forned by separation of a
silicon wafer, the silicon 10 wafer having a first direction and a second

directiog that ok ’i“ﬁtebi"i‘%&iyd hf‘&ﬁﬁ?&%ﬁgf hl%lﬂ?(r)oaf,f%ﬁr 25 % 5&% P

conprising a flrs separa I'on ara |rst Fecti?on of the
silicon wafet .ion Iline

he f
to penetrate ?ﬁﬁat % e ¢ f%'f’\%g?’g é{)bsag% ﬁi@{ crsyesﬁgﬂg%q gﬁelﬁirﬁthﬁe a%é 1t 1s

formed partially on the first separation line by etching, and the first

separation line is parallel to <112> orientation of the silicon wafer.

10 26. The liquid drop discharge head of claim 21 characterized
in that the discharge head comprises a liquid-chamber formation
member which provides a liquid chamber, a nozzle formation
member which provides a nozzle, and an electrode formation
member which provides an electrode, and that the chip constitutes at

15 least one of the liquid-chamber formation member, the nozzle

formation member, and the electrode formation member.

27. A manufacture method of a liquid drop discharge head
including a head compoﬁent chip formed by separation of a silicon
20 wafer, the silicon wafer having a first direction and a second
direction that are mutually intersected, characterized by comprising
the steps of:

forming a slit, which penetrates the silicon wafer, partially on
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15 chip being separated fromthe silicon wafer along the first sepgs Hak @il
line; and a second separation |line parallel to the second direction of the
silicon wafer, the chip being separated fromthe wafer along the second
separation line by a second separation nmethod using the slit. 20 36. An ink
cartridge in which an ink-jet head and an ink tank are integrally forned,

t he ink-jet head discharging an ink drop, and the ink tank supplying ink
to the ink jetfirsasbpatriigon ikng pardldeldta rhod fissndiractiead ctrpeiisodn chi p
formed by separation of a silicon 25 wafer, the silicon wafer having a

first directiwafennsl cadsecordpard thdia}ﬂptﬂrom tHeatil o wafeiehlohd fHeer sect ed,
characterized by the chip conprising: a first separation |line parallel to

the first di ragtk@padftidiNEnst khgon wafer, a slit being partially formed on
the first separation 5 line to penetrate the silicon wafer by a first

separation met hOddut,llﬂ% R ﬁhle%'nnga%?rp@lro%tgeﬁj sEESH kBFassitldif Phe V‘?ﬁl‘%‘ile@' ong

the first separation “line; and a second separation |ine paral

second d'srec{n'r)]‘?ﬂigfecfnﬁ‘& ééticﬁPBf"éﬁE"thcBH%H%'rRot%%:gggat%e&%r gadfro mthe

waf er al ong secon separation Tine by a seco separ at’i met hod

using the S!ife sBleo 0k olBle RS G008 NGB 170Cd B8l ead

whi ch dlscharg STa K af enrn jet

chip forned ?% sgﬁaratlon of a silicon wafer, the silicon wafer 15 having a
first directi d a second direction that are nmutually intersected,
characterized by the chip conprising:

28. The manufacture method of claim 27 characterized in that
10 the chip is separated from the wafer along the first separation line
by chopper dicing, and separated from the wafer along the second

separation line by dicing.

29. The manufacture method of claim 28 characterized in that
15 the chip after the separation includes an end surface having a level

difference of (0.5 micrometers or less.

30. The manufacture method of claim 27 characterized in that

the slit is configured to meet the following formula

¥ N

20

where L is a length of the slit formed in the silicon wafer, r is a

radius of a dicing blade, and t is a thickness of the wafer.
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a first separation line parallel to the first direction of the sigf®aR 2006

wafer, a slit being partially forned on the first separation line to
penetrate the silicon wafer by a first separation nethod, the 20 chip being
separated fromthe silicon wafer along the first separation line; and a

second separation line parallel to the second direction of the silicon
waf er, the chip being separated fromthe wafer along the second separation
| ine by a second Sdpditat menufietthoe nusthiog dhelatn 27 charact8?ized in that

the silicon wafer is of (110) crystalline orientation, the slit is

formed partially on the first separation line by etching, and the first

separation line is parallel to <112> orientation of the silicon wafer.

32. The manufacture method of the liquid drop discharge head
of claim 27 characterized in that the plurality of chips are arranged
in a set of rows of chips in parallel with the first direction of the
silicon wafer such that the first separation lines of adjacent rows of

10 the chips are staggered in a direction parallel to the second

separation lines.

33. The manufacture method of claim 27 characterized in that
the forming step is performed to form the slit in the silicon wafer at

15 the same time as formation of a head component chip structure.

34. A micro device including a chip formed by separation of a
silicon wafer, the silicon wafer having a first direction and a second
direction that are mutually intersected, characterized by the chip

20 comprising:

a first separation line ?arallel to the first direction of the
silicon wafer, a slit being partially formed on the first separation
line to penetrate the silicon wafer by a first separation method, the
chip being separated from the silicon wafer along the first separation

25 . line; and

- 90 -

W



10

15

20

25 .

oé MAR 2006

a second separation line parallel to the second direction of the
silicon wafer, the chip being separated from the wafer along the

second separation line by a second separation method using the slit.

35. An ink-jet head including a nozzle which discharges an ink
drop, a liquid chamber which communicates with the nozzle, and a
pressure generating unit which generartes pressure to pressurize ink
contained in the liquid chamber, the ink-jet head including a head
component chip formed by separation of a silicon wafer, the silicon
wafer having a first direction and a second direction that are
mutually intersected, characterized by the chip comprising:

a first separation lifie parallel to the first direction of the
silicon wafer, a slit being partially formed on the first separation
line to penetrate the silicon wafer by a first separation method, the
chip being separated from the silicon wafer along the first separation
iine; and

a second separation line parallel to the second direction of the
silicon wafer, the chip breing separated from the wafer along the

second separation line by a second separation method using the slit.

36. An ink cartri&ge in which an ink-jet head and an ink tank
are integrally formed, the ink-jet head discharging an ink drop, and
the ink tank supplying ink to the ink-jet head, the ink-jet head
including a2 head component chip formed by separation of a silicon

wafer, the silicon wafer having a first direction and a second
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direction that are mutually intersected, characterized by the chip
comprising:

a first separation line parallel to the first direction of the
silicon wafer, a slit being partiallyrformed on the first separation
line to penetrate the silicon wafer by a first separation method, the
chip being separated from the silicon wafer along the first separation
line; and

a second separation line parallel to the secqnd direction of the
silicon wafer, the chip being separated from the wafer along the

second separation line by a second separation method using the slit.

37. An ink-jet printing device including an ink-jet head which
discharges an ink drop, the ink-jet head including a head component
chip formed by separation of a silicon wafer, the silicon wafer
having a first direction and a second direction that are mutually
intersected, chaiacterized by the chip comprising:

a firit separation line parallel to the first direction of the
silicon wafer, a slit being partially formed on the first separation
line to penetrate the‘ silicon wafer by a first separation method, the
chip being separated from the silicon wafer along the first separation
line; and

a second separation line parallel to the second direction of the
silicon wafer, the chip being separated from the wafer along the

second separation line by a second separation method using the slit.
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