WO 03/ 022584 PCT/ JP02/ 08995 DESCRI PTI ON LI QUI D DROP DI SCHARGE HEAD AND
MANUFACTURE METHOD THEREOF, M CRO DEVI CE, | NK-JET HEAD, | NK CARTRI DCE,
AND | NK- W0 oBBe1¥84 NG DEVI CE 5 TECHNI CAL FI ELD The present PCmxeot/08995 r el at es
to a liquid drop discharge head which discharges a liquid drop froma
nozzle, and its manufacture nethod, a mcro device, an ink-jet head, an

ink cartridge, and an 10 ink-j rinti evi ce. BACKGROUND ART An
ink-jet head is a liquid drop d&é}éggﬁﬁglﬂgﬁ\g used in an ink- jet printing
device provided as an i }ige recordi ng devi ce or n 15 ] gﬁ?jﬁkﬁng devi ce,
such as a print el JQUHAdARRRN BIZEHARGH 3IEA]?h'% W tncl udes a
nozzl e whi ch discharges the ink drop, a liquid chanber (also called
pressuri zed ME&M@DCMJIH%EOF[;ME%EQeDEc\ﬁKFﬁ)éNKdJEEHéEé@,CIﬁHﬁber i nk
passage, etc.) which comrunicates wth the nozzle for free passage, and a
pressure ger@ARIRIP GEareN ROINKHHET FRINBING PHY Iftessure to pressurize the
ink in the liquid chanber. The ink drop is discharged fromthe nozzle by
pressuriszing the ink in the liquid chanber by the pressure generated by
the pressure generating neans. As for other liquid drop discharge heads,
for exanpl e, THbEgNT ALguUBL.pProp di scharge head which discharges the liquid
resist as the -1 WD 03/022584 PCT/ JP02/ 08995

The present invention relates to a liquid drop discharge head

which discharges a liquid 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

An 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 calléd pressurized liquid chamber, pressure
chamber, discharge chamber, ink passage, etc.) which communicates
with the nozzle fc;r free passage, and a Iy)ressur‘e generating means
20 which generates the pressure to pressuriie the ink in the liqu‘id
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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liquid drop, and the liquid drop di scharge head whi ch di scharges the

sanple of DNA as the liquid drop are known. In addition, as the mcro

devi ce, fwpoanzspd e, the actuator (or the optical sw tchpcafipee/ispey 0 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 inks;je ea s .t.he exanple of
repr esent at ilbqn‘l.l'?i e aé‘tdethteﬁﬂgléldnfg‘io(?r d’cs;?ﬁéég%lﬂl"?‘ﬁ.é”q?lﬁg-‘ﬁ%?h%%?ﬁe

pi ezoel ectric 10 tfyﬁe t her ma| t,épe, and el ectrostatic type. The

pi ezoel ect risemBlpet BN Rartgediqmd drR HEIP DY carryi ng out def or mation and
di spl acenent of the di aphragm which fornms the surface of a wall of the

li qui d chanber udnrafditios: astbe misie slevi¢arPdamples tah agl1ate 9oel ectri ¢
el ements, as the pressure generating neans. The 15 thermal type discharges
the ink by gbrempdidaigwihehbobbimicrdmougp, theemitmkobtichl agansitivg

el ectro-thermal conversion elenents, such as the heating resistors
arranged i n thivweolswiachl (ohaimdearicroThel ag) exd ols¢ atultiple wpeicdi dearthes the ink
drop by deform ng the di aphragmthrough the electrostatic force using the
di aphr agm ( ghidrBef1owt 8@, ltle hessvade 20nedecite oge) kmbwah forms the surface
of a wall of the liquid chanber, and its opposing electrode. In a
conventional i nk-A efesBEpdiont REl] bleCgiivd ncdtarieeitsk-pitchdddeas coneamblieui d
chanber which communi cates with the respective liquid chanbers are forned
Wi th the matgridhesstGioas a 25 photosensitive resin, a resin nold, netal
or glass. However, since -2 WO 03/022584 PCT/JP02/ 08995

There are three major types of the ink-jet heads: piezoelectric
10 type, thermal type, and electrost;atic type. The piezoelectric type
discharges the ink drop by carrying out deformation and
displacement of the diaphragm which forms the surface of a wall of
the liquid chamber using galectromechanical transducers, such as
piezoelectric elements, as the pressure gengrating means. The
15 thermal type discharges the ink by generating the bubble thrbugh the
ink boiling using electro-thermal conversion eﬁlements, such as the
heating resistors arranged in the liquid chamber. The electrostatic
type discharges the ink drop by‘ deforming the diaphragm throuAgh 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 which communicates with the respective
liquid chambers are formed with the material, such as a

25 photosensitive resin, a resin mold, metal or glass.- However, since
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the rigidity of resin is insufficient, it is likely that the cross talk
bet ween the nei ghboring |Iiquid chanbers takes place, and there is the

probl em tWweto3tosspi ct ure quality deteriorates. Mreover, Paa/JPixNsd9xy of
metal or glass is sufficient, and the 5 problemof the cross tal k does not
take place. However, the manufacture processes of the netal or gl ass

liquid chanmbers is difficult to perform  Further, fqr the copventi onal

i nk-j et headhe rigiddy ofetesi AY 1@?‘?&1%%@% 1t 5 ﬁ‘é@ﬁ]y that &’é:c‘éﬁﬂssg@%nd for the
ink-jet head having a high-density |iquid chanber in order to, attain good
quality 10befween éps @dt@gwmmémuldﬁaﬁ&%s pakenplags, 2384065218 japanese
Lai d-Open Patent Application Nos. 7-276626 and 9-226112 di scl ose an

i nk-j et headhé probienc hhathihel pighixe ghalityedetesingatdse comon |i qui d chanber
are fornmed by the anisotropic etching of a silicon substrate (silicon 15
waf er). The rigi Méneodfersilld cigndityg ofimbtadmd glhes nasuffacienti ard thr ocesses
thereof can be perforned easily by using the anisotropic etching. The

formatign ofprabRed PEnHE wibay tslkrd senef takbeplacquiliowehanbtae wal | is
possi bl e by using the silicon wafer of (110) «crystalline orientation, and

this nmakes i R@asiRkSroee sl éOtHeemlehdl o2l dhgqwidnshidmbédscisi d chanber.
When the silicon is used for the liquid-chanber formation nenber, it is

necessary tQf D, ksRl it d rehandesavandohiicinicosmBend, i d chanber
corresponding to the "head chips on the silicon substrate (silicon wafer),

Sg?0t2gSZEDS%}@E’BQ?%S%E&RWOS&Q%E FR fecedP dettdhd P& fiRsRACdtMge@hi ps. -3 WO
having a high-density liquid chamber in order to attain good quality
10 of a reproduced 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 is used for the liquid-chamber formation
member, it is necessary to form the plural liquid chambers and the
common liquid chamber corresponding to the head chips on the

silicon substrate (silicon wafer), and to separate the silicon substrate

25 into the respective chips.



In this case, as a nethod of separating the silicon wafer into the chips,
the dicing is generally used. In the dicing, the cutter blade in which

di anond pwadeng2sss e attached to the circunference thereofPCragrPoxisated at
hi gh speed and 5 noved along the cutting line, so that the silicon wafer
is cut into chips. For exanple, Japanese Laid-Open Patent Application No.
10- 157149 discloses a silicon dicing- nethod in which the, adhesi on of

chi ppi ngs in t helrmthis wgse.i s almenhosk efisenaraiing thetHbgoBrv i lag%ve 10
docunent, a predeterm ned separation pattern nmask is forned. on the

si | i con waf gre, claipd, trd ditingis gesectlilngsed. performed so that the wafer is
separated into chips by the V-shaped grooves. Japanese Lai d- Open Patent
Application No. b 8f82&ingstioseser hhwtchr whiith doamendi payv #&tshHI§ i n whi ch
t he adhesion of chippings in 15 the dicing is elimnated. In the nethod of

the above dpGueRsd to thecirchaifepdittestizondf 1 sdtapedaghighvepeet endor med on t he
silicon wafer, and the concentrated stress is applied the first and second

V-shaped grQRv@sa1sfgtiiatcut N8 Wed&rsd shaeaparsliedn imiferdhicps ibo t he V- shaped
grooves. 20 However, when per?orning the chip separation by the *

conventionathgkcing met hod, the cutting line is straight as showmm in FIG
27, and the respective chips 201 nust be configured in the lattice

formation on thegsilLean1dal a0 ERGPEA Pt ABglishsien Rodiborm of the

chip, the restrictions e 1n the layout, and e 25 non-used portion

IngT} ggo\é%gééﬁﬁlhb cﬁsecli)ggsr §3388on H}giﬂy%ﬁio@fin th‘ﬁe%kﬁ%i&?3584

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

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

Japanese Laid—(jpen Patent Application No. 5-36825 discloses

another silicon dicing method in which the adhesion of chiﬁpings 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 separatéd 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 copfigured in the
lattice formation on the silicon wafer 200. Depending on the size
and form of the chip, the restrictions 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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chi ps produced froma piece of silicone wafer will be decreased, and the
manuf acturing cost will be increased. Modreover, the respective chips can be
arranged wotoh/oe3se4 sane size only, and it is inpossible t@®Cprpses
sinmultaneously the chips 5 with different sizes. On the other hand, the
ani sotropi c etching nethod separates the silicon wafer into chips, and the
degree of freedomof the layout of the chips on t,ﬂe fer becones |arge.
There are tlsbipupsedegsdsfrophapiesr of i HEORE tH71aT PHE RAECEHFPGUrAYi ons can
be arranged on the 10 sanme wafer, and that increasing the nunber of the

chi ps producke nmanufeosming eoblywalremiiargasete chips in a staggered

formati ont. However, when bonding the chip after the separation to other
parts, it is necedsssoverhtite tdspeetiye afips lvendis prriesgdd sUghthe se®econt act
with the other parts in alignment. In this case, it is required that the 15
edge of thes¢hd pniy, fidnrdd inigdssitedoppeeiwieaimutianeves]y theeahipse
separation is perforned by anisotropic etching, the precision of the chip
edge W lsl ngyiipnoeferbf: grsyred. That is, when the separation is perforned
by ani sotropic etching, the chip edge will be tapered, |like a knife edge,

due to 20 crystah,Qhi oAt aY, RethH98topiCetcHify methadt sephataiesed. Wien
the thickness of the wafer has variations, the chip edge also varies and

the precisi QH?%EHEH? F}%ggﬁ it SR ipR! 3hasths cglé‘gffe& he f%ﬂdbm&ﬂ%eﬂ%gbﬁper ed.

Furt her nore, ge Is tapered, and the precision of the edge

deteriorates 0 _cracki rq i i Lrystal .
orientati onSOfgtlT}l‘%s‘%lfngéﬁl, gﬁte%a%r%{%rﬁgﬁo%h Ofgh%%?’aorg/ecgg%iggﬁé [ JP02/ 08995

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 n'o longer be ensured.

That is, when the sebaration 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 thickness of the wafer has variations, the chip edée
also varies and the precision 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
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edge is obtained by anisotropic etching. The reason that the straight-Iline
edge is as follows. In a silicon wafer of (100) <crystalline orientation,

t here ar ewOwWa/022580> orientations which are intersected pecpgn/asadsar!y.
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 |atter case, the siljcon wafer cannot be separated
into rect ang?f%l § iopbiaiged by aé}w%grppwg]:pq}lpgi shaeeé‘?a@@& thgt zﬁ‘bar ate the
silicon wafer of gllo) 10 crystalline orientation into rectangular or
squar e chi psStraighininegdge 6f aafpHRgisngln Reibseper et RftHO03hape of a
straight line and form ng the separation |line nmay be used. However, in
this case, téwyséelgmeoprientasionedhpra agg B - Hdoarentpdiens waiclbere he
projection is formed thereon, and such edge is unsuitable for alignnment
and it may lHtprodted pparandi¢darlyThHogeiert yn @f sitiken bomftirnd @f10)t he chip to
the diaphragmor the nozzle plate deteriorates due to the particles.

Mor eoverj wheryssapareadiiagtativa, wader atey tvaoi<ddti2>oprienettodisngr amd et chi ng
separates into the chips conpletely, there is also the problemthat the

resul ting chkpsoargisfptoat echighadre ot @teRiebted pérpeddicd@rlyn Itk case,
the collection of the chips is difficult. To avoid the problem the V

groove whi chidagscdiel ieBRIdodl & abdiec SARAIH kOPadatdiPintoSrekeddmdasort hat the
waf er may not be separated into chips conpletely. However, the silicon

wafer in whigh demgparation line is 25 formed by anisotropic etching has
very small hardness, and there is a -6 WO 03/022584 PCT/ JP02/ 08995

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

10 ° crystalline orientation into ﬁctangula’r or square 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 quali';y 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 wafef 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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possibility that the wafer is damaged during the subsequent process or
conveyance. Moreover, when separating the wafer into the chips, it pushes
wi th the woloBmee2sand the stress is applied, and the wafer iPSTSRM@AMBAed 5 by
t he cl eavage. Like an electronic device, the chip of a size bel ow several
square mllineters can be produced by the separation cutting along with
the separation ling fornmed b ni.sojropi c, etching. However, as for the

m cro devi cepﬁﬁf%ﬁit% tl&atc&‘r?p‘g?%fil\?éf‘a}yn %fi'dggu“c?ﬁi 'g‘ei HORAALER L HOSERT ough

hol es are formed or sub-chips of various 10 sizes are arranged therein, it
is likely t h&f ®R¥C¥ANE*-i s dammged due to a concentrated stress.

DI SCLOSURE OF I NVENTION In order to overcone the above-described problens,
an object 15 of DMhergovesewhenseparatong tlee tnfpr dvtodtheaghipapitavsdhelsi qui d
drop discharge head and its manufacture nethod, an inproved mcro device,
an i nproved wikh jte¢ rhBad andrihe spresyasl aippkiedaramndi thgew afed iasepamatoded i nk-j et
printing device which increase the nunber of the resulting chips fromthe
waf er by3Srai diynpetdleadegy.edikd ah reéectoonf de@idet hiee chippofinrsangdebow on t he
waf er, provide easy positioning wwth other parts, and allow the

manuf act ure wetdral aguatsimillimetsrdeant be podbdecddby ahoveppradideesitiidie i quid
drop discharge head of the present invention includes a head conponent
chip fornmed hyomepatRth®Bepdratiosilih€ eormal &y ahRet®pit eWhinwaf er having a
25 first direction and a second direction that are nutually intersected. -

7 WO 03/ 022384y &felt, %EQ%&Qﬁ@%ﬁch'ﬂ%y%ﬂ RSO laSE&smp A akivedy 15QRar ation line

parallel to the first
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 numbef of the
resulting chips from the wafer by raising the degree of freedom of
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.
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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 at i owolosfzsparal l el to the second direction of the PCIiIPIR@GOINASf er,
.the.chip being separated fromthe wafer along the second separation |ine by
a second separation nmethod. It is desirable '"that the chip is separated
fromthe wafer along the first separation line b¥ etching, and separated
from t he waflére cldpargnptieesex bivdt segrantivndine papd eyttt gkfﬁt 10 In this
case, it is desirable that the chip is configured in a rectangul ar

formati on hayicigoa Ot siltioalvader, ehe ichip paimg lsepatased fromgbeond
separation line in which the chip is separated fromthe wafer by dicing,
and a | at er a}afd} hRGId BHe Pias@bé@irationtlige biyrsfirsepsarantion method;i n which the
chip is separated fromthe wafer by etching. 15 Mdreover, it is desirable

that the siljgonsiafi sdgar@fionldfd pacdlysi @ {tiense cmidediratiion,oftthe chip is
formed fromthe silicon wafer, ang the first separation line of the chip

being * separgleg (/.90 e obl0ARY WBhAIcBYrSkohingafer gl hel Lo <112>

ori ent at’i on si’l i con Moreover, it is desirable that the

di scharge head conprjses a;. Liali d-chaiRer.f9ldRideeRodENber which provides
aliquid chﬁﬁ%%l}&,)@%é%glzoz lemFob(r:}’“n%Siegn merrgaéra whi ch p(r)ovi des a nozzle, and

hi p const i tut o5 1ate REAREol bl PhE ARy B4k Rm o B e MR e o ber

chip constitutes Oné er formation nber,

e mozzl e Lpe okt QR IR 18y E5iS4 °Gld 08Far:PEd B d i tne & a0y 03/ 022584

along the second separation line by dicing.

10 . In this case, it is desirable that the chip is configured in a
rectangular formation having é longitudinal direction parallel fo the
second separation line in which the chip is sepafated from the w:afe-r
by dicing, and a lateral direction parallel to the first separatibn line
in which the chip is separated from the wafer by etching.

15 Moreover, it is desirable thaf 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 thé
silicon wafer by etching is parallel to <112> orientation of the
silicon wafer.

20 Moreover, it is desirable that the discharge head comprises a
liquid-chamber formation member which provides a liquid chamber,
a nozzle formation member which provides anozzle, gnd an
electrode formation member which provides an electrode, and that
the chip constitutes at least one of the liquid-chamber formation

25 member, the nozzle formation member, and the electrode formation
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Furthernore, it is desirable that the chip is provided wi thout any bridge
portion at an intersection between the first separation I|ine and the
second sewerta2sss | ine. 5 In order to solve the above prolpCaIR)2/a80es

manuf acture nmethod of the liquid drop discharge head of the present

i nvention conprises the steps of: etching the silicon wafer along "first
separation lines parallel to the first direction of the silicon wafer in
order to semandied. a plurality of chips fromeach other along the first
separation lines; 10 and dicing the silicon wafer along second separation
lines parallel tBurthbemsesdnds diesimeblobhalftherehipiis ipsonidasf withditsepar at e
the plurality of chips fromthe silicon wafer along the first and second
separati on ahy BeRdge portFondesin ableestdtatn dacweord thhEirpt aepdratipnof chips is
configured 15 in a rectangular formation having a | ongitudinal direction

paral | el to}inkhf) S8R0 088RAPALAE@EN l1ide i n which the chip is separated from
the silicon wafer by the dicing step, and a lateral direction parallel to

the first separayi Qpadd 136 d19e Wik Glbdviep &IY1Bmis$ tise pamaifectufre amethiod  silicon
waf er by the etching step. 20 In this case, it is desirable that the

si licon waf gk tflééf)({uﬁ&;d}gé di§énay l@giréa?leopfﬂe?m@brehﬁﬁ‘nv@kﬁ%ﬁ Renrigesl i ty of

chi ps, confirgure ect ang ormation, are arranged in the silicon

2@{02: . ngf }tgefns{eigréséf: .e§a°1§§ga[hieoﬁlikh§e\t§%feqraﬂbﬁg’fwsv@ébhﬁaxi&i‘ ligkkps to be

SiTi waf ér e etching step are parallel to <112>

RV SR T e R e T
a plurality of chif)s from each other along the first sgparation 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
lines.

It is desirable.that éach of the plurality of chips is configured

15 in a rectangular formation having a longitudinal direction paral(lel to
tifle 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 iﬁ which the chip is separated from the
silicon wafer by the etching stgp.

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 silicpn 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.



the plurality of chips to be separated fromthe silicon wafer by the
etching step are set to be 1 mcroneters or nore in wwdth. In order to

sol ve t hewalwowe2sps obl ens, the manufacture method 5 of thecCTige/eek op

di scharge 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, in order to _.separate .a I.uratoity of chips
fromthe siliconlmaiisrcaseonis hesirablgithat e firy F?ﬁﬁrlaflﬁgg,meafn di cing the -
silicon wafer along second 10 separation |ines parallel to the second
direction ofhe hhurslity efrehias ép be sepastigdr from Sepatligan VR UFity of
chips fromthe silicon wafer along the second separation lines. In the
manuf act ur eetadtihgdiep hee set thbad miewmetepeof greeisddAth-hat t he i ndi vi dual
chips are not conpletely separated after the etching step, and the dicing.
step is 15" perf i pedesto sbhte theeationdi piahlamsethpsnanufacnwplmeediofd separ at ed
after the dicing step. It is desirable that the plurality of chips are

arranged i nod86liquafl drewsdiethatepseddnopaliabredenmiinhentien feongtristisr ecti on of
the silicon wafer such that the first separation |ines of adjacent rows of

the 20 chi p%h@%?eg%t@ig%l’:ﬁﬂrg' thedsiticoaCk b it dlangl fisdt sepatditorsEaend separation
lines. In this case, it is desirable that the second separation lines are

provi ded sugh, ?ﬁt 4 he Becond.SepRIAhersilicha Whfeanen efddhe plurality of
chi ps .has a WIC} 1iarge enough to project to a range of a 25 neighboring

82'/ SZE’ESZG‘L%#%%@%O%@S@)H%?EH% B8hnf M OSilifod Rarel hicinthe iz WO
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‘
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
15 performed so that the individual chif)s 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 width 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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Moreover, it is desirable that the plurality of chips are separated from
the silicon wafer w thout any bridge portions at intersections between the
first sepaoasiozessd i nes and the second 5 separation |inesPCItIPiz0sdesi r abl e
that the etching step is perfornmed 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 is
performed twafermthe 10 first separation lines in the silicon wafer by
etching, at the sane tinme as formation of a head conponent chip structure.
In order to sol vMdrhevahoveés gresblabhs thathderdlgrdliteof € nglkﬁ afhe present

i nvention includes a chip formed by separation of a silicon wafer, and
this chip iseprravidfdnsithe kiictn widfer hestoworohsidigeghnsions 4tn the | i quid
drop di scharge head of the invention. In the micro chip, the first and

second sepaygfe e timRisasds canerhdi fif arspardiomlewshemt tier seand sel ected from
anong dicing, etching, sand blasting, wire saw processing, water jet

processikng, sgngatidaclin®d.ocessing. According to the Iiquid drop discharge
head of the present 20 invention, the head conponent chip is separated

fromthe silicony Wé&ﬁﬁﬂeq}lﬁhkﬁ‘& etdfinpatey iaberrictd sepamathon |ine
I r

parallel to the first ection of the wafer and by dicing the vvafer al ong

the separatj r‘g{"s%}l&%gugﬁrl%ésein tRe ke Gae B raehinntom bbe vefer - 1t Is

possi ble to easy positioning with parts The degree of 25

V0 03/ 8‘28285&?@&%%6” BBaE B e A Bl R B et Det rom the
silicon wafer is; 1nscéesua qe 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 thé head component chip

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

According to the liquid drop discharge head of the present

20 invention, the head component chip is separated from the silicon
wafer by etchingkthe wafer along the separation line parallel to the
first direction of the wafer and by dicing fhe 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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Thus, the yield inproves, and | owcost manufacture can be attained.
According to the manufacture nethod of the liquid drop discharge head of
the presewDo3nrst i on, the degree of freedom of the 5 chipeTaPezesgenent on
the silicon wafer is raised, and the nunber of the resulting chips fromthe
silicon wafer is increased. Thus, the vyield inproves, and | ow cost

manuf acture can be attained. According to the mcro device of the present

i nvention, theenwinbeo ofidhe cesulsing dwliPdefgoal fensiligont Watqr §UParHhsSH- di schar ge
head of 10 the invention, the nunber of the resulting chips fromthe
silicon wathnsjthe ieldaspdovehand biw-dospmoaetfactase caewee deitfthuf act ur e
can be attained. According to the ink-jet head of the present invention,
the ink- jet headcicsrdihgubctttd manafddtuc: ofethod off itheiltiwddolsogi schar ge head
of 15 the invention, and the productivity of the ink-jet head can be raised

and | ow Cosais%lakg@ﬁﬁw of ¢RE phesaittiaiveationAchoddgreg ¢bftcedoimif ¢ae t ri dge of
the present invention, the ink tank which supplies the ink to the ink-jet

head, apd tbﬁiﬁj Qﬂkthhgémlaﬁ?gn tWRi G cehsehmrdesatded, ank tlequmibser ont egral |y
formed, and the liquid 20 drop di scharge head of the invention is provided

as the ink- %t?cl r&?ﬁ‘ﬂg@tc@?gs BrAHYGE isYiit¥n G afleh@s iifdeeaaéd.r ITIGR, ¢Re be rai sed

and | ow cos manu can be attained. According to the ink-jet

printing devie ol ke PLEPEN cd RUERAEORIdIE badldids@p df schar ge head

of the invent rovided as the ink-jet head which discharges the

om0 SRR B RSB  b  1) of (
micro device is provided a kind of the liquid drop discharge head of
10 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 productivity 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 head
which discharges the ink drop are integrally formed, and the liquid

20 drop discﬁarge 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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manuf acture can be attained. BRI EF DESCRI PTION OF DRAWNGS 5 FIG 1 is a
perspective expl oded view of the ink-jet head of the first preferred
enbodi merwoB/oeise4 | i qui d drop di scharge head of the pres@a/JPom/esnis on.
FIG 2 is a sectional view of the ink-jet head of the first preferred
enbodi ment taken along the line parallel to the lateral 10 direction of
the liquid chanber. FIG 3 is a diagramshow ng the chip arrangenent on the
waf er in opueluctivitkpf dhe inkdef pristing deWcecinehd s8isHe RRdde v gast

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

i nvention. rhankf{atude icandedataginath showi ng the strip-like chip that is
separated fromthe wafer. FIG 5 is a sectional view of the chip taken
along the line AAA line indicated in FIG 3. FIG 6 is a diagram show ng
the chip arrangenment on the wafer 20 in order to explain another exanple
of the manuhaqEw BEWRIROETION OPDORAWINGSf erred enbodinent. FIG 7 is a
di agram showing the chip arrangenent on the wafer in order to explain the

second pref err edppEbqdisEpL pkclibe exFROGSRG e o Mblchiad - jaft liehd dfi qui d drop
di scharge head OF the present 25 invention. - 13 WD 03/022584

Po1l IP021 0888561 fl fofBply ABEaimaads M HqRid sy vt @argakeadalfong the

line BBin

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 ‘
ménufacture 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 tﬁe wafe.r.

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 arrangement on the wafer

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

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 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 wopBa22s84 he third preferred enbodi nent of the nearfJaerespes et hod
of the liquid drop discharge head of the present invention. FIG 11 is; a
di agram show ng the chip arrangenent on the 10 wafer in order to explain
the fourth preferred enbodi nent of the manufacture nethod of the liquid
drop di scharge hEEG. 8fisttheegiemalntiew of dif Waher Bkgn él?qgsth&nh%?l%ﬁr ged vi ew
of a pattern which constitutes an etching separation line. 15 FIG 13 is
an enl ar ged BvireMc e daimoFH&r 7patt ern which constitutes an etching
separation line. FIG 14 is a diagramfor explaining taper renains produced
in chip separat Fp@, 9RkG difpram af dhagtrapnlrovhipgtitaids sleppraipd angement on
the 20 wafer in order to explain the fifth preferred enbodi ment of the
manuf act ur efﬁﬁﬁngg vwifethe liquid drop discharge head of the present
invention. FIG 16 is a sectional view of the wafer for explaining the

met hod @f form ngrgn 19tichi Ag. SaRAERS W {neneh Brreh@embhtion thesect i onal
vi ew of %t he waf e? or elxp | al n%ciﬁg anotﬁ{egr AFZ WO 03/ 022584 PCT/ JP02/ 08995

& agr am for "BYSH o %?ﬁepﬁ%é%?ﬁ?ﬁhgﬁgﬁtgﬁ?ﬂg@g“%%%ﬂﬁﬁ‘e"‘ﬂ SEFIG 18 1s @
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 expléin 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.
FIG. 14 is a diagram for explaining taper remains produced in
chip separation.
- FIG. 15 is a diagram showing the chip aljrangement on the
20 wafer in order to explain the fifth preferred embodiment of the
manufacture method of the liquid drop discharge head of the present
invention.
FIG. 16 is a sectional 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 anpther
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enbodi ment of the manufacture nethod of the liquid drop discharge' head of
the present invention. 5 FIG 19 is a perspective expl oded view of the

i nk-j et hwad3wn2584t he second preferred enbodi nent of the | iPqEiIJ#02A8095

di scharge head of the present invention. FIG 20 is a sectional view of
the ink-jet head of the second preferred enbodi nent taken along the |ine
parallel to the 10 longitudinal direction of the diaphragm FIG 21 is a
sectional vicsampie ohdhemrejhad pbaermng pb ctdUB8SePHF R eR FHY enbodi ment
taken along the line parallel to the lateral direction_ of the diaphragm
FIG 22 is a per §6ctlidvis vidésgmaim forexplainia Kot *ihinrafs1é¢¢he 15 third
preferred enbodi mrent of the liquid drop discharge head of the present

i nvention. kh{bodens of thermpeufiotere/inethed of Hbe Jigwisgér dpodipehpiss
substrate of the ink-jet head of the third preferred enbodinent. FIG 24
i s a perspegiehi®Mhevprebehhinveriki@artri dge of the 20 present invention.
FIG 25 is a perspective view of the nmechani smsection of the ink-jet

printing device gfiGt h® nre9epipddventigndelvGew26f iise inlsget heathbf vi ew of
the ink-jet printing device of the present invention. 25 FIG 27 is a

g'c?_?gggnzj grsgtgéﬂkgétg‘%%geﬁcr?@cméﬁmddiﬁﬁe!nt QHfitRe 1iqulid d¥p OF/cBAPEBHead
genent on the silicon water. FIG 28 is a diagram
showing the kR ALLANORIRAAN the

FIG. 20 is a sectional view of the ink-jet head of 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 taken 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. 25 is a perspective view of the mechanism section of the
ink-jet printing device of the present'invention.‘

FIG. 26 is é 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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wafer in order to explain the seventh preferred enbodi nent of the

manuf acture nethod of the liquid drop discharge head of the present 5

i nvent i onwOmRB@R22580 is a diagramfor explaining the chip sepganrod/@enof the
wafer of FIG 28. FIG 30 is a diagram showi ng the chip arrangenent on the
wafer in the state before formng the slit. 10 FIG 31 is a sectional view
of the wafer for explaining the proplemwhen performng the chip
separation | HTRREEEERt enghemibicosgvaiefi G 32 is a di agram showing the chip
arrangenment on the wafer in the state after formng the slit. FIG 33 is a
di agram for expl afi¥inge ihe diagremwiervingdhergbipsfrangemest patheon in whi ch
the slit is formed is separated fromthe wafer. FIG 34 is a diagram of

t he chip forwekgliai ouideg tohexplath bhofevantb geferre¢le@mb@Emantzpfsdet i onal vi ew
of the chip for explaining the length of the slit. 20 FIG 36 is a diagram
showi ng t he mhnpfateengenkod ofnthehéquidadep discbader head eXphaipretdng ei ght h
preferred enbodi nent of the manufacture nethod of the liquid drop

di schar g& headeationhe present invention. FIG 37 is a sectional view of
the wafer taken along the line 25 A-Aindicated in FIG 36. - 16 WO

03/ 022584 PCT/ JPORID899%s aFdi@grd8 fioy expllhiadh &@hs kA BEpaheidH bf tiortion on
the wafer in order to explain the ninth preferred enbodi nent of the
manuf act ure wafer of FIG. 28.
FIG. 30 is 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 is a diagram showing the chip arrangement on the.
wafer in order to explain the eighth pref.erred 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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met hod of the liquid 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
FI G 38 wwern3maes8yi ng out the slit formation by etching fPCoasPomsIss de of
the wafer. FIG 40 is a sectional view of the wafer taken along the |ine
B-Bindicated in FIG 38 when carrying out the slit formation by etching

from both sides of fer.. 10 FI 41 i s a,.sectional vjew of the wafer
for expl ai ni ng theFﬁ_‘?g’r% A e g sgoseng ﬁﬁe §P1%tp.°rfjloé Olﬁﬁh?évaafeﬂil%lgr am
showi ng the chi rrangenment on the wafer in order to explain the tenth
pref erred enb‘?f&gﬁg%FXB aippfe bl Paeteire! FEORdamsnt ohdheimenef agiws
di scharge head @1‘9 the present 15 invention. FIG 43 is an_enlarged view of
the chip whi dRe®Odrssnliquid dropelisthasseihgad oxf theepigapet infentiam. 42. FI G
44 is a diagram show ng the chip arrangenent on the wafer in order to
expl ain the el everFtIﬁ*-é%efSea sedtienpbdiavent the wafer t2bemaheigthaitimenet hod of
the liquid drop discharge head of the present invention. FIG 45 is an
enl ar ged Svi evB-d¥ indieateldi in WhGch8cwhersporydsg ot theséitdormasionebpf t he waf er
of FIG 44. FIG 46 is an enlarged view of the chip which corresponds to
25 one-chi p sitglengffroflmeonafséde af the warfeat i on of the enbodi nent of FIG -
17 WO 03/022584 PCT/JP02/08995 44. FIG 47 is an enlarged view of the
chip which corresFiGdei0t i3 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 both 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
15 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 present
invention.
FIG. 45 is an enlarged view of the chip which corresponds to.
oné-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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one-chip 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 vabas/oof584 100) crystalline orientation. FIG 49 i®caJeexisvgmal 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 diagramfor
expl ai ni ng t%’% pattern by anisotropic etching. FIG 51 is a diagramfor
explaining the first exanple when the patterns of two parallelograns are
arrayed. FIG 52 is a diagramfor explaining the second exanple when 15
the patterns of tweCpdralsia efased Jievaph HifeshipFyhich5g05gsSRORIHER am
showi ng the chip arrangenment on the wafer in order to explain the twelfth
preferred en988rfptsiae of Hbe wafgufac updatienmedthsf emhedimens of §Lop
di scharge head of the present ,invention. 20 FIG 54 is a sectional view
of the wafer4ftor explaining an exanple in which the pattern which
constitutes a separation line is fornmed by anisotropic etching from one
side. FIG 55 is &IGedSiiormbeotimmlofiethef waé grodos irexlpd siafenghem exanpl e
in which the pattern which constitutes a separation line is 25 fornmed by
ani sotropi ¢ esidy tige §iliwvnbehferseflEs00)- crb8talViReOsri O25%4 . PCT/ JP02/ 08995
FIG 56 is a sectional view of the wafer for explaining another exanple in
whi ch the patternFu a9 igansddtidiAsvidwsePanakir&vd iMehd Sateral
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 whén 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 o‘f the present
invention.
20 . FIG. 54 is a sectional view of the wafer for explaining an
example in which the pattern 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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formed by anisotropic etching fromboth sides. FIG 57 is a flow chart for
explaining the first exanple of the 5 manufacture nethod when the chip
struct ur ewo3beasded to another substrate. FIG 58 is a flpemdnen/dsodsor

expl ai ning the second exanple of the manufacture nmethod when the chip
structure is bonded to another substrate. 10 FIG 59 is a flowhart for
expl ai ni ng the th ‘exanpl e of the. manufacture t hod when the chip
structure is bondggg‘t é)éa‘ﬁd’c petionalydeVapkthepafendor eXplapping Anathee

expl oded view of the inK-Let head of the fourth preferred enbodi mnent of
the liquid despmgiesiharjehiagdastern pohichec rdbafes phgaatatin lippds 61 is a
sectional view of the ink-jet head of the fourth preferred enbodi nent

t aken al ong farené¢d hg andselrbpic ewhing frdradyithuddaal direction of the

di aphragm 20 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON A description will
now be provi ded oFI@. Bi7rista fliosf eham dor enipbdaiiniegttheffitshexpmedenf thaventi on
with reference to the acconpanying drawings. First, the ink-jet head of
the firsf prafanfecueshoctihodnyhed thdehi Strduicquiedisds@pdedi sclasther head of t he
present invention will be explained - 19 WD 03/022584 PCT/JP02/ 08995
with referengebdteatel G 1 and FIG 2. FIG 1 shows the ink-jet head of the
present enbodinment. FIG 2 is a sectional view of the ink-jet head of the

present embodi MeNEIG. 58 is a flowchart for explaining the second example of
the manufactrlre method 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 embodiment of the liquid drop discharge head of
15 rhe 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 |
longitudinal direction of the diaphragm.

W .

20 BEST MODE FOR CARRYING OUT THE INVENTION

A description will now 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 liquid drop discharge head of the present invention will be explained
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taken along the line parallel to the lateral direction of the liquid 5
chanber. The ink-jet head of this enbodi nent includes the passage

formati orweouwbseasat e 1 (the |iquid-chanber substrate) whi cRCITaP8R/08995

| i qui d- chanber formation nmenber forned by single-crystal silicon, and the
| i qui d-chanber formation nmenber serves as the chip 10 structure. The

i nk-j et head includes the diaphragm 2 bonded to the bottom surface of the
passage for weth osferendsste Fle. 1, anh§Ibne-nozzle plate 3 bonded to the top
surface of the passage formation substrate 1. 15 The ink-jet head includes
the common |i quiElG&hhsbewsSthehimrjeshppd iodshe imresprt emboldmsnés IG-zed
liquid chanber 6 which is the passage (ink |iquid chanber) which

conmmuni cat e i 4 bedthenalovizkweob thevimkcjetthezhaf gee prhgentrikmbpdipnesind t he
pressurized liquid chanber 6 through the ink supply way used as the fluid
resi stance sgedd @lbnigsth0lihepaealle Do tive laet i diee tibe dfitheildqwidanber 6 si de)
of the diaphragm 2, the piezoelectric device 12 corresponding to each
pressuriszed .hhifydkd chanber 6 is provided a drive neans and bonded there.
Each piezoelectric device 12 is bonded to the base substrate 13. On the

ci rcunference of fhig sepHanca of e wbodasdGhtl eddieteCpsssige the 25
spacer nenber 14 is lglonded to the base substrate '13. -20 WD 03/022584

PCT/ JP02/ 08995 . 1:8,addisi 001 &hE 1pidiasn EDDELutar i) Ghhilch iBr0vi ded as the
pi ezoel ectri cC Qévree s ar ranged B%t ween the piezoelectric devices 12. The
pi ezoel ectr ilfquqﬁyci:hca?nblezr fosrrﬂ(a%é?%axbéla%ﬂ?@éd Bg stiﬁ'gle—crystal silicon,
and the liquid-chamber formatidn member serves as the chip 4
10 structure.
The ink-jet head includes the diaphragm 2 bondéd 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 which
supplies the ink to the pressurized liquid chamber 6 which is the
passage (ink liquid chamber) which communicates with the nozzle 5
whiéh 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 device 12 corresponding to each pressurized
liquid 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-material layer and the internal electrode alternately. 5 In
the present enbodi nent, the conposition which pressurizes the ink in the
pressuri zwo oBjoepsB4l chanber 6 by using the displacenent i ®CrhleoaB389s
direction as a direction of the piezoelectricity of the piezoelectric
device 12 is possible. Myrreover, the conposition which pressurizes the ink
in the pressurized liquid 10 chanber 6 by using the displacenent in the d31
direction as a dnraddiiion. dfe pHtarpnembarckY wbdrk ¢s aroYidedAsePGel ectri ¢
device 12 is possible. The passage formation substrate 1 is formed by
carryi ng oupieznilsotriopieviet thirrgngedthed wagbstheapiszeplackeic devices 12.
single-crystal-silicon of 15 the crystalline orientation (110) using the
al kal i et chiihg pieguetbctauctevase potiaseirmmdhyyllorindingtheous sol ution (KOH).
The through hole is fornmed.in the substrate 1 to provide each pressurized

liquid chapbesodiecane mieriahipughatbties istefmalnddcirnde hétesubislyate 1 to
provide the common |iquid chanber 8. Each pressurized liquid 20 chanber 6

I's divi ?ed by thg,Raetjbist aabbdintber, dhaponanssifonsyhiehnpestudaea met al
plate of nickel, and i's produced by the electro form ng nethod. The nozzle

plate 3 1S L Ak d8%nbPrbyRAdP1RAEE LRambr b3 imetier Of 10-30

m croneters COI’I’eSpOH%I ng to each pressuri zed quid chanber 6, and it is

bonded 25 1.1 G 03S324F (hOLABLAREC SHRSK Eifcbiiby gdlgsi ve. - 21 VO

03/ 022584 P the source material of the nozzle plate 3, the

nbi nat i f met : i ' ' d
cort ot o TR RS BT Bhee P il gl

conbi nati onsthe composition which pressurizes the ink in the pressurized liquid

10 chamber 6 by usiﬁg 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
anisotropic etching of the substrate of the single-crystal-silicon of

15 the crystalline orientation (110) using the alkali etching liquid, such
as potassium hydroxide aqueous solution (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 is 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 microme‘ters
corresponding to each pressurized liquid chamber 6, and it is bonded

25 to the passage formation substrate 1 by adhesive.

- 21 -



including these materials can be used. 5 Mdreover, in order to secure the
wat er repellence with the ink, the water-repellent filmis forned on the
nozzl e siwe ogobssdi scharge side surface in the di schargi mgTdPoxrasvIson) by
using a known nethod, such as the plating, the coating or the

water-repel I ent coating. In the ink-jet head of the present enmbodiment, the
10 piezoelectric device 12 is displaced in the |am nation d| rection Wnen
the pul sed drivi dg thel sageechaz0iad@y ths neazdedleE . isptoBhiNAGioMe

pi ezoel ectric device 12. The diaphragm 2 is also displaced in the nozzle 5
direction, afandétads,isuchi as stadnipsessaelianddniokgli thecmaideandsthiesrespressuri zed
"by the volune change of the pressurized |iquid chanber. 15 6, so that the
ink drop i Ssd&l&&bdiﬁ@%qfrﬁﬂmrbbﬂl flbmzdresibicoAndnidnothenceottioations h t he

di scharge of the in rop, the fluid-pressure power in the pressurized

l'i quid chanwluﬁngg@ﬂlégbeﬁhateﬁgg é&nCeé Wakd. negative pressure occurs in the
pressurized |iqui chanmber 6 according to the inertia of the ink flow at

this tine. 20 Thiﬁ&fe%&*é&aﬂﬂbgdéﬁiougé&rwh&%t@f ir g &1 n qROWi thi e iakg t he
pressuri zed | i qui d chamber 6 becomes the original formby turning the

vol tage app'ﬁee%attgr&gﬁ RLFZARRES! i dSH 86 h3zEM GidchendiRcsbase, and the

negative pressure oc urt At this tinme, the pressurlze l'iquid
charbe 6 s | AL53 sy gyt bt ch |
meni scus: surhBeesaRerHg %ggﬂ%tcgg gl %?2?2@3%%@%@?83%2 the pul sed
driving voltage II;.Sl tﬂgqln -jet ead o% the present embodiment, the
10 piezoelectric device 12 is displa.ced 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 liquid chamber 6 is
pressurized by the volume change of the pressurized liquid chamber
15 6, so that the ink drbp 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 a 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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pi ezoel ectric device 12 for the follow ng ink drop discharge, and the 5 ink
drop is discharged fromthe nozzle 5. The passage formation substrate 1

whi ch i ncwodem215Be silicon substrate constituting the |i qardrehesaser 6 and
the. common liquid chanber 8 in the ink-jet head is produced by applying
the manufacture nethod of the present invention. 10 A description wll be
given of the first preferred enbodi ment of the nmanufacture nethod of the
i qui d dr op chiesdrearigendsael fofid rieeist press sertiomizam itba ik tiged PR} ¥fce to FIG
3 through FIG 5. FIG 3 shows the chip arrangenent on the silicon wafer 20
in order to expliTen, afterrthaifikaneniscretshoticofoftthe peader isenbodi nent. 15
The chip 21 in the wafer 20 of FIG 3 constitutes the passage fornmation
substrate 1vebrdtbé andkstpeilideeladhegntlsehddivabpweltageGs applsdtoiesthhe
strip-like chip that is separated fromthe wafer 20. FIG 5 1is a sectional

view of the shjseibadeRNd@)RRAIZ Ber thiatooRinnililcdrep discharg asd tR I n the
present enbodi nent, the silicon wafer 20 of (100) «crystalline orientation

I s useds As ;gRAMBpIN d'ﬂéﬁar%edtfh@msﬁx@aﬁ@éil@rﬁ. lines in the lateral direction
of the chip 21 arg the etching separation |ines 22 by anisotropic etching,

and the |engt hw g§, s ifBPmhitideSsutsteite at Reidly idhaddotbedilicsres in FIG
3 are the dicing o8 BRRBL (Bfimat ASsub A by dicing. -23 WO 03/ 022584

T 37021 0538, AN DI ERaem unet o g such oe
20, and the pattern ng i s;HRdg ha.d B ptoiRe v] AGpfiGlI A separation
manufacture method of the present invention.

10 A description will be given of the first preferred embodiment
of the manufacture method of the liquid drop 'discharge“head of thé
present 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 head mentioned above. FIG. 4
shows the strip-like chip that is separatea from the wafer 20. FIG.5
is a sectional view of the chip taken along the line A-A indicated in
EIG.S.

20 In‘the present embodiment, the silicon wafer 20 of (100)
crystalline orientation is used. As shown in FIG. 3, the separation
lines in the lateral direction of the chip 21 are the etching separgtion
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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|l i nes by using the photolithography technology, and it is renoved. 5 The
pattern of the etching separation lines 22 is forned in the direction
paral | el WO osloz2584.10> ori entations of the silicon wafer. PTHOR)2/G80ES

openi ngs of the etching-proof |ayers 24 are etched by using the al kal
l'iquid, such as potassium hydroxide (KCH) aqueous sol ution, TMAH
(tetra-nmet hyl ammoni um aqueous sol ution) 10 EDP (et hyl ened| am ne

pyrocat echol ), or Alsi S mydGe i dbe eLFiomg- PIIQPftlﬁb’éfsc eSUGhag ke

ani sotropic etching of the siljicon wafer of (100) crystalline orientation
by usi ng t hesidideal pxideqaridithe pidiqaapeiteidle, eue ffarmed 2B dfe gilicop wafant ati on
are formed to be at 54.7-degree angles to the wafer surface. 15 Wen the
two tapered 20rfhndabe 2attarsingeis, mafe iV thedovm ¢§thef eichinlg anpatatienet chi ng
wi |l not progress. The depth of the V groove is determ ned by the w dth of
the patternlinandy ising thephosaliyhdgraghgitgohnséloigyoenttie isvaéaoveti ckness and
the required amount of the remaining parts. 20 By carrying out the dicing

of the wafer 20 (TReWutGhntdiaheaitehin}yssppatiahi 9ned 2Des fdZmad @nfibened)
along the dicing separation |ines 23 that .are perpendicular to the etching

separation | §11@&tidd pdrifel 8 EhdP<Ni1kS SHbRta2frSNOMMe f1fchs wéfdrs produced.
Since the etching separation lines 22 are already forned, by 25 applying

the stress to carfyepuipned hgé‘\@f@lﬁeoétcﬁhfg 5}56ﬂ0ray'ei<sez@mre Abhed - 24 WO

03/ 022584 PCT/ JP02/ 08995 trip-like chip 26 1S separated |nto t he

i ndi vi dual c r el%rfﬁﬂ in FIG 3
and FI G 4, Q?E@“\%\%ftﬁg%}ﬂsﬁgg g?(gtgi &h gf)trt]%%é&e)ﬁll tOB%E&@gﬁI ps 21 by the

di ci ng.

aqueous solution, TMAH (tetra-methyl ammonium 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
forrﬁed 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
stri.p—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 precision of the edges of the chip is kept at a high level, and the 5
precision at the tine of positioning to other parts which contact the chip
wi || be kepto3ap2ss4 hi gh | evel. Moreover, the cross secti onPaff/JPie089¢s p does
not . become tapered but is perpendicular, and cracking of the chip does not
occur when positioning. 10 Furthernore, the wafer is separated |aterally
into the chips by etching, the degree of freedom of the chip atrrangenent
on the waf ethe btphtes thipge6 iasdpatasedimtsetheoindipidad Ghivs Ay €83#¥s produced
from the wafer is larger than that of the conventional chip arrangenent
shown in FI G- 27 Actbribrgenydre ptdsent badboaldment, mfé‘ﬁnérﬁnw{)@i- fhe etching
separation lines 22 can be easily performed with the strip-like chip 26,
and the danagi Rgifef id bepahaial sanghhassevhen tharehipad loby thedicigigeavage with
the wafer is prevented, and the yield inproves. One nethod to attain a

hi gh- speed iphle-j@kifibhrif g epdsast ihe ¢loip ROkdptcatembigh bevehumbérthef the
nozzl es of the ink-jet head, and the chip of the ink-jet head wll be

confi gused @ikl ANORS Bigh S bEPASTHi§ AR tobiHerthets mbieasedtactther of the
nozzles. Inthe case of such rectangular chip, as shown in FIG 6, it is

desirable t : .60, Pg SieRAkAti.on according the orientation of 25
the short s?giégg']flht %%cﬁig 21 gy the etching separation lines 22 and -25

\(;\‘roi gﬁi 25?35340?0:/%%5%%%?2?%%9%41@ S?hfeibgﬁ?%ﬁ%ié%? f@ﬁ%@gisgibﬁ%&ggfogr ;Pieon l'i nes
23. Wen it tz%aé:r%gebsutt psepésrtpreingicluilgr% Y Pral%%iﬁé‘%fdchiéic'ﬁ@p dole€ ndk Gichg
when positioding. |
10 Furthermore, the wafer is separated l.aterally into the chips by
etching, the degree of freedom of the chip arrangement on the wafer
becomes large, and the n;lmber 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 witﬁ 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 he)ad, 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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separation lines 22 are already on the short side of the chip 21, and 5
the cl eavage can be perforned easily. There is |little breakage of the chip
and t he ywelod/o2asps oves. Moreover, when carryi ng out the pesirupPeisags of the
rectangular chip 21 to other parts, the precision is kept at a high |evel
if.the positioning is perfornmed in the |ongitudinal direction of 10 the
chip. Therefore, by separating the wafer in the orientation of the [|ong
side of the thhidicing s¢mardiionnegcordingiethspoisnéttionofJBpdPagiséde of i nes i's
kept at a high | evel and the cross section is also perpendicular, and the
preci si on i shkeyhtip @1 by thghlibimgeseparbtinexines A2. second preferred enbodi ment
of the. manufacture nethod of the liquid drop discharge head of the
invention will bewhexpl diececheasithle stefpelikachip dyFbE dizingy thegétchin@ 9. FI G
7 shows the chip arrangenment on the silicon wafer 30 in order to explain

t he manuf actyep@rdméNotherf21 Aee prRadntonerizogliorentide 02@h&lchip 81j and secti onal
view of the wafer taken along the Iine B-Bindicated in FIG 7. FIG 9

shows the stuhbRibikeeLBAP beNPrfbfne§eRANAL ethdreaniifik BefakiagefofRh& 7. In
t he present enbodi ment, the silicon wafer 30 of (110) «crystalline

orientation J oA 1 HRWResN FIG 7, an etching separation line 32
is formed .ﬂ%ﬁp?§§p9%$g§¢%éz 84 ECT/JPQZ/08995 the <112> orientations of
the silicon waf erM%Qe@{er( %9 ggﬁ%@abhp%e pﬁgﬁmahg% then the silicon

waf er 30 of (110) ‘crystalline or tion,
rectangular 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 separating 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
perpendicular, and the precision is kept at a high level.

15 Next, the second preferred embodiment of the manufacture
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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per pendi cular (111) to the wafer side is forned by the pattern of the 5
<112> orientations. Therefore, if etching does not stop |like etching of the
silicon weafoa22584 (100) crystalline orientation in V grooPeETAR®/@SYLHI ng
time is lengthened, an etching separation line will be penetrated to the
back of the wafer. 10 Therefore, by form ng an etching separation |line 32

in the <1123, ordgntati.ons. .. w dt f gn etching,separation |line 32 can be
made small, and Vl\lg ergg?'gga%% > B tﬁ%éﬁlceq‘nf g@f?’\g/éﬁﬁ @apéd\?ﬁt,a B¢ shown in
FIG 7 and Fkﬁ%lﬁ .an etching separation line 32 is made into the dotted
line. 15 Even 1% %H Btching separation line 32 penetrates to the wafer
side by doing in t[hi }sl way, the bridge 33 is forned and retai ned between
the chips 21. ThelRiPPpilipRy Wafiep 39508 61 bt avstad liart euientasioni ¢heg and it
separates into each chip 21 by applying and carrying out the 20 cleavage
of the stres®efReadieulyiddd) 3 harvaliprishde éhfprmad biynthadptittéranof ihe t he
waf er 30 back, the etching-proof film24 remains also in the penetration
section. 7Si n&d 12Reonipntakivass i s several 10nm - about 2 nicroneters, there
is no hardness to the extent that the chip is retained. 25 It is necessary
to renmove the etchihegeforeoif ¢whémg Ades abt atop 1% MOhOBF 022RS4ilicon
PCT/ JP02/ 08995 form ng an etching separation |line 32 by anisotropic
et ching, whemwafthef ¢106) ngysuatinde bilemtarre bn ewebswe bidtdienRpReRinRg br eaks
and there is a problemthat the particles are produced at the tinme of the
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 line 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 Even if an etching separation line 32 penetrates to fhe 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 wafer 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 Modreover, with the wafer of (110) crystalline orientation,
since etching formserves as the parallelogramw th the angle of 70.5
degrees owO034/02258egrees, and the hexagon, in a straight | ipea/Jreaisdst chi ng
separation line of the orientation which intersects perpendicularly in the
<112> orientations cannot be fornmed. 10 Al though the small pattern can be
put in order .and.fornmed  .when formng.an chi ng se aratlonll in the
orientation WATEHE Pﬂteé?lgégtsfpﬁé?tb%g}%F’thyyal?l OIR@I £4FUNGy WhSLat i ons,

t he edge of tg chip will becone sawlike in that case. Then, since an

et chi ng sepat %.e&hlpgrféropé filgr Nedch fempdngin she opsnig Brgaksi S i n whi ch
the straight line is obtained by etching and the dicing separated the
orientation [(eeiseiich protem @attﬁge@ﬁmslesmeemcedwcsﬂsat thedimggd &F the chip
is formed with the sufficient precision here. Mreover, in order to be
abl e to standledvagei qui d chamber in a 20 line with high density with the
ink-jet head, it is effective to form the partition wall of the liquid
chanmber per pendi cMareoyeuswith thieewafid off Ohl Gudrystadtieeafri¢did@pngr ystal | i ne
orientation. In order to formthe partition wall of the |iquid chanber

per pendi cul asinge ¢fehidg Goringd sehegsbey thmpemiidie g evithtthorangle b 0.25
straight side in agreenent in the <112> orientations of the silicon - 28

WO 03/ 022584 dRed e sRO2S PBARpre v Bi1d thOhBRakbn, ANG sBraf @gRSe NBAY | i qui d

chanbers in the orientation perpendicular to the <112> orientati ons.

Consequent | y etsihp dephfbtid Noel d¥t Gef 8GEANGIGh HATOR EPRIsddist he
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 fhe <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
precihsion here.

Moreover, in order to be able to stand the liquid 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

pérpendicularly, 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 According to the
present enbodi nent, since the orientation of the straight side of the chip
will be swepasatxses by the dicing, the edge of the |ong si @eTaPoydse9chi p 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 tinme of
usi ng the siafenrforafseit, ofd (artges myannliquid chambaratindhei s nade theoretic
without limt thi.nly. However, if air bubbles are generated at the tinme of
ani sot r opi c oetetivatign gredp tidicalar fouthlsl €512% @rsdniatigpsi nto the thin 15
groove, etching liquid will no | onger be supplied into the groove, and
etching will not qumReyesstly) bhir flem noinstimts rattamglaiforhubbg és thato t he
groove, as for the wdth of the chip separation line 32, it is desirable

that it is 3ridHiteliONYe@psn@icul@ ©. the0<The>siriddtatibnener groove can etch by
usi ng the nechani sm which applying the supersonic wave during etching etc.

drives qut the %ld'c%frsfngfbm@ teRt ROEEMPHmEerthkeyoriandtionpsoves the
circulation of the liquid in tge groove, and 1 microneters or nore are

T
0 S e M ISR AL b el et e orence <
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 o-f (110) crystalline orientation is made
tﬁeoretic 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 longer 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 nmethod of the present enbodinent. 5 In
the present enbodi nent, the wafer is separated conpletely, and it is
separ at edwaeloaseesshe et chi ng separation |line by the etchi n@CTaPox1899he
dici-ng 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 separat.i og line 10 33 as in.the second
preferred enBsthafept thy bdusd dropischaggediea V?léﬂ‘etﬂéesﬁpéilﬁﬁe’?%orberforrred to
separate the chip 31 fromthe wafer 30, the bridge 34 on the etching
separati on | Wié bgexpdaiesowdih refiesefeteney FHy- 1He dicing, and the chip
separation is conpletely perfornmed at the end of the, dicing. 15 In the
present enbodi merflG.t he shoushthef chiipearban ghgeeB40mdke shécoriasieaBPdnone
narrower than the width of the dicing separation line 33, and since it
does not pr ogidee td ke pl eimpilres mah uf fetube igko @ fahetfresertgmboflimpat.chi p 31
by the dicing, the manufacture nethod of the present enbodi nent can
prevent fenerati ng e phLepaeinbdldemenn, theew20erciki qepdusteidocdrhplebeliytge

remai ns at the next process. Next, the fourth preferred enbodi nent of the

manuf act ure ai@ithieceplarited dlodgi WhedtoRind sapangeniiens befthehachingsent
invention is explained wwth reference to FIG 11. FIG 11 shows the chip

arrangement onef fie &dih€qH MedEto 3Ppirate &5a1%deﬁhet@1cefégls@' fratfv@ manuf acture
nmet hod of the present enbodinment. -30 WD 03/ 022584 PCT/ JP02/ 08995

Similarly, |finbherpiencihe SIRAA Phrion 0G5 UBLRIed & SERAALELIGOMI etely,
and it is separated along the etching separation line by the etching after

the dicing i f?et%%‘ﬁ @ &%Rﬂ{g'"‘s@pixfatﬁ‘)'noﬁﬂe Bhe, ?ﬂ@gicing 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 bridge 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 preferred embodiment of the manufacture
method of the liquid 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 chips 5 in
parallel with the first direction of the silicon wafer 30 such that the
first sepapaBiozasss i nes 32 of adjacent rows of the chips aPeT/JBoa@gEY ed in a
direction parallel to the second separation |ines 33. Thus, since the
etching separation lines 32 do not turn into the |long straight |line by the
arrangenment, it can prevent increasing of 10 the hardness of the wafer
after the etchi ngisebahatindhel preeedpembodimensbriheanalfcddsegPALRSH t he waf er
due to the cleavage being carried out by the etching separation |ines
during the waheyletelgnuey aniseseparatdd slamsthe alchinheepatjasivantineiyp rows do
not necessarily need 15 to be staggered conpletely, and it is adequate
that the chitRe ca¢HiaROEtENhel dicliesiignediest sapdrytarttdonpeheafieingar dness,
the chip form or the chip size. Next, the relationship between the

et chi ng Sep%@ﬁﬁfeﬁﬂ)r{ 1iAes Bre cﬁgjs 1 herdiacidigedeipod ati ofirbwees Glpks
explained with reference to Fl 20 12 through FIG 14. FIG 12 is an

enl ar geg Vi G Pl fIBE Wil HREFIPOF 8ireBtidR dintifel GlicoAOvaAB(Fhkzh iati S an

enl arged view of the bridge portion 28 in FIG 11. In the case of the

silicon wafef, rystall i i [ ishgwn in FIG 12 or
FIG 13, thgflg'([}%ﬁlg %ég%rgrlﬁ'qﬁslté?éée?agospé g@@ﬁ%%@@%fgg/e%%ggg PCT/ JP02/ 08995

por ol Ll 00 Bl CHARRon IGAIET phPSEPTES il abaarhel sarem or the
Thus, since the etching separatilon 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 is designed suitably with the wafer hardness, the chip
form, or the chip size.
Next, the relationship between the etching separation lines 32
and the dicing separation lines 33 is explained with reference to FIG.
20 12 through FIG. 14.
FIG. 12 is an enlarged view of the bridge portion 28 in FIG.
10, and FIG. 13 is an enlarged vieV\‘/ of the bridge portion 28 in FIG.
11.

Iﬁ 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 5 end
portions as indicated by the shading lines in FIG 12 or FIG 13, and the
| engt h ofweash215aper ed surfaces 40 is proportional to thepcrhipekosess T of
the silicon wafer,, and is expressed by ([3)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

separ ati on | Pa@le3ogtiangesthgiteragphe width B or the width C which is
determ ned by the width of the dicing blade. The width B and the width C
of the dicing sepWhathenit berond®s the pagflalagrampirGhelpexaganriegends as
conparative exanples, and not 15 restricted to them Wen the wdth of the
di ci ng separanitbe elt¢climg3Babls feqndleing useB', any portion of the tapered
surface 40 does not remain in the circunference of the separated chip.
However, when theThtdbpereid surfiecedi40 g tEegad a) ootentatien83ppsaregudle to "C',
the taper remains 42 of 20 the tapered surface 40 as shown in FIG 14 are

left at 4he e59srQbnsiandeRas@bedhehitpd2de 1Sidica FI®. ApEFIGRME, NS 42
serve as the point-sharpened edges of the chip 21, there is a possibility

of the damaging9d 188 hCHE Padi taplbed @ﬁxﬂacam@eﬁ? rtiBgaP@y tHe! €s may be
produced. 25 It is determ ned by the thickness of the wafer and the 32

10 05 2SS SO HIeTE 1 Shgplme et (e
condi ti ons Whi 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 separatioﬁ 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 separation 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 A
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 produced.

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 nor the chip, and can 5 sel dom
be chosen freely. Then, the fifth preferred enbodi nent of the manufacture
met hod ofwbDhg/okisgqui d drop di scharge head of the present i RCEIPI2NBIIS
explained with reference to FIG 15. In the present enbodi ment, it extends
and forms until it starts 10 the chip 21 which adjoins the etching
separation lipe.,32. It is possiple to prevent, by doing in this way, the
damagi ng of tFWé(n(?ﬁf ﬁtf\X}’Fffﬁﬁ{ngc Ladtea\ﬁggth,eé,{gpﬁgpé{ r?ﬁé”ﬁa&%ﬂo@ess by the
dicing, and.the particles do not occur. The circunference is mnute

al t hough thel itg' lunp of an 15 etching separation line 32 will be forned
also in the contiquity chip 21 since an etching separation line 32 is

bei ng prol onged f%rh%WéfefaQI%m¢%@mi@ti ¢radeom thescemmditioas valrichnk- j et
head, it does not becone the problemat all. Mreover, in the chopper

di ci ng whi ch cealasakawithen thhalesPgn aad ¢he thafedinoirityeibapcandicen carries out
hi gh- speed rotation, and can cut the part within the wafer side

al t er nat ibvel yeldoimde ¢husenl &xdely.is circular, the length of the cutting
plane line differs on the wafer top surface and the bottom surface. Wen

chopper dicing i sTheadthefifeh phefrgraepabadiment ofeh2 mioifaetyren of the
present enbodi nent, the gap of the cutting plane - 33 WO 03/022584

PCT/ JP02/ 0899fethbiing ok liheid @posaifcaam ARdad e thetgreRslinfvaghoRfist he waf er
can be absorbed by meking it apart of separation line start the contiguity
chi p. explained with reference to FIG. 15.
. 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 damagix;g of
the chip without the taper remains at the back process by the dicing,
and the particles 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 pért within the 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 nethod of an etching separation line of 5 the wafer is
explained with reference to FIG 16. FIG 16 is a sectional view of the

si licon vabDas/021584 expl ai ning the nethod of form ng an et ®OTAIGIRWPEY at i on
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. Olirtehef dtehep harfdee Ehd thed qthmewptassselthehwateseamBeére carried
out the patterning of the etching-proof |ayer 24, perforned etching to
both sides absbitedif arak3fgfit anpdrotof sepdestiomiicheartart thiei egntiguigepar at i on
line 32 is formed in them The half of etching fromone side is sufficient
as the deptRkpjglug deep by perform ng etching fromboth sides until it
penetrates the wafer 30, it becomes, therefore the length of the taper 40

becones hal f, angyaitt hRUfoddieidRREEthoandd A efching sshawtiom lineGf 14, 20 it
is possible to prevent the remaining of the taper remains at the back

process, andpl e, f"?st LEhB3nb® wiPh rOfGHhee kO FIb S ecase, if etching is
further "performed after the taper fromboth sides collides with, etching

of the taper can ieogiess; <a0lon e, BOYE the sk Gn Watof Koakhynabiind aner 40

can al so be | ost "conplete , the sixth preferred enbodinent of

(et et RITFER AT ORLARRE A glrae 10w o oo
FIG 18. This view s Lhe o ORnteChd A2nd 20" 3R, W& FIBSYS () the
expresses the cross section which meets thé 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) egpresses the case where
carried out the patterning of thé etching-proof layer 24, performed
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 performing etching from both sides until it penetrates
the wafer 30, it becomes, 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 particles 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, fiﬁally the taper 40 can also be los'g 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 a 5 part
for the one chip of the wafer for convenience. In the present enbodi nent,
short eni nyO®B/023s84 process is aimed at by form ng the |iq@eca/Jenxshesy 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 for b 1Q anj sotrapic etching. As shown in FIG 18 (a), the
silicon nitr ina%t%‘é? %ﬁ/ & ﬁg%i amp disgher ge 2ead p{the repent Byveadiomoiot h
sides of the silicon wafer 30 of (110) crystalline orientation. As shown
in FIG 18 (6rPlaRedpRithgefsisgeeiotil&-ek®hi ng- proof 15 layer 24a on top
is carried out by the photolithography nethod and dry etching at the form
of the |iquid-charfBép pawvtierthe 320ss-Hectdommiagtamwildch mebtsrinpdet ern, and an
etching separation line pattern 53. As shown in FIG 18 (c), the

patterni ng ofridyeoreokitiny pf tof 1iqRid Ichyperbe24if tte wheerbahtiaiows garri ed ou
simlarly at the formof the I.iquid-chanber pattern 5fourthe comon '

| i qui d- chanb@rrpfirt drenonanklip afitied ehifag feepanasniencs.i ne pattern 55. IR
alignment is perfornmed in order to double the pattern and the position on

top at this tine. I2%hdpesserdrinslos diopdmx, 8hobieRing Sf PRE heseBd Rlaith®l
tenperature of -35 WD 03/022584 PCT/JP02/ 08995 80 degrees C potassium

ko e e b A R ML A
lunp is fornmggthe same time it forms an etching separation line 32, since the
liquid chamber 6 the common liquid chamber 8, etc. are formed by
10 anisotropic etching.
As shown in FIG. 18 (a), the silicon nitride as etchiﬁg-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 pétterning 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 Sfourthe 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 wafer wll
be penetrated, and as shown in FIG 18 (e), the |iquid-chanber 6, conmobn
f @CwE#02/08hess, by

| i qui d- chaptwan22s8nd et chi ng separation line 32 will be
formng the pattern of an etching separation line with
chanmber and the conmon |iquid chanber, and perform ng

formed sinultaneously, can be produced w thout the sp

10

the liquid

et chi ng
si mul t aneously, sinultaneously with the formation of the |
and the com$onddgraqes @ pheasbarm lyirexisle aqueaspselatioon3fwih@. can al so be

eci al

i qui d chanber

process for the

formati on of an etictin@imd, siepartatisiicdi meafeand (AA0) ceputeBimost. I n the
present enbodi nent, although the cross section is perpendicul ar, straight

line precisig@ntstigReE w3ed dsheh i€ inFIGs IA(dedheatigdnmgxanformess t he

separation nethod with the sufficient position precis

i on,

t he bl ast

cl eani ng, tQEtﬁ@g@&ﬁaﬂﬁch@%_water jet, etc. can be 20 used as the
0

separation net

ich fulfills all or a part of the advantage. Moreover,

also insthat ani §pLIGhG SUENHWINGAD LALRUERS (AivhfoBRARVE: Wi Lh t he

sufficient precision although anisotropic etching is

I's suitab

made

into an exanpl e

WD 03/ 022584

as a method of fQLy ng: d e FERAI ALER | 418) | he2BghlECRERRMGL NI 1 the vaf er

side alternd™V "y, ’a oug t

PCT/ JP02/ 08995 t hod of forning. . han 44
The mothod coPTAB luiar chaBrr ITREALE S RERHAL LB 2.0

i nsi de of isotrgpic etching, the blast cleaning, chopper dicing, |aser

forme

18ld ernatively,
SO0 use the

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 enbodi ment
of the ink-jet head as a Iliquid drop discharge head of the present

i nventi orwogsexskai ned with reference to FIG 19 throughPEIGPo2Mo9s| G 19
is a perspective exploded view of the ink-jet head of the present
enbodinent. FIG 20 is a sectional view of the ink-jet 10 head of the
present enbodi ment taken along the line parallel to the |ongitudinal
direction ofag henedhaphfapimifg Ghe 2kphmtiors tiaki dbainavively, idfe mhthddk-j et
head of the present enbodi nent taken along the line parallel to the

lateral diregtim@nwafertiigedivapdt 2@ laddepadikedretlsoeast e idsdpoésent
enbodi nent includes the 15 |iquid-chanber formation nenber (which is the

first subst ri%?r)otpief\’eic%hlngstrw PMisEele ASnbhenPRSSAgRiBEPRIseat e 61. It is the
| ami nating structure which is bonded in"piles the electrode substrate 63

which is theg)ﬂi%@?ﬁﬁé, ang thE%ﬁ@?%b?uth?te 64 which is the third substrate
e

prepared in pasSage substrate 61 20 bottom The el ectrode formation

whi ch i s the secg@%ggﬁg%&ﬁéﬁ%g&g@g%ﬁgc _dﬁ&%fl@%tfttﬁmiﬁk-jfefa%eaasa%agge

f\lfj\gsz);a?rgrglho-zrglgs 6@. open for %r?«%h aﬁ I;,-atvsg -t ger@g:);kk lzgllséags‘e&\é\ginggr 68
ol el £ opdlifs e Sl o R
rhe concavt PR ko 1R B G o o en rorme e surtace o 4

66, and the parti¥iC%nldd P PPISRERILTE §§Bg}c§tdegitetwog1f%e irtlﬂlj%t hedllog chamber

the present embodiment. FIG. 20 is a sectional view of the ink-jet
10 head of the present embodiment taken along the line parallel to the
longitudinal direction of the diaphragm. 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 liquid-chamber formation member (which is the first substrate)
which is provided as the passage substrate 61.
It is the laminating structure which is boﬁded in piles the
electrode substrate 63 which is the member, and the nozzle plate 64
| which is the third substrate prepared in the passage substrate 61
20 bottom. The electrode formation which is the second substrate
prepared on the bottom of the passage substrate 61.
The liquid chamber 66 which is also the ink passage which
two or more nozzles 65 open for free passag‘e, the commén 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 chanber 6sixthe concavity which forns the coomon 5 liquid
chanber 78 are fornmed in the passage substrate 61. In the passage substrate
71, bororwpD3@2fBused as the high concentration inpurityPCA/JPi0sYIN ckness
(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 stopficayencavitiewhidhk fprms tthe diaplespem O skishaforimfethe qui d
chanber 66, and the di aphragm 70 of a desired thickness is obtained. Apart
fromthe abouefawensf arveadl heedas thalliquid clembenamandghe battempy used. as t he
hi gh-concentration p-type inpurity. 15 Mreover, by including gernmani um
with a lattithes tionsd @hbmbeangenntihhe gdrattiaf waill 7t ovhichrsepheatss gh
concentration boron doped layer in addition to the boron, it can be based

on the boron,candghi®echiBpsi b6x3hé @s8ceaily behicadisend. thbbreaomen, it is al so
possi ble to use t%e silicon-on-insulator (S 20 01) substrate which bonds

the base sulsifiat &hARbet 1§ 22 EbMAH 3 Ghe PH4BBEE BlBstkAGad her through the
oxide filmas the passage substrate 71. I'n this case, the concavity which

becomes the base t fier] i Buich ShamrPele 5 e hivh common i quid
chanber 68 is cé?ﬁg,ﬁﬁgg%%%%grgacﬁv’e-l ayer subster ate aes the di aphragm

79 o5 obpeb e AR PL B Bys e ERRM et aiged, (e ot
0D e o g AL A ERVTAR o ol By gt L om o he
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 liquid
chamber 66, and the diaphragm 70 of a desired thickness is obtained.
- Apart from the above-mentioned boron, gallium, aluminum,
etc. can be used as the high-concentration p-type impurity.
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 active-layer
substrate together through the oxide film as the passége substrate 71.
In this case,4the 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 the 5

| i quid chanber 66 is changed by the el ectrode 75 and the diaphragm 70 is
consti t utwa.o3lomssorder. to prevent that the el ectrode 75 PeTdRMABEL by
contact to the diaphragm 70 on the electrode 75 of the el ectrode substrate
73, the insulated |layers 77 of 0.1-m croneter thickness, 10 such as Si Q2,
are fornmed. The el ectrode pad section 75a for installing the electrode 75
to near thelangodd 75hehidheptirsodie melstaratieed3iir gagd oondbei ng t hrough the
external drive circuit and the connection nmeans is fornmed. The el ectrode
substrate 63ifgHmBnt e, ehecdouedersib iofbymed ihhbe Hbtemnefathiet y 74 by form ng
the concavity 74 by etching in HF aqueous solution etc. on the gl ass

substrate orohBgyy N, emer et Atuidri L@ onStedshi el €¢hé Aiaglirahmt Merisal
oxidation filme63a is fornmed on the surface, ,form ng nenbranes in the

thi ckness of ptheed GANERY HhctrbGatie! EEE,0sted MRS ebhadnt¥hicsludiast fhegh

heat -resi sting properties, such as 20 titaniumnitride, in the concavity 74

e B adfuliArmR o6 56 AT OMY by SHE 118 bBE 73Puid Be dfafBra g | he

vacuum €évaporat| on, orm ng resist after that and etching. The
el ectrode s;}@siratﬂas q3 ad'nd t he passage substrate 61 are bonded in the
processes, ch G ‘pl at e bondi ng and direct 25 bonding. -39 WO

03/ 022584 PCT/ JPQ2/ 08995 The pol Cal i ol b - 139 WO
Yo greret bl T st 8 Ip 0 Ukt T ayer -

refractory - netal s® ¥4eh 1 a wo- | ayer
gf- ' ?ﬁ;ur © Ofconftgcrt t%xt%répéi%bhgggemt’}wgrslttﬁg eﬂ:gtef‘oéé I7r§| c?pgmet Ql%c&%ldg silicon film
substrate 73, the insulated layers 77 of 0.1-micrometer thickness,
10 such as Si0Q,, are formed.
The electrod.e pad sec;cion 75a for installing the electrode 75 to
near the end of the electrode substrate 73, ahd connecting through
the external drive circuit and the connection means is formed.
The electrode sﬁbstrate 63 forms the electrode 75 only in the
15 concavity 74 by forming the cbncavity 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 in 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
technolc;gy, such as the sputter, CVD, and the vacuum evapbration,
" forming the phofo-resist after that and etching.
The electrode substrate 63 and the passage substrate 61 are

bonded in the processes, 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 the 5
formati on process of the sem conductor device, and Ti, TiN, and the

i mpurity warnslozsased for the electrode 75. I n the concavi PETAR02M8Y95 a dept h
of 0.4 mcronmeters formed in the silicon substrate by etching, the

el ectrode 75 carries out the sputter of the titaniumnitride to the
thickness of 0.1 mcroneters, 10 forns it, and forms the Si Q2 sputter film
as an insul ated |Byepolyrrpytalling sijieen e whinh dopedsthgrreftactaryt hi s
exanple. Therefore, in this head, the length (interval of the diaphragm 70
and the i nsubatads, Jwpess e mathHoemaserinkse sach agajw ordaydn grugfomeliohg t he

el ectrode substrate 63 and the passage substrate 61 is 0.2 15 m croneters.
Mor eover, thferiexlanfdedtioutiredstd® side f8opphd iting pohe silikon filtther thwozz| e

6fi fthe groove used as the liquid resistance section 67, and the comon

li qui d chanbes]d68nf @i Reme XA G mickel thaft aregenktellpasualdyaisedihahe 64, and
it has given a water-repellent finish in the 20 discharge side. As this

nozzl e pi at e8% at>nOhrddi8s GPURE & ehfi6hdatfodGlavi€e 0dnd e, TIN] ahdlthyers, such
as netals, such as.the netal-plating film manufactured by the nickel

el ect rocast i gy fIhNOth pENAR Al ddr4Ae clsUhstig ke, and SUS, the resin, and
zirconia, etc. ca e used. 25 The nozzle plate 64 is bonded to the passage

substrate 61 by rﬁ%‘ﬁce c%&@@%@é%iﬁ’ﬂ criTéB’;%%/ N8B i BANESIeYE fobG int he

ink-jet head is pro I'n the ove ner. By using the diaphragm 70 as

the conmon eheckiigds Aiduatd BySAShIE e JLlst. ¥8) Lauk:bslgen he
sputter of the titanium nitride to the thickness of 0.1 micrometers,
10 forms it, and forms the SiO, 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 substrate 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 cﬁamber 68 from the exterior is formed in the
noz‘zle plate 64, and it has given a water-repellent finish in the

20 discharge side. |

As this nozzle plate 66 is of the double layer structure of the
metal layers, such as metals, such as the metal-plating film |
manufacfured- by the nickel electfocasting 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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el ectrode 75 alternatively fromthe driver IC (drive circuit) by using 5
the el ectrode 75 as the individual electrode The di aphragm 70 carries out
def or mat i wo oaneksgd spl acenent of the di aphragm 70 by the elcaoroxnmsbe ic
force generated between the diaphragm 70 and the electrode 75 at the

el ectrode 75 side, and the diaphragm 70 carries out the return deformation
by what is ma for t he charge between the di gphragm 70 and the

el ectrode 75 at%glesﬂiesg'ﬁ]é‘rl@ethﬁrl&]ﬁ‘lqﬁiIéeamﬁﬁétlém@ﬂlﬁéddﬂit\lﬁérahﬂi’letlégén% set to
0). The contents product (volune)/pressure of the |iquid chanber 66
changes, and the iHkuHngpthesdigpdergingdtiapihe cpmmensleeszedeassd. Next, the
ink-jet head of the third preferred enbodi nent of the 15 liquid drop

di schar ge hedBPéessing the ekbrar Volvegr botwéen theptltiphedgmi 76 andether ence to
FIG 22 and FIG 23. FIG 22 shows the ink-jet head which is the third
preferred ersbediodn?S afiterhetivetyufmditbe ddiveeHar ¢ériheadrwafit)t e usineent i on.
FIG 23 shows the passage fornmation substrate of the ink-jet head of the
20 present , ¢ehbethiaterte 7The thakinidétidneddlaftrddve present enbodi ment incl udes
the first substrate 81 which is the passage formation nenber

(i qui d- charmber  frberditphra e mMoee dsriancut Aefos8GRIEH §H@&ﬁ§§1taee§l%n%ifch i's
the heating elenent substrate provided on the first substrate 81 bottom

25 The commomhé dedfitdachanbey MRssReE 3t ISR eSHIRLRY by ddKihe 41 WO
03/ 022584 PCT/ JP02/ 08995 tg the pressurized liqui é-changlgvr epasseage 86

;M;i c ihS i: s ¢ he didghth8m PE22AA% e oBRMTRUR Rl gl%cw&a f@%bdrga&dﬂﬁwnozﬂ es 84
ge the ink drop, and the pressurized |i.quid-chanBer passage
‘ 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 ffom 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 passage formation substrate of the ink-jet head of the
20 presént 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 the 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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86 are forned. 5 The ink is supplied fromthe ink feed outlet 90 of the
first substrate 81, and is injected as a drop fromthe nozzle 84 through

t he conmowolo3qedse+ chanber passage 88 and the pressurized [PCquiPal/osgsmanber
passage 86. The first substrate 81 which is the passage formati on nmenber

10 forms the nozzle 84, the pressurized |iquid-chanber passage 86, and the
common | i qui d-chanber passage 88 on the silicon wafer for each chip unit,
and separ at 5 thbasescooipansnuidhihpmbeyr pdssage Gionghicnt dtechigngl The common
el ectrode 92 and the individual electrodes 93 for 15 applying the drive

vol tage at thesexOWBERIconBehthess (aticehsh of thBeoralesc®hver si on el enent)
91 and the exothermc resistor 91 are forned in the second substrate 82.

Thus, in theyioksdegtinRgad @bpt BEdRKBSHRE s iIReWiTRAE - chaynbeanlsyhgg the drive
voltage to tﬁea%%éividual elgctrode S%BZO alterﬁgtively, tﬂgiexothernic

resistor 91 Jeat, the bubble occurs, the pressure change occurs
and the inksgfgﬁg?%£%ﬁ§charged out fromthe nozzle 84 by using the ink of

the pressurized Il CUATHELs PARSANE 198 MLa IR aIaPariS, alisnge. Next,

the ink-cartridge 0 Invention is explained 25 wth reference

FIG 24. F 4 sh .t he. i nk i d - 0 / JP02/ 0899
;gpording t&ukﬁbmé?gzeﬁﬁﬁﬂ%&gﬁ%?g%%gﬁaa%ﬂg?Vh4%%§$%??§bgzﬁg%n§$JFﬁg. 24, °

;[ EE_} 25 ngéh%%%%mlo%miqgiﬁggﬂlérg e% r};])E'{sslangke gg atnlaethlenpi%_ejsse&riggfﬁq:lli?g-’ and the

chamber passage 86.
The first substrate 81 which is the passage formation member
10 forms the nozzle 84, the pressurized liquid-chamber passage 86, and
the common liquid-chamber passage 88 6n the silicon wafer for
each ‘chip unit, and separates the>se 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 resistolr (electric |
thermal-cqnversion element) 91 and the exothermic resistor 91 are
fo~fmed in the second substrate 82.
Thus, in the ink-jet head of the present embodiment, by
applying the drive voltage to the individual electrode 93
20 alternatively, the exothermic resistor 91 generates heat, the bubble
occurs, the pressure change 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
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the present which has the nozzle 101 for discharging the ink drop are 5
formed integrally. Thus, the yield defect of the ink-jet head causes the
def ect ofwotoa®22s0l e i nk cartridge inmediately in the casecofipoBgr esent
enbodi ment. According to the present enbodinent, it is possible that the
poor ink drop discharge by the remains of chippings 10 decreases, and the
yield of the ink cartridge inproves, and | owcost manufacture of the ink
cartridge camcbediagtta thedpreNent invemt®moanpl e of the ink-jet printing device
which carried the ink-jet head which is the liquid drop discharge head of
the present invernhit@e ink @¢plidganedoveft RIGe4ér encink card G)3 2Ehighd FI G . 26.
15 FIG 25 is a perspective view of the nechani smsection of the ink-jet
printing dewypplek thBanRr@s@Rlinkifeedieadnt02,Rrd ti26ink-jettheaet02 ofial vi ew of
t he mechani sm section of the ink-jet printing device. The ink-jet printing
device of tRhgeRyrEsSat whIRPHLIRIE nbREleUAS foL@iddMr fRigntHeaik drbd are Whi ch
the printing chanismsection 112 is provided. In the printing nmechanism
section 12, i idge which supplies the ink to the ink-jet head,
t he carrfilagefo¥ ?gﬁgggﬁéﬁgéable in the direction of the nmain scanning, the
printing head lch is consti he d.nk-j et iggvent i on
and 25 provi ded%h%sr’letﬁg&ﬁ‘raf&agéﬁgfgfg%{%é?gég?lﬁd?§3ca&%@0§?%%%%gﬁoq
PCT/ JP02/ 08995 the | ower, partio f, t:he iLn.p e feed
h%ﬂlglgp]& {;?rég})dggfgl%clﬁgﬁelg 1}}1 'ihgg& ePSY Ehﬁlﬁljeseﬁp

cassette (or®f

tte | _ an several “copy sheets 113
Ergﬁlrj:: nits Jnrﬂ?gcll'mfl:rpfezrktcggr i?ltgotoot'ileepxrteggr(l:tt eer%b]:)rci?nr?e}ln(%tfig %Qtssi%llge' The

that the poor ink drop discharge by the remains of chippings
10 decfeases, and tﬁe 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. 261is 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 thé direction of the main scanning, tile 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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feed tray 115 is rotatably attached to the front side, and the copy 5 sheet
113 may be manually supplied to the printing head by using the manual feed
tray 115.w@lem2158€ copy sheet 113 is placed on the feed c®s3aP0208%9%4 or

the manual feed tray 115, it is fed fromthe tray 114 or 115 to the
printing nmechani smsection 112 so that the inmage printing is 10 perforned
on the copy sheet 113 by the printing nechani smsection 112. After this,

t he copy sheet isldéis lewedpbotiohefdbkimaemypantall 111Be fehd chsigtpfavi ded at
the rear side surface of the printing device 111. The nmain guide rod 121
and the foll avepagsr @eyy 084 M2Richr ean praalvsdedahsophehgeaisdel Iredreirsis n t he
printing nmechani smsection 15 112 horizontally across the right and left

side plates. frEaBy oertca0mtd%T éstricfedifaem the fdatguddle THenBensall2l and 122
in the direction of the main scanning (the perpendicul ar direction of FI G

26). The heagscl?dapriaw fediathipattrhelagandd3ohnsidedandt e dops-j et ~ heads
according to the I|qU|d drop di scharge head of the present 20 invention,

and the 5nk éetkﬁel?d% l?n(ﬁh?fﬁﬂl%lfw& YREd OV (kﬁ pritnrﬂﬁlgc}i@ﬁ'd byQ@sinkhe magenta

(M and the ack rops,” respectively he 1 nk di'scharge nozzl es

for the respﬁ_f gl\égugf!fggd h@l§s g e arranged |n the di rection which
e

intersects t irection e mai n scanning, and the direction of the

k d di sch d /
pCT1 9P02/ 0moos nvisay i Ok Sshy FLETs FEARICEL o} “fg&i g ﬁle“(‘?égﬁegffiﬁ“

L cart dogs, 425, SRR TD A Bk o SASHGUT )y fged 1o

printing mechanism section 112 so that 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 tray 116
which is pfovided 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 printing mechanism section

15 112 horizontally across the right and left side plates.h T‘ﬂe carriage
123 is retained by the guide members 121 and 122 in the direction of
the main scanning (the perpéndicular 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 magen£a (M) and the black (Bk) ink drops, respectively.
Th.e 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.
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cartridge 125 with new one is possible. 5 Each ink cartridge 125 incl udes
the atnosphere inlet at its upper portion which communicates with the

at nospherwo odloz2s8Bnk supply outlet at its upper portion wrCThPespds es t he
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

si ngl e head whi chMa=zovhe thezedreimgehl Zhidieguippredewithethiendesgeciise aéhk t he
respective colors nmay be used instead. The carriage 123 is slidably nounted

on the back sheieiddelel 25ctysEiiEein € oy eylanc@ach lcetdd antikowesd neam si de) of
the main guide 15 rod 121 located at the rear side portion, and is

slidably noumaeH iaR daheidech 25iidansiNELORYh HiRGhe CGXINANBBGT W@erigkt i on
upstream side) of the follower guide rod 122 |ocated at the front side

portion. In @peqde01 LRGN, AWl 518 i HBBSHEE, Scanning of the carriage 123
in the direction of the main scanning, the timng belt 130 is provided. 20

bet ween ghe dri _veEauL'iﬁy§%§t§d%§@g§h%ci@dés%%ratm&slrp%g%_%l%gt@( jphi ch - the

rotation drive is carrie e scanni ng noto he t1m ng belt

30 is fixed ’ i 2 ] ) - j f. i
159 15 carrs AuBsBORIR] MIAPR citmuBRcal R i WRpUPhER, (BE tRRE CoTT(R0°
127. 25 On the_ofher,.hand..in or

03/ 022584 PCTIBRE2IHag0% ich Skt moation PRLH sl B ffg‘eﬁ‘_ti&&ffl ine over
part s de of g head ot Lhe fesn toler Aot and,ihe [il gt pas 132
cassette Moreover, the head 124 having the ink-jet heads of the four
10 colors is psed as the print.ing 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 sicie) of
the follower guide rod 122 located at the front side portion. |
In order to carry out the transfer scanning of the carriage 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 b.elt 130 is fixed to the carriage 123, and the both-way drive
of the carriage 123 is carried ou‘t 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 guide nmenber 133 which guides the conveyance of the copy 5 sheet
113, the conveyance roller 134 which is reversed and supplies the copy
sheet 113woana225Be front-end roller 136 which specifies tReT/IReEOIg angl e
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 recepialed ARIRETeck3OsisttBriov fethalowbephacate @f thedtgadspondi ng
to the successive range of the direction of the main scanning, of the

carriage 123;94ThgenokAtloMe 18qeRi f64 & FATBNBA padB 93D Swhichec oP¥usheet gui de

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

rol Ter 134 andar&ishigd feadiPot MEEopRIshest 953 Lbul e feaaidsogohead 124,

The delivery e spur er 144 ich are associated with

t he conveyan roller..141 and I r..14 | tation
dri Vﬁ i's capff%cf?l(?tﬁmg?emﬁ?l@\% 32’3 ‘?ﬁfﬁhhél?@ggythél’h%oﬁ%%ﬁ\g%%géff/g%gé?di rection
on the downstre ide of the printing ecept acl e menher 139 j.n order to
sen(cji out thestb&‘?gg]l héﬁ? cppxey Ctehré)tﬂetfeﬁ‘{/gvﬁv%ilf‘ég”rosﬁ. a&rﬁlds,'ufl’ﬁnh%sr der to
send out the_ copy sheet 113 to .the delivery tr 116, t he .qui de nmenbers
145 and 146 thSi OPY Sheat ik ad’@l‘ih\‘?eﬁf?nb'&flﬂ lﬁrh@%ﬁ'@é%ﬁgg‘fgherset rranged.
25 At the tine of printin% the carriage 123 i s noved by dr'vir1 - 46 WO
03/ 022584 PCHI2/208b051 hesopusbeat hd3Heam W&%‘@d@&r’fﬁéoll&’ftﬁé i mage
signal, the ink is discharged out to the copy sheet form 113 at the
printing posind the cemdexanese| tohker d34 tee prigdefls recorded on it, and the

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 6f the main
scanning. of the carriage 123. The priﬁting receptacle member 139 is
the copy sheet guide member by which the copy sheet 113 is sent out

15 ffém the conveyance roller 134 aﬁd 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}i‘s 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 priﬁting, the carriage 123 is moved by driving
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recorded on the copy sheet 113 after a predeterm ned quantity 5 conveyance
is performed. By receiving the print end signal or the signal w th which

t he backwerid/oefsss he copy sheet 113 arrives at the printi RgTHIRODEBI9Y he
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 propgetrgchidiglUadddon2i sceondinigttedtheiimage signabj thezind @nd t he
picture of high picture quality can be recorded. Mreover, in the position

whi ch separ a§igeh i@ ddteto’ BLOESHY 8RS Y nd Ne3 sitdBe Pridfifg tPoatsder
orientation right 'end of carriage 123, 15 the collecting device. 147 for

recovering they pootifll SENRA 9Ragt it hecdrard P, iandcORf fQM6wehe TR igol | ecting

devi ce 147 has the cap neans, ghe suction neans, and the cleani ng neans.

Duri ng_pr i nting. 5 ARHe dolps! SRS ISae bR ROl RERLAGuRYGE 20 147

side, and capprng o . lage 123 is carried out inthe head 124 with
Lhe CAPL N9 JESISaneld SRR S, N poor discharge by i nk dryness by
ori nti mg. oper at | gAY TEHEVIHE 16 AL tipnet ofF St AR htok bt B 6% and”
i nt & ned.  WRORRE! Jb:eoavsUiat 0d SGHELIRS, 1 HE HeNTDEry EROO o) of the.

head 124 is sealed with the capping neans, air bupbles etc., are
printing operation 1is te?rgina ed and the copy sﬁ’eet f13e1s ejected.

In this case, since the controllability of the ink-jet head of the
10 present invention which constitutes the head 124 of ink drop
injection improves and the property fluctuation is inhibited, it is
stabilized and the picture of high picture quality can be recorded.
Moreover, in the positioh 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 éonfigured.
The collecting device 147 has the cap means, the suction
means, and the cleaning means.
Dufing printing standby, it transfers at the collecting device
20 147 side, and capping of the carriag_e 123 is carried out in the head
124 with the capping means, 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 wth the suction neans 5 through
the inner tube, the ink, the dust, etc. adhering to the delivery side are
renoved wotoh®2zsBeani ng neans, and the poor discharge i sPCEIBVRISOLE
Moreover, the attracted ink is collected to the used ink reservoir (not
shown) which is installed in the |l ower portion of the 10 main part, and
absorption retention is carried out with the ink absorber of the used-ink
reservoir. Tlutfornsameeistimeirtakngdet 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 carwienaht gionvedisdbaiiexdccurhetireddnt drypfreizeieledt grbodi ment  of
the manufacture nethod of the liquid drop di scharge head of the present

i nvention i%ea%Xpiaﬁiw@éialwtvbﬁth&hercﬁ@?engmeﬁsgaairZBulams@ta a29. FIG 28
shows the chip arrangenment on the silicon wafer 220 in order to explain

the seventh ﬁrcﬁfeﬂrdéﬁ%fecﬁ@qwlf‘@é}ty witht fhe 28 WeiufhacdustRoiRidaed of the Liquid
(0]

drop di scharge hea the 1nvéntion. G 29 is a diagramfor explaining

the_sepay at oo ofy (inghiiufel the i k! A Sl mictinon, wefer 220 The

present “enbodi nN¥ rovi ded as an exanple in the case where the silicon

fer 220 of, (100 1 | . ELG 28, it is
cont1 gur ed <SITYEY S8 2bF P Ee i i He AR n 5, 1 3k PBET) sro2s 0800s

chi ps 221 by,.separ at.i ng into the silicon wafer 220 in the position of the
lateral sepatafh#hecI s d&°9%F4nd t he | engt hwi se separation |ine 223 rmay be

obtai ned. Moreover, the attracted ink is collected to the used ink
reservoir (not shown) which is installed in tﬁe lower portion of the

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

Thus, since the ink-jet head of the low cost which carried out
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.

FIG. 28 shows the chip 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 diagram for explaining the separation of the
strip-liké 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 5 the at

| east 1 sequence (it is the right-and-left 2 sequence in FIG) of one
separ at i owolodfe2584 engt hwi se separation |line 223) 'and thePCTagueesess 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 tKBiPSsE?] bansapareiing2utohihy sidiqonewalenA2@ ipdhe pesitiebafat i on
line 222 of the |longitudinal orientation of the silicon wafer 220 is
formed. In athk idtergl sdparspadite 222 landeth22ngblaiwidees eplarati@pdinehd23 ar e
overl apped are illustrated FIG 28, and it is for the purpose of 15
clarifying t mybsiobitaimedf the slit 224. As shown in FIG 29, chopper
dicing separates by the dicing separation line 225 (thick line)
correspondi ng to Imehisa¢aealit issepmiaétian dsi the B3dut adch hie dhip 0g separ ates
the silicon wafer 220 by the dicing separation line 226 (dotted |ine)

correspoRdi nghd at 1t 12&4@319&5?@ etheefighflnanidft D&eddendd DEEICTPEPEr
dicing can go up and drop the dicing blade in the arbitrary places on the

wafer, al ongowbtsRphPfish GHnRY(188ABNALE QBpatdtiieh Zidlel S1d)earl feng Of 11 can be
carried out by rarsing the dicing blade to FIG 29 in the position of the

lit 224, » 12404 ' idence 3/ 022584
;C%/JPOZIOgg5%&£%f%%8¥ﬂ%%§%nﬁgggﬁﬁg F&ypufgﬂﬁfgkp%ﬁgkghFégéﬁﬁ% e at least 1
sequence of LRe,s &‘if‘el%th*}ﬁeg@pﬁfﬁdﬂﬁl el ({]gtqups% ‘%‘aﬂ%%ggz‘i?'p

e paralle y

( i
shifts to the eplar§?| on'l1ne an orren I'on an

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 ogiéntation 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 separates by the dicing
separation line 225 (thick line) corresponding to the lateral
separation line 222, and the dicing separates theA silicon wafer 220
by the dicing separation line 226 (dotted line) corresponding to the

20 ° lengthwise separa;cion line 23.

Since chopﬁer dicing can go up and drop the dicing blade in
the arbitrary places on the wafer, aiong 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 and
it is configured to the sequence of other chips at them Since it has

separ at edwbhan@e1se4 se by the dicing as shown in FIG 29 tRreTaPexiss9on of

t he .edge of the chip can be good, the precision at the time of carrying
out positioning to other parts which contact the chip can becone good, the
chip can take, and the nunber 10 can be increased. Moreover, since the
cross section doeslsodh thedowgingpeyed which ihe pEippehthicat tast there is
little cracking when positioning. Furthernore, since the |ongitudinal

orientation deguseRAbftRe sbyuéhe 6f the asshratioppiéne dindi thy fmrallabehip t he
degree of freedom of the 5 array of the chip becones |arge, and many

chips can benpfedyGRE sépiri@ont a8 ahiaheqniventi er@ntationyndtomn in FIG 27.
Next, the formof the slit 224 fornmed on the separation line is explained

W th referengg 40, &P ttﬁghgg%ﬂ%sgﬁﬁem%diﬂeﬁt wli18 haesy ddhen IFagows, of the

chip separation pattern cutting pattern) in which the

configuration 4 § ;3 Qiofntggggxrleﬁ t%)ht?le.c!sieg‘ﬁ?hié@af of hQP%}éf eeatsﬁﬁ% ation line of

FIG 287 n tHe state ore formn slit. rally, in the dicing,

the circular di ci%ﬁﬁgggggs \é\nﬁég\rattggIE?%@&HS%bs,l;{ht%s&i\égng%gispgwjfgidj%d. 25 The

slit 224 is not f wWwn i n he ca%e o 0

03/ 022584 P PO2/.08995 . di ci of .t he fer.with the chipn |layout of FIG
28 usi ng thgﬁ'r?cgﬁf}her PIE{IEeS Oﬁﬁt—f edge Pé\%@% “ ﬁ?é:raaebaéqg(e@?i g’r?al view of the
vafer for  expl 09 hO%Re O SRS b RS Thid: LD AL BaiERALRAT O 11

contact the chip can become good, the chip can take, and the number
10 c.:a‘n 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 ﬁany 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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| ayout of FIG 30. 5 The portion 230 which is indicated by the shading
lines in FIG 31 is not separated conpletely by the dicing blade 231 and
will remalDr3oeesshe chip 221A. Wien the dicing tends to segaraozosvére
portion 230 conpletely, the blade 231 will enter even the range of the
chip 221A, and the 10 chip 221A will be kept as a poor chip dependi ng on
the case. The end surface of the chip does not serve as the straight |ine
when the eddéciag dfhehechiferteitiisthectiie leynuhof Gt @ 8cwging thetcirailagnnent
and the precision beconmes poor if the cleavage tends to separate the
portion 230b{ide Fhaded ikianesylaigdd sthdonhl pew22iBhambied 50221C behi nd. -
Therefore, it becones possible to separate the chips 221B and 221C

conpl etely, ewptdauts MakpAbIEhewtbhpet2dAnfigothe blyipf eypuiragontinethsl i t 224 at
the T-shaped Intersection between the |ateral separation Iine 222 and the
| engt hwi se $ add Pl spe 223, as shown 20 in FIG 32. Wen the dicing of
the chip 221B of FIG 32 is carried out and the chip separation occurs, as

shown ig FIG 3 i Wiieh oG8 diMkeard o fhadih@ BACs RRMMI®N 232 of
t he chig 221B. %Iéé Eg\rldelﬁﬂg%q‘jgrhénceew ils gro uced dzt‘]e1 1%0 fluctuations by

the 25 sizeg.,variati t f i it 224 or the
251 W0 037005 %%%f??‘%i%z‘?’g’é%gayg?%%‘gid\gﬁg{é qlglag]rja%cae@&(;fﬁ!tnhe bl ade 231,
and the w dth W of ttt[ﬁe %Iéit %4 and the width W of the dicing blade 231
are not nec&&8BHT o9 5 BB Rnt | as shown in FIG 34.

When the dicing tends to separate the portion 230 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 tends 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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When the difference between the width Wof the slit 224 and 5 the width W
of the dicing blade 231 is too large, the level difference W. may differ
greatly, wod3bmmssal i gnment precision cannot be secured. Phe/Jdef®eds at t he
time of assenbly nmay sonetines be caused. According to the present
invention, it is confirned that if the 10 absolute value of the difference
between the width Wof the slit 224 and the wdth W of the dicing bl ade
231 is |ess tHmengigmhtotaran¢e of tbe (bdede 23ilf faodehe ev MIthi W 6f Bravskit | ess),
then the alignnment precision could be secured and the defect at the tinme of
assenbly cod2d4 ded teeluddth WIS oThihe dibing bhidei 231 age hbe nkevalardiyfiher ence W
of the chip's end surface, the chip size after separation is finished
uniformy, theredmpnt,ias showahisiFIP. 84positioning is possible is obtained,
and the cost at the tine of packaging can be reduced. Next, if the chip

221A tends to be ViHen pROiMBEshdel bdtsy i NG waBhl W SLPRE alie 2bY 4 dicing
or the cleavage tends to separate as the conpletely inseparable range is

generated if thbevidemavk of 18k dibeShidde Q?fli&%oé@ﬁreg%b?ﬁ%qeme chi ps 221B and
and t ' I

221C wi Il not serve as t'he straight Iine, probl'emthat the .
BSSa ng.  hap S L I P E e i Rl pBS SR o005 of
e O oL Dkt end ol omheg L LEMITREL: HReB b o s 715 ©
' - 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 difference 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.
Neﬁt, 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
completely 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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5 (1) Accordingly, if the length L of the slit is restricted according to
the formula (1) when performng dicing, the bridge portion does not renmain
on t he chwp oafoexB4 separ ati on. Easy and hi gh-preci sion al iPGRRIR/089SS
possible with the chip arrangenent of the present 10 enbodi nent, and

| ow- cost manufacture can be attained. Next, the eighth preferred enbodi nent
of the manufacture. method of the |iquid drop discharge head of the present
i nvention i sof dkpdacingdbladerandet trdigatest »tiHcknessofie ehm. 183 FI G 36
shows the chip arrangenent on the wafer in order to 15 explaining the
manuf act ur e Aesidlleothattbedergidnk odrihediliteh?4 setigfies ke ifellgwdagt i onal vi ew
of the wafer taken along'the line A-A indicated in FIG 36. In the present
enbodi nent, fémenwla €1)224 is forned in the <112> orientations of the
silicon wafer 240 of (110) crystalline orientation 20 by etching using the
silicon wafer 240 of (110) crystalline orientation. 1In the silicon wafer

240 of (110) crystalli figntation, if the perpendicular (111) to the
wafer side is formed,é-;fq Jpeypakfern of the 53 WD 03/022584 PCI/ JP02/ 08995
<112> orientations and etching time is lengthened, the slit will be

penetrated to the back of the wafer. Therefore, by formng the slit 224 in
the <112> orientations, the width size of the slit 224 by etching can be

formed wsth the .5 sufficient precision, the relation between(tl?e w dth W
of the slit and the width W of the blade can be managed with the

SAUf ficient 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 thé manufacture method of the present embodiment. FIG.
37 is a sectional view of the wafer taken along'the line A-A
indicated in FIG. 36.
In the presént embodiment, the slit 224 is formed in the <112>
orientations of' the silicon 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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precision, and the level difference W. can be further managed with the
sufficient precision. In the wafer of (110) crystalline orientation, the
etching WO osonfSBgurati on becones the parall el ogram wi t h trla/Jamysedof 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 snmall pattern can be put in order and forned
15 when for nkhg2*» heisithtionn anllectwhientiatd onlergtbbnedt dresdet will be
perpendicularly in the <112> orientations, the edge of the chip wll

become saw | peettatedhat thealseck dhelme weifece the slit is fornmed in the <112>
orientations in which the straight line is obtained by etching and the

dicing 20 separ ategetdi8r b ehbahimntResIpeDdl GHl the <01 Therichidtons,
orientations, the edge of the chip is formed with the suffici ent

preci si on.  Ayfesdinli, e Mire |slb@294‘6?rbt@ﬁlﬁ§1@aﬁ'%%h&qr&fd #oMminRy the slit
224 in the <112> orientations of the’silicon wafer of (110) <crystalline

orientatson itk ef BFENCS nEliClarih bBRPUANGE Gigdlw 23 L Gricdashows the

slit porfion ont inorder to exp aln 03/ 022584

PCT/ JP021 0895 4§16, YRANUEIEL i Sad"BLNYY ragn Lbey 0L DL EfELteqd embodi ment  of

the present I nvention 1S a sec Vi ew o he wafer taken

al ong the |line B-B indicat i G._ 38 n rr out the slit

formati on byPE¢HHy af]fjot% glﬁge dbééereflcf’hm 3.6 féf%%fzf&a‘ﬂ%ge gltshectl onal
vi ew of the vi{iferf t aken al Qng the line B-Bindicated in FIG 38 when
carrying out $19160% BFSEEO8n by et ching from both

In the wafer of (110) crystalline orientation, the etching
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 perpendicularly in the <112>
orientations cannot be formed.
Although the small pattern 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 thq straight line is obtained by etching and the dicing
20 separated the orientation perpendicular to the <112> orientations,
the edge of the chip is formed with the sufficient precision.
A description will be given of the method of forming the slit
224 in the <11‘2> 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 ekplain
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sides of the wafer. FIG 41 is a sectional view of the wafer for
explaining the formati on nethod of the slit. As shown in FIG 38 and FIG
39, when woohiomFspr oof | ayer 10 242b. is forned in the wrcrareamsbece for
et chi ng-proof |ayer 242a which has the opening for the slits on the whole
surface of the silicon wafer 240 of (110) crystalline orientation on the
othér hand and the slit 224 is fornmed by etching fromone side of the

waf er, the thapeansfctirermadiod sf tive ménthoprafheredieghbodimdentedf thed des. 15
Then, as shown in FIG 40, the depth dug deep by carrying out the

patterning ofrekbgt Rlventidd: PFIGS 30 ayer seARmathiiew dfathd Wwafaperkieng for the
slits, performng etching to both sides of the wafer 240 from both sides,

and forning $188s5hkti28- B NnlieME@nhit1d 13 Peneil édregingheut waf &lit 240 becones
good in the halg of etching fromone side, 20 therefore the length of the

taper secti %ﬁﬁlt%#eﬂeﬁ?miﬁglﬁom &¢I BPLRe walfe£! §IGNA0 & £onti nued after

colliding wt taper séction 241. fromthe both sides, etching of the

taper sect i O&cti%ﬂi} Gy %rfocﬂ%%ﬁerqﬁﬁeﬁ‘sdléﬂg\m%iliri'leFJ'_’a-CB ifidicdtb@gh!y the taper
completely: Tt

section”™ 241 can al so be | 0ost ecomes W t hout damagi ng the
-55 WD 03/0 4 / JP02/ 08995 . t.apef. i . | t he

- subsequent 'e%gév A Y RE O'f)ta%rtﬁbgltegg{ﬁéeﬂﬁ%? S'petrtgghl{c%g%r'klg%?g the tenth
preferred enhqdi nent of .the nyf.act ure  .method of .the |iqui.d_ drop

di scharge he# e%ﬁﬁﬁ%“ﬁf@%er\:{{&i' \}e]r‘?t?8ﬁcﬁlgna]5wee%f)£itﬂ%dv% fi% ef erence to
FIG 42 and FIP§_43. Fl 42 shows thdﬁ ﬁh%)? frrangerrent on the wafer 320 in
order to exyidipiupgdhpdprpraticnraehat8l By slie present enbodi ment. FI G

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 surfac‘e of the
silvicon wafer 240 of ('110) crystalline qrientation on the other hand
and the slit 224 is formed by etching from one side of the wafer, the
taper section 241 is formeci on the right and left sides. |
15 Then, as shown in EIG. 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 nger 240 from
both sides, and forming the slit 224 in fhem 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 etching 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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43 is an enlarged view of the chip corresponding to one-chip size of the
wafer 320 of FIG 42. 10 In the present enbodi nent, the chip arrangenent is
desi gned wbams/o2ases ei ght chi ps (structure) 321 of the passage/Jpuspesate 1 on
the. silicon wafer 320. The thin groove 322 is forned between the chips
321. The thin groove 322 is formed by anisotropic etching at the 15 sane
time with the formng of the common |iquid chanber 8 (or 68 and the

l i qui d chanbepertreoaingGlt.themresblit andaghe, swhseguenhprogeghes #herati on boron
diffusion layer is fornmed in order to formthe diaphragm2 (or 70), as
mentioned ghenelestdre rndt proguoede 322 did not penetrate the silicon wafer
320, 20 but only the thickness of the diaphragm 2 remains. Mreover, the:

thin groove 322 iNexftORNE dertRtfefdrrt € Rink o dimekrithef thehinpnB@iktiee ret ai ned by
t he di scontinuous portion (bridge) 323, wthout comng apart. In addition,

the width ofyddedtiSaRNIHPHFoPAIddheRgS 23l ot dhe prédbem divention ishe chip
not comng apart wth the chip size, the size of - 56 WD 03/022584

R T e T
321 on the 5 hi f B o E S e e P R er a1
I's separ abltg eixrf)tlgineﬁlcehm%?liupac%g}g pryetﬂgﬁ)lo\fi thd psljeisglt['tI e B%8 ment. FIG.
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 désigned
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 concentratidn boron diffusion layer
is formed in order to form the diaphragm 2 (or 70), as ﬁentioned
above, the thin groove 322 did not penetrate the silicon wafer 320,
- 20 but only the thickness of thé diaphragm 2 remains.
Moreover, the thin groove 322 is formed intermittenﬂy and the
chip 321 is retained by the discontinuous portion (bridge) 323,
without cofning apart.
In addition, the width of the discontinuous portibn 323 is the

25 width for the chip not coming apart with the chip size, the size of
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Al t hough the thin groove 322 |eaves a part for the same thickness as the
di aphragm 2 and has not penetrated, since the thickness of the portion
whi ch remaong/oezssvery thin, it is easily 10 separable. MpCFOver(8995¥ t he

groove width is nmade still thinner, the groove 322 will not carry out
penetration, although it becones V groove form At this time, it is
separable with easy power by nmaking small 15 the renai nder (=(thickness)-

(V groove deﬁlﬂ?l)"")afé’r" ¢%e V groove. The remmining thickness of the V groove
can be adjusted b){ﬂ the groove wi dth. Mreover, when not nmaking the groove
portion stop and Ipenchipateparatioméding JRodoeesists of puitngrnhegmssary t o
necessarily use the 20 groove 322 as the intermttence target. Thus, it is
| ost by fornind thhelisbomtiguooypottétmBEs efattesecthip.groapsy §2Ngn Braess to the
silicon wafer, and separating the chip into it that the chipping adheres

at the time of th&hdreforg, sintetibiis coasectedrbdtivechhendh e¥pcili PBhNGegeNer at ed
at the tine of 25 the dicing, since it is conparatively large, it is

renovabl & al tiiauglidge 30 3V\Q1634 92258 BETH Qg’ﬁé’ﬂa@ﬁﬁlgﬁnetm,fif agment of the

bridge may be slightly generated when the chip i's separated with washing

after chip s rabl , r ressure and the
P SEHMrabl®htoMIEOVEDH 3Ppwba&pﬁyﬁ{g Qﬁ{g}rgfgbgfneﬁ’.

vacuum chuck, is not added, either, Si nce icing tape etc. is 5

unnecessary, the XiglohdHRIOMER e:DBYL 33 5LEEPAL R FheGY enbodi ment of

t he manufacture . .
thickness as the diaphragm 2 and has not penetrated, since the

thickness of the portion which remains is very thin, it is easily
10 separable.
Moreovér, 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 (=(thickn:ess)- (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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met hod of the liquid drop discharge head of the present invention is
explained with reference to FIG 44 and FIG 45. FIG 44 shows the chip

ar rangenewp o0af02258e& wafer 330 in order 10 to explain the mamgPexisas<e net hod
of the present enmbodinment. 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 fornmed using the silicon substrate (silicon wafer 30) of
(110) cryst afhkiffggaeh et ahé GRidgelma$i celighdy emeratetdewben thd @higr yst al | i ne
orientation is used, the common |liquid chanber 8 does not neet the

par al | el ogr am apdrdtbe witBEidWngenfiér axcipi wpaddtibhe figure does not nmeet the
crystal face in plane form the liquid chanber 6 is forned in the sawlike

shape. Moreover, Meréci"\eer?‘%io%r[ QREE 28twiteR@rofsurbansulds vadwumf (110) 20
crystalline orientation, Dy carrying out the patterning, the partition

wal | between -1 qui : rpﬁﬂp' | &, j@and the liquid
chanber 6 ca%l}%g’ E%%P?g&?ggn%ﬁ?%rﬁ?‘gﬁﬁggﬁgw?l Bett/\a}é)gn@ttché@chi ps 331, the

pl ane form forns _the groo d 332b on the parallel ogram (pattern)
ot e Rt Babaly AT YEAs o BF;

in the preséﬁ% over the figure, since the lateral (the

cioi ol entatiop) 36,40 031020504 ECTLIOALAAS N HAIEGTEa, = Lhe

same orientation . R eco ng and sl ender
O ooe T CRRSCY Bhihd BB RRREL e A B A TS BL o2
constitute CQ}!p%aisn%%a\al?tthi roer%elrei:nnc% 3)31%?(}. 44 ai}d 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 does 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 orientatiAon, by carrying out the patterning, the partition
wall between the liquid chambers 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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On the other hand, since the |lengthw se (the <111> orientation) is not in
agreenent with .crystal orientation all over the figure, the groove on
verti cal wemaoe2sBe formed., Then, the groove (pattern) 332bTaPoxisedsmal |
parallelogramis 10 put in order and fornmed, and the chip separation |¢ne
334b include the grooves 332b and di sconti nuous partial 333b between the
grooves 332b. In this case, if the pattern of the parallelogramis too

smal |, singeobhe 33apes thé suhee ¢ditd)ativn ks ¢he diquaddhentdrmy Wil 1 stop in V
15 groove, it is necessary to decide the size of groove 332b of the

par al | el ogr ¥®cbmhesoiheildag atnidosicafiet Reod 1 tk megecofoftthe rpendicwhaf er. I n
addi tion, about the formof the grooves 332a and 332b which constitute the
chip separ atgipdrilddes1 334a and 334b, it is not restricted to the exanple
of FIG 45, and as shown in FIG 46 the 20 orientation of the parallel ogram

can al'so be made T‘Iﬁ%%r&@@e 39@%%@315@@n%ub'ﬁ§é351 irelel obrigpppssse, i.e., the
a

paral | el ogram patter he | i quid chanber nd the parall el ogram

patternsfor (e contia éngév%QSQaFéo%stﬂﬁte é‘ﬁlpsbuoﬁ’ﬂ}ahenﬁll& 3444 1t can also

be made”t he groove on t hexagon (pattern) not in the parall el ogram

pattern but |n pl(ﬁ?{l%%gher hamd I\{%Q%Q% t% %g/(gﬂaog([@{sggs The chip in

the wafer takes t Inner os’s e one I'Pp separation |lines 334a and

334b and th Lh h 334a and
334 nas  netH AR E%é??il?%c@%%aemo%e sRlmehSiREREI A MBberE o 7100)

crystalline grientation is used
oy f?gure 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 betweeg the
grooves 332b. |
In this case, if the pattern of the parallrelogram 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
pafallelogram in consideratioxil‘of the thickness of the silicon wafer.
In addition, about the form of the grooves 332a and 332b
which constitute the chip sebaration 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 of opposite, i.e., the parallelogram pattgrn of
the liquid chamber 6 and the parallelogram pattern for the contraries,’
in FIG. 45.
As shown in FIG. 47, it can also bée made the groové on the

25 hexagon (pattern) not in the parallelogram pattern but in plane form.
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at this tinme, the cross section of the wafer thickness orientation of the
groove which constitutes the separation line cones to be shown. in FIG
48. | n adeptozomsss he et chi ng mask | ayer 325 which incl ude®ctrhieo2/@99si | i con
oxide, the silicon nitride, etc. is formed fromboth top and bottom sides
of the wafer. In this silicon wafer, the taper of 6 = 54.7-degree (111)
enters by anisotropic etching, and the etching stops in the place where
the taper is contfd elip #bti{d wafer 2KEp thndhimmar pessible comtheochip to be
expressed and to neke the wafer of thickness A penetrate, the groove w dth

of the rel akparmthst 8RR Fhant ihd3duE deeme flupdee inbeatenahe ivsidthnt act ed,
and the groove width should just be nore than LPLQ= (,r2)A. Mbreover, the

case where Dﬁt %S)awubﬁqyrf‘esoﬁ% M@%ng’fﬁs trDtHIHABE pbys1ble bodout maki ng
it penetrate, roove wdth L, (A-b), and can be kept at

hi gh | evel . reover t he cross sectlon of t he waf er thlckness orientation
of groove 33Za of the Iongitudi nal orientation in FIG 45 at the tine of

Shown It ?eFISICil PR T gﬁé%%ﬁ%&‘??%%%?&%@“é IR ?iozj
111
The: or oove kbR Fene lscosit Redton ot e b ity ot SO ever . i1

bl oo e BerePate ThEh Sl 2% R OB S IR 11 i

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 éilicon 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= (+ 2DA.

Moreover, the case where he wants to leave only the slight

20  quantity b, without making it penetrate, the groove width L, L= 2
(A-b), and it can be kept 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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groove in the inside, etching liquid will no |onger be supplied into the
groove, and etching will not progress. In order not to shut up air bubbles
into the wowawezs88 microneters or nore of the groove w dPkTUPer@9I?equi r ed.
10 Moreover, etching will beconme possible if the groove width L is 1

m cronmeters or nore in width when a neans to .add the supersonic wave and
to make the air bubbles in the groove discharge conpulsorily is used. The
groove 332b whi cWithnhkheafurhefr (N Grysahkte torfegatidnsépar at i on | i ne 334b
lengthwise in FIG 45 at the tine of using the silicon wafer of (110)

crystalline %?( anfighiQny il s mkliz fomneenl al) and)thegroove beidsletis to thin
groove 332a like the longitudinal orientation. Then, the conposition which

makes thin %Q§é1\ﬁ9€hduQQ%MIﬁﬁl y &fcyeaaaayi on line 334b is expl ained in
detail. First e taper of the orientation of slant is formed also in the

silicon wafer of g J]10)e .ty 3&@5&59&%& tn@h\t@ﬁ atTtIB% @altér n of the hexagon
as shown in the pattern’ an VI ew - he two ki nds of

parallelograns s sho
ctchi ngof RS lgoenchi@eﬁﬁg‘th?%ié?ﬁbb?e? ﬁ'@d“%%}%%%%?@%“?i‘é&?BéSgS

crystalline orlentat on i it d I

;lr 2geE0| S oré g%‘ﬁ? 3‘@5& HSI Sft%g} gq(]:l%unlt%’ ‘?gersol P(%Itﬁetrhﬁ g%% Iﬂgavrg\?vgc:n
e for and i i nat th d th

expl anat i on P& gé?r?‘t’@e%f“ﬁé?%‘ é ‘1’—'{1&“0 @I%W&ﬁ}éo?hgnt ﬁlr eee1[ o?lmsev\henebecom ng

t he sane depth,
In order not to shut up air bubbles into the groove, 3
micrometers or more of the groove widtﬁ 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 Waifé and to fnake the air bubbles in the groove discharge
compulsorily is used.

The groove 332b which, on the other hand, constitutes

15 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 (1 1k0) 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)
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when the V groove is forned. It is the pattern with the angle of 70.5
degrees shown in FIG 50 (a) of the parallelogramthat the wdth W becones
t he smal |weto3jozesss hese, and the width is set to WO. 10 Thecelieexsoseshe wi dth
L of the separation |ine 334b can be narrowed by putting the groove
(pattern) 332b of the parallelogram wth this angle of 70.5 degrees in
order, and form ng separation line 334b. Then, the first exanple of the
rel ati on of ctymallord ogenetti@niobbtdifedhe two paral | el ograns when arrangi ng
the groove of the pattern of the parall el ogram perpendicularly and
constituting thersepartasi othe fdre of sjuexdpimglagtrapetbid ef peetagont onFl G 51.
In this exanple, the height H of pattern 332b of the parallelogramis nade

smal | er thagifhRe shid 8{F&sOfbul el aveayhiefvieleca?Blspabé éorma832ndait it he
parall elogram In order-for the pattern 332b of the two parallelograns to

acquire the o&?«y PR kib3ha o FANEGhEHside, the ehpidgri dB&Pontiedraige delta A
with which the pattern 32b of the parallel ogramhas | apped nust exist. 25

As is apparent fp lfoFHY $EPRLREbMInkitAE sanfPd¥BINQ3/ 022584
AeT! SPosl obgos | iy ROfIngs pd EhdBeoFiy S ng dept nLRE sanR2dVgUOS by t he

follow ng formul a (&), : IS necessary in order to nmake the wafer
penetrate iéVl]'elPsfhetg grﬁéifé ltsﬁfgylglt%?hi ng depth T larger than the wafer

thickness. It is the pattern with the angle of 70.5 degrees shown in FIG.

50 (a) of the parallelogram that the width W becomes the smallest in
these, and the width is sét to WO.

10 Therefore, the width L of the separation line 334b can be
narrowed by pﬁtting the groove (pattern) 332b of the parallelogram
with this angle of 70.5 deg"rees 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 pefpendicularly 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 parallelogfam.

In order for the pattern 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 thé parallelogram has lapped
must exist.

25 As is apparent from FIG. 51, the minimum separation line
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Mor eover, the height H of the pattern of the parallelogramis determ ned
by the followng formula (3). 10 (3) The wdth t of the bridge can be

arbi trariwgoderzmssni ned according to the required hardnes®CTIIPOY/@9gtesi r abl e
to ensure that the wdth 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 the wafer area can
be effecti vevidthused thaireovéretching deptdsT riateterohigedttiethg dth t is |ess
than the separation width of the dicing which is the general chip
separation fiokldwihg fhendbdle, the width t of the bridge is 1-50

m cronmeters and 20 the length delta A of the bridge is 0.5-100
mcroneters. Preferably, the width t is 5-30 mcronmeters and the |ength
delta L1 is 2-50 nicEkenBlets. Al t hough the taper (111) surface is also

i ncl uded besides the -63 WO 03/022584 PCT/ JP02/ 08995 wi dth t, the design
val ue of the bridge should be determ ned by taking into consideration the
influence of the taper. The height H of the pattern of the pgayallelogramis
((T6)T - 0.35) mcroneters to ((,/-6)T - 70) mcrometers. Preferably, it is

5 ((T6) T - at L %reggﬁta?{? $n lRdef 1Ohdake BR) WSS g&?ét%t%-is Wexto the second

exanpl e of thé relation of the pattern configuration of the two

DA & 9" ABUNED SUAIUIN T 0KEn (AL d ey REEEER, OF L0

par al | el ogranr}l perpéendi'cufar nstituting the separation line is

explained wth. r 0?28\',1&? tﬁg h'éig t ﬁzdf the pattern of the parallelogram is

determined by the following formula (3).

i~
?mJETmi‘giA

10 ' (3)
The width t of the bridge can 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 separz‘lble
15 at the time of chip separation and the wafer area can be effectively
used. Moreover, it is desirable that the width t is less than the
separaﬁon 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.

t

Although the taper (111) surface is also included besides the
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10 This exanple is the case where height H of pattern 332b of the

paral l elogramis nmade | arger than the pitch P of the array of the pattern
of the pawelBebsgsr am As is apparent fromFIG 52, the m RCRIRIZESPE at i on
line width L at the tinme of etching depth T is determ ned by the 15
following formula (4). 2 (4) What is necessary in order to make the wafer
penetrate is t Kk tching depth T |arger than wafer thickness. 20

Mor eover, t hewﬁéggh?h?—lﬁﬁlgf‘h IBStq{e]ﬁhﬁ bpdggshopld padsteanipgddny s

determ ned by the follow n fqrnula,(S}. 7 -64 WD 03/022584 PCT/ JP02/ 08995
(5) As menti oAER&HHOL o nskHEEgHgnnthe igfluancernf theetapan be arbitrarily
determ ned according to the required hardness. It is desirable to ensure
that the width t dfhea heightfHgé the patiequaifeiby pantjeldgrhor it (@ SUT - ci ent
hardness in wafer conveyance or handling after etching, it is easily
separ abl e at 0th®) mipromobtechitp (6€gaMat 76N maindo tleeers ek refembég, tag be
effectively used. Moreover, it is desirable that the width t is |ess than
t he sepafati ¢ W)@tk 1o4) ttierco etfieng tovi{ £T6)ITs- 35henigenaeeadrschi p separation
met hod. 10 Therefore, the width t of the bridge is 1-50 mcronmeters and
the length epsil oNeft, thesdydndgeximple 5f 100 rBlGicnst ﬁ’(&ﬁaﬁéﬁf erably, the

wdth t is 5-30 mcroneters and the | ength epsilon of the bridge
configuration of the two parallelograms when arranging the groove
of the pattern of the parallelogram perpéndicularly and constituting
the separatidn liﬁe is explained with.reference to FIG. 52.
10 This example is the case where height H of pattern 332b of th.e
parallelogram isA made larger than the pitch P of the array of the
_ pattern of the parallelogrém.
As is apparent from FIG. 5}2, the minimum separation line

width L at the time of etching depth T is determined by the

15 following formula (4).

o= A
L =374
N +2
(4)
What is necessary 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

js determined by the following formula (5).

-

P -,}ET—%%-&
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is 2-50 mcronmeters. By this array nmethod, the separation line width L can
make 15 only delta snmaller than the array nethod of the first exanple. The
(delta) iwoapfperssi mately equal to the width t, and the hecghro2Hseds t he
pattern of the parallelogramis ((T6)T +0.7) mcroneters to ((T6)T+35)

m croneters. Preferably, it is ((T6)T +7) mcroneters to ((T6)T+21)

m cronmeters. 20 Next, the twelfth preferred enbodi nent of the manufacture
met hod of the liquid drop di scharge head of the present invéhtion is
explained with reference to FIG 53. FIG 53 shows the chip arrangenent on

the wafer in ordess fenteodddbbotd)ahsamdtact off ehavetidgd cah tche present
enbodi nent. 25 The present enbodi nent makes the nunber of chips taken out

- 65 WO 03/ 028 p84riRCEE HRRah88 920 rdin@econe N@{u@fedﬂ&ﬂﬁ‘fesﬁ.h&ﬂisi he exanpl e of

FIG 44 by configuring the chip 331 alternately. That is, the degree of
freedom of tcﬁ%iﬁ%gga@rekggr%gh%nﬁeWcﬁﬁ t &Bthe Uﬁﬂ‘ggq%?ﬂekjﬁhﬂ’égy 1 5@ echi p

separation lines a an 5 nmentioned above, a many chi ps can be

t ak b h hi-RS: ' i g d with th
2k D o s SRl A LSS Lot M iR hgRaspmaced v (1 the
0% oot oSl L3S BMES R LRSS b AR L e

the | engt hwi®%g N e dic positioning at
e noxt PLOSERS el b 0 AR Bl R0, SHb oyt SUIORT) e caoe
separation I ine |8 nusingShEi M9 s afPwidth of the dicing which is '
the general chip separation method.
10 , Therefore, the width t of the bridge is 1-50 micrometers and
the 'lerigth 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 sepafatioﬁ line width L can make
15 only deita 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 parallelogram is (4 6)T +0.7)
micrometers to ((¥ 6)T+35) micrometers. Preferably, it is (Y 6T
+7) micrometers to ((¥ 6)T+21) micrometers.
20 Next, the twelfth preferred embodiment of the maﬁufacture
method of the liquid drop 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 c;f the present embodiment.

25 The present embodiment makes the number of chips taken out
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takes and the nunber can be done nostly. Next, the exanple which perforns
etching is explained with 15 reference to FIG 54 and FIG 55 from both
si des of wbasmeisscon wafer. In addition, each view is a ®ertipamsbovi ew of
the wafer thickness orientation of the silicon wafer. FIG 54 shows the
exanple in which the pattern constituting the separation line is 20 forned
by etching fromone side. At this tinme, when the silicon substrate of (100)

crystalline fr@ﬁli&ma’taif&nraitﬁeﬂﬂ@ﬂl aingl ek b pl@péIF 1@ gl4eby hetndi gusisg t he silicon
substrate of 54. degr ees and (110) crystalline orientation, it becones

35. 3 degreesy e ohhesivhand, FI G 55 shows an exanple in which the
-66 WD 03/022584 CT/JP02/ 0893 etchl ng mask pattern 328 constituting the

separation Iine 'l%c?t%”ﬁfé Ve ROl PG BRMDRINCR] ffay BieusieRlalled n Vi ch

t he waf er vv|II ug deep. t© penetration if etching'is perforned from

both sides i s s rovg at;ﬁ%lts}@ f:h t%&ﬁ!a’mu?ﬁl I{&ngg)@aegﬁﬂd@mbTher efore, the

groove w dt KRS 'Sery can naeke the
separat i n Ilne

after t s?tww%m%hé%@! %é%ﬂhytém o by BT PIRRE R EC ot ched
|nthetaper 10 and WI|| becorrela 5(b)) Finally,
the taper istTPBsthecy 'IRV B STE% CP PRI Hgghéig,%%a 1%h connect s
betveen t he r%g‘lch%sd lt))}¥ t%lgeingeparable dicing only by the stra1ght separation line.
Moreover, in this case, since the lengthwise is the straight line,
the lengthwise is als§ 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 of 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 time, 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
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bei ng | ost beconmes thin, and it becones easier to separate it. Moreover,
as shown in FIG 56, etching mask pattern 328a of 15 one (top surface) of

t he waf erwo3meades t he sane as FIG 55. If etching nask patcarnroB3@84s of the
(bottom surface) of another side is .formed without putting in the pattern
corresponding to the bridge, and the silicon wafer is etched using these
mask patterns 328a and 328b. 20 Finally it becones easier for the thing

t hi nner tharetthing idiskkjnessn F2 8 benstihisingatiee (epdretipnIBhe iofdemedt ai ned,
and for bridge 333b to separate the chip. Next, the case where it

| am nates wighetdi@npdssadpotauigtsate 1 and substrate with the another

el ectrode substrate 2 etc. is explained. 25 The first nethod bonds the

chip which gave ?Pizé% OPIC whibl th¥&Q D3k A2AP84 dRGTdeHp0RS B8YAZatiehchi ng to

the silicon wafe substrate), fornms the chip separation line with the

|1 qui d chamtgre.ohiGARMY &R fine A Hhh o EUITRE i 1188l dn REAMPLE cteRREAt ed TNt o

each chip al'ong w I'p separation Ili1ne after that, and is
separ at ed, rfes%ec;tli vcle&ey to the electrode 5 substrate etc as shown in FIG
57. If it dod@™ RUEAIS ‘way, the nmethod of etching the chip separation |ine

attern from bot ides c be used,. the,separati [ : . made t hi
gnd waf er area cgﬁﬁ%rg?%rseegﬂ%ﬁggﬁyéﬁwa P ﬁ%’\ﬁﬁla%n%a&ké?etgg@lt(ﬁg second "
met hod gi ves_ ani sqtropi c 18 et chi nﬁ tﬁ. the.ii | iicon wafer (substrate),
forns the chh}.289a5am make the seParation hda Wilid™ ™ Ramber of each chip, and

the common |iquid chanber. It is bonded to other subhstrates, such as the
el ect r ode In this case, if etching is further performed after the taper

from both sides collides with, it will begin to beuetched in the taper

10 and the opening will become large (FIG. 55 (b)).

Finally, the taper is lost completely (FIG. 55 (c¢)).

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 éurface) 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 put;cing in the pattern corresponding
to the bridge, and the silicon wafer is etched using these mask
patterns 328a and 328b.

20 Finally it becc;rﬁes eésier for the thing thinner than the
thickness of the substrate (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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substrate and the nozzle plate, with the wafer size, without separating
into each chip. 15 The el ectrode substrate and the nozzle plate nay be made
of the rwpaBm22584uch as nickel or SUS, the ceram cs, suchpra3z/iJabuospysa, or
the glass, such as Pyrex. In this case, although it is difficult to cut

si mul taneously that which | am nated different-species material in this
way, since the 20 separation line of only the bridge is contained, when the
silicon sulgthatgetc this siidmr walibs(subtesite), fermisl thearhipsleparadian i s
separated -easily. Next, as the third nethod, as shown in FIG 59, it is
bonded to amps heeh shibsiquat ehasibeh afseddbecieipeaindode sorhatomaliguid he nozzl e
plate, 25 * etc. in the wafer size, and etching is given after that. And

the chip - 6&HARBY, @8?&&%&’@1{&5’&2{ B8RPkl orgepatatiiorchip sppifaeiored by the
chip separation line forned in the silicon wafer. Accordi ng to this

method, by tihe. 3pQY§nhEt Maitd ?sngeﬁal?ﬁteﬁe‘?g ctiiibad, theidlestreliehi ng is given
to haV| ng had to handl e that to which har dness becane weak by etching

after qﬂdl rkﬁlbs Itaté st e S:hggglpﬂ.}epf@ gybstrate and that hardness is strongly

damaged andl’i ng creases. Next, the ink-jet head of the

fourth pr ef erred ﬁ;n‘g |egqﬂ h?glﬁ’ \S(Ih?thé h&fqhgdq)rfo&cghﬁglcg@erg% ead of the

invention wll be ex ai ne erence to and FIG 61. FIG
00 o Tore, e s S Rt ARGl PRI, 6 ol uckt 1 2
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 Vand the nozzle plate may be made of
the met‘als, such as niqkel or SUS, the ceramics, sucﬁ as alumina, or
the glass, such as Pyrex.
" In this case, although it is difficult to cut simultaneously that
which laminated different-species material in this way, since the
20 separation line of on‘ly the bridge is contained, when the silicon
substrate cuts other substrates, 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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enbodi nent taken along the line parallel to the longitudinal direction. 15
The passage formation substrate 341 which fornmed this ink-jet head by the
si ngl e- cryetoalo2zsB4 i con substrate (|iquid-chanmber substrate€riarizoshes t he

di aphragm 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
t he passage formati on substrate 341. The conmmon |iquid chanber 348 which
suppl i es t hesdpakation tih@erforasslibyztd dhipukpachzmbEne36meld imhthies t he
passage (ink liquid chanber) which the nozzle 345 which carries out the

di schar ge ofgiliiche waferdr op opens for free passage, and the pressurized

| iquid 25 chanber 346 through the ink supply way 347 used' as the fluid

-69 WD 03/ 022584 PCJ4HrR2/108R99 mdtB6HSHRANEES aBBGLifRRkt A dt thesecosdf or med. On
the outside (the |iquid-chanber 346 side) of the diaphragm 342, the

pi ezoel ect 11 g fRY] C6n35214AREINANGANG HiifRHAIPIRANIL28A: 1b hattibdl chanber
346 is provided a drive neanS and bonded there. The 5 | am nati on-type

[ l egtri ' [ : : th
bl ezoel eet Tl g, GRYL ge@?xﬁe'v§e£9%ge#ﬁféﬁlg;mepgﬁﬁdm%}?§gé\i}%%é%[;%%ai e

circunference 0 e seguence o I ezoel ectr he spacer

352 | am nat O TRE brasatrbBerRES T Ay etdoed OF BeARARAR IIg ooV o°

el ectrode by.,turns. In this case,. it can also consider the conposition
which presst9'58%Sthe ink in the pressurized |iquid chanber 346 using the

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 shows 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 parallel to the longitudinal
direction.

15 | ‘'The passage 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 éurface of the passage formation substrate 341.

The common iiquid chamber 348 which supplies the ink to the
préssurized 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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di spl acenent of the d33 orientation as a orientation of the

pi ezoel ectricity of the piezoelectric device 352. Alternatively, the 15
conposi t iwo oslo22sB4 pressuri zes the ink in the pressurized IPCquiPaR/osgsranber
346 .using the displacenent of the d31 orientation as a orientation of the
pi ezoel ectricity of the piezoelectric device 352 is possible. The base
substrate 353 and the spacer -- the through hole 20 which forns the ink

feed outl et R4%those sePdy bRgheheid fkrthedt he common |iquid chanmber 348
fromthe exterior is forned in the nenber 354 Mreover, adhesion bonding

is carried out atphhfehRaddt! @re 1iRAd-yebef 9468iid)hef arr dipharygmect i on of
the passage formation 25 substrate 341, and the bottom surface side rim

section of thg, -{Q V#%Q%Q&%é%%wgéém%&%%%dw% £ B &Y Pr Sk rivi dah

i njection nol di'ng e epoxy systemresin or the pol yphenyl ene ape

fight, and t1§§gfg&fé‘ﬂa&1£§x§§4-§§ztpﬁ891&ébea %?\E&\Aﬁﬁgﬁg‘ﬁat@m@ ege el |y

fixed with a ves e n e portion is not tllustrated. 5

Al th t he _head fl 357.1s,.di Vi Ny t. T I
consi st bf tHETGAE BapEe RarPRis S e 37 adr hentBal i bdk, (N0 S gnal
nected by sol der

Lgné?ﬁg,pkgégtlg%%ékgﬁ?eé%ﬁgﬁggﬁ?gﬁaggﬁggéﬁﬁgkﬁ§%???%;oggﬁaing, or 10 wire
vave 10, cachPiSPaEHBEKAYES et bl eSS AEEE SFFBPFLArg It ONGUNEel n the. FPC
cable 358. base substrate 353. '
The piezoelectric device 352 laminates the piezoelectric-
‘10 material layer and the internai electrode by turns.
In this case, it can also consider the composition which
pressurizes the ink in the pressurized liquici 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 bressurizes the ink in the pressurized liquid
chamber 346 using the displacement of the d31 orientation as a
orientation of the piezoelectricity of the piezoeléctric 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 348 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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The passage formation substrate 341 is fornmed by anisotropic etching of
the single-crystal-silicon substrate of the crystal-face 15 orientation
(110) usiwg osioe2sad kal i etching liquid, such as the potas®CaIPyeseoxi de
aqueous, solution (KOH), and forns the through hole used as each
pressurized |iquid chanber 346, the groove portion wused as the ink supply
way 347, and the through hole used as the common |iquid chanber 348,
respect i vel ViiagRralgin 3A2SwCthSiaj e @deh nprldssgimiiziedh e iegoiky syhmbeesid46 is
divided by the partition wall. The diaphragm 342 is formed fromthe netal

plate of they t'ﬂie‘-‘ﬂ"fﬁgph@ﬂﬂlein% ARNMUERG tatieth Dl e d d€lagh € 657 aunfdothesi g eet hod.
The nozzle plate 343 fornms the nozzle 345 with a dianmeter of 25 10-30

m cronet ers (eLreaPaRygi NG theuRIGNREESHUAI ARGstv U, ehadpbrtion71 WO
03/ 022584 PéT/JPOZ/ 08995 346, and is carrying out adhesive bonding at the

passage for i Qt b: 41. As the nozzle plate 343, the conbination
of the net a@fcgﬁghf&aéfisﬁiaﬁﬁ ess steel and the nickel, the netal, and the

resins, ;such as he My i Afdl m i5id | gt he thing

t hat consi sts of ‘éltth(élsl%ggié%ll@ﬁg?}%ﬁgc%g igemdégg&l Ar{el%\?{e‘?]? 3?n S(’)r der to

secure the water repel lsgncfe wth the[ ink, the water-repellent filmis
e

formed in t #&A59 190Gt Wt 4B i schar ge side of the orientation of

t he di scharge) by, the nethod of 10, common know.edge ch,as the plating
coat or wat er-re;y}:é%rlt HHIOIE AR GeT gLV e ﬂhe aﬁle"lg%%égﬁsl&toetgei nk-j et head, by

i npressing the .
i g 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 altgrnatively is
mounted in the FPC cable 358. Ny
The passage formation substrate 341 is forme& by anisotropic
etching (;f the single-crystal-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 liquid chamber
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driving pul se voltage of 20-50V alternatively to the piezoelectric device
352, the piezoelectric device 352 to which the pul se voltage 15 is

i npressedwaoiospt#8es in the orientation of the |am nating, PCREPOAMISAEEr agm
342 is changed in the nozzle 345 orientation, the ink in the pressurized
i quid chanber 346 is pressurized by the volune / volune change of the
pressurized |liquid chanber 346, and the discharge (injection) of the ink
drop is carr34f and if camyine onozzdhesivEdd@dhngAndherpasoage Eeimatiowt h t he

di scharge of the ink drop, the fluid-pressure power in the pressurized

i qui d chanmbarbs3diedal.i nes, and sone negative pressure occurs in the
pressurized |liquid chanber 346 according to the inertia of the ink flow at

this time. 25 Singe thBedHza0h1AeM B2k elowiBinati®dnt 6L Loy hpta3| spetsi tion and
-72-. WD 03/022584 PCT/JP02/08995 the pressurized |iquid chanber 346

becores Lhe o ahomks oL o o) o psslodnalukhRpl LgoR ko Lhe
oressur esocclSpolhARE e dip! Me b, o B bl biRiniofn the
Lhe Tk | SUPHL-"E AR ML e b3 g, 1 1 rest st ance secti on Trom the
1510 o, and LAt zed, L, Rilae ol gL s e Sut i

pi ezoel ectric de P harge,
drop is di Sctrflaerx%ggér-repellent film is formed in the nozzle side (surface :

the ink

| discharge side of the orientation of the discharge) by the method of
10 . common knowledge, 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 changea in the nozzle 345 orientation, the ink in
the 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 decline-s,
and some negative pressur‘e occurs in the preésurized liquid chamber
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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In this case, the passage formation substrate 341 forns the |[|iquid chanber
346, the common |iquid chanber 348, etc. in the 15 silicon wafer, simlar
to the fiweto3pemBerred enbodi ment described above, puts PCA/JPHRSpER t ern
groove of the mi nute pol ygon by anisotropic etching between each chip,
constitutes the chip separation line fromputting this in order, and
carries out separation formation at the passage formati on substrate by
each chip sephs Breowrizeg ligned chambhe 346dvesodesxthiderd gemdlofbrneby s, t he
ink-jet head as a typical exanple of the |iquid drop discharge head has
been expl ai n&pkingimnngesiomesetic volege tonhe pieppdlecaid detzeosdrer |iquid
drop discharge heads than the ink-jet head, such as the liquid drop

di schar ge heatto2BiendFhs tdis ahdegelsistsetel itbielind gh 85 Predsudenseduicgui d drop,
and the liquid -73 WD 03/022584 PCT/ JP02/ 08995 dr op di scharge head which

di scharges t herthanpl e of DNA as the liquid drop. As described in the
foregoing, the liquid drop discharge head of the present invention

includes5a head Cleﬁﬂﬁﬁfmélﬂit&iﬁ@WtMin@iﬁSH@ﬁEgﬁﬂé?%il 1;}8&{& i con wafer,

the silicon wafer having a first direction and a“secon ction that are

mut ual |y i nt eksaekedsTieoushitRe CBMRE LS $ijuid r{%ﬁ&ﬁ?@é‘%%h%@@g'g ne parallel

to the first direction of ghe silicon vvg%er, e chip bern arated from

the wafer al 1vt wey st n | g0t a first separatiqn nethod,

and a second 1% depat ati on (l?rﬁgg g?rgpf&ekgﬁgp%ﬁg SseeCé]oOrPdﬁd}ln? Ul ?rﬁsn of the

silicon waf efgeq &Eﬁepghg. bei ng separated fromthe wafer along the second
y

separation line a second separation nethod. :

After shaking of the ink méniscus side of the nozzle 345 is
10 damp and stabilized, the pulse voltage is impressed to the
piezoelectric device 352 for the followin.g ink dr‘op 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 chiﬁ, constitut‘es the chip
separation line from putting this in order, and carries out separation
formation at the passage forfnation substrate by each chip separatibn
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 applicable 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 liquid
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In the liquid drop discharge head of the present invention, the chipis
separated fromthe wafer along the first separation line by 15 etching,

and separwDad/0£2584m t he waf er al ong the second separati on PICITI@02:89¢8 ci ng.
In the liquid drop discharge head of the present invention, the chipis
configured in a rectangular formation having a longitudinal direction

parallel to d separation lLine in which the chip is 20 separated
fromthe waf tg?g%??gﬁﬂga}rﬁ ﬁpefr‘?gwbl thlbsrcgf‘r%ﬁsr@@tﬁ%ﬁpbaﬁéﬂl‘é‘{\ asgthet he first
separation Iilne LN, which the chip is separated fromthe wafer by etching.

Mor eover, in ]tqﬁlédlqraﬁi d drop discharge head of the present invention, the
silicon wafer is %;‘féllm, crystalline orientation, the 25 chip is forned
fromthe silicon gscrifidl ihehe forsgoingathatligmid drep dischidedNEE B/ 022584
PCT/ JP02/ 0899? the chip being separated fromthe silicon wafer by etching
is parall el °t&h&P1gsendipypntionomcbidestehead icontp e rchipFoaav¥ehy i N the

| i quid drop discharge head of the present invention, the discharge head
conprised a PeRpIRtOBhefbeilifon vatfienntheSsitenhew afvtiledvinp QvEidas a | i quid
chanber, a nozzle formation nmenber which provides a nozzle, and an

el ectrode fofiraction anteatsecomtiditeqpionyvittieiran elugdty afgrseafdi t kgL the chip
constitutes at |east one.of the liquid-chanber formation nenber, the

nozzl e for neltiporompnises:, a #hdt sbpakRGt iR L NERLY Ol PRIPE recdn .
Furthernore, in the liquid drop discharge head of the present “Tnvention,

0 51, e Aot A B8 o AL D0
the first separation line by a first separation method; and a second
10 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. .

In the liquid drbp 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 b—y dicing.

In the liquid drop discharge head of the preseﬁt 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 liquid drop dischargé head of the éresen’t

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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separation line. The manufacture nmethod of the |iquid drop discharge head
of 15 the present invention conprises the steps of: etching the silicon
waf er al owg oBioexsB4 separation lines parallel to the first @cTaeod/asadsof the
silicon wafer in order to separate a plurality of chips fromeach other
along the first separation lines; and dicing the silicon wafer along
second separation lines parallel to the second direction of the 20 silicon
waf er to sepdreatieipt einplsepatated fodmctliepsilicoanwifee sy biabong wafparallal ong t he
first and second separation lines. In the manufacture nethod of the present
i nvention, eack10b> drivntptiohadfi the siflicohi paférs configured in a rectangul ar
formation having a longitudinal direction parallel to the second

separation |ine iRno2eoveH, GA thBai idpdt'og; gppakaieledd omthd@reidnatcon waf er”
by the dicing step, -75 WD 03/022584 PCT/JP02/08995 and a |atera

direction pajaldnglont Int Ia?scfﬂ-arr?& e FhpARes hNeqdid- MM mbet P& nedtidn i S

separated fromthe silicon water by the etching step. In the manufacture

met hod of thﬁlae%{d@et%ﬁvgﬁipé[agg@pgpgpafﬂgﬁghémlhsen PROEAI Brffalchl0) crystalline

orientation, 0 I'ps, configured in a rectangul ar

formati.on, alrn%nr rerranﬂlﬁzsl ].16%%Vt:ia?spgsrltiﬂ;)zqg,gaff\@faﬁrel?gtggff‘lé '?Srrph{l%h separation

lines for the pluralil separa romthe silicon wafer by

R, oL 10 S SR b b THRER0S hENRI AR dpaiblygrr verer

SoPar ot o, | o P a1 SOhRRh SePReRE BB L S e,

W dt h. formation member, ahd the electrode formation member. '

10 Furthermore, in the liquid drép discharge head of the present
invention, the chip is provided without any bridge portion at an
intersection between the first separatioh line and the second
separation line.

The manufacture method of the liquid drop discharge head of

15 the present invention comprises the steps of: etching 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 séparate 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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The manufacture nmethod of the liquid drop discharge head of the present

i nvention conprises the steps of: etching the silicon 15 wafer along first
separ at i owolosfexssparal l el to the first direction of the ®CTIJe@Os9E er, in
order to separate a plurality of chips fromthe 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 sepadai Eatehd @irveabh pyralelcts pee firom@ratiendiid oowhiefier al ong

t he second separation lines. In the mnufacture nmethod, the etching step

i s performedhsuahp iHabpiheed Fith theualicohivipsfearnsy etetehiny efepl y separ at ed
after the etching step, and the dicing step is perfornmed so that the

i ndi vi dual chi ps Igrt‘ﬁ HOARELHEYm S BRAT 8F 8He frb&nttiRQesliiGhNEhest ep. 25 In the
manuf act ure net ho ofe the present invention, the - 76 WD 03/022584

PCT/ P02/ 08990 0o Rk il %r U 161 bR ANl En AOERAIAGO Narft 8RS pRIaligfeeOl chi ps

in parall el on of the silicon wafer such that the
first eparation |lines of. adj i staggered in a
directi §n pa@éﬁ’e‘foquglﬁﬁ% lsne%l(r)%cgg{é}g‘ﬁgaga irginatﬁ}ﬁea(s\r.g a?a[r%retg hlzl t?r%nuf acture
met hod of the.present invention, the secon t] ! provi ded
such t hat tﬁéhg‘éﬁd’ﬁ e§eﬁ)’é‘$z§]§? glﬁ“ f?%aerag‘ronglﬁge%?gﬁ]h} Bﬁlg?ialb?tgf/ Cgh?schi ps has
a wdth |arge enough to roject.to a ran of a.neighhoring chip on said
one of the gPLPf‘aF?R%fated’f f‘gﬂ‘ﬁ ple F‘r]llci‘?fbwﬁ?ﬁgggrffhﬁaeft% l.n%lge%rr over, in the
manuf acture net hod of the present invea{i on, the_plurality of chips are
separ ated f reafeilpkteililegnosigniatiopstdothe SURPILVRNGe portions at

i ntersections between the first separation . . .
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 Iﬁanufacture method of the liquid drop discharge head of
the present invention comprises the steps of: etching the silicon |

15 wafer along first seI;aration lines parallel to the firs't 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 waf;er, in order to separate the plurélity 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 sAtep 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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| ines and the second separation lines. In the manufacture nethod of the
present invention, the 15 etching step is perfornmed to formthe first
separati owolozfoexssin the silicon wafer by etching from botPTuem/@ags bott om
surf.aces-of the silicon wafer at the sane tinme. In the manufacture nethod
of the present invention, the etching step is performed to formthe first
separation lines in the 20 silicon wafer by etching, at the sane tine as
formati on ofplardiegdof chipeoarendrremgqal &t aset wfeowkhef rhiprsoindpaiatlel of t he
present invention includes a chip forned by separation of a silicon wafer,

and this chiyithSnhpromt @ekctiddbf @ke 1iddiewhéad s eenploatettie fihitp in the 1iquid
drop di scharge head 25 of the invention. In the mcro chip, the first and

second separbhflion 16 VB0 2208 PCE IROTAOPO0R saipbadbimae di ff er ent

fromeach other and sel ectedfromanmong .dicing, etching, sand blasting,
WTre saw pr Odé?%ﬁicﬂgaa% Artd Ble sfoRFeSEHabhioRNthdsaser processing. According
rop disc

to the liqui arge head of the present 5 invention, the head

conponend chi p i%nst%@al{l%ﬁ“fjacftﬁ teti?ocfiohitﬁcggzrey@{t vRYtidhChh g the wafer
P el to the first

al ong the separation I'ine para irection of the wafer and

by A0 g Hgh e, 2LA 115, SEIREIIAT e R Lot et on

po pr ovi de "easy tioning with

ot her parts.  The_degree . of 10 f.reedom of. the chip.arrange on the
'silicon maféwnigffggs the raLﬁ%°ﬁGﬁh€?F%§aﬂﬁghﬁé§ﬁ$?F%BH§£ﬁ%s fromthe
o e e st eamed TSy b 1% heh il TROYES or 2RE hOMIAPS!

of chips in the silicon wafer.

10 Moreover, in the manufacture method of the present invention,
the plurality of chiﬁs are separated from the silicon wafer without
any bridge 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 surfgces of the
silicon wafer at the same time.

In the manufacture method of the present invention, the -
etching step is performed to form the first separation lines in the

20 silic’:on wafer by etching, at the same time as formation of a head
component chip structure. |

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 compénent chip in the liquid drop discharge head

25 of the invention. In the micro4chip, the first and second separation
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According to the manufacture nmethod of the liquid drop discharge head of
the present invention, the degree of freedomof the 15 chip arrangenent on
the silicooomatmssis rai sed, and the nunber of the resul PCAgPeIiIspss from
the.silicon wafer is increased. Thus, the yield inproves, and, |ow cost
manuf acture can be attained. According to the mcro device of the present
invention, the mcro device is provided a kind of the liquid drop

di schar ge heasihefls a2 differdmViesin each blieernambesleofedt frenr esudntg ng chi ps from
the silicon wafer is increased, the yield inproves, and | ow cost

manuf act ur ed@@iﬂg,laecrﬁh%,a'smﬁblﬁceﬁﬁg,ddvng da phecdseiad,evateeddt of the present
invention, the ink- jet head is provided as a kind of the |iquid drop

di scharge h o 1dsRYeRbianina&nd the productivity of the ink-jet
ead can_ be Prar S s S o Jh02) 08995 and | ow cost

mahuf acture can 9§"Q%gni mﬁggﬁﬁgghghgggyﬁﬂgn?%g@gagqﬁnmkﬁ%%sgﬁtthe present

invention, the in . \ upplies k 'to the ink-jet head, and
the 11 a8 a egrbol terhessCaBadiget PRy RoBiRRe Ronfigdslin e ™
| ow cost | miiEARO B B s AT PEFIRRE (AT T PARE-PREECT A ng
ovent i on | duxeb cretioacel HE THECY A P LN PR H G es t he i nk dr op,
e P oheration find parhfiel T ke oA IR LR [ oed and
| 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 the present invention, the degree of freedom of the
15 chip arrangement on the silicon wafer is raised, and the number of
the resultihg chips from the silicon wafer is increased. Thus, the
yield improves, and 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, thé 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

25 the invention, and the productivity of the ink-jet head can be raised
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manuf acture can be attained. 15 20 25 -79 WO 03/022584 PCT/JP02/ 08995
CLAIMS 1. Aliquid drop discharge head including a head conponent chip
formed byweaepaesmss on of a silicon wafer, the silicon waferPCThav/esgIa first
direction and a second direction that are nmutually 5 intersected,
characterized by the chip conprising: a first separation line parallel to
the first direction of the silicon wafer, the chip being separated from
t he waf er algigldvhe dsit msinufaepae atainome hitaéndd, a first separation nethod;
and a second separation line parallel to the second direction of the 10

silicon wafer, thecehidinpebnbe sepaaaireded bONht Heeyaitdnvantoy, theinlsecond
separation |line by a second separation nethod. 2. The liquid. drop

di schar ge heady Qfn draiwppli&heagikerd aedidin jet Redd, 4R &Y MK-fetsepar at ed from
the wafer along the first separation 15 |ine by etching, and separated

fromthe wafgp; 4 Qg%g%p%?ssﬁl%oi'ﬁﬁ (E]I% Qfeaitdtegrdl:l}n?oﬁecﬂ,i &ldthe Bquide liquid

drop di scharge hea alm 2 characteri.zed i'n at the chip is

conf | guried | 00 §eeh anauh ary bOLIPLL A, BAY 00,3, A angld il palndlar ect i on

parallel” to € Second separation Tine In\ t he ip 1S separated from
Separati on | THeBrARuREEHy eRenrg st R SR IRt Bh A dBYERESY b) et chi ng.
manufacture Acan be attained.
According to the ink-jet pfinting device of the present
inventioﬁ; 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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25 4. The liquid drop discharge head of claim2 characterized in -80 WO
03/ 022584 PCT/JP02/ 08995 that the silicon wafer is of (110) crystalline
ori ent atiwp,030kas8chip is forned fromthe silicon wafer, ®00/JPh08P9F St
separation line of the chip being separated fromthe silicon wafer by
etching is parallel to <112> orientation of the silicon wafer. 5 5. The
i quid drop discharge head of claim1l characterized in that the discharge
head conpri sesaavls qui d- chanber formation menber which provides a liquid
chanber, a nozzle formation nmenber which provides a nozzle, and an

el ectrode fornatijon 10 1R, MRCER R RydRfc1adif 8Udaddompoedthat t he
chip constitutes at |east one of the.liquid-chanber formation nenber, the

nozzlie  for ek} 0B, HRANES oo @Id16AC LA SALL QLG Jrof el ARCBRMPEFer 6. The 1 qui d

drop di schargé” hea 1 characterized in 15 that the chip is

DOy el ol ke AW di006 B8 hia « Mloriain BBRSEAL LU dARNAGD e T 1t

separation | e Sécon aration |1 ne. manuf act ure net hod of

a liquid drap, di schar head .20 ,i.ncl, udi ' .ge- head component chi
f or med ségéﬁfé??%ﬁ’ggaf %gfllzfi%(;bﬁ’ R}\lfaef%h;},g (iaqr{gbgllg{@gn waf er hgei ng a fi rgt
direction and a sgcond directi,on tha re tually. inters ed,
characterized by 2 Sﬁtpsrqpsairﬁﬁoflﬂén%?éﬁle fto tg‘][écﬁf%gélllrﬁct;h%ril IO&%%le

i con wafer al ong
first separation |ines araIJeL .25 to th%ffi rst. direction of tpe silicon
wafer in ordébcen V%‘éfﬁé’r ﬁleec@p_ gifigsseparated 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 sep‘aration
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 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.

25 4. The liquid drop discharge head of claim 2 characterized in
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WO 03/ 022584 PCT/JP02/08995 plurality of chips fromeach other along the
first separation lines; and dicing the silicon wafer along second

separ at i owolosfexssparal l el to the second direction of theP€iTlIPesIssafer to
separate the plurality 5 of chips fromthe silicon wafer along the first
and second separation |ines. 8 The manufacture nmethod of claim?7
characterized in that each of the plurality of chips is configured in a
rect angul ar Iibat thasilicom wafémip ef (bhdi ¢nydialtinediniectaitiom, phe ahliplis t o t he
second separation line in which the chip is separated fromthe silicon
waf er by t hdodinedrfgomt e, siticdnawhfdremald ttierféxst isepapeiad lale dfothehe first
separation line in which the chip is separated fromthe silicon wafer by

the etching sihp.belldy sOparkibed frdmfthetsilieoneidfed baf etechan gnig pehdldaberi zed in
that the silicon wafer is of (110) crystalline orientation, and the

plurality of <P>pssieadtidIUf €He Isflidon &edfepgul ar formation, are arranged in
the silicon wafer, and the first separation lines for the plurality of

chips 20st0 be separated fromthe silicon wafer by the etching step are
parallel to <112> orientations of the silicon wafer. 10. The manufacture

method of ¢l al m 9 scharaheld aedh isddbe Hel ﬂaahp.sleeﬁaﬁééftgagz%&y fgs for the

plurality of chips to be 'separ romthe silicon wa

stehing st ep i CRelistRaff fead EmpRAY RARREAnRRYAMAehRAR> ™ crometers

or nore in w

member which provides a liquid chamber, a nozzle formation
member which provides a nozzle, and an electrode formation

10 member which pro§ides 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 liquid 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 sep'aration of
a silicon wafer, the silicon 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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11. A manufacture nethod of a liquid drop di scharge head including a head
conponent chip fornmed by separation of a silicon 5 wafer, the silicon

waf er hawogs3@fsgs st direction and a second direction thatcareoxasveal |y

i ntersected, characterized by conprising the steps of: etching the silicon
waf er along first separation lines parallel to the first direction of the
silicon wafer, in order to separate a 10 plurality of chips fromthe
silicon waf egfluadléngof bieipksifirstn segaoédidrorionlgi thesfirsandpdiatiorglinies; si i con
waf er al ong second separation lines parallel to the second direction of
the silicon sfer, in order to separate the plurality of chips fromthe
silicon wafer along the second separation 15 |lines, wherein the etching

step is perforneddi%m%ﬁtﬁéﬁﬁqicfoaewiaf@ Miotigad e co®ldi f2p addt€om QineC Qyarhatiee! y
separated after the etching step, and the dicing step is performed so that

the individuglychl e GAPLELEL Xi1i86R A ALedo AbpSrats hRe PlsiNTyst ep. 20
12. The manu a%ltéugryé:Bﬁgt 10% of clarm :lLl1 char act e(r)i zfédai n thgt tht}a, plurality

of chips, ar eofa%ﬁei%gigtfgmi tli'leasifi%BnOJ/a GQY%OHE tﬁgifﬂ%x laAd s%%roﬂhlsﬁpaﬂtri&t he first

direction of 't I'con wafer suc at~t first separation |ines of

adj acent rows of the chips are staggered in a 25 direction parallel to the
second separatf®n lines. - 83 WD 03/022584 PCT/JP02/ 08995 13. The

manuf acture nmethod of claim 12 characterized in that the second separation
| i nes are provided such that the second

8. The manufacture 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, configurea 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 fo be 1
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separation line of one of the plurality of chips has a width |arge enough
to project to a range of a neighboring chip on said one of the 5 plurality
of chips woolessi|icon wafer. 14. The manuf act ure net hodPefl/Jedzi8n9sl1
characterized in that the plurality of chips are separated fromthe
silicon wafer without any bridge portions at intersections between the
first separation 10 lines and the second separation |ines. 15. The

manuf act ure MECROBCEITSQrapATeLin ¢ridfact erized. in that the etching step is
performed to formthe first separation lines in the silicon wafer by
etching fromboth top and bottom surfaces of the 15 silicon wafer at the
sanme time. 16. The manufacture nmethod of claim 11 characterized in that
the etching step ild. pemfapnfedute nfashndtdfea liquid dsepaliathargelidd@s in the
silicon wafer by etching, at the same tinme as formation of a head 20
conponent chigclstingturead b pduentoeid pdevined bngkptiabidndo £ RisP1iEenmMed by
separation of a silicon wafer, the silicon wafer having a first direction

and a sefondwader,ebeisilicohatafer davidgial fidsti tQIBACLEE .2 Shapact erized by the
chip 2.5 conprising: - 84 WD 03/022584 PCT/JP02/ 08995 a first separation

line paral | ellirfeotibethbi 68d ndith @0 iiARkREc{cde chialdG f is§id P being
separated fromthe wafer along the first égpar at?lgﬁg\?ibﬁ;e%@gglsﬁg st
separation mHo@dpsaytd a second separation line parallel to the second
direction of the 5 silicon wafer, the chip being separated fromthe wafer

along the second.&eRA &td Oidd & aP¥r Qlo%%cﬂp& SERAUALL ?Pnergegahr% el
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 silicon wafer along second separation lines pafall.el
to the second direction of the silicon wafer, in order té separate the
plurality of chips from the silicon wafer along the second separation
15 lines,
wherein the etching step is performed such that the indiviciual
chips are not completely separated after the etching step, and the
dicing step is performed so that the individual chips are completel.y
sebarated after the dicing step.
20
12. The manufacture 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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wherein the first and second separation nethods are different - from each
ot her and sel ected from anong dicing, etching, sand blasting, wre saw
processi nyp o3aLaB4 j et processing, and |aser 10 processi ngPCIZP02AI899NK- | et
head i ncluding a nozzle which discharges an ink drop, a liquid chanber
whi ch communi cates with the nozzle, and a pressure generating unit which
generates pressure to pressurize ink 15 contained in the liquid chanber, .
the ink-jet head li3ncs g udatxmae matboporfectnimhl D cheranseribgd sephtati on of a
silicon wafer, the silicon wafer having a first direction and a second
direction that sacend sephttalidy linkt ars eebeijedhastachrtheextcbydt he chip
conprising: a first separation |line parallel to the first direction of the

20 silicon wabefatidheinehbPoREioTahs gRarAl§dof eRipst s wafidth adrgeg the first
separation line by a first separation nethod; and a second separation |line

arallel to a ) i tahge 1 ohiblol salden€difphbei n
P eﬁlr&%[g%:t%ag%égbf g£h r@ﬂﬁée’fof aBeighibbr RN MBS 65 satd18n€Rifphlei ng

separated from t°h r along t second separation line by a second

separ ati50n @&E@g‘ﬁ' ‘gﬁcf‘%ﬁ?ﬁ%&%i&gﬁ%z‘;%ﬁwJPOZ/ 08995 19. An ink

cartridde i and an ink tank are integrally forned,
the ink-jet head discharging an ink drop, and- the ink tank supplying ink
to the ink-jet head, the ink-jet head including a head conponent chip

f db ti f id i 5 waf the il ' . ' fi
i ot on and-a Seohte moter ik HoiPOR Lol B i PR KB s gHAr0 2 THrSt

character Z(atﬂebp%ugg?tycg% Fc):hips are separated from the silicon wafer without

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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conprising: a first separation line parallel to the first direction of the
silicon wafer, the chip being separated fromthe wafer along the first 10
separ ati owoloBqoe2sBy a first separation nethod; and a seconaCygpexmp9on |ine
parallel to the second direction of the silicon wafer, the chip being
separated fromthe wafer along the second separation |line by a second
separation nethod. 15 20. An ink-jet printing device including an ink-jet
head which di sclac'ﬂ@@%egardtwn dimeppartaiie] itokh¢ dirsheackdtiva ofitig a head
conponent chip forned by separation of a silicon wafer, the silicon wafer

having a firsticsi Wagti, AReatdpab iR QRPattte @ FtoANtHeRBf & #lomgtthal flinst
intersected, characterized by the chip conprising: 20 a first separation

l'i ne parall LT G eGhb 2 tRIn Reho & hhgon wafer, the chip being
separ at ed fsgﬁﬁfe&\i}é%r a?ongS thte) fi rsnt se?oarati on line by a first

separat i on et ho;. 80642 5 aE QR0 IARAEaLIRA ibiehe #2baklkediud be recond

direction of the ‘siTicon‘wa I'p being separated fromthe wafer

al ong the 25.second .separat.,i.on_l.i ne d.se i hod. -86 WO
03/ 022584 P .3%5’/36%@%6 ijfpnl%?lfligqstf’?’ér%? gg%). s%l-%a‘?g£%5e1§ ginEEltgl udi ng a head
conmponent chip forned by separation of .a silicon , the silicon wafer
having a fi r’§° P%P:%ri%%“aﬁgeapys8@888n%i5%%rtaiuooﬁl Fh\%g%gg’re nut ual |y

i ntersected, characterized by the chip,conprising: first..separation
line parallel to%aen thy f’ng &g i58ﬁ°€‘il Sf’ngat’sqq ﬁ’é&ﬁ"@%%? ,ﬁlfgersq%l%t bei ng
partially formed on the first separation line to penﬁtrate tdhe silicon
vaf er by a firemieashpthstiagd srieni6d, freppamong dicing, etching, san

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 charﬁber 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 methbd.

25
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chip being separated fromthe silicon wafer along the first separation
line; and 10 a second separation |line parallel to the second direction of
the siliwor3mefses, the chip being separated fromthe waf @CTaPaigothe
second separation line by a second separation nethod using the slit. 22.
The liquid drop discharge head of claim21 characterized 15 in that the
chip is separated fromthe wafer along the first separation |I|ine by
chopper dicing, amd sepak ahediddeoin Widchahemkajeorgatind sedokdaskpar ati on
line by dicing. 23. The liquid drop discharge head of claim21

characteri zegde igpe%rauym;mgaetmumqu Bead ldes hepgingt awink debpdesd an _end
surface having a evel difference of 0.5 mcroneters or less. 24. The

i quid drop fl96RA%AE 8AfiAL ik AMidlidhpaeder iBedniijer hbad the slit is
conflgured to nmeet l owi ng formula -87 WD 03/022584 PCT/ JP02/ 08995

r~ -fir | CI ngragﬁlé‘adieéoﬁggﬁ@m @hgﬂ £6 118 & byl sepQF4®En Iof o figiceaf er, r is a

radi us of a t hi ckneSs of the wafer. 5 25. The

liquid rop d| ﬁ%«?gglsl{]c%ﬁdwgf”ercljlﬂl?@%fﬁg?ﬁ%gﬁ% Za%Ql 2 Sg?&}p@t the silicon

waf er i | 'ne orie ion, the's ormed partially on

LQ?aTIEFttie %i&%f gy gt to s zeféggéﬁé‘%heﬁ‘llal??d' dr op

di scharge head of. claim 21 char acterl zed in that t he di scharge head
conpri ses a 99WRAI§NEamber for mati on rrerrber whi ch pr ovides a liquid

chanber, a nozzle formation, nenber icl % % r{ozzl ¢ and an
el ectrode formati%FEirst separation line para toPthe first difection of 'th

silicon wafer, the chip being separated from the wafer along the first
10 s‘eparation line by a first separation method; and
a second separation linhe parallel to the second direction of the
silicon wafer, the chip being separated from the wafer alang 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 including a head cqmpanent
chip formed by separationx of a silicon wafer, the silicon wafer
having a first direction and 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 being separated from the wafer along the first
sepa;afion 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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menber whi ch provides an el ectrode, and that the chip constitutes at 15

| east one of the |iquid-chanber formation nenber, the nozzle formation
menber, awo wloe2sed ectrode formati on menber. 27. A manuf acPamgrexished of a
|l iquid drop discharge head including a head conponent chip formed by
separation of a silicon 20 wafer, the silicon wafer having a first
direction and a second direction that are nutually intersected,
characterized by Tbnprligiidglrophéissheps béad imeloding a hedaidt gompouénipenet r at es
the silicon wafer, partially on -88 WD 03/022584 PCT/JP02/ 08995 a first

separ ation ldHig farndld ®} sépgurhtionf 4 stsidtoectdfen, e dihieosi wafean wafer in
order to separate the chip fromthe silicon wafer along the first

separation |§pgpcanfirti Sird&tibNangi 4 s6ShdaiRtdNOMA: ars acppdligepar ati on
line parallel 5°to the second direction of the silicon wafer to separate

the chip fr F’i’f‘i‘telt,s?g%e%-s,:cghtﬁmzt%\ﬁfz@% 1R A ipecdmppikifid second. separation

| i nes by using . The "manuf act ur e met hod of claim 27

charactefi zed in %?ﬁ’rst s%;%r&cﬁggggé)gkﬁaﬁa% f”}fcfeﬂr;trﬂ%éts@?%ftﬁ% al ong the

;
first separation Tine I clng, and separate romthe wafer
al ong the second separati.on I.ine by. di cing. . re nmet hod of
clai m 28 chat' ]t?f)Berﬁgecﬁ’ F‘r‘?lhgh%aetmg f@r%ﬁe yc‘;]qr}%leéjfzg%}ﬂ-{]ggggg%é%%#gn i ncl udes
an end surface having, a Ie}\éel.l.differenge o{. Ot.5 rgig:r.oneteetﬁls or, éess. 30.
The manuf act 4P® 'HRMAEHE 19 & Hiom wakeh BY ot StP PRt P pR mCPRE &g ¢ i s
configured tghigebeéintghs%pl;galtlag\?‘rg% tfh%rsqlljilc%n 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 using the slit.

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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Jr~ _r -t)2 6L 20 where L is a length of the slit fornmed in. the silicon
wafer, r is a radius of a dicing blade, and t is a thickness of the wafer.
-89 WO 03w023A258PCT/ JP02/ 08995 31. The nmnuf acture net hedTaPoxdsasm 27
characterized in that the silicon wafer is of (110) crystalline
orientation, the slit is formed partially on the first separation |ine by
etching, and the first separation line is parallel to <112> orientation of
the silicon wafer. 5 32. The nmanufacture nmethod of the liquid drop

di scharge head of cl g haracterized in that, the plurality of chips
are arranged in a setr’ofr k9fvecof chips in parallel with the first

direction of the silicon wafer such that the first separation |ines of
adj acent rows of 10 the chips are staggered in a direction parallel to the
second separation lines. 33. The nmanufacture nethod of claim27

characteri zedheetlIhad a 1eM&hfi S tHNQiST@ANES iPehE vaTed 4 o hoadlsher gl it in
the silicon wafer at 15 the sane tinme as formation of a head conponent

chip struct Ubgin3%lafeMed 0 i68Uh¢ekd 6! JHiROwafechi p formed by separation
of a silicon water, 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 silkcon wafe Ik 1 -hej rii r : hg fi . separation
line to |53enet r at eQ?hghgilﬁuégnd% fgﬁcg%@;l g?%@?@ﬁ%&?%@i%ﬂ“% klozgﬁ,% t he
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.

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 provide’s 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 component 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, pértially on
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chip being separated fromthe silicon wafer along the first separation 25
line; and -90 WO 03/ 022584 PCT/JP02/ 08995 a second separation |ine

paral | el wo oshe2ssecond direction of the silicon wafer, thecerhem/isedng
separated fromthe wafer along the second separation |ine by a second
separation nethod using the slit. 5 35. An ink-jet head including a nozzle
whi ch di scharges an ink drop, a liquid chanber which comrunicates with the
nozzl e, andadirfirsepatdt@ogenss padaipl voithe iist hligerieompéshpsdseure to
pressurize ink contained in the Iiquid chanber, the ink-jet head including

a head conpaFePtn GRiBr tOKEPSraY thephipafiomn the silisohiwaier wideg the he silicon
10 wafer having a first direction and a second direction that are nutually

intersectedfhgpggﬁgggﬁh;ﬁqepgnghe chip conprising: a first separation line
parallel .to the rst direction of the silicon wafer, a slit being

partially forned Lhe o L flonSERATAIbAR a bddihd Sepaatbhalise phealddl i con
waf er by a firstdg§%%ﬁ§¥%%%ﬁ%%hﬁodf thegf% chip bé?ﬁg separa?ed fromthe

sil i con gnaf gt 2Long, LRI E5 SERAL QT wdBF o 3Bfafhi® 4OUR; P eRAR LT ON

l'ine paPaII secon rection the silicon wafer, the chip being

df h f he. ' i: . d
eparat s on B0 RBRCORTHG o AR e FirsEARGART PR, LAES BY SiREL o)

ink-jet head and an ink tank are integrally formed, the ink-jet head

di schar gi ng t8% St#ik drop, and the ink tank supplying ink to the ink-jet
head, the ink-jet head including a head conponent chip fornmed by separation
of a silicon

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

w)" e - -t 5L
20

where L is a length of the slit formed in the silicon wafer, ris a

radius of a dicing blade, and t is a thickness of the wafer.
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25 wafer, the silicon wafer having a first direction and a second - 91 WO
03/ 022584 PCT/JP02/ 08995 direction that are nmutually intersected,

char act erwpad/osst he chip conprising: a first separati onPCireoxeseed | el to
the first direction of the silicon wafer, a slit being partially formed on
the first separation 5 line to penetrate the silicon wafer by a first
separation nethod, the chip being separated fromthe silicon wafer along
the first separatd1orhd imeufactdra mseboddsepanal7 chatdoteripad ahltbht t o t he
second direction of the silicon wafer, the chip being separated fromthe

waf er al ong thB&ilkfos sad isepanan) erysdtaligndyri@nsetondiisegiar &t i on met hod
using the slit. 37. An ink-jet printing device including an ink-jet head

whi ch di schargea @Rtk 6 @Re fiRe skpkratRin NBaDhY BEhugl Ngnd theddsconponent
chip formed by separation of a silicon wafer, the silicon wafer 15 having a

first dir ECt§5%9§/ﬁtflﬂneﬁn%%oﬁlﬂaﬂieﬂ @614 10>t Rk Bt AWk YRE IsYlichbRIfeect ed,

characterize chip conprising: a first separation line parallel to
t he firsjt direction of the silicon wafer, a slit being partially formed on
the first separation. I|ine to penetrate the silicon wafer by a first

separation metho 20 eEi ﬁ%&%?%gt&qgirﬁlgth%%p &‘teeﬁg{-‘wm‘%é]ﬁéé‘%lﬁi}g?@’e fer al ong

the first separat a second ‘separation 'el"to the
second directjaon,of_fh silicon. er,, the chi el ng. separ.at fromthe
waf er al ong ‘ftlhgla“’é‘e?c%ﬁ}ga%ﬁ%ﬁlé‘f‘?6&16%{1?{1@%9ﬁ15a§&9€8g§h§§%3? atalr%rrll%g’r%t hod usi ng
the sfit. 21?1 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 sectond
direction that are mutually intersected, charact_erize_d by the chip

20 comprising:

a first 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

25 line; and
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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 sepafation 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 generates pressﬁre to pressurize ink
contained in the liquid‘chamber, the ink-jet head including a head
component chip formed by sgparation of a silicon wafer, the silicon
wafer having a first direction and a second direction that are
mutually intersected, characterized by the chip comprjsing:

a first separation line parallel to the first direction of the
si‘licon‘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.

36. An ink cartridge 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 a head component chip formed by separation of a silicon

wafer, the silicon wafer having a first direction and a second

- 91 -



10

15

20

25

WO 03/022584 PCT/JP02/08995

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 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 éhip 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—jAet 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, characterized by the chip comprising:

a first separation line parallel to the first direction of the
silicon wafer, a slit being paftially 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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