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INK-JET TYPE RECORDING HEAD 

The present invention relates to an ink-jet type recording 
head. 

In an ink-~et type recording head in which dots en a 

recording medium are foJ:med from ink droplets, printing with 

very high resolution can be made by reducing the ink droplet 

size, but it is necessary to increase the number of nozzle 

openings for t.he puxpose of perfoJ:J:Ring printing efficiently. 

Particularly in the case of an ink-jet recording head using 
• 

piezoelectric vibrators as ink d:roplet jetting sources, it is 

necessary to increase the size of pressure generating chambers 

as to use the energy of the piezoelectric vibrators 

efficiently. However, this is contraxy to the requirement of 

reducinq the si~• of the recording head. 

'l'o resolve the aforementioned problems, there is 

generally used a method of setting walls partitioning adjacant 

praasu:ra chambaX"• .in such a manner Ast ta be as t:hin as po••ibl• 

and of :malc.ing thG shape of the praaaure ~eneratin~ q~ambera 

larger in the di.recticn of the length thereof to thereby 

~ncrea•• th• vo1maa tharao£. 

Such pressure geneJ:"atinq chma.bera or resarvo.1ra are 

formed by making thrauqh-holaa in a spacer, 1. e. , a memi>far far 

keepinq the ~istance between a plate member and a nozzle.plate 

at a pradete%Dli.nad value. So as to fo:rm through-holes 

coincident with pressure generating chambers having the 

required very small and complex shape, an etching technique is 

used generally. . ' 
··•· .... 
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A laminate of photosensitive resin films is used 

generally as a material constituting the aforementioned spacer. 

When such a photosensitive resin film laminate is used, theia 

arises an advantage in that a desired pattern can be foxmed 

extremely accurately due to the tact that such materials are 

well suitable fer photolitho9raphy, and due to the fact that 

the adhesive property thereof can be used so that no adhesive 

aqent is required for fixing the laminate to the plate member 

and the nozzle plate. On the other hand, there is a 

d.isadvanta9e in that crosstalk, distortion, etc., can occur 

heCaUSe Of the lCW zriechanical Strenqth Qf the material I 80 that 

the quality in printinq is lowered when this material is 

applied to a recording head with hiqh resolution. 

Moreover, since a plurality of resin films are 

laminated in use, there is a risk of separation, so 1:.ha~ the 

thickn••• o~ the •pacer ia l.im.itad by th• characte:i•~ic• o~ 

the mate.ria1. There also arieee a problem in that it ias 

difficult to make the volume of each of the pressure generating 

chmnbe:a suitable ~o: an ~nk-jet type :eco:ding head. 

To sol.,,. 'the afc%ementioned problems, a proposal has 

been made in which a silicon sinql• c::ystal substrate of 

cxysu.l or1enu:J.on (110) J.s used, and pressure ;ene%at.1Dg 

chambers in the fo%Jll of th=ough-holes and 1nJc supply potts ~ 

nozzle openings in the foxm of grooves of a depth p%ovidinq a 

fluid resistance required for these cpenings are foJ:m.ed by 

anisotropic etch.ing of a silicon sinqle cxystal substtata (see 

o.s. Patent No. 4,312,008). 
·······'..:._·-···-···-··-· 
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There, however, arises a problem in that not only is 

controllinq of the producing process complicated because it is 

necessazy to precisely control the etchinq depth, but it is 

difficult to cont%ol the volume in positions necessary for 

securing fluid resistance to a precise degree, ff)r instance in 

the inJc supply ports, because the etched sectional shape is 

inherently a V-shape or a trapezoidal shape. 
It is therefore the object of the present invention to provide 
an in-jet type recording head which avoids the above-mentioned 

drawbacks. This object is solved by the ink-jet type recording 
head according to independent claim 1. Further advantageous 

features, aspects and details of the invention are evident from 
the dependent claims, the description and the drawings. The 
claims are to be understood as a first non-limiting approach to 
define the invention in general tenns. 

The praseni:; 1nveni:1on relates to an inlc-jet type 

reco:rdinq head for generating pressure in pressure generating 

chambers substantially instantaneously by expansion/-

contraction of piezoelectric vibrators or by heat elements to 

thereby jet ink d%oplets from nozzle openings in response to 

the change in pressure. 

According to an aspect there is provided a novel ink-jet type 
reccrdinq head in which pressure ceneraUnq chambers. ink 

supply ports and reservoirs can be foDled with a high accuracy 

by atch~ng of a cxyata1line subst~ata. 

To aolv• die afo: .... nticned. prob1an•, accoxdin9 to th• 

p:•••nt invention, thara .is providod an inlc-:J•t type racozd.ing 

head comprisings a nozzle plate provided with nozzle openings 

f o: jetting ink d:rop1eta J ~ a pacer prcvi.ded vi th parti ti.on• for 
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partitioning pressure generating chambers 1 ink aupply port• and 

reservoirs; a plate member fixed to the other surface of the 

spacer so as ~o be opposi~• ~o ~a nozzle pla~e, ~h• nozzle 

plate, the spacer and the plate member being sandwiched and 

5 fixed to each other; and pressure generating means for exerting 

a chanqe of pressure suitable for fol:ming ink droplets on the 

pressure generating chambers1 characterized in that the spacer 

is foDted by etching a sil;icon crystalline substrate or a 

silicon oxide C%Ystalline subst%ate from its opposite surfaces 

10 so that the pressure generating chambers, the ink supply ports 

and the reservoirs are formed in the fo%'lll of throuqh-holes 

communicating with each other; and the spacer is formed in the 

foJ:ln of a cantilever so that the partitions for partitioning 

the pressure generating chambers and the ink supply ports are 

lS connected to a body on the nozzle opening side / and the 

partitions foxm free ends on the reservoir side. 

Because the reservoirs, the pressure generating 

chambers and the ink supply ports partitioned by the spacer are 

formed in the form of through-holes from one surf ace to the 

20 other surface, accuracy is provided simply and without the 

necessity of controlling the etchinq depth strictly. 

Fig. 1 i• a porspoetiv• viev of an app~ratus 

constructed according to a preferred embodiment of the present 
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invention, ehowi.n9 the etxuc:tu:e of a apac:e:, partly c:ut away 

in a nozzle plata1 

:r1q. 2 1s an enlarged sec~J.onal. view showing the 

v1c1n1~y of pressure generating chambezs in the apparatu1; 

5 !'igs. 3 (a) and 3 ( b) are enlarged vi~ws respectively 

showing the ~rangement of through-holes formed in the spacer 

and the vicinity of the through-holes; 

Figs. 4(a) and 4(b) ue enlarged views .respectively 

showing the arrangement of through-holes fo:r:mad in the spacer 

10 and the vicinity of the through-holes; 

Fig. S is a view showing an embodiment in the case 

where the present invention is applied to a bubble jet type 

recording head1 

Figs. 6(a) to ·6(e) are explanatory views showinq a 

l' method of f orminq a spacer by anisotropic etching of a silicon 

single crystal substrate; 

Figs. 7(a) and i(b) are explanatory views showing an 

etching process in the case where a silicon ainqle crystal 

substrate Of C%}PStal Orientation (110) is Subjected to 

20 anisotropic etchino: 

Figs. B(a) to S(e) are explanatory views showing a 

producing procG•• in thG casa . whera a synthati.c crystal 

au~•t~&t• ~· us.ad aa a •ub•~ra~• eon•~~~u~~ng a apaear: 

Fi.gs. g (a) and 9 (b) a:e views ahcwing farmatJ.cn of 

2$ surfaces and overhanging ~ccompanying therewith in an etchinq 
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pxoceas in the case whe:e a synthetic c~stal is uaed aa a 

substrate; 

!'1.g. 10 is a view shcwinq anothax embodi.Jnent. of a 

spacer using a synthetic crystal; 

Figs. ll(a) and ll(b) are a sectional view showing a 

further embocU.ment of a spacer used in an ink-jet type 

::ecox:ding head of the present invention and an enlarged view 

showing surfaces of adhasion1 

Fig. 12 is an enlarged view showing surfaces of 

adhesion in a further embodiment of spacer used in an ink-jet 

type jet recording head of the.present invention; 

Fig. 13 is an enlarged view showing the vicinity cf 

through-holes constituting pressure generating chamber• and ink 

supply ports in a further embodiment of spacer used in an 

ink-jet type recording head of the present invention; 
-

Figs. l4(a) to l4(d) are views showing the behavior of 

an adhesive agent in the case where a nozzle plate and a plate . 
meDtber are joined wi~ the spacer by the adhesive agent; 

F ia. 15 is a perspective view showino a .further 

embodiment of a spacer used in an ink-jet recording head of the 

present invention: 

Fig. 16 is a view ahowi~g anothcar cambodimcmt of ~n 

.inlc-jet recording h•ad of the present ~nventionJ 

Fiq. 17 is a perspective view of • further embodiment 

of an ink-jet recording head of ·the present invention, partly 

cut away in a nossle plateJ and · 
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Pig. 18 ia a view ahoving an embodiment of a •pacer 

used in the apparatus. 

The present invention now will be further described on 

s the basis of preferred embodiments shown in the drawings. 

Fig. l shows a. first preferred embodiment of the 

present invention. In the drawing, reference nUllleral 1 

designates a spacer constituting a feature of the present 

invention. In this embodiment, the spacer is constituted by a 

10 silicon single crystal substrate of crystal orientation (110) 

having a thickness suitable for securing the optimum volume as 

a pressure generating chamber. In this substrate, 

through-holes la, la, la ... to foxm pressure generating 

chambers conununicating with nozzle openings 2a, 2a, 2a. • • of a . 
1s nozzle plate 2 at one end, a through-hole le to form a 

reservoir supplied with ink from an ink tank not shown and 

through-holes lb, lb, lb .•. to f OJ:m ink supply ports for 

communicating the respective throuoh-holes·la, la, la ••• with 

the throu~h-hole le are formed by anisot~opic etching (which 

20 will be described later), and are disposed between the nozzle 

plate 2 and a plate member l (wtiic::h a.lso will be described 

later). 

In the drawing, rafer•nc• nlm\e~&l ~ designat•• the 

nozzle plate as described above. The nozzle plate is provided 

w~th the nozsle openings 2a, 2a, 2a ••• foJ:"mad at interval• of 
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a predetexmined pitch, for example, 180 DPI, and ia airtightly 

fixed to one surface of the spacer 1. 

Reference numeral 3 des1;na~es ~he pla~e •ember which 

is a~rtightly f J.xed to the other surface of the spacer l and 

cooperates with the nozzle plate 2 to foXDL preasure generating 

chambers. Piezoelectric vibrators 4, 4, 4... are fixed to 

regions of t~e plate member 3 facing the pressure generating 

chambers. The piezoelectric vibrators 4, 4, 4 ••. are foxmed 

as vertical vibration type piezoelectric vibrators which 

10 vibrate in the directions of the arrows B in the drawing, that 

is, in the directions perpendicular to the surface of the plate 

member 3 • While one end of each of the piezoelectric vibrators 

abuts the plate member 3 as described above, the other end (the 

region represented by the wavy line A in the drawing) is fixed 

is to a pedestal S by an adhesive agent. 
-In the pedestal 5, there is formed a throuqh-hcle 7 

having one end communicating with an ink tank (not shown) 

through a tube 6 and the other, opposite end connected to an 

ink f.low-in port 8 and to the throuqh-hole le to form a 

20 reservoir as described above. The reservoir side containing 

the through-holes lb, lb, lb... to fo.rm ink flow passages is 

fixed so th&t & :egion (rQprecent~d by tha wave line D in the 

drawing) •haped like a cantilever by th• through-hole• la, la, 

la ••• and l~, lb, lb ••• ia auppo%tod without inhibition of 

23 vibration by the piezoelectric vibrator~ of the _plate member. 

- 8 ..: 



::::=:=.::.::===~==========~==~~~------- ---- ----- -- --- -- -

' • 
~ 
:~:·.,:J 
· . ..:.-

!'ig. ·2 111 an enlaJ:ged view of the vicinity of the 

pressure generating chambers in the aforementioned ink-jet type 

recording head. In this embodJJnent, for u•e of the 

displacement o~ the plate member 3 due to the piezoelectric 

s vibrators, the plate member 3 which cooperates with the 

through-holes la of the spacer 1 and the nozzle plate 2 to foxm 

pressure generating ~hambers has island portions 3a formed as 

thick portions for transmitting the expansion/-contraction of 

the piezoelectric vibrators 4 to the whole of the pressure 

10 generating chambers, and thin portions 3b formed to surround 

the island portions. 

When the piezoelectric vibrators 4 in the 

aforementioned structure expand/contract in the directions of 

the &.r%OWS B in the drawing (Fig. 1) , a range as wide as 

1s possible, of the pressure generating chambers expands/-. 
contracts through the plate member· 3. In the case of 

contraction, ink in the pressure generating chambers is jetted 

in the foxm cf ink droplets from the nozzle openings. In the 

case cf expansion, ink in the reservoir flews into the pressure 

20 generating chambers through the ink supply ports constituted by 

the through-holes lb. 

Fig. l(a) ahows an embo~iznent of the aforcmontionad 

apacar. l'.n thi.a embodi.Jnant 1 the ca•a whcarca the •pacer is 

applied to a recording head of th• type in which tho noz2l• 

2s openings are arranged at ~ntervals of a predetermined pitch, 

£or exa.mple 141 ..-, wi1l be described ae an examp1e. .-
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?n the clraw~ng, xefe~ance nume:als la, 1• 1 la ••• and 

la' , la•, la' . • • designate through-holes which fonn respective 

p;ressure generating chaml>ers. 'l'he through-holes are arranged 

so as to be substantially symmetrical to each other with 

respect to a center line in accordance ~ith the arrangement of 

nozzle trains. The sides f &cinq each other of the . 
through-holes arecommunicatingw!th nozzle opening-a of a nozzle 

plate (not shown). In the opposite sides of the through-holes, 

there are fo%1Red through-holes lb, lb ••• and lb•, lb' ••• to 

10 foJ:m inlc supply port• communicating with reservoirs and 

through-holes le and le' to foxm reservoirs connected to the 

through-holes lb, lb, ..• and lb', lb' ••• 

These through-holes la, lb, le, la', lb' and le' are 

formed by anisotropic etching cf a silicon single crystal 

is substl:ate having crystal orientation (110), as will be 

described in more detail later. Accordingly, each of the 

through-holes la forming pressure genera tinq chambers as shown 

in Fiq. 3(b) is substantially shaped like a paralleloqram 

constituted by wall surfaces la-a, la-b, la-c and la-d 

10 perpendicular to a surface. Of the two wall surfaces la-a and 

la-b extending in the directlon of length of the through-hole 

la to fo%1'l a p.rQ&:8uro ganar~t.ing c~aunber, ona wall 11urfa.co sido 

la-a abutti.ng an axtanti.on line of t:.h~ wall eux.face la-d at an 

it.cute angle e in the reeervo.i.r eide .ie provided with .. 

2s through-hole lb to form an ink supply port partitioned by a 

wa.11 surface lb-a to form the aame plane ao the wall surface 

- 10 -
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1a-a, so ~~ f lu1.C1 res1.s~ance su1'tal>le 'to je't't1ng of 1nlc 

droplets and supplying of ink to the pressure generating 

chamber is obtained in accordance with the width and length of 

the through-hole lb. 

The wall su:face le-a f oxming a through-hole le as a 

reservoir is formed to have the optimum shape as a reservoir by 

~igzag repetition of fine planes for correction of the : 

orientation due to anisotropic etching. : 

These through-holes la, la, la ..• , lb, lb, lb ••. and 

10 le are formed as through-holes each passing through a wall from 

1.5 

one side to the other side.· Tha wall surfaces partitioning the 

throuqh-~oles are perpenclicular to a surf ace of the substrate 

formed as spacer 1. 

Fi;. 4 shows another foxm of arrangement of the 

pressure generating chambers. I"n the drawing, reference 

numeral 9 designates a silicon single crystal substrate of 

cxystal orientation (110) having the same structure as 

described above. This embodiment relates to the case where the 

silicon single s~bstrate is applied to a recording head having 

20 4 no22le openin9 trains. In the drawing, reference numerals 

10, 10, 10 .•. designate through-holes forming respective 

pressure genera ting cruua.bera. . 

through-ho1ee by anieotrop~c etching of the two •id•• of th• 

silicon •in9le crystal eubetrate in the eame :manner as 

lS described above. In one end of each of the through-holes 10, 

10, 10 ••• , that i• 1 in a aide oppoeit• to the noasle opening 

- ll - This Sheet Has Been Replaced 
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side, there 11%8 foz:med through-hales 111 11, 11... ~o foJ:n ink 

supply ports. Onlilce the aforementioned em.bodiJlent, these 

through-holes 11, 11, 11. • • • are arranged so as 'CO be parallel 

to each other to form an angle of 35• with respect to an axial 

s line of the throuqh-holes as pressure generating chamber•. 

'l'hrouqh-holes 12, 12, 12. • • as reservoirs are connected to the 

through-holes 11, 11, 11 ••• as the respective group• of ink 

aupply ports • Further, ink flow-in ports 13, 13 1 13 ••• 
. being in comznunication with an ink tank are connected to respective ones 

10 of the through-holes 12, 12, ••• The through-holes 10, 10, 

10 ••• forming pressure generating chambers and the 

·through-holes 11, ll, 11 ••• fo:ming ink supply ports are 

connected to each other at an angle of about 110• 1 .as shown in 

. Fig. 4 (b). Because they are accordingly arranged so that 

15 discontinuous portions are reduced as much as possible, points . 
of connection between pressure generating chambers and ink 

supply ports are smoothed so that bubbles and the like can be 

prevented from stagnation. 

Although the aforementioned embodiment concerns the 

20 case where pressure for jetting ink droplets is generated by 

changing the shape of each of the pressure generating chambers 

through th• piaaoelect:z:ic vihratqr• of the plate membe:z:, the 

•&me effect. can be ach~avad :in tha case where elect:z:ic 

.reei.etance element• lSJ, 19, 19 ••• are fixed to the plate 

2' member 3 and :mounted in the through-holes la , la, la. ••• 

conBtitutJ.ng preeeu.re generatin9 chamber•, aa •hewn in Fi9. S. 

- 12 -



. 
I 

In the lat:t:er em)')odiment, pressure su.ff1c1en,; to jet ink 

droplets can be generated through instantaneous evaporation of 

a·very small amount of ink due to Joule.heating by •upplyiJlg 

electric currents to the electric resistance elements 19, 19, 

19 ••• in accordance with printing si;nals. 

Fig. 6 shows the process of producing the 

aforementioned spacer. In the drawing, reference numeral 20 

designates a silicon single c:cystal substrate. of crystal 

orientation (110) having a thickness of, for example, 220 &mli 

10 necessary for functioning as a spacer. A silicon dioxide film 

21 having a thickness of, for example, about l µm, necessai:y 

for ~unctioning as a protective film in anisotropic etching is 

formed on the whole surface of the silicon single czystal 

substrate by the method of heat oxidation (Fig. 6(a)). 

lS 

20 

Hydrogen fluoride resisting protective films 22 and 23 
~ 

having windows 24 and 25 coincident with the aforementioned 

through-holes la, lb and le are formed on front and rear 

surfaces of the substrate 20 coated with the silicon dioxide 

film 21 by photolithography (Fiq. 6(b)). 

When etching is carried out with hydrogen fluoride in 

this condition, the silicon dioxide film 21 is partly removed 

in accordance with the window• 24 .and 25 to fozm th.rouqh-holes 

la, lb and le. Ae & reeult, ai1icon dioxide film• 28 and 29 

havJ.n9 windows 26 o.nd 27 for e.ilicon eing-le cryat&l etch..ing ar• 

2s foDned (Fig. 6(c)). 
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When etching is carried out with an aqueous solution of 

about 17% potassium hydroxide kept at a constant temperature, 

for example, 80°C, in the stage in which silicon dioxide 

patterning is finished as described above, portions of the 

s windows 26 and 27 are selectively subjected to etching in 

parallel to the plane of crystal orientation (111) from the 

front and rear surf aces at a speed of about 2 µm per minute 

with use of the silicon dioxide patterns 28 and 29 as 

protective films (Fig. 6(d)). 

10 In the stage in which a through-hole 30 is formed by 

anisotropic etching from the front and rear surf aces in the 

aforementioned manner, the silicon dioxide films 28 and 29 used 

as masks are removed with hydrogen fluoride and then heat 

oxidation is carried out again to form a silicon dioxide f ilrn 

15 31 having a sufficient thickness, for example, about 1 µm, as 

a protective film on the whole exposed surface. As a result, 

the silicon dioxide film 31 is used as a protective film 

against ink (Fig. 6(e)). 

In execution of anisotropic etching of such a silicon 

20 single crystal substrate having the plane of crystal 

orientation (110) as a surface, (111} planes inclined with 

respect to the crystal orientatio~ (110) as shown in Fig. 7 are 

formed using a target pattern. 

Accordingly, when the flow passage resistance is to be 

25 adjusted in accordance wit~ the depth or when the spacer and 

the nozzle plate are to be constituted by one substrate, the 
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con:1guxation·of flow paaaagea is complicated because etching 

is stopped at the stage in which planes inclined with respect 

to the surface of the sUbstrate are formed. on ne conua:y, 

when etching is carried out so that the substrate ~· plarce<l 

tho:roughly, such inclined planes are eliminated so that 

respective surfaces partitioning a through-hole are formed· 

perpendicular to the surface of the substrata. As a result, a 

flow passage of the size defined by the etching pattern can be 

formed. 

Fig. 8 shows a producing process in the case where a 

silicon oxide crystalline substrate, for example, z-cut 

synthetic crystal, is used as a substrate constitutinq a 

spacer. In the drawing, reference numeral 40 designates a 

Z-cut synthetic crystal substrate having a thickness, for 

15 example, of 220 µm, necessary for functioning as a spacer. A 

metal film 41, for example, a 50 nm (500 angstrom) chromium and 

100 nm ( 1000 angstrom) gold film, is formed on the whole 

surface of the substrate by sputtering (Fig. B(a)). 

Films 44 and 45 having windows 42 and 43 coincident 

20 with the aforementioned throu9h-holas la, lb and le are fol:lned 

on front and rea% surfaces of the substrate 40 coated with.the 

metal protective film 41 by photolithography (Pig. B{b)). 

~hen, the gold film and th• chramJ.um film are etched 

with an a~uaoua •elution a~ patassiWll iodide and iodine and an 

2s ammoniated cerium nitrate etchinq solution, respectively, and 
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then the res.1&'t f1lm ia removed with a :sglutian of nitrJ.c acid 

and hydrogen peroxide (Pig. B(c)). 

When etching is started from the two surfaces of the 

substrate with an anunoniwn bifluoride saturation aqueous 

5 solution or a mixture solution of hydrofluoric acid and 

ammonium :fluoride kept at a predeteJ:mined temperature, for 

example, 80°C, in the stage in which a predetexmined etching 

pattern is foxmed in the aforementioned manner, etching 

progresses at a speed of 70 ~m per hour (Fiq. S(d)). 

10 When the etching of the substrate is finished, the 

metal film 41 is removed with an aqueous solution of potassium 

iodide and iodine and an ammoniated cerium nitrate etching 

solution (Fig. B(e)). In the case where a silicon single crystal substrate 

is used, it is preferable tpat a silicon dioxide.filmbe fo.rmed 

l' as a protective film. It is, however, unnecessary to form a . 
specific protective film, because the crystal has an inherent 

resistance to chemical corrosion.· 

On the other hand, in the case where through-holes are 

fo%11led by etching of the synthetic crystal substrate 40, 

20 cvArhanginq portions 50, SO as shown in Fig. 9(a) are produced 

from the point of view of the characteristic of the mater~al. 

By car%Yin9 out over-etching i11 this condition, however, 
. 

nothing hut overhangLnq portions 51 with a ama.11 projecting 

length 6L i• producod though the aroa of an cpaning of the 

25 through-hole is increased slightly (Fig. 9(b)). 
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Because over-etching 11, howevez:, limited, • 
through-hole in which overhanging portions 54, S4 having a 

projecting length AL' as small as possible remain can he formed 

by etching a plural! ty of thin synthetic crystal substrates 53, 

S3 in the aforementioned manner, and then laminating the 

plurality of substrates into a predetermined thickness, as 

shown in Fig. 10. In the case where one spacu is formed by 

laminating a plurality of substrates, means of softening the 

substrates. while applying pressure thereto or means of adhering 

10 the substrates by a general adhesive agent may be used. 

The spacer formed in the aforementioned unner is fixed 

so as to be inserted between the nozzle plate and the plate 

member to thereby define a flow passage constituent member. In 

doing so, respective joint surfaces may be welded under 

15 pressure after applying an adhesive agent onto the respective . 
joint surfaces. Because such assembly using an adhesive agent 

can be performed at ordinary temperatures with respect to the 

spacer, the nozzle plate and the plate member, there arises an 

advantage in that not only is the assembly work simple, but 

io recidual h•at distortion caucQd by the difference between the 

expansion coefficients of the respective members as in the case 

of an alloy joining method is p:eyont•d. 

When an cadheaive agent .i.11 u••ci at the t~ of join.ing, 

there .ia, however, a problea in that the adhea~v• a9ent 

overflows £rem the surf aces of adhesion to the through-holes 
.-

de1:.1n.1ng th• pressure generat.incJ chamber• ~d ink Sl.lpply porte 

This Sheet Has Been Replaced - l 7 -
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to thereby :educe the volume of each of the through-hole• a.nd 

to thereby change the ink discharge quantity, even in the case 

where the quan't.11:.y ot adhesive agent applJ.ed 1• carefully 

controlled. 

Pig. 11 shows an embodiment of a spacer improved ta 

cope with this problem. In the drawing, reference numeral 60 

designates a spacer member constituted by a silicon single 

crystal substrate or a synthetic crystal. The spacer ipemher is 

foxmed so that chamfered. portions 62a, 62a, 62a ••• having an 

io angle 0 with respect to other surf aces of adhesion are provided. 

lS 

in edges of partitions 62 parti tioninq through-holes 61 

constituting pressure genuating chambers and ink supply ports 

so as to extend in the direction of length of the partitions 

62. 

The spacer 60 foxmed in the aforementioned manner is 
.. 

joined with pressure to the plate member 67 abutting the 

piezoelectric vibrator~ 60 and the nozzle plate 65 ·with the 

nozzle openings 6Sa after the adhesive agent 63 (Fig. ll(b)) is 

applied onto the surface thereof. · Thus / an ink-jet type 

20 recording head is assembled. 
. 

The adhesive agent 63 overflows from the gap between 

the spacer 60 and the nozzle pla~e 65 and the ;ap between the 

spacer 60 and the plate member 67 by pressu~• bonding after 

~pplication tharaof. 'l'he overflowing adhesive agent 6.3a enters 

2.5 into sectionally V-shaped spaces 68 formed between the 

chamfe~ed portion• 62a and th• suxface 0£ tha plate ...be: 67 

- 18 -
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or ~e nozzle plate ''' i• received ~n theee spece• and epzead• 

alOJlg the chamfered portions. Accordingly, the foX'Jlllltion of 

spherical p1:0jections in 1pec1.f1c points 1.a preven~ecl; as well 

as the change of compliance of the plate aellber 67 1 the 

increase of fluid resistance of the inlc supply ports to a 

larger value than a set value, and the reduction of the volume 

of each of the pressure generating chambers to a smaller value 

than a set value. 

Fig. 12 shows an embodiment in which a spacer is formed 

10 by anisotropic etching of a silicon single cxystal substrate. 

In this embodiment, isotropic etching with hydrofluoric acid is 

applied at the stage in which anisotropic etching is finished. 

When such isotropic etching is applied, the speed of etching of 

acute regions such as edqe lines fol:med by the pa~itions 62 

15 partitioning the through-holes foxmed by ani~otropic etching 
-and the surface becomes larger than the speed of etching of 

flat portions so that the edge portions are ·substantially 

selectively subjected to etching. 

In such chamfering using etching, each section is 

20 shaped like a circular arc, but sectionally V-shaped concave 

spaces are f o.rmed between the nozzle plate and the plane of. the 

plate member so that the adheaiv• agent overf lowinq from the 

•urfacea of adhesion c.an be ab•orbed by tha spaces. 

An adhesive agent having a high viscosity such as an 

2-' epoxy adhesive agent, etc., is used for joininq of these 

:mmnbera. &ecauee the adhaciv• agent ~s applied by a screen 

- 19 -
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pr1n1:J.ng .m.auod, a pad 1:ransterr1ng ne'Chod, a ro11 caa1:J.ng 

method, etc. , the quantity of the adhesive aqent applied can be 

controlled with a high accuracy. As a result, the function of 

the chamfered portions 62a and 62b is not affected aa long aa 

.5 spaces capable of absorbing the adhesive agent averf lowinq from 

the surfaces of adhesion are available. It has accordingly 

been confirmed that a volume capable of absorbing the adhesive 

agent can be secured without reduction of the strength of the 

wall surfaces as long as the width 6w or radius R of each of 

10 the spaces is in a range of from about 1/12 to about 1/6 the 

thickness of each of the partitions 62. 

Fig. 13 shows another embodiment of an ink-jet type 

recording head according to the present invention. In the 

drawing, reference numeral 70 designates a silicon single 

15 crystal substrate or a cxystal substrate having crystal 
-

orientation (110) and having a thickness sufficient to fox:m a 

spacer. As described above, throuqh-holes 71, 71, 71 ••• to 

fo~ pressure generating chambers, throuqh-holes 72, 72, 72 ••• 

to form ink supply ports, and a. through-hole to form a 

20 reservoir (not •hown) ar• foJ:med by etching. 

In this embodiment, wall surfaces 7la , 7la of the 

through-holes 71, 71 to foxm pras~ure 9enerating chamber• and 

wall eu:facee 7~a, 7~• of the th:ough-hol•• 7~, 7~ to foxm inlc 

supply porta are arranged ~ectionally rectangularly so that one 

25 surface thereof has a plurality of fine planes 7la-a, 71a-a, 

- 20 -
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7la- a... and. 12a-a, 72a-a, 72a-a... and pz:edetez:ained :steps 

7la-b, 7la-b, 7la-b ••• and 72a-b, 72a-b, 72-a-b ••• 

Grooves 73a and 74& ex~end1ng in ae direc1:1on .ot 

thickness are foxmed in suxfaces 73, 73 1 73 ••• , 74, 74, 74, • • • 

5 which do not 1uhatantially contribute to forming the 

aforementioned fine planes. 
. 

When an adhesive agent 76 such as an epoxy adhesive 

agent ia applied onto surfaces of the thus-formed spacer_ 70 by 

a screen printing method, a pad transferring method, a roll 

10 coating method or the like to fo:nn a predetermined thickness 

(Fig. 14(a)) and then the.nozzle plate or plate member 77 is 

pressed by a predetermined amount of pressure ~, the adhesive 

agent surplus 76a "overflows to the wall surface side of the 

spacer 10 (Fig. 14(b)). 

The adhesive agent spreads along the fine planes 7la-a . 
and 72a-a due to its surface tension (Fig. l4(c)), and then the 

rectangular spaces constituted by the fine planes 7la-a and 

72a-a and the steps 7la-b and 72a-b are filled with the 

adhesive agent (Fig. 14(d)). The adhesive agent, overflowing 

20 to relatively narrow wall surfaces 73 and 74, is brought into 

the grooves 73a and 74a by capillary force so that the adhesive 

agent cannot overflow to the surf~ce. 

A1thou9h t.ha aforemantioned embod:l.naant relates to the 

c-.sa where fine plano• are providad only i.n wall 

2s surfaces to foz:m pressure· generating chamber• and ink supply 
-

port.a i.n which ••ctional area• :mu•t be controlled. rolat~vely 

- 21 -



si:r~ctly, 1~ is apparent that the same effeet ia achieved in 

the case where a wall surf ace 81 of a through-hole 80 to form 

a reservoir and a wall surface 82 for lim1t1ng an 1.nk supply 

port 83 are formed sectionally rectangularly so that the wall 

su:rfaces Bl and 82 have fine planes Sla, Bla, Bla ••• and 82a, 

82a, 82a... and predetermined steps Blb, 811>, Slb... and 82b, 

82b, 82b ••• , shown in Fig. 15, in the same manner as described 

above. When sectionally rectangular planes are formed with 

respect to a reservoir, the overflowing of the adhesive agent 

10 to the through-holes is prevented so that an ink-jet type 

recording head higher in quality can be realized. 

Fiq. 16 shows a further embodiment of an ink-jet type 

recording head according to the present invention. In the 

drawing, reference numeral 85 designates a silicon single 

is· crystal substrate or a synthetic crystal substrate having a . 
thickness suitable for f onning a spacer. Through-holes to foDl 

pressure generating . chambers 86., ink supply ports and 

reservoirs are f oxmed by etching. Further, the surf ace of the 

spacer joined with the nozzle plate ea having the nozzle 

20 openings eea and the plate member 89 by the adhesive aqent is 

roughed by an abrasive material or grinding stone of mean 

pa%ticle size such that concave-ponvex portion• asa and SSb 

with •urface roughn•••a• of the order of micrometers are formed. 

Accordi.ng to thi• embodiment, the appliacl adhesive 

25 agent flows into the concave-convex portions of the ~urfaces. 

When the nozzle plotc and the plate 111HN1&bar are -...lded with 
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pressure J.n this cond1t.1on, 't.he adhesive agen~ sw::plus tending 

to flow o~t of the regions of adhesion is kept back hy the 

capillaey force of the concave-convex portions of the rouqh 

surfaces.so that the adhesive agent surplus is prevented frca 

s overflowing. As a result, the choking of the nozzle openings 

and the chan9e of the volume of each of the pressure generating 

chambers and the ink supply ports is prevented. 

Fig. 17 shows a further embodiment of the present 

invention. In the drawing, reference numeral 90 designates a 

10 spacer constituted by a silicon single crystal substrate or a 

synthetic cryst~l substrate. A nozzle plate 91 having nozzle 

openings 9la and a plate member 92 are fixed to one surface of 

the spacer and the other surface of the spacer respectively by 

an adhesive agent. The spacer and pressure generating devices 

15 such as piezoelectric vibrators 93 in this embodiment are fixed 
. 

to a pedestal 94 so that a pressure change is induced in the 

pressure generating · chambers by the displacements - of the 

piezoelectric vibrators 93 to thereby discharge ink droplets. 

In the spacer 90, throuqh-holes 95 to form pressure 

20 generating chambers, through-holes 96 to form ink supply ports 

and a through-hole 97 to form a reservoir are formed by etching 

in the aforementioned ma.nnar. 

A p1ural.ity of partition port.ions 9Ba, 98a, 98a •••• 

for limiting f1u:i.d resistance of the ink ll!lupply porte ara 

arran9ed as shown in Fig. 18. In this embodiment, the 

parti. ti on port.ions extend towa.rd the through-hole 9 7 aide·, that 

- 23 -
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is, toward tha reservoir side, so that the length of a 

partition portion increases as the partition portion is 

arranged every four through-holes •o aa to be far from an iDJc: 

flow-in port 99 communicatingwith an ink tank. 

In this embodiment, the flow of ink frmi the ink supply 

port 99 is partly inhibited by the partition portions 98b, 

98b... extending toward the resexvoir so that the ink flow is 

converted into an inlc flow toward the through-holes 96, 96, 

96 ••• to fom ink supply ports in the vicinity of the 

10 partition portions. On the other hand, a part of the inlc flow 

not inhibited by the partition portions 9 Sb, 9 Sb. • • enters the 

deeper side so that the other partition portions 98b, 98b ••• 

extending thereto convert the ink flow into an ink flow toward 

the through-holes 9 6, 9 6, 9 6 ••• to form ink supply ports 

1s placed in the vicinity of the partition portions. 

As described above, accordinq to the present invention, 

there is provided an ink-jet type recording head including a 

noz2le plate provided with nozzle openings for jettinq ink 

dropl•t•1 a spacer provided with partitions for partitioning 

zo pressure gener~ting chamber•, inlc supply perts and ra•orvoirs; 

a plate member fixed to the other surface of the spacer so as 

to be opposite to the nozz1e plate, tho nozz1e plate, the 

spacer and the plate member being fixed to each oth*~ in a 

sandw1ch-1~ke arrang•m•nt; and a pressure generating aeana ~or 
. 

2s applying a. change of pressure suitable for forming ink droplets 

to the pressure generae1nq chambers; charac~er1zed ~n t;Juit the 
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spacer 1• f ormad by e~chJ.ng a •ilicon cry~talline aub•trate or 

a silicon oxide cxystalline substrate from its opposite 

surfaces so that the pressure generating chambers, the 1nJc 

supply .ports and the reservoir• are foxmed in the form of 

s through-holes communicating with each other7 and the spacer is 

formed in the fo%Jll of a cantilever so that the partitions for . 
partltioninq the pressure generating chambers and the ink 

supply ports are connected to a body on the nozzle opening 

side, and the partitions farm free ends on the reservoir side. 

io Accordingly, with this arrangement not only can the volume and 

fluid resistance be cont%olled with high accuracy because the 

· spaces partitioning the pressure generating chambers, the ink 

supply ports and the reservoirs can be foxmed by etching under 

the same conditions, but the ink can flow without stagnation 

15 while the wasteful action of surf ace tension is eliminated 

because the wall surfaces partitioninq the through-holes are 

perpendicular to the surface of the substrate. 
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CLAIMS 

1. An ink-jet type recording head comprising: a nozzle plate 

(2; 65; 77; 88; 91) provided with nozzle openings (2a; 

5 65a; 8Ba; 9la) for jetting ink droplets; a spacer (l; 60; 

90) provided with partitions (62) defining pressure 

generating chambers, ink supply ports and reservoirs; 

said nozzle plate (2;· 65; 77; 88; 91) being fixed to one 

surface of said spacer ( 1; 6 0; 9 0} , a plate member ( 3; 

10 

15 

20 

25 

30 

67; 89; 92} fixed to the other surface of said spacer (l; 

60; 90) so as to be opposite to said nozzle plate (2; 65; 

77; 88; 91), said nozzle plate (2; 65; 77; 88; 91), said 

spacer (l; 60; 90) and said plate member (3; 67; 89; 92) 

being sandwiched and fixed to each other; and a pressure 

generating means for applying a change of pressure for 

forming ink droplets to said pressure generating 

chambers; characterized in that: 

said spacer (1; 60; 90) is formed by etching one of a 

silicon crystalline substrate and a silicon oxide 

crystalline substrate from its opposite surfaces so that 

said pressure generating chambers, said ink supply ports 

and said reservoirs are formed in the form of through­

holes (la,b,c; 10, 11, 12; 71, 72; 95, 96, 97) 

communicating with each other; and 

said spacer (1; 60; 90) is formed in the form of a 

cantilever so that said partitions (62) for partitioning 

said pressure generating chambers and said ink supply 

ports are connected to a body on the nozzle opening side, 

and said partitions (62) form free ends on the reservoir 

side. 

2. An ink-jet type recording head according to Claim 1, 

35 wherein said silicon crystailine substrate is a silicon 

single cry~tal substrate having a crystal . orientation 

I lllllll llllll lllll lllll II llll 
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(110), and wherein wall surfaces (71a, 72a) partitioning 
said through-holes (71, 72) are formed as surfaces · 
perpendicular to a surface of the substrate. 

5 3. An ink-jet type recording head according to Claim 1 or 2, 
wherein one-side wall surfaces partitioning said ink 
supply ports and said pressure generating chambers are 
formed in the same plane. 

10 4. An ink-jet type recording head according to one of the 
preceding Claims, wherein one-side wall surfaces 
partition~ng said ink supply ports are formed so as to be 
the same plane as that of wall surfaces of the side in 
which wall surfaces partitioning said pressure generating 

15 chambers intersect at an acute angle. 

20 

25 

30 

5. An ink-jet type recording head according to one of the 
preceding Claims, wherein said silicon oxide crystalline 
substrate is a synthetic crystal substrate. 

6. An ink-jet type recording head according to one of the 
preceding Claims, wherein said partitions (62) of said 
spacer (60) have chamfered portions (62a) with a width of 
from about 1/12 to about 1/6 as much as the width of said 
partitions (62), in lengthwise edge lines opposite to 
said nozzle plate ( 65) and said plate member ( 67), and 
wherein said spacer (60) is fixed to said nozzle plate 
(65) and said plate member (67) by an adhesive agent (63) 
so that spaces defined by said chamfered portions (62a), 
said nozzle plate (65) and said plate member (67) 
function as adhesive agent (63) absorbing spaces. 

7. An ink-jet type recording head according to one of Claims 
1 to 5, wherein said spacer is formed so as to be 

35 rectangular in section so that each of the partitions 
thereof is ·constituted by a plurality of planes (7 la-a, 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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72a-a) and predetermined steps (71a-b, 72a-b) t and 

wherein said spacer is fixed to said nozzle plate and 

said plate member by an adhesive agent (76) so that said 

ste~s (7la-b, 72a-b) function as adhesive agent (76) 

S absorbing spaces. 

10 

15 

20 

25 

30 

35 

8. An ink-jet type recording head according to one of the 

preceding C~aims, wherein surfaces of said spacer (l; 60; 

· 90) are roughened. 

9. An ink-jet type recording head according to one of the 

preceding Claims, wherein said pressure generating means 

are constituted by piezoelectric vibrators (4; 93) which 

vibrate in an axial direction, said piezoelectric 

vibrators (4; 93) being fixed at one end to a pedestal 

(5; 94) so that their one end abut respective diaphragms 

opposite to said pressure generating chambers, and 

wherein predetermined regions of said ink supply ports 

and said reservoirs are fixed to said pedestal (5; 94). 

10. An ink-jet type recording head according to one of the 

preceding Claims, wherein said pressure generating_ means 

comprise heaters for generating Joule heat fixed to the 

plate member partitioning said pressure generating 

chambers. 

11. An ink-jet type recording head according to one of the 

preceding Claims, wherein said partitions parti tionin:g 

said ink supply ports extend toward the reservoir side in 

a manner so that said partitions increase in length at 

every plural ones of said partitions in a direction away 

from an ink supply port for an ink tank. 

I lllllll llllll lllll lllll ll llll 
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ABSTRACT 

Described is an ink-jet type recording head including a 

nozzle plate (2) provided with nozzle openings (2a), a spacer 
5 (1) provided with partitions for partitioning pressure 

generating chambers, ink supply ports and reservoirs, and a 

plate member ( 3) which are sandwiched and fixed together. 

Displacement of the plate member (3) is produced by 

pie~oelectric vibrators (4) to thereby generate ink droplets. 

10 The spacer (1) is formed by anisotropic etching of a silicon 

single crystal substrate so that the pressure generating 

chambers, the ink supply ports and the reservoirs are formed 

as through-holes communicating with each other. Accordingly, 

etching conditions for the respective through-holes are made 

15 

20 

equal to each other. Particularly, through-holes small in 
sectional area such as the pressure generating chambers and 

the ink supply ports can be formed with a high accuracy. 
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The present invention relates to an ink-jet type recording 
head. 

In an ink-jet type recording head in which dots on a 

recording medium are formed from ink droplets, printing with 

ver:y high resolution can be made by reducing the ink droplet 

s-i:e, but it is necessary to increase the number of nozzle 

openings for the pu%pose of pe::fo::ming printing efficiently. 

Particularly in the case of an ink-jet recording head using . 
piezoelectric vibrators as ink droplet jetting sources, it is 

necessary to increase the size of pressure qeneratinq c::hambe:s 

as to use the energy of the piezoelect%ic vibrators 

efficiently. However, this is contrary to the requirement of 

reducing the size of th• recording head. 

To resolve the aforementioned problems, there is 

~enerally used a method of setting walls partitioning adjacant 

praasu:c:a c:hambars .in such a mam·ua: aa ta be as t:hin as possible 

and of making tho shapo of the pra-=su:a generating chambe:a 

la.rger in the direction of the length thereof to thereby 

~nc:eaae the vo1umo thaxeo£. 

Such presaure generatinq chaml:>era or rasarva.i.ra are 
. 

foJ:med by making through-hales in a spacer, 1.e., a. member fer 

keeping the distance between a plate member and a nozzle.plate 

at a pradetexmined value~: Sc .. as to :fox:m through-holes 

coincident with pressure ~ '~en.e.iating chamber~. :having the 

required very small and ~omplex shape, an etchinq technique is 

used generally. 

THIS Sl:i,eET HAS BEEN 
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A laminate of photosensitive 
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used 

generally as a material constituting the aforementioned spacer. 

When such a photosensitive resin film laminate is used, there 

arises an advantage in that a desired pattern can be fo:::r:med 

extremely accurately d.ua to the tact that such materials are 

well suitable fer photolithoqraphy, and due to the fact that 

the adhesive property thereof can be used so that no adhesive 

agent is required tor fixing the la:minate to the plate member 

and the nozzle plate. On the other hand, there is a 

disadvanta~e in that crosstalk, distortion, etc., can occur 

because Of the lOW mechanical Strenqth Qf the :material I SO that 

the quality in printing is lowered when this material is 

applied to a recordinq head with hi9h resolution. 

Moreover, since a plurality of resin films are 

laminated in use, there is a risk of separation, so that the 

thiekn••• of the •pacer ia l.im.itad by the characteri•tic• of 

the mater.ia1. There also ari.see a problem in that .it .ia 

difficult to make the volume of each of the pressure generating 

chambers suita.ble fo: an ~nk-jet type reco:ding.hcAd. 

Tc scl"Te the afo~ementioned prcble:m.s, a proposal he5 

been made in which a silicon sinql• cx:ystal substrate 0£ 

cxysul cr1•n~a?:1on (llO) 1.s uaed, and pressure qen•rati.ng 

chambers in the foJ:JU_._ of through-holes and ink s~pp_ly ~xts and 

noz2le openings in the fo:ca of g~ooves o~ a depth:p~ovicilnq a 

fluid resistance required for these openings are fol:med by 

anisotropic etch.ing of a silicon sinqle CJ:Ystal substrate (see 

o.s. Patent No. 4,312,00B). 

THIS SHEET HAS 
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There, however, arises a problem in that not only is 

controlling of the producing process complicated because it is 

necessary to precisely control the etching depth, but it is 

difficult to control the volume in positions necessa:y for 

securing fluid resistance to a precise degree, for instance in 

the ink supply ports, because the etched sectional shape is 

inherently a V-shape or a trapezoidal shape. 
It is therefore the object of the present invention to provide 

an in-jet type recording head which avoids the above-mentioned 

drawbacks. This object is solved by the ink-jet type recording 

head according to independent claim 1. Further advantageous 

features, aspects and details of the invention are evident from 
the dependent claims, the description and the drawings . The 

claims are to be understood as a first non-limiting approach to 

define the invention in general terms. 
The preseni: 1nven~1on relates to an ink-jet type 

recording head for generating pressU%e in presau:e generating 

chambers substantially instantaneously by expansion/-

contraction of piezoelectric vibrators or by heat elements to 

thereby jet ink d%oplets from nozzle openings in response to 

the change in pressure. 

According to an aspect there is provided a novel ink-jet typ 

recordi.ng head in which pressure oenera.tinq chambers, ink 

supply ports and reservoirs can be fol:Jlled with a high accuracy 

by etching cf a cryata11in• subst~ate. 

To aolv• th• afo:enent.i.oned. prob1em•, accoz:-dinc; to th• 

p:eeent invention, thara .i• provi.dad an i.nk-jet type reco:z:di.ng 

head comprisings a nozzle plate provided with nozzle openings 

fc: jetting irik droplete J ~ epacer prov.i.ded vi th parti ti.on• for 
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parti tionin9 pressu:e generating chamber• 1 .i.nk auppl::r ports and 

reservoirs; a plate member fixed to the other surface of the 

spacer so as ~o ~e oppos~~• ~o i:.he nozzle pla~e, the noszla 

plate, the spacer and the plate mmnber he.ing sandwiched and 

fixed to each other; and pressure generating means for exerting 

a change of pressure suitable for fo:ming ink droplets on the 

pressure generating chambers; characterized in that the spacer 

is fol:Jlled by etchinq a silicon crystalline substrate or a 

silicon oxide crystalline substrate from its opposite surfaces 

so that the pressure generating chambers, the ink supply ports 

and the reservoirs are formed in the foxm of through-holes 

communicating with each other; and the spacer is foDDed in the 

foJ:m of a cantilever so that the partitions for partitioning 

the pressure generating chambers and the ink supply ports are 

connected to a body on the nozzle opening side, and the 

partitions fol:lll free ends on the reservoir side. 

Because the reservoirs, the pressure generating 

chambers and the ink supply ports partitioned by the spacer are 

formed in the form of through-holes from one surf ace to the 

other surface, accuracy is provided simply and without the 

necessity of controllinq the etchinq depth strictly. 

Fig. 1 i• a pGrapectiv• vi•~ cf an apparatus 

constructed according to a preferred embodiment ot the present 

THIS SHEET. HAS BEEN 
REPLACED 
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invention, ahowUig the et:u~tu:e of a ~pace:, pa:tly eut away 

in a nozzle plate; 

r1g. 2 1s an enlarged sec't.tonaJ. v1ew show~ng ~· 

vicinity of pressure generating chambers 1n the apparatua; 

Figs. 3 (a) and 3 ( b) are enlarged vi~ws respect! vely 

-showing the ~rangement of through-holes formed in the apacer 

and the vicinity of the through-holes1 

Figs. 4(a) and 4{b) axe enlarged views .respectively 

showing the arrangement of through-holes f oxmed in the spacer 

and the vicinity of the through-holes; 

Fig. S is a view showing an embodiment in the case 

where the present .invention is applied to a bubble jet type 

recording head; 

Figs • 6 (a) to · 6 ( e) are explanatory views showing a 

method of f ol:ming a spacer by anisotropic etching of a silicon 

single crystal substrate1 

Figs. 7(a) and 7(b} are explanatory views showin~ an 

etching process in the case where a silicon single crystal 

substrate of crystal orientation (110) is subjected to 

anisot:opic etching: 

Figs. 8 (a} to 8 ( e) are explanatory views showinq a 

produc:.ing proca&s in tha c:as:a . where a synthatic c:xystal 

substrate ~· us~ as a •ub•t~at• conat~tu~Lng a •pacer; 

.Pi.gs. g (a) and 9 (b) a:e vie"1a showJ.ng faxmat.icn of 

surfaces and overhanging accompanying therewith in an etching 
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prgcess in the case where a synthetic ci:ystal is used aa a 

substrata; 

!':Lg. 10 1.a a v1ew showing another embodiment of a 

spacer using a synthetic crystal; 

Fiqs. ll(a) and ll(b) are a sectional view showing a 

~urther embodiment of a spacer used in an ink-jet type 

recoz:ding head of the present invention and an enlarged view 

showing surfaces of adhesion1 

Fiq. 12 is an enlarged view showing surfaces of 

adhesion in a further embodiment of spac:er used in an ink-jet 

type jet recording head of the present invention; 

Fig. 13 is an enlarqed view showing the vicinity of 

through-holes constituting pressure generating chamber• and ink 

supply ports in a further embodiment of spacer used in an 

ink-jet type recording head of the present invention; 
-

Figs. l4(a) to 14(d) are views showing the behavior of 

an adhesive agent in the case where a nozzle plate and a plate . 
member ax:e joined with the spacer by the adhesive aqent~ 

Fig. lS is a perspective view showing a .further 

embodiment of a spacer used in an ink-jet recording head of the 

present invention; 

Fi9. l' is a view showiJ;J.g anothcir cambod.imant of an 

~nlc-jet recording head of the present ~nvant~onJ 

Fiq. 17 is a perspective view of • further embodiment 

of an ink-jet recording head of ·the present invention, p&r'.tly 

cut away in a nossle plateJ and · 
THIS SHE~T HAS BEEN 

REPLACED 



7 
QINOi1i_96_ 

·-~·----··· .. ··- ····- --
&:~ 

Fig. 18 is a view showing en e:m.bodiment of a spacer 

used in the apparatus. 

The present invention now will be further described on 

the basis of preferred embodiments shown in the drawings. 

!'ig. . l shows a first preferred embodiment of the 

present invention. In the drawing, reference numeral 1 

designates a spacer constituting a feature of the present 

invention. In this embodiment, the spacer is constituted by a 

silicon single crystal substrate of crystal orientation (110) 

having a thickness suitable for securinq the optimum volume as 

a pressure generating chamber. In this substrate, 

through-holes la, la, la •.. to form pressure qenerating 

chambers communicating with nozzle openings 2a, 2a, 2a ••• of. a 
. 

nozzle plate 2 at one end, a th.rough-hole le to fom a 

reservoir supplied with ink from an ink tank not shown and 

through-holes lb, lb, lb •.. to f OJ:ll\ ink supply ports for 

communicating the respective through-holes·la, la, la ••• with 

the through-hole le are f orll\ed by anisotropic etching (which 

will be described later), and are disposed between ~he nozzle 

plate 2 and a plate member J (which als;o will bca das;cribed 

late:). 

In thG dra:w.ing, :rofor•nc• numera.l 4 design.at•• the 

nozzle plate as described above. The nozzle plate is provided 

with the nozsle opening• 2a, 2a, 2a ••. for=od at i.ntorval• of . . . 
. :-. 

. t~·ns· SHEET HAS BEEN .. 
·. ·R.EPLACED . 
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a predete:z:m.ined pitch, for example, 180 DPl, and is airt..!.ghtly 

fixed to one surface of the spacer 1. 

Keference numeral 3 des1;na~es ~e pla~e •ember which 

is a1rt1ghtly f1.xed to the other surface of the spacer l and 

cooperates with the nozzle plate 2 to fc~ preasure generating 

chambers. Piezoelectric vibrators 4, C, 4... are f.i.xed to 

regions of the plate member 3 facing the pressure generating 

chambers. ~he piezoelectric vibrators 4, 4, 4 ••. are formed 

as vertical vibration type piezoelectric vibrators which 

vibrate in the directions of the arrows B in the drawing, that 

is, in the directions perpendicular to the surface of the plate 

member 3 . While one end of each o.f the piezoelectric vibrators 

abuts the plate member 3 as described .above, the other end (the 

region represented by the wavy line A in the drawing) is fixed 

to a pedestal S by an adhesive ager.t. 
-

In the pedestal S, there is f crmed a throuqh-hole 7 

having one end conununicating with an ink tank (not shown) 

through a tube 6 and the other, opposite end connected to an 

ink flow-in pert 8 and to the through-hole le to form a 

reservoir as described above. The reservoir side containina 

the through-holes lb, lb, lb •.. to fo.rm ink flow passages is 

fixed so that a :agion (roprecGnt~d by tha wave line D in the 

drawing) •h•pad 1ika a cantilever by the throu9h-holea l•, la, 

la ••• and lb, lb, lb •.• ia aupportad wLthcut inhibition of 

vibration by the piezoelectric vibrAtcr~ of the _plate member. 

THIS SHEET H!\S BEEN l 
REPLACED 
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l' ig. ·2 is an enlarged view of the vicini t.y of the 

pressure generating chambers in the aforementioned ink-jet type 

::ecorcUng head. In this embodJJaent, %or use 0% the 

displacement o~ the plate membar 3 due to the piezoelectric 

vibrators, the plate member 3 which cooperates with the 

through-holes la of the spacer l and the nozzle plate 2 to foJ:m 

pressure generating s:hambers has island portions 3a formed as 

thick portions for transmitting the expansion/-contraction of 

the piezoelectxic vibrators 4 to the whole of the pressure 

generating chambers, and thin portions 3b formed to surround 

the island portions. 

When the piezoelectric vibrators 4 in the 

aforementioned structure expand/contract in the directions of 

the ar%Ows B in the drawing (Fig. 1) , a range as wide as 

possible, of the pressure generating chambers expands/-. 
contracts through the plate member· 3. In the case of 

contraction, ink in the pressure generating chambers is jetted 

in the foxm of ink droplets from the nozzle openings. In the 

case of expansion, ink in the reservoir flows into the pressure 

generating chambers th.rouoh the ink supply ports constituted by 

the through-holes lb. 

Fig. 3 (a) shows an embod.iznent of the aforcmontionad 

11pacar. :In thi.• ambodi.Jnent, the caaa whare the •pacer is 

applied to a recording head cf the type in wh~ch the no22l• 

openings are arranged at ~ntervals of a predetermined pitch, 

£or exAmple 141 ~,wi1l be deacr~bed as an example. 
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In the drawing, refercmce nume:ala la, la, la ••• and 

la' , la' , la' . • • designate through-holes which fo::cn respective 

p~essure generating chaml:>ers. The through-holes are arranged 

so as to be substantially symmetrical to each other with 

respect to a center line in acco:dance with the arrangement of 

nozzle trains. The sides facinq each other of the. . 
through-holes arecommunicatingwith nozzle openinqs of a nozzle 

plate (not shown). In the opposite sides of the through-holes, 
. 

there are formed through-holes lb, lb ••• and lb', lb' ••• to 

f o:m ink supply port• conununicating with reservoirs and 

through-holes le and le' to foxm reservoirs connected to the 

through-holes lb, lb, ••• and lb', lb' ••• 

These tlu:'ough-holes la, lb, le, la', lb' and le' are 

fol:Jlled by anisotropic etching of a silicon single crystal 

substrate having crystal orientation (110), as will be 

described in more detail later. Accordingly, each of the 

through-holes la forming pressure generating chambers as shown 

in Fiq. 3 ( b) is substantially shaped like a paralleloqram 

constituted by wall surfaces la-a, la-b, la-c and la~d 

· perpendicular to a surf ace. Of the two wall surf aces la-a and 

la-b extending in the direction of length of the through-hole 

1a to form a. proc11:uro gonarati.ng ctlamber, one wall sur£aco Iii.do 

la-a abutt~ng an extant~on line oi th~ vall •iu:faca la-d at an. 

acute angle e in the :reeervoir eide ie provided with .. 

through-hole lb to fol:lD an ink supply port partitioned by a 
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la-a, so 1:ha1: fluid xes1s'tance su1't&ble t'.O le'tt'.1ng ot 1~ 

d:roplets and supplying of ink to the pressure generating . 
chamber is obtained in accordance with the width and length of 

the through-hole lb. 

The wall sUJ:face le-a f oxming a through-hole le as a 

reservoir is for.med to have the optimum shape as a reservoir by 

~igzag repetition of fine planes for correction of the 

orientation due to anisotropic etching. 

These through-holes la, la, la •.• , lb, lb, lb ••• and 

le are foJ:med as through-holes each passing throuqh a wall from 

one side to the other side. Tha wall surfaces partitioning the 

through-noles are perpendicular to a surface of the substrate 

formed as spacer 1. 

Fig. 4 shows another foJ:m of arrangement of the 

-pressure generating chambers . !n the drawing, reference 
-numeral 9 designates a silicon single crystal substrate of 

crystal orientation (110) having the same structure as 

des crihed above. This embodiment relates to the case where the 

silicon single substrate is applied to a recording head having 

4 no221e opening trains. In the drawing, reference numerals 

10, 10, 10 ••. designate through-holes fonning respective 

pressure gene:ating c~era. . Thaae area £o%Jllod a.a 

through-ho1ee by anieotropic etching of the two •id•• of the 

eilicon •ingle cxystal. eubetrate in the eame JD&nner ae 

described above. In one end of each of the through-holes 10, 

10, 10 ••• , that is, ~n a aide oppo•it• to the nossle opening 

.. -

RE°'"\LAfin?, .i:-;tor:-"l Slffi'PT l' vC.ltJ_:u.li. u .... ___ 1L:JJ. 

.. ·:' 

I ~;N;m6J : 
1 

·-------·---···.--J 
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s.1.de, there B%'B f o:Jned thJ:"ou9h-hales 11, 11, 11 • • • to f oxn inJc 

supply ports. Unlike the aforementioned embodiment, theae 

through-holes ll, 11, ll. • • . are arranged so as i:o ba parallel 

to each other to form an angle of 35 • with respect to an axial 

line of the through-holes as pressure genaxating chambers. 

Through-holes 12, 12, 12. • • as resenoirs a.re connected to the 

through-holes 11, 11, 11 ••• as the respective groups of ink 

supply ports • Further, inlc flow-in ports 13, 13, 13 ••• 

. being in communication with an ink tank are connected to respective ones 

of the through-holes 12, 12, •.• The through-holes 10, 10, 

10 ••• forming pressure generating chambers and the 

·through-holes 11, 11, 11 ••• foxming ink supply ports are 

connected to each other at an angle of about 110•,_as shewn in 

Fig. 4(b). Because they are accordingly arranged so that 

discontinuous portions a.re reduced as much as possible, points 
-of connection between pressure generating chambers and ink 

supply p~rts are smoothed so that bubbles and the like Ci!lll be 

prevented from. stagnation. 

Although the aforementioned embodiment concerns the 

case where pressure for jetting ink droplets is generated by 

changing the shape of each of the press\1%e generating chambers 

through the pie3oelectric vibrat~r• cf the plate member, the 

aa.e •f fec-c can be ach.ievad .in tho ca•• where electric 

reei.etance element.a 19, 19, 19 ••• a:r• fixed to the plate 

member 3 and mounted in the through-holes la, la, la ••• 

con.etitut.ing preeeure gene:atin~ ~~~!.t..-.•~L.!LOVft in i'S..9. 5. 

RlWt:\;~ .. :::.:· F·_: : . ::. ·.:.:'.·~T · 
.-....-.. ~ ........ -.. ~ ..... ._.,, -- __ .. ..;.....:.-·-·--· 
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In 'the latt:er eml>od1ment, pressure sutficJ.en~ to jet ink 

droplets c.-n be generated through instantaneous evaporation of 

a very small amount of ink due to Joule.heatin; by •upplying 

electric currents to the electric resistance elements 19, 19, 

19 ••• in accordance with printing signals. 

Fig. 6 shows the process of produc:inq the 

aforementioned spacer. In the drawing, reference numeral 20 

designates a silicon single c.rystal substrate. of crystal 

orientation (110) having a thickness of, fer example, 220 µ.m, 

necessary for functioning as a spacer. A silicon dioxide film 

21 having a thickness of, for example, about l µm, necessaxy· 

£or functioning as a protective film in anisotropic etching is 

formed on the whole surface of the silicon single C%Y•tal 

substrate by the method of heat oxidation (Fig. 6(a)). 

Hydrogen fluoride resisting protective films 22 and 23 . 
having windows 24 and 25 coincident with the aforementioned 

through-holes la, lb and le are formed on front and rear 

surfaces of the substrate 20 coated with the silicon dioxide 

film 21 by photolithoqraphy (Fig. 6(b)). 

When etc:h.ing is carried out with h-ydrooen fluoride in 

this condition, the silicon dioxide film 21 is partly removed 

in accordance w~th the window• 24 .and 25 to fo;cm through-holes 

la, 1b and le. Ae A reeult, ailicon dioxide filsac 28 and ~g 

having window11 2G e.nd 27 for eJ.licon einqle crystal etching are 

fonned (Fig. 6(c})· 

;. , .. 



-------··-·--····-----

14 

When e~ching is carried out with an aqueous solution of 

about 17% potassium hydroxide kept at a constant temperature, 

for example, 80°C, in the stage in which silicon dioxide 

patterning is finished as described above, portions of the 

windows 26 and 27 are selectively subjected to etching in 

parallel to the plane of crystal orientation (111) from the 

front and rear surf aces at a speed of about 2 µm per minute 

with use of the silicon dioxide patterns 28 and 29 as 

protective films (Fig. 6(d)). 

In the stage in which a through-hole 30 is formed by 

anisotropic etching from the front and rear surf aces in the 

aforementioned manner, the silicon dioxide films 28 and 29 used 

as masks are removed with hydrogen fluoride and then heat 

oxidation is carried out again to form a silicon dioxide film 

31 having a sufficient thickness, for example, about 1 µm,· as 

a protective film on the whole exposed surface. As a result, 

the silicon dioxide film 31 is used as a protective film 

against ink (Fig. 6(e)). 

In execution of anisotropic etching of such a silicon 

single crystal substrate having the plane of crystal 

orientation { 110) as a surface, ( 111) planes inclined with 

respect to the crystal orientatio~ (110) as shown in Fig. 7 are 

formed using a target pattern. 

Accordingly, when the flow passage resistance is to be 

adjusted in accordance wit~ the depth or when the spacer and 

the nozzle plate are to be constituted by one substrate, the 
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cont1guration·of flo- P•••a;ea is complicated because etching 

is stopped at the stage in which planes inclined with respect 

to the surface of the sUbstrata are foi:med. on ue conua:y, 

when etching is carried out so that the substrata ~· pierced 

thoroughly, such inclined planes are eliminated 10 that 

respective surfaces partitioning a through-hole are formed 

perpendicular to the surface of the substrate. As a result, a 

flow passage of the size defined by the etching pattern can 1>e 

formed. 

Fig. B shows a producing process in the case where a 

silicon oxide crystalline substrate, for example, z-cut 

synthetic cxystal, is used as a substrate cons ti tutinq a 

spacer. In the drawing, refeJ:enca numeral 4 O designates a 

2-cut synthetic crystal substrate having a thickness, for 

example, of 220 µm, necessary for functioning as a spacer. A 
metal film 41, for example, a 50 nm (500 angstrom) chromium and 

100 nm { 1000 angstrom) gold film, is formed on the whole 

surface of the substrate by sputtering (Fig. B(a)). 

Films 44 and 45 having windows 42 and 43 coincident 

with the aforementioned through-holes la, lb and le are fo.i:med 

on front and rear surfaces of the substrate 40 coated with.the 

i.atal protective film 41 by photolithography (Fig. B(b)). 

~hen, t:.ha gold film and th• chrom.iwn fi1m are etched 

with an a~uaou• solution o~ po~ssiwn iodide and iodine and an 

ammoniated cerium nitrate etching solution, respectivel~, and 

REPLACEivIBNT SHEET 
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then the res1.s't f11m is removed with a sglutian of nJ.tri.c acid 

and hydrogen peroxide (Pig. B(c)). 

When etching is started from the two surfaces of the 

substrate with an ammonium bifluoride saturation aqueous 

solution or a mixture solution of hydrof lucric acid and 

ammonium ~luoride kept at a p::edetmmined temperature, for 

example, 80°C, in the stage in which a pred~te::mined etching 

pattern is formed in the aforementioned manner, etching 

proqresses .at a speed of 70 ~m per hour (Fig. S(d)). 

When the etching of the substrate is finished, the 

metal film 41 is removed with an aqueous solution of potassium 

iodide and iodine and an ammoniated cerium nitrate etching 

solution (Fig. B(e)). In the case where a silicon single crystal substrate 

is used, it is preferable 'tjlat a silicon dioxide film be fo.i:med 

as a protective film. It is, however, unnecessary to form a . 
specific protective film, because the crystal has an inherent 

resistance to chemical corrosion.· 

On the other ha.nd, in the case where through-holes are 

fol:llled by etchinq of the synthetic crystal substrate 40, 

ovarhanging portions SO, SO a.s shown in Fig. 9(a) are produced 

from the point of view of the characteristic of the aaaterial. 

By car:ying out over-etching in this condition, however, 
. 

nothing but ove:hangLnq portions Sl with a small projecting 

length 6L i• produced though tho area of an opening of the 

through-hole is increased slightly (Fig. 9(b)). 

·. · .. ~ ·. 

•.•· 
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BecausG over-etching 1a, however, • 

through-hole in which overhanging portions 54, 54 havinq a 

projecting length ~L' as small as possible remain can he formed 

by etching a plural! ty of thin synthetic: crystal substrates S3, 

53 in the aforementioned manner, and then laminating the 

plurality of. substrates into a predetermined thickness, as 

.shown in Fiq. 10. In the case where one space: is formed by 

laminating a plurality of substrates, means of softening- the 

substrates while applying pressure thereto or means of adhering 

the substrates by a general adhesive agent may be used. 

The spacer formed in the aforementioned manner is fixed 

so as to be inserted between the nozzle plate and the plate 

member to thereby define a flow passage constituent maber. In 

doing so, respective joint surfaces may be welded under 

pressure after applying an adhesive agent onto the respective . 
joint surfaces. Because such assembly using an adhesive agent 

can be perfo~ed at ordinary temperatures with respect to the 

spacer, the nozzle plate and the plate member, there arises an 

advantage i.n that not only is the assembly work simple, but 

ras~dual heat d~stortion ca~sad by the difference between the 
. 

expansion coefficients of the respective members as in the case 

of e.n alloy joining aethod ie preyented. 

When an adheaivc agent .ie u••d at the tiae 0£ joining, 

the:re i.11 1 however, a problem in that the adh~Hive agent 

overflows from the surf aces of adhesion to the through-holes 
~ 

eupply porte 

·~..:·. 
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to thereby ~educe the volwae of each of the thxough-holee a,nd 

to thereby change the ink discharge czuantity, even in the case 

where the quan'C1'ty of adhesive agent applJ.ed 1• carefully 

controlled. 

Fig. ll shows an embodiment ot a spacer improved to 

cope with this problem. In t.he drawing, reference numeral 60 

designates a spacer member constituted by a silicon single 

crystal substrate or a· synthetic crystal. The spacer ~mber is 

formed so that chamfered. portions 62a, 62a, 62a ••• having an 

angle 9 with respect to other surf aces of adhesion are provided. 

in edges of partitions 62 partiticninq through-holes 61 

constituting press\U'e generating chambers and ink supply ports 

so as to extend in the direction of length of the partitions 

62. 

The spacer 60 foX"Jaed in the aforementioned manner is . 
joined with pressure to the plate member 67 abutting the 

piezoelectric vibrator~ 66 and the nozzle plate 65 with the 

nozzle openings 6Sa after the adhesive agent 63 (Fig. 11 (b)) is 

applied onto the surface thereof. · Thus, an ink-jet type 

recording head is assembled. 

The adhesive agent 63 overflows from the gap between 

the spacer 60 and the nozzle pla~e 65 and the gap between the 

apacar 60 and the plate member 67 by preaau~• bonding after 

.application tha:raof. The overflowing adhesive agent 6.la enters 

into sectionally V-shaped spaces 68 fonnad between the 

chamfered portions '~a and th~-~~~· of thG plate aamber 67 
·REP·· . ,1 le ri;:~ \!(\.,'\t ;: i -?~.:~lE·"'7f• 
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or ~e nozzle plate ''' ~. received ~n these space• and •preada 

along the chamfered portions. Accordingly, the fo%'Jlllltion of 

spherical p:ojection1 in specific point• J.s preven1:ed; as well 

as the change of compliance of the plate ael'IJ:>er &7, the 

increase of fluid resistance of the ink supply ports to a 

larger value than a set value, and the reduction of the volume 

of each of the pressure generating chambers to a smaller value 

than a sat value. 

Fig. 12 shows an embodiment in which a spacer is fo:med 

by anisotropic etching of a silicon single crystal substrate. 

In this embodiment, isotropic etching with hycb=ofluoric acid is 

applied at the stage in which anisotropic etching is finished. 

When such isotropic etching is applied, the speed of etching of 

acute regions such as edqe lines formed by the pa~itions 62 

partitioning the through-holes foxmed by anisotropic etching 
-

and the surface becomes larger th2n the speed of etching of 

flat portions so that the edge portions are substantially 

selectively subjected to etching. 

I.n such chamfering using etching, each section is 

shaped like a circular arc, but sectionally V-shaped concave 

spaces are formed between the nozzle plate and the plane of_ the 

plate member so that the adheaiv~ agant overflowinq from the 

•urfacas of adhesion c~ ba abeorbed by tha spaces. 

An adhesive agent having a high vi•cosity such as an 

epoxy adhesive agent, etc., is used for joining of these 

members, Becauee the adhaaiv• agent ~· applied by a screen 
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pr1n't.1ng .ms1:.hod, a pad ~ransterr1ng JMtUiod, a ro11 caa'ting 

method, etc., th• quantity of the adhesive a9ent applied can he 

controlled with a high accuracy. As a result, the function of 

the chamfered portions 62a and 62b is not affected as long as 

spaces capable of absorbing the adhesive a9ent overflowing from 

the surfaces of adhesion are available. It has accordingly 

been confizmed that a volume capable of absorbing the adhesive 

agent can be secured without reduction of the strength of the 

wall surfaces as long as the width 6w or radius R of each of 

the spaces is in a range of from about 1/12 to about 1/6 the 

thickness cf each cf the partitions 62. 

Fig. 13 shows another embodiment of an ink-jet type 

recording head according to the present invention. In the 

drawing, reference numeral 70 designates a silicon single 

crystal substrate or a crystal substrate having crystal 
-orientation (110) and having a thickness sufficient to fox:m a 

spacer. As described above, through-holes 71, 71, 11 ••• to 

foJ:m pressure generating chambers, through-holes 72, 72, 72 •.• 

to farm ink supply ports, and a. through-hole to fo.nn a 

reservoir (not shown) ara foJ:med by etching. 

In this embodiment, wall surfaces 7la , 7la of the 

through-holes 71, 71 to form pres~ure generating chamber• and 

wAll eu:facee 72a, 7~• o~ the through-hol•• 74, 7~ to foxm inlc 

supply pert~ are arranged ~ecticnally rectangularly so that one 

surface thereof has a plurality of fine planes 7la-a, 71a-a, 

REPLACEMENT SHEET 
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71a- a ••• and 12a-a, 72a-a, 72a-a ••• and predetexa!.ned steps 

7la-b, 1la-b, 7la-b ••• and 72a-b, 72a-b, 72-a-b ••• 

Grooves 73a and 74a ez"Cend1ng 1.n 1:be dir•ct:ion. .of 

thickness are fo%lDed in surfaces 73, 73, 73 ••• , 74 1 74, 74, ••• 

which do not substantially contribute to foxming the 

aforementioned fine planes.· 
. 

When an adhesive agent 76 such as an epoxy adhesive 

agent is applied onto surfaces of the thus-formed spacer. 70 by 

a screen printing method, a pad transferring method, a roll 

coating method or the like to form a predetermined thickness 

(Fig. 14(a)) and then the nozzle plate or plate member 77 is 

pressed by a predetel:m.ined amount of pressure F, the adhesive 

agent surplus 76a "overflows to the wall surface side of the 

spacer 70 (Fig. 14(b)). 

The adhesive agent spreads along the fine planes 7la-a . 
and 72a-a due to its surface tension (Fig. 14(c)), and then the 

rectangular spaces constituted hy the fine planes 7la-a and 

72a-a and the steps 71a-b and 72a-b are filled with the 

adhesive agent (Fig. 14(d)). The adhesive agent, overflowing 

to relatively narrow wall surfaces 73 and 74, is brought into 

the grooves 73a and 74a by capillary force so that the adhesive 

agent cannot overflow to the sur~ace. 

Althou9h tha a£oram.cantioned embodimant r•latas to the 

c•s;ca where fine pl&noa a.re provided only in wall 

surfaces to fo:m pressure· generating chamber• and ink supply 
. 

ports in which ••ctional area• must be controlled rolatively 

tHlS ~~g$T, ~fa...~ nF.t~N 
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Sl:r~Ctly, !~ is apparent that the aame effect ia achieved in 

the case where a wall surf ace 81 of a through-hole 80 to form 

a·raservoir and a wall surface 82 for limiting an 1nlc supply 

port 83 are foxmed sectionally rectanqularly so that the wall 

surfaces Bl and 82 have fine planes Bla, Bla, Bla ••• and 82a, 

82a, 82a... and predetemined steps Slb, Slb, Blb... and 82b, 

82b, &2b ••• , shown in Fig. 15, in the same manner as described 

above. When sectionally rectangular planes are. formed with 

respect to a reservoir, the overflowing of the adhesive agent 

to the through-holes is prevented so that an ink-jet type 

recording head higher in quality can be realized. 

Fig. 16 shows a further embodiment of an ink-jet type 

recording head according to the present invention. In the 

drawing t reference numeral es designates a silicon single 

crystal substrate or a synthetic crystal substrate having a 
. 

thickness suitable for f oI:mi.ng a spacer. Through-holes to foz:m 

pressure generating . chambers 86., ink supply ports and 

reservoirs are formed by etching. Further, the surface of the 

spacer joined with the nozzle plate BB havinq the nozzle 

openings 8Ba and the plate member 89 by the adhesive aqent is 

roughed by an abrasive material or grinding stone· of mean 

particle size such that concave-ponvax portion• SSa and BSb 

with eurface roughn••••a of the order of micrometers are formed. 

Accc:rdi.n.g to thi11 eniboc:U.ment, the applied adhesive 

agent flows into the concave-convex portions of the ~u.rfacee. 

When the nozzle plate and the plate member aro welded with 

...__ _____ ········- ....•... 
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pressure ~n this cond1~1on, 't.he adhes~ve agen~ surplus tendini 

to flow o~t of the regions of adhesion is kept back by the 

capillary force cf the concave-convex portions of the rough 

surfaces.so that the adhesive agent surplus is prevented trcm 
overflowing. As a result, the choking of the nozzle openings 

and the change of the volume of each of the pressure genera.ting 

_chambers and the ink supply ports is prevented. 

Fig. 17 shows a further embodiment of the present 

invention. In the drawing, reference numeral 90 designates a 

spacer constituted by a silicon single Cl:Ystal substrate or a 

synthetic cryst~l substrate. A nozzle plate 91 having nozzle 

openings 9la and a plate member 92 are fixed to one surface of 

the spacer and the other surface of the spacer respectively by 

an adhesive agent. The spacer and pressure generating devices 

such as piezoelectric vibrators 9 3 in this embodiment are fixed . 
to a pedestal 94 so that a pressure change is induced in the 

pressure generating ·chambers by the displacements of the 

piezoelectric vibrators 93 to thereby discharqe ink droplets. 

In the spacer 90, throuqh-holes 95 to form pressure 

generating chambcara, through-holRs 96 to form ink supply ports 

and a through-hole 97 to form a reservoir are formed .by etching 

in the aforementioned znannar. 

A plurality of partition portion• 9Sa, 98a, 98a •••• 

for limiting fluid reaist4nce cf the ink supply porte aro 

arranged as shown in Fig. 18. In this embodiment, the 
partj_tj,on portions extend toward the through-hole 97 ei.de·, that 

---·~ .. --......;;;;;;;:.;., 
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is, toward the reservoir side, so that the length ot a 

· partition portion increases as the partition portion is 

arranqed every four through-holes so aa to be far f xom an iDk 

flow-in port 99 communicatingwith an ink tank. 

In this embodiment, the flow of ink frml the ink supply 

port 99 is partly inhibited by the partition portions 9Bb, 

9 Bb. • • extending toward the reservoir 10 that the ink flow is 

converted into an ink flow toward the through-holes 9 6, 9 6, 

96 .•• to form ink supply ports in the vicinity of the 

partition portions. On the other hand, a part of the ink flow 

not inhibited by the partition portions 9 Sb, 9 Bb. • • enters the 

deeper side so that the other partition portions 98h, 98b ••• 

extending thereto convert the ink flow into an ink flow toward 

the through-holes 96, 96, 96 ••• to form ink supply ports 

placed in the vicinity of the partition portions. 

As described above, accordincr to the present invention, 

there is provided an ink-jet type recording head including a 

noz:zle plate provided with nozzle openings for jetting ink 

droplotc1 a spacer provided with pa=titions for partitioning 

pressure generating ch&mbara, in.le supply port& and raaorvoirs; 

a plate member fixed to the other surface of the spacer s~ as 

to be cppoai te to the nozzl.e ple.te, tho nozzl.e plate, the 

spacer e.nd the plate nember being fixed to each oth•~ .i.n a 

sandwich-l.~ke arrang•m•nt; and a pressure generating aeana for 

applying a change of pressu%e suitable for fo.nuing ink droplets 

to the pressure genera~1nq chambers; charac~erized ~n 'Chat the 

iEPi7~~B:.0;~:~j~:~i:1filfri\ 
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spacer 1• foJ:mad ~y e~ch1ng a •ilicon cryatalline aubatrate or 

a silicon oxide crystalline substrate from its opposite 

surfaces so that the pressure generating· chambers, the 1nJc 

supply ports and the reservoir• are fo:med in the foD1 of 

through-holes communicating with each other; and the spacer is 

formed in the fox:m cf a cantilever so that the partitions for 
• I 

partitioning the pressure generating chambers and the ink 

supply ports are connected to a body on the nozzle opening 

side, and the partitions fol:m free ends on the reservoir side. 

Accordingly, with this arrangement not only can the volume and 

fluid resistance be controlled with high accuracy because the 

spaces partitioning the pressure generating chambers, the ink 

supply ports and the reservoirs can l>e formed by etching under 

the same conditions, but the ink can flow without stagnation 

while the wasteful action of surface tension is eliminated 
. -

because the wall surfaces partitioning the through-holes are 

perpendicular to the surface of the substrate. 

·~ ........ ~ ......... _.,,.... __ 
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CLAIMS 

REPLACEMENT S.,JJilfi1t 
f~~,-~-~NOV" 1996J 
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. . . -_ .:: .. · ~;.:;.:_i;';.~~ 
1. An ink-jet type recording head comprising: a nozzle plate 

(2; 65; 77; BB; 91) provided with nozzle openings {2a; 

65a; 8Ba; 9la) for jetting ink droplets; a spacer {l; 60; 

90) provided with partitions (62) defining pressure 

generating chambers, ink supply ports and reservoirs; 

said nozzle plate {2;-65; 77; 88; 91) being fixed to one 

surface of said spacer (l; 60; 90), a plate member (3; 

67; 89; 92) fixed to the other surface of said spacer (l; 

60; 90) so as to be opposite to said nozzle plate (2; 65; 

77; 88; 91), said nozzle plate {2; 65; 77; 88; 91), said 

spacer {l; 60; 90) and said plate member (3; 67; 89; 92) 

being sandwiched and fixed to each other; and a pressure 

generating means for applying a change of pressure for 

forming ink droplets to said pressure generating 

chambers; characterized in that: 

said spacer ( 1; 60; 90) is formed by etching one of a 

silicon crystalline substrate and a silicon oxide 

crystalline substrate from its opposite surfaces so that 

said pressure generating chambers, said ink supply ports 

and said reservoirs are formed in the form of through­

holes {la,b,c; 10, 11, 12; 71, 72; 95, 96, 97) 

communicating with each other; and 

said spacer ( 1; 60; 90) is formed in the form of a 

cantilever so that said partitions (62) for partitioning 

said pressure generating chambers and said ink supply 

ports are connected to a body on the nozzle opening side,· 

and said partitions (62) form free ends on the reservoir 

side. 

2. An ink-jet type recording head according to Claim 1, 

wherein said silicon crystalline substrate is a silicon 

single cry~tal substrate having a crystal orientation 

\ \llllll \l\I\\ Ill\\ l\1\1 \l lll\ 
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( 11 O) , and wherein wall surf aces ( 7 la, 7/~ a partitioning 
"<f.t 

said through-holes (71, 72) are formed as surfaces 

perpendicular to a surface of the substrate. 

3. An ink-jet type recording head according to Claim 1 or 2, 

wherein one-side wall surfaces partitioning said ink 

supply ports and said pressure generating chambers are 

formed in the same plane. 

4. An ink-jet type recording head according to one of the 

preceding Claims, wherein one-side wall surfaces 

partitioning said ink supply ports are formed so as to be 

the same plane as that of wall surf aces of the side in 

which wall surfaces partitioning said pressure generating 

chambers intersect at an acute angle. 

5. An ink-jet type recording head according to one of the 

preceding Claims, wherein said silicon oxide crystalline 

substrate is.a synthetic crystal substrate. 

6. An ink-jet type recording head according to one of the 

preceding Claims, wherein said partitions ( 62) of said 

spacer (60) have chamfered portions (62a) with a width of 

from about 1/12 to about 1/6 as much as the width of said 

partitions (62), in lengthwise edge lines opposite to 

said nozzle plate { 65) and said plate member ( 67), and 

wherein said spacer ( 60) is fixed to said nozzle plate 

(65) and said plate member {67) by an adhesive agent {63) 

so that spaces defined by 

said nozzle plate (65) 

function as adhesive agent 

said chamfered portions (62a), 

and said plate member (67) 

(63) absorbing spaces. 

7. An ink-jet type recording head according to one of Claims 

1 to 5, wherein said spacer is formed so as to be 

rectangular in section so that each of the partitions 

thereof is ·constituted by a plurality of planes (7la-a, 

l lllllll llllll 1111111111111111 
* C L M S * 

THIS st:n:tf HAS BEEN 
.· ·R"EPtACED 

' .. ~· .. : . . 



28 

72a-a) and predetermined steps (7la-b, 72a-b), and 

wherein said spacer is fixed to said nozzle plate and 

said plate member by an adhesive agent (76) so that said 

steps {71a-b, 72a-b) function as adhesive agent (76) 

absorbing spaces. 

8. An ink-jet type recording head according to one of the 

preceding Claims, wherein surfaces of said spacer (l; 60; 

· 90) are roughened. 

9. An ink-jet type recording head according to one of the 

preceding Claims, wherein said pressure generating means 

are constituted by piezoelectric vibrators (4; 93) which 

vibrate in an axial direction, said piezoelectric 

vibrators ( 4; 9 3) being fixed at one end to a pedestal 

(5; 94) so that their one end abut respective diaphragms 

opposite to said pressure generating chambers, and 

wherein predetermined regions of said ink supply ports 

and said reservoirs are fixed to said pedestal (5; 94). 

10. An ink-jet type recording head according to one of the 

preceding Claims, wherein said pressure generating means 

comprise heaters for generating Joule heat fixed to the 

plate member partitioning said pressure generating 

chambers. 

11. An ink-jet type rec·ording head according to one of the 

preceding Claims, wherein said partitions partitioning 

said ink supply ports extend toward the reservoir side in 

a manner so that said partitions increase in length at 

every plural ones of said partitions in a direction away 

from an ink supply port for an ink tank. 

1111111111111111111 11111111111 
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INK-JET.TYPE RECORDING HEAD 

AQSTRACT 

Described is an ink-jet type recording head including a 

nozzle plate (2) provided with nozzle openings (2a), a spacer 
(1) provided with partitions for partitioning pressure 
generating chambers, ink supply ports and reservoirs, and a 
-plate member ( 3) which are sandwiched and fixed together. 
Displacement of the plate member (3) is produced by 
pie~oelectric vibrators (4) to thereby generate ink droplets. 
The spacer (1) is formed by anisotropic etching of a silicon 
single crystal substrate so that the pressure generating 
chambers, the ink supply ports and the reservoirs are formed 
as through-holes conununicating with each other. Accordingly, 
etching conditions for the respective through-holes are made 
equal to each other. Particularly, through-holes small in 
sectional area such as the pressure generating chambers and 
the ink supply ports can be formed with a high accuracy. 

FIGURE 1 
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tfon portions. . 
Accordingly, with this arrangement not only can the 

volume and fluid resistance be controlled with high 
accuracy because the spaces partitioning the pressure 
generating chambers, the ink S1.4JPIY ports and the res· 
ervoirs can be. formed by etching under the same ccncfi· 
fans. but the ink can flow without stagnation while the 
wasteful action of surface tension is eliminated because 
the wan surfaces partitioning the 1hrough--holes are per· 
pendic.dar to the surface of the substrate. 
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1. An ink-jet type recording head comprising: a nozzle 

plate (2: 65: 77: 88; 91) provided with nozzle open­
ings {2a: 6Sa: aaa: 91a) fer jetting ink droplets: a 
spacer {1 ; so: 90) provided with partitions {62) 

defining pressure generating chambers, ink supply 
ports and reservoirs: said nozzle plate (2: 65; 77: 
88; 91) being flXed to one surface of said spacer {1: 

60: 90), a plate merriler (3: 67: 89; 92) fixed to the 
other surface of said spacer {1; 60: 90) so as to be 
opposite ta said nozzle ptate {2: 65: n: 88: 91), 

said nozzle plate (2: 65; 77; 88: 91), said spacer (1: 

- 60; 90) and said plate merrber (3: 67: 89; 92) being 
sandwiched and fixed to each other: and a pressure 
generating means far applying a ~~ge of pres­
sure far farming ink droplets to said pressure gener­
ating chambers: characterized in 1hat: 

said spacer {1: 60: 90) is formed by etching one 
of a silicon crystalline substrate and a silicon 

oxide crystalline substrate from its apposite 
·surfaces so that said pressure generating 
chambers, said ink supply pons and said reser­
voirs are farmed in the farm of through-holes 
(1a.b.c: 10, 11. 12; 71. 72: 95, 96. 97l commu-
nicating with each other: and 

said spacer (1 : 60: 90) is farmed such that its 
partitions (62) far partitioning said pressure 
generating chambers (1 a: 1 o: 71: 95) and said 
ink Sf.4lPIY pons (1b: 11: 72: 96) are in the far"' 
at cant11evers wnidt have their free ends adia-
cent the reseMir (1 c; 2: 97) and which are 
connected ta a body on the nozzle opening 
side. 

2. Ar1 ink-jet type recording head according to Claim 1. 
wherein said silicon crystaOine substrate is a smco·n 
single crystal substrate having a crystaJ orientation 

. (110), and wherein wan surfaces (71a. 72a) parti­
tioning said through-holes (71, 72) are formed as 
surfaces perpendicular ta that (110) surface of said 

11111111111111 111111111111 1111 
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substrate whic:tl is fDCed ta said nozzle plate. 

REPLACEMENT SHEET 

16 APR 1998 
R PLACErv1EN 

3. An ink-jet type reccrding head acccrding to Caim 1 
or 2, wherein one surface (1b-a) of said wails parti­
tioning said ink supply perts (1b) is farmed in the 
same plane as one surface (1 a-a) of the walls parti­
tioning said pressure generating cnambers (1 a). 

4. An ink-jet type recording head act;arding to one of 
the preceding Claims, wherein one surface of the 
waifs partitioning said ink supply pans is farmed so 
as to be in 1he same plane as that of one of 1he wall 
surfaces partitioning said pressure generating 
c:harmers at a side where two of said wall surfaces 
iitersect at an acute angle. · 

5. An ink-jet ~ recording head ac:carding ta one of 
the preceding Claims, wherein said siRcon oxide 
crystaJ6ne Slbstrate is a synthetic crystaJ substrate. 

6. · An ink-jet type recording head according· to one of 
1he prececfmg Claims, wherein said partitions (62) 
af said spacer (60) have chamfered portions (62a) 
with a width of from about 1/12 to··abcut 116 as 
much as the width of said par1itions (62), in length­
wise edge rrnes apposite to said nozzle plate (65) 
and said plate mentler ·{67). and wherein said 
spacer (60) is flXed ta said nozzle plate (65) and 
said plate meni>er (67) by an adhesive agent (63) 
so that sj,aces defined by said chamfered portions 
(62a), said nCZzie plate (65) aria said prate member 
(67) function as adhesive agent (63) absorbing 
spaces. 

7. An ink-iet type recording head according ta one of 
Claims 1 ta 5, wherein said spacer is formed so as 
to be rectangular in section so 1hat each of 1he par­
titions thereof is canstituted by a plurality of planes 
(71 a-a. 72a-a) and predetermined steps (71 a-b.. . 
72a.tl). and wherein said spacer is fixed to said 
nozzle plate and said plate member by an adhesive 
agent (76l so that said steps (71 a-b. 72a-b) func· 
1ion as adhes1Ve agent (76) acscrt>ing spaces. 

I IJlll~ 1111~ 11~1111(111 IJll 
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8. An ink-iet type recording head according to one of 

the preceding Claims, wherein surfaces of said 
spacer (1 : 60: 90) are roughened. 

9. An ink-jet type recording head according to one of 
the preceding Claims, wherein said pressure gen· 
erating means are constituted by piezoelectric: 
vibrators {4: 93) which vibrate in an axial direction, 
said piezoelectric vtbrators (4; 93) being fixed at 
one end ta a pedestal (5; 94) so that their one end 
abut respec:tive diaphragms opposite to said pres· 
sure generating chambers. and wherein predeter· 
mined regions of said ink supply perts and said 
reserwirs are flXed to said pedestal (5: 94). 

10. An ink-jet type recording head according to one of 
1he preceding Claims. wherein said pressure gen­
erating means c:cmprise heaters fer generating 
Joule heat flXed ta the plate meniler par1itianing 
said pressure generating charriJers. 

11. An ink-jet type recording head according to one of 
the preceding Claims. wherein said pariitions par1i.;. 
1ioning said ink supply ports extend toward the res· 
erJair side in a manner so that said partitions 
inaease in length at wery plural ones of said par1i· 
tions in a direction away from an ink supply port for 
an ink tank. 

11111111111111 11111 1111111 1111 
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ABSTRACT 

IBK-JET TYPE RECORDING BEAD 

REPLAtfMENT SHEET 

I H> APR 1998 ] 

. I 
REPLACEMENT SHEET 

Described is an ink-jet type recording head including a 

nozzle plate (2) provided with nozz.le openinqs (2a), a spacer 

(l) provided with partitions for partitioninq pressure 
generating chambers, ink supply ports and reservoirs, and a 
.plate member (3) which are sandwiched and fixed toqether. 
Displacement of the plate member ( 3) is produced by 

pie~oelectric vibrators (4) to thereby qenerate ink droplets. 
The spacer (l) is fo~ed by anisotropic etching of a silicon 

sinqle crystal substrate so that the pressure generatinq_ 

chambers, the ink supply ports and the reservoirs are fol:llled 
as throuqh-holes communicating with each other. Accordinqly, 
etching conditions for the respective through-holes are made 

equal to each other. Particularly, throuqh-holes small in 
sectional area such as the pressure gene.rating chambers and 

the ink supply ports can be fo~ed with a high aecuracy. 

FIGURt l 
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