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This invention relates to ink jet printing heads of the ink-on-demand type.
Ink jet printing heads of the ink-on-demand type having 5 a :
pressuri-zatjQn chanber whose vol une can be reduced by mechani ocal d@&m?
upon ener ' on of a piezoelectric elenent thereby to eject liquid ink

t hrough a e communi cating with the pressurization chanber, are draw ng
attention pCe the energy required for P=inting is small and they can be
provided with a 1Q plurality of nozzles. Al though the structure for
injecting ink is quite sinple, ink jet printing heads have not been :

conpl etely anal yzed -t heor et i cal*tyk aXETt PRINTANG iBEABY ect ed under transient ™
conditions and the pressure, rate of flow, etc. are difficult to neasure 4

due to the snmall size THist haventiohiredabesnco itk jet printind/\helds cof tipact

ink jet printing heads having 24 or nore nozzles for printing Chinese
characters, an i nidikepduddmapdetyperi zati on chanber and piezoel ectric el enent

I s associated with each nozzle and should preferably be of small size.

However, it has not. be®sk detapriating hieads tifcthe dsktan-Aenirsh type Hawing 0

can be reduced in size because of the inconplete theoretical analysis, and
conventiona$ly pizasessunizaticn chamher. wheseevbhume care denhedicefldye mechanical

t hi ckness tp approxinmately equal to 0O 3 mm and-a di aneter D approxi mately

equal to 5 nm or dstertian upen repergisgtion cfcapiesootdctnic redenent; therebyt z¢ ..
generate a small driving 25 force and require an increased .drive g
vol tage, and hencke [edeet liquid inkpehnough & ngesle] compunisating witlcdheexanpl e, ‘éf
Stemme eal . propose in | EEE, Transaction on El ectron Devices, ED 20 No. 1, 7

14 (1973) an arr RRAGTERIZAMAER SHABPET pre drawing attention,8inqe: theeneraw| in
_required for printixig is small and they can be provided with a

10 plurality of nozzles. Although the structure for injecting ink
is quite simple, ink jet printing heads have not been completely
analyzed theoretically as the ink is ejected under transient
conditions and the pressure, rate of flow, etc. are difficult to
measure due to the small size of the printing head.

15 With very compact ink jet printing heads having 24 or more
nozzles for printing Chinese characters, an ix_zdividual \%
pressuriéa;ion chamber and p_iezoelectric element is associated
with each nozzle and should preferably be of small size.

However, it has ﬁot been clear as to how the pressurization chambex

20 ca.nl be reduced in size because of the 1nccmple£e theoretical
analysis, and conventionally piezoelectric elements. have been ﬁd
which have a thickness tp approxiﬁately equal to 0.3 mm and.-a.
diameter D approximately equal to S mm or more. Furthermore,

piezcelements which are of small size generate a small driving

25  force and require an increased drive voltage, and hence have



preprint No.-6 in a preprint collection for the 8th National 5°
Conference, 1980 of the Picture Inmage El ectronics Society suggg
rect angul ar -pi ezoel ectric elenent having t =0.3 nmhas the p P&
mechani cal distortion. The size of this piezoelectric el ement \&E=Assuned to
be about 2 mm x 15 nm and hence such a piezo- electric elenent is not
satisfactory fromthe standpoint of 10, _ reduction of size The | arger
the area of a piezoelectric elenent, tﬁe hi gher the cost. It is difficult
to make a highly-conpact printing head with a plurality of nozzles since a

correspondi ng nynber_ of . piezogl ¢ 1 C.qel e t oy, ded. er a
| ar g\e..«s:gunber gof lf’t?B?z‘f"é’?i Es ?'Lspex %tﬁ%%]i'ncgge‘{]a%%t'hggglﬂéex%% &t' h%M%EGQV

. lectri | - t{n ' d
0 CEhe! v o HATERNS PRl ol EBcEiod 200 EBLaPS, i vt

Ve pressurl zation chanbers and hence in an
i ncreased resjstange

rdr ahbrdty YO mR Thrla S © ualtsQith TeRShB t@nce in

. brdiK
turn necessitates an%#i:rease |n’?heparea of the piezoelectric elenent to

obtain a great eipgrane bl 4 18 £ YRPridOSollReha 10k, Lot NatdoMdr! OUS
circle. The present 1 nvention seéks"to provide an ink jet printing head of
smal | si zeg W t NQiynebpdiide’; | THB0AEE | tife’ PEGRTellniage MIIctRGELdSSEEIME! Sugest
According to one aspect of the present invention there is 25 - provided
an ink jet printinad deRdeamflled pikzoeDéctaiodleabn® haolR =), Aimm has3the
passageway. ext endi ng between the pressurization chanber afd a nozzle

t hPedgh whi ch, igestPestilcl 68 medhaiilcalsdndtortipn.d Tk sdze of ehiepiesvelectric
Vi th;a’tory plate constituting at least a portion of the wall of the *
pressuri zati on céluaent isaaseumefli & deal alsdut 2 md @nlSmm and hence such a piezo-

electric element is not satiqfaétozy from the standpéint of
10 reduction of size. The larger the area of a piezoelectric element,
the higher the cost. It is difficult to make a highly campact
p:inting head with a plurality of noizles sinbe a corresponding
number of piezoelectric eiements must be provided. Moreover a
large number of nozzles resu;ts ;n an increase in the éize of the
15 piezoelectric eiements and thus a great;: distance bgtueen the
& 4 "distal end of the nozzles and the respeétive pressurization |
}~j chambers and hence in an increased resistance to flow of ink.
: sdhh.an increased flow resistance in turn necessitates an increase
in the area of t#e piezoelectric element to obtain a greater
20 driving power from the latt;:. This is a vicious circle.

The present invention seeks to provide an ink jet printing
head of small size without requiring an increased drive voltage
in operation. |

. According.to one aspéct of the present invention there is

25 'provided'én ink jet printing head including a pressurization chamber, a



‘5 cooperatingwith the vibratory -plate for charging the vol une of said
pressuri zati on chanber, the acoustic capacitance of the piezoelectric.
el.ement and said vi bratory plate being 9 x 10 17nbN or less. Preferably the
arrangenment is such that a drive voltage V 10. is expressed by the
-equatien: 2 X Cp where [err] is the prgssure 15 [err] is the acoustic

capacifance of the piezoelectric el ement. and the vibratory plate taken
t oget C is_the cap SvA) | SEERL is a
const is a MATATN Y2 e‘iﬁ?ﬁslﬁt Ver abP‘L sglggﬁ%{l lé:(zi%'gl ectric e errent has

a thi ckness of nezﬂlenmou¢lesmahd ianom&i@i. @répletsOof Adguidcink e v :

f l)?ﬁfé?' oLl o BB ety el Ubledatl Sfy TeaRIUpiilol e (1 e
of the pi ezoel Gbarvailebém presrixpzacion chambsr yandharpiezoeleqtric relemast of
the piezoel gct igg @&'Iﬁ&twitﬁx“tﬂé‘%ism:?ﬁhé ?oﬂréﬁhéﬁfthp'ﬂ%# ectric

el enents are nounted on the sane vibratory plate. Accor urt her

to a
aspect of the Pfesdit Pregesirgkiam chamkes.khy paestds ‘F?ﬂ@cﬁgﬁ“‘-‘;ﬁ Pﬁtb;;g bead

including a pr g3esddiedti s elomesth ARl Ciaidavivatone Wlkte HedRgi 91 20T the
pressurization chanber and a nozzl e.through which, in operation, droplets
of liquid ink &Fel®¥%cted, a vibratory plate constituting at |east a

portion of the walpre¥erabiy nhesatﬂahgaiexnnwmﬁheumaacaﬁvalmbeqirl c

10 . is expressed by the equation: o N/

where § is the pressure . .
15 1 0 is the acoustic capacitance of the piezoelectric element and
the vibratory plate taken together,
cp is the capacitance of the piezoelectric element, and
x is a constant
is' a minimun. _
20 . preferably, said piezoelectric element has a thickness of
0.2 mm or less and an area of 1.5 x 10 5m2 or less.

The piezoelectric element may be in the form of a disc or \ /
square plate. In the former case, preferably, 0.1 mm g tp < 0.15 mn\/
where tp is the thickness of the piezoelectric element, and _

25 2 € 1.5 mm where a is the radius of the piezoelectric element.
In one embodiment a plurality of piezoelectric elements are
'mounted on the same vibratoxry plate.
' According to a further aspect of the present invention there
is provided an ink jet printing head including a pressurization
30 . chamber, a passageway extending between the pressurization chamber
and a nozzle through which, in operatio_n,' droplets of liquid
ink are ejected, a \.ribratory plate constituting at least a portion
of the wall of the press'urization chamber, and a piezoelectric

~ element cooperating with the ;ribratory plate for changing the

35. volume of said pressufiration chamber, said piezoelectric element
having a thickness of 50 jm or less and being made by vapour



>

el enent “cooperating with the vibratory plate for changing the 35 e of

sai d pressurization chanber, said piezoelectric elenent having a kness .
of *50.um or |ess and,fbei ng nmade ' by vapour -3a- deposition or

sputtering. * - _Thé invention is illustrated, nerely by way of exanple, in
t he.-acconpanyi ng drawi ngs, in which:- Figure3a-(a) is an equival ent

el ectrical circuit diagram of -4 - an inrk jet printing head; Figure-.
1(b) is a schematic illustration 'of the printing head; Figure 2 is a -

sinplification of° dapositibiadresputtestnd cal circuit diagramof Figure 1(a),

5 7 Fi 3(a), 3(b).,A(a) and 4 ' Logi SRk

par aﬁ\e’_t ers usiaguirﬁs'a 'E ﬁ%%r‘é‘%’\*%‘éi‘r”g%‘?@.'sst‘g’rb‘ki’g;“?ﬁ’%ﬁﬂ 'bp :%%ﬁg’%?a& nof

Fi Igurle éL(g); gi guraa;égeéo?adyﬁ(df))kwgggsaphshszmtig a conpari I;on bet ween

cal cul ated and neasured, val ugs. of; 0gci bifRRe Odaettifcal cREEHRE alCof
P T el o

el ement of the ink jet® head, ure-6 1s a graph of cal cul ated
drive voltages of the piezoelectric elenent; Figure 7 is a graph of optinmum
acoustic capacitance cal culated in accordance with the theoretical analysis
of an 15 ink jet printing head; Figure 8 is a graph of dianeters of ink
dropl.ets cal cul at ed . ' -

N |



*

"in accordance Wi th-the theoretical analysis; Figure 9 is a graph of
electric field intensity calculated in accordance with the theoretical

anal ysis; and 20 Figure 10 illustrates an ink jet printing head .’
accopdhng to the present invention. Figure 1(a) is an equi val,ent el ectrical

circa of an ink jet printing head, where the letter a indicates inertance
or tlal resi stance, the |etted4 < i ndi cates acoustic capacitance, 25

and 8 |etter r indicates acoustic resistance. Figure 1(b) =~ - 5 -
schepfitically illustrates the printing head. The printing head has a

vibratory sysnetak Getoppinting eadpi ezoel ectric elenment 11 and a vibrator J
plate 12, a pressurization chanber 1, a supply section 2, and a nozzle
section 3. SufflxﬁmeHMrbr(a?hmﬂ-eaﬂéupmoﬁ Qkﬁb@m!-‘ibying head;
correspondi ng nunbers in Figure 1§b Thus C2 represents acoustic

capaci tance of th&iguppl? igyataimplitication of: theygguivadent relectyirdl or r]
represents surface tension for the nozzle 3 as regarded as an acoustic
capaci t ance. CiFﬁ“’tﬁé*M%ﬁFr&%‘FS&n@éPon the units used are as follows:
pressure; [err], volune velocit

5
10 inéttance: [erfﬁf“’%&}ﬂfé%&pa‘{:qg ?&:“P'arﬁ"]‘, vigwsuipdieasingsi st ance:
. Act ual | cul at d t t.h th f
hog 1 i bl o, RAZAPYINTS 1A 183, Thepraridnl nbivbly PR P JoR 1qelbtinedhg
Fi 2. As d ded t f t
15" the darrp?‘r?ghg‘gfe???‘éfeﬁn‘?’te??] pressure )8 regarded as & step fune 'E:';’

Figures 5(a) and 5(b) are graphs showing a ccmparison
between calculated and measured values of oscillation of a
10- piezoelectric element of the ink jet printing head;
Figure 6 is a graph of calculated drive voltages of the
plezoelectric ‘element;
Figure 7 is a graph of optimum acoustic capicitance

calculated in accordance with the theoretical éﬁalysis of an

15 ink jet printing head;-
Figure 8 is a graph of diameters of ink droplets calculated \‘j
in accordance with the theoretical analysis; e

Figure 9 is a graph of electric field intensity calculated
in accordance with the theoretical analysis; and |
20 Figure 10 illustrates an ink jet pr_inting head according to
the present invention.
Figure l(a} is an equivalent electrical circuit of an ink
Jet printing head, where the letter m indicates inertance or
inertial resistance, the letter C indicates acouét:l.c capacitance,

25 and the letter r indicates acoustic resistance. Figure 1(b)
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and the angular frequency: [err] ...... (2) 20 a danpléd‘osérllation can

be expressed by: [err] = [err] exp(-Dt)sinEt ...... ( 3) [err] and

ccio +Cc1 ..., 4), Fromequation (3), a required pressure is as fol | gms:
25 - - Terr] (5) [err] where Vis a nece-é%@y
vel ocity and Ais the cross-sectional m ._ - 6 - area of the nozzle. The
vol ume of an ink droplet can be expresse’dsby g =1J[err] ... ... . ... .. .. .
(6) ([err]) 5 and t.=...... (7) [err] Adrive voltage V can be

expressed by the geHdmavicllgOiHiusepates theérpdinting head. . The .printflig heid has
p 10 where C is .the capacitance of a piezoelectric elenment and Kis p a

constaht between §.vibratéryd sgstea 30f cxupttifinyTaepiazos livtiric Tékeneapadi asdiae C
is given by: p C=[err]  ...... (9)
vibratory plate 12, a pressurization chamber 1, a supply section 2,
and a ﬂozzle section 3. Suffixes in Figure 1(a) indicate parts
5 denoted by corresponding mnihers in Figure 1(b). Thus c2 represents
acousﬁic capacitance of_ the supply system 2 and ink storage chamber
4, and c3 represents su.rface tension for the nozzle 3 as regarded
K/ as an acoustic_ capacitance. In the following discussion the units
used are as follows: pressure; lb[N/mz] , volume velocity: u[mzls] v
1-0 inertance: m[lc_g/m‘] . acoustic capacitance: c[mslm , acoustic
resist_ance: r[Ns/msl . Actual calculation indicates that the
pa.ramei:ers of ';'10' rlb, cz, c3 are negligible, resulting in a
simpler eqﬁivalent circuit as illustrated in I-‘._igure 2. Aassuming
| that m, = kﬂy r, = kr3. and pressure is regarded as a step fnnc_:tion,
15 the damping coefficélent:
D=r3/2m3 eecsss (1)

U _ and the angular frequency:

. . fusi/m 2 |
B / m3c D LU AL N ) (2)

20 a Qampled oscillation can be expressed by:

= %10 exp(-DtisinEt ......(3)
m'BCE

&nd C=C1° +c1 .coo--(‘)

Uy

From equation (3), a required pressure is as follows:
: 2 2
25 V= vamsc/E_ .+ D7
C, o®*P[-Darctan (E/D) /E]

cescss (5)

where vm is a necessary velocity and A is the cross-sectional



©

p. p where [efr] is a dielectric constant, S is the area of the
"piezo- 15 electric elenent, andt 1is the thickness of the piezoelectric

p_elegent. The constants for a pi ezoel ectric element in the formof a di sG’
cy ‘Q :given as follows: [err] [ (10) [err] 20 .

[ 20 [err] [err] [err] [err] (11) [err] r
= r] L (12) [err] 25 m=[err] ...... -
(13) 25 - 7 - where Eis the nodélas of |ongitudinal elasticity of the

pi ezoel ectric elenent, [err] i.s the nodlus of the vibratory plate, [err]
are const antsea [cfr the lnezzalgp.about 5 and K2 being in the range of about @to
20 fromexperiment, a 1s the radius of - the 5 .pi ezoel ectric el enent? t
is the thickness Thé Ydimpquzeelmkr firopdlesnearnt be[vmr]ess¢¢ tyhe thi ckness of

the vibratory plate, [err] e depth of, the pressurization chanmber, v
is the speed of sound, L.anbe | Koy B BpkeDP| density qgythe ink, nis t he
viscosity of ink, (1T+i/%) oo m :

5 and t =__;r_ cecsas (7)

A drive voltage'v can be expressed by the following
equétion: - ' ' ' \ S/

sso0csse (8)

10 where cb is the capacit;hce of a piezoelectric element and K is
.a constant between 0.1 to 0.3 and is found from experiment.
The capacitancé CP is given by: 3 |
cp-ssp/tp ceeses (9)
where € is a dielectric constant, spxis the area of the piezo-
15 electric element, and tp is the thickness 6f the piezoelectric
element. ' ' | ; J

The constants for a piezoelectric element in the form of

a disc can be given as follows:

c.. = 7 a® eveee (10)
10 ——j 3
20 KlEptp + KQEVtV
a2,
¢ “azd ...... (11)
vep
-3
. T (12)
sa?
25 m = Lp eerees (13)



& is'the length of a flow passageway between the pressuri}étio'n‘ 10

chanber .and the nozzle, S is the cross-sectional area of the flow
passageway, d is the di aneter of the flow passageway, which should )
equi val ent «di amet er* ([err]‘) for a rectangul ar cross section, b, c I des
of the cross section of the flow passaggway The foregoing constants are.
indicated in Figures 3(a) 15 and 3( Zxanpl es are gi ven bel ow which
are obtained by using the J above equations. Figures 4(a) and 4(b) show a

A actunl 11 ow SLSa” ¥ Jet&ﬁé'xéa%“? e pabfe Begne P 07

20 “pressuri. Zat nber %lle-gs y % %ﬁgth?’zn%uhsofﬂ%%w[ﬁ%%‘a@e

fl ow passageway | rom equat 1'o0Ns

13

Eerz] I[ﬁ{(ra]grgteirg]n gh’oizd‘f) °§ﬁecte6| a!l%gui he ‘f“l"ow pa?ga_% &gyi%or grzga?t %r

accuracy, of M andef (louflifH1es RPELRIpUERRRE) ofl 13V cadlll LETesd Vi i ons
gure (ﬂ# neasur e oS'C|‘1

shoul d be added. shows | at ory waveform of a

pi ezoel ectrig el enpill;oQh oAik13Ckttdent Nkt | ;1 eh tHe BhidkfebS st ¥hi 'ﬁigzoelet:ic

element, t is the thickness of the vibratory plate, d' is the

\ S depth of the pressu:ization chamber, v_ is the speed of sound in
L/ the 1nk, (-] 13 the dens!.ty of the ink, n is the viscosity of ink,
2 1s the length of a flow passageway between the pressurization
16 chamber and the nozzle, S is the cms-nctional area of the flow
passageway, d is the diameter of the flow passageway, which should
be an equivalent diameter (d-:-2s_/ (b+c)) for a :ectanguia: cross
séct:l.on, 'g, [ lare sides of the cross section of the flow
passageway. The foregoing constants are indicated in Figures 3(a)
15 and 3(b).
| Examples are given below which are obtained by using the
. above equations. Figures 4(a) and 4(b) show a nozzle section of
an ink jet printing hﬁd made by etching a glass plate. An actual
flow passageway indicated by the broken lines 30 extends from a
20 p:euur:l.zafion chamber 31 to a nozzle 32 and is approximated by
| a flcw passagevay indicated by the solid line, and from équations
(12) and (13): -
b, = 80jm, cl-aoun. %, = 250im,
b, -wom.cz-loom. L, & 2m
25 vhen n-l.BCP, p-].,oooxg/m '



PZT used, and:Figuré 5(b) shows a calculated oscillatory waveform 12 5
‘The constants are as follows: a=1.25mm [err], [err] 10 J[err], [err],

[err ERR].. It should be appreciated that act ual govengent can be )
det ed to a great degree fromcal cul ation, although there are
I nc /st enci es between neasurenent and calculatlon For exanple, the

nmeasured oscillatory period is about 140 us 15 whereas the cal cul ated
oscillatory period is about 146us.~1% 4 he nmeasured oscillatory waveform
di spl acenent -for periods bel ow 100us is not neasured for the reason tHhat
the method of neggs urega&ﬁ gﬁgilnconplete An enbodi nent of the present;;
i nvention will-be descri I n whi ch the size of the piezoelectric?
el enent is reduc S 12h egoi ng equatlons Assuming that [err]
,[err],[err] -9 L2560 ﬁsﬁiﬁ -12 10 2 [err]
[err], [err] ﬁtegr?tio?n Lhaik, ;L@re@kecdeer alor{geuai flbﬁrlsdssag&sary] gderr], from

25 calculatlon or the necessary voltages [err] as thé thickness [err]

and radi us Etweaccuramyezeslnﬁ%aucoel iRtk Yérionk tdanbeitda gye shown in
t he graph of Figure 6. It wllTbe seen that there is an optinumradius a

for the thi cddaser taieisidne ph@nachbeciaaka. el enent with mand r for a 5
given flow passageway so as to effect printing at a |owest voltage

Figure S(a) shows a measured oscillatory waveform of a

v
o

piezoelectric element of an actual ink jet printing head with

C

PZT used, and Figure S(b) shows a calculated oscillatory waveform.

: The constants are as-follows: a=1.25mm, k=1.3, r =4x10 12 Ns/m ’

3
8 xa/m?, t =t =0. 15m, C;=0.22x10 -18 S/n,

=3.45%10 18ms/N It should be appreciated that'actual movement

10 m3=2.5x10

€10 " . |
can be determined to a great degree from calculation, although

there are inoonsistencies between measurement and ‘calculation.
For example, the measured oscillatory period is about 140us
1S whereas the calculated oscillatory period is about 146us. 1In the
measured oscillatory waveform, displacement for periods below \
100us is not measured for the reason that the method of measurement
wds incomplete. |
.An embodiment of the present invention will be described in
20 which the size of.the piezoelectric element is reduced using the
foregoing equations. |
Assuming that m éZxIOBKg/m4, r

3.
-9 2 10, 2
A=2.4x10 " m", KFO 2, €-2070x8 854x10 F/m, Ep=5.9x10 N/m",

EV=7x1o1° N/m2, X,=4.4, 1<2=11, 4'=0.1m, V_=1460 m/s, k=1, from

3x10 Ns/m m=5 mn/s,

25 calculation for the necessary voltages V as the thickness tp and

radius a_of the



and the | owest voltage is constant under such conditions. The above will be
described froma different point of view Wth fixed C under congtant
conditions for mand r of the flow passageway, Cl << Cl0 and henc r] +4n
equation (4), and E'10 * is substantially constant with CL0 bei f xed
in equation (2). Therefore, [err]is constant from equation (5) For a :
di sk-shaped piezoelectric elenent: 2_[grs]...... (9) which is derived from
equation (9) Wen [err] in equation (10), 6 3 15 al/t 1is constant
because [err] is fixed, and c is*also constant fromequation (9'). Thus,
when G10 is fixed,jdiogfatitiviO eleBintWdry RALEOBSIANAFe showr 10 Ehe yrapts sEgevay
are Nexed, the other constants are substanti &1y fixed and the drive

vol tage V does nogsgieYs. 20 The foregoing indicates that with a
[err] within a given range, the piezoelectric elenent can be reduced in
size.with no acconpanyifGeiidl beigten hae dtdre Fid aneoptdmim vadips & Ifer \thleune

[err] of an ink droplet is substantially constant when C is fixed. 10
Val ues of Cl0 whi ehickn8ssritzcof hedpiezeeledtiragceldnent 33th m apdumiforna ( 8)
under the same condition a€ for the graph of Figure 6 -10- and which are

frequently ssed wyivenoElbw pagsdderay s sages effectspointing &4 gulewest weltage,
varied fromJ[err] to [err] and [érr] varied from[err] to [err]. The drive
vol tage V can t husndéhholavest wolkroe risnFenstant anden pushceenditions.

'\: / _ The above wiil be described from a different point of view.
\/ : . -

With fixed C,, under constant conditions for m and r of the flow

passageway, cl << c]_o and hence C = clo in equation (4), and E

10 is substantially constant with C,  being fixed in equation (2).

10
Therefore, y is constant from equation (5). For a disk_-shaped

piezoelectric element:

, ‘
C_= €T t sesces (9'
b a“/ o ")
which is derived from equation (9). When tp=tv' in equation (10},
15 ae/t; !.s_ constant because clo is fixed, and CP is also constant
o ~ from equation (9'). Thus, when C,, is fixed in equaticn (8) and
\/‘

the constants for the flow passageway are fixed, the other
constants are substantially fixed and the drivg voltage V does not
vary.
20 _ _ The foregoi_ng indicates that with a.2/1:p within a given

ﬁnge, the piezoelectric element can be reduced in .size with no

_ gccompanying voltage increase. From equation (6) , the volume [ 4
of an ink droplet is substantially constant when C,o is fixed.

Values of C,o Which minimize the drive voltage V in

25 equation (8) under the same condition as for the graph of Figure 6



5 .0 vi bratory systemas has a value of C shown in Figure 7. 10

Di ters [err] of-ink droplets at this tinme are shown in Figure 8, and
1 houl d preferably range from50umto 150m For high;density printing.
: nty-four nozzles, too |arge dianeters of i nk dropI ets are not
pr rable as they lower the 10 quality of printing. Theref ore, under

the condition of [err] in Figure 8 J[err] for [err] and [err] for [err],
~the range indicated by the solid ¥ Res in Fi gure 7 hence bei ng pr ef er abl e.
For flow passages within the range indicated in Figure 7, t he val ue

géngéoof““'[é;# kk%z%%et f#%h“s?g a«iﬁ%@»nﬁ?@%ﬁ é’#‘n&?ﬁa@ %ﬁaij?eﬁhes;
2'0""_”“”5 " e 5 PGS o 3B TR b, Tl R B SRR LT 1
exanpl e, 341%1 gﬁ?yﬁé’ 1 5*e S/(r?gb %uh;{g‘ pl,ﬁ‘éO?{_ﬁ'&hrl_C el enent

and the V|br m ni mu e dur |tyo esion is

maxi mum - To Gf!égﬂné &Fetﬁuf‘é ﬁ&' AP LRiNGRR {u‘frJe]L §id o S as

follows: [err stituting equat |n equation (10) a

= 5 [ergipratofy system as f:ﬂ:@)aﬂi\ﬂb?rb 1@:0&12315%5“76(1 for [err] in.
equatlon (14) with 10 25 Jerr] to ob

Diameter; D.t of ink di:op’le"cs at this time are shown in :
| X/
o

e

Pigure 8, and’ they should preferably range from 50im to 150um.
For h:l.gh-densitir printing with twenty-foux nozzles, too large
diameters of ink droplets are not preferable as they lower the
10 quality of printing. Therefore, undez the condition of D, s :I.SOum
in Figure 8, -S'leo-Ns/m for m =2xlo Kg/nd ana _
2 3x10t%Ne/m® for u3-3xlo Kg/n?, the range indicated by the
solid lines in Figure 7 honco being prefexable.
FPor flow passages within the range indicated in Figure 7,
15 the value of Cyo Which minimizes the d.rive voltage is, based on -
the graph, in the range of o | N/
 1x1078, 5/n sCy cox10 o Ll See (24)
A printing head having a smaller 0 for smaller diameters of
ink droplets is preferable for printing of a higher density.
20 There is. an ‘optimum :élatioxia’hip between t_ and € for
example, so that the stress of adhesive between the plezoelectric
element and the vibratory plate is a minimum and the durability

of adhesion is maximum. To _this end the relationship between t,

and t_ is as follows:
p 3fKE
25 . t i _——2 . tp oaiooo-o(ls)o

v KZEV



0.074 ' [err] ...... (17) p pIf t =0.2M then 1mm
[err] a [err] 2.2mm if [err] =0.15mm then p -
pO.9mm[err] a [err] 2.0mm and if [err] =0.1mm then 0.7nm[er@err];
1.6mm p It will be'appreciated fromthese results that with a g o
fl ow passageway, the drive voltage V can be mnimzed by selectin 3

2 an optimum[err] therefor which is given by a /t and hence a /t 10

p p The optimum radi us a 13- a pi ezoel ectric element is in
the range expressed by equation (17) for a general flow passageway defined
in Figure 7. 15 gy hgbstadu€tnd BgudtaidhUsls) ©h aatssoghertric el enent,

t he trickness t thereof may be reduced. p It is known that the thickness tp
of piezoelectric material PZT, for exanmple, should not be smaller than

about 0.1mmfor a required st gngé(h du i gb}%chi ning and shoul d not be
1

smal l er 20 than about O.1&nen j &Y 1Fg§m| /5t rengt.h €18)i ng assenbly. 8
4 12 5 Under thesefcondmtionsyof [err] , [err] in Figure 6,

Figure 7 indicates that [err] ™ for minimzing the drive voltage, and [err]
from equation (Ejuatidre (16Hiiss substdtpted for iy in eguabion (16r withi mi zi ng

the drive voltage is: 25 10, 2 a=l.5mmfor [err] =0.-15nm and a=1.2mm
for [err] =0.3m¥K,;=4.4, Ep=5.9x10 N/m~ to obtain: _

C 0.074 vV t_sSas0.16V¢t ...... (17)

N/ : S P P '

./ If £ =0.2um, then lmm S a£2.2um, if £=0.15m, then .

0.9mm £ a £ 2.0mm, and if tp=0.1mm, then 0.7mm £ a £ 1.6mm.
It will be appreciated from these results that with a given
10 flow passageway, the drive voltage V can be minimized by selecting

an optimum C,  therefor ﬁhich is given by aeltg ahd hence az/tp.

10

The optimuh radius a of a piezoelectric element is in the range

expressed by equation (17) for a general flow passageway defined

in Figure 7.
15 To reduce the radius a of a piezoelectric element, the
\ / '
(Ui thickness tp thereof may be reduced.

It is known that the thickness tp of piezoelectric material

-

PZT, for example, should not be smaller than about 0.lmm for a
required strength during maéhining and should not be smaller

20 than about 0.15mm for a required strength during assembly.

8

Kg/m4, r =3x1012Ns/m5 in Figure 6,

3
. -17 5 . .
$2,.1x10 m™ /N for minimizing the drive

Under these conditions of m3é2x10
Figure 7 indicates that clO'
.voltage, and a=0.123JE; from equationh(IG). The radius of a
piezoelectric element for minimizing the drive voltage is:
25 | §=1.5mm.for tP=0.15mm, and

a=1.2mm for tp=0.1mm.



" -12-" The f oregoi ng values are different fromthe radius a in Fi gure 6 for
mnimzing the drive voltage because while t =t in Figure 6, V P [err] in

‘ve cal cul ation by substituting [err] =4.4, [err] , for those in !
5 From equation 10, it should be*noted that the radius a
if [err]=0. Practically, however, t is optimsed when its
val ue is given by equation (15). sMen-[err] , equation (8) is no |onger
applicable and an increase in the drive voltage results, since nechanical
distortions of the piezoelectric el enent becone 10 i neffective for

causi ng def| ehéiforegbirighealesr atodiffiéxent. fikiae the xadiug acdpRiguzace C ';‘;S:an
be expressed by a ratio 10 between a change of the volune of the :
pressuri zat i or atiatbizingnthe dpi-usroﬂ-hagmphmet whilec tgﬂ%ﬁwbartigbue &an have
a value different fromthat given by equation (10) dependi ng on the
configurati of,0f. 7 in thehabovekcslsulption bygsubstittuting Kprdnes in which t he
pi ezoel ectric eI EMEn{g i s bonded, thggmanner in which the vibratory plate is
bonded, the ﬁfw ovf Kgﬁbltvl%f'éﬂ&ry ?Rraﬁb"%% én %‘Pt%rfﬁﬁb t he val ue

gi ven by 6 [e [err] may
mat ch &xperi FEFR Wg’cﬂ?e’-?ns’ttaﬁh%%m bﬁ’m?téﬁp‘?!‘ltn’étm Fadkis 2 EARIBCt ed Wit h

[err]. Were equatlon 1 ed, the.-sane, reasoni ng can be used as
with equati offmphier 1f é %'t P\?‘""b%?% h“““'Aé'—vs%‘bﬁPF a. L

sharp rise of ihe dr| ve ngt%%ation (15). When t, << tp, equation (8) is ')'«/

no longer applicable and an increase in the drive voltage results,

C

since mechanical distorfions of' the piezdéleci:ric element beccme
10 ineffective for causing deflection of the vibratory plate.

The acoustic capacitance C,. can be expressed by a ratio

10
between a change of the volune of the ]#essu:.:'izatioh“ chamber and
a pressure applied to the chamber, but can have a value different
_ from that given by equation {(10) depending on the configuration of
15 the ink jet printing' head, the manner in which the piezoelectric
element is bonded, the manner in which the vibratory plate is < J
bonded, the material of the vibratory §late etc. For. example,

the value given by 6
Ta

C .. 'ooocoo.(iO')
10 3 .
0 RE (Rt ) B

20

may match experiment in some instances. The experiments were
conducted with xi s 3, K, % 0.4 or 1.
Where equation (l0') is employed, the same reasoning can
be used as with equation (10) if tv = tp. |
- 25 As seen from Figure 6, no sharp rise of the drive voltage V



4 .
- 13 - will occur with the radius a being about the val ue necessar ‘S\I’
mnimsing the drive voltage for the thickness tp of a piezoel ec@ﬂ/
el ement, and hence snal | er radiuses-a can be selected For exanp '
Figure 6, while the optimimradius a 5 for [err] is about 1.75.m
a-1.2mm when the drive voltage is allowed to increase fromabout 80V to .
| OOV. Likewi se, [err] for [err]. Furthes £he radius a may be small er than
the val ue indicated above if [err] as with the arrangenent of Figure 7.
Anot her study of the thickness-[err] of a piezoelectric elenent 10 for

its | owest value {11 Webhsvathithe FAEuEr & \BRing| Lot HeOvhThe) Aeceupargaterd i N
addi tyon to the reduced thickness considered fromthe standpoint of
strength. Figure fQiifdsta eSthedrive wwiltagd Eok athienghidxnesstenefta [err] of
an electric field under the sane condition as for Figure 6. Reenerally, the
dielectric 15 biezedevtricoblapat | cindPhdndes shalden tadibged movamibeut 3KV/ mm
to 4KV/mnm and it can be used with [err] or [err] as seen from Figure 9.
Therefore, the radelestadcafobcexanpde srinl Figuref 6 awiils chepoptinoh axadius &

el ements having a thickness of 25um or 50um can be produced as the

manuf act uri Ag pr ofes st aptomsis about 1.7Hm, arlumnvheny the Ardvefvaltageiuced
radi us a can be manufactured with thin |ayers of PZT piezoelectric pateri al
produced by vapouisRide¥ed itoningreass : fromi RPULSHONE ot MOV 0| hikgwingy, A¥Q. Sum

pi %oel ectric elenent can withstand is generally | owered_as anbient
huntdity increase$or HoRalmr. Faxthex: the radiue)aHmay,be spaller 4han| thepyainaed

in & electric fi %Lgigjte%m i(?f tt‘),?-b% foars %&L& the irrﬁg;nent of Figure 7.

P
Another study of the thickness tp of a piezcelectric element
1o for :l.t§ lowest value for withstanding the drive voltage should
be considered in addition to the ieduced thickness considered
Ifzom the standpoint of strength. Figure 9 indicates results of
ca_léuhting the intensity V/tp of an electric field under the
same _condition as for Figure 6. Generally, the dielectric
15 breakdown voltage for PZT is known to be from about 3KV/mm to
o 4KV/mm, and it can be used with tp-zsm or tp-SOun as seen from
'Figure 9. Therefore, the radius a can be made snaller if and
when piezoelectric elements having a thickness of 25um or SOum
can be produced as the manufacturing process improves.
20 Ink jet printing heads of a reduced radius 2 can be manufactured
with thin layers of PZT piezcelectric material produced by
vapour deposition or sputtering. Since the voltage that a
piezoelgctric element can withstand is generally lowered as

ambient humid:l.ty. increases, however, ink jet printing heads

25 should be used in an electric field of 1KV/mm or below for safe
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I nk i njection-under” the condition of high humdity. Under such a
condition, the thickness of [err] =50um cannot be enployed, and the radius

shéB\d be as follows as seen fromFigure 9: 0.9nm [err] .a [err] 1. 7mm for .t
=( ,_ p 5 ) 0.8mm [err] a[err] 2.2mmTor t '=0.,15mm and p
0.8y [rerr] a [err] 2.6mmfor [err]=0.2mm The foregoing wll. be
sumr&(i'-s'ed: 1. For a given flow pgssageway, a val ue of Cl0 exists which
mnimzes the drive voltage. 10 2:* T Jerr] is determined by a [err].
Therefore,[err] nmay be made smaller with reduction of a. 3. "Fromthe

t andpoi nt Qf . wi t.h dj shqul d be.p.25um.or greater. 7
onever . [ elPF TSeRHERe R taf AaRRA o 5 PR B e R e ei s ey

hum dity. 15. s F ' ‘epat h_durj hi ni n nd handli ng,
[E?‘r} ;Sﬁougé srdeong he SehERMACHe 3 S300 Labiy B %ﬂ%ﬁaxeéh%n%? e de 1? |
shou e - r ol of. a are as follows: 1mm
[err] a [erf%glzgsggm%a{lgﬁgfearsr ]Eoglbéwfn’?ng %ﬁ% ae'[éa'r_r] 2. 0mm for [er_r]
=0.15mMm p 20 0.988 £ a’8M [Bk $oP el & ikl 6MM for [err] =0 1mm 6.

The val ue of a can be selected which I's Bnallef than those indicated at 5
above ifsa small incregsgs 3 Ehe i ¥& €0kd A88m] Sndl | OWed. While in the

above description, it is assuned that th® 25 piezoelectric el enent and
pressurization chanbey,smhes @ §C2U6am, for tp=0,2mm. '
The foregoing wiil be summarised: . &
1. For a given flow passageway, a value of c10 exists which
minimizes the drive voltage. -

10 2. C,o is determined hy'az/tp. _Therefote, tp may be made
smaller with reduction of a. | |
3. From tﬁe standpoint of withstanding voltages, tp should be -
25um or greater. However, tp 2 0.1mm is éreferable allowing for
detrimental effects caused by humidity.

15 -4. . For ‘a required strength during machining and handling, tp
should be 0.1mm or 0.15mm, or greater, and to be on the safe side,
tp should be 0.2mm or greater.

5. OPtimuﬁ.values of a are as follows:
imm £ a £ 2.2mm for tp=0.2mm, 0.9mm £ a S 2.0mm for tp=0.15mm,
200 and 0.7um S a S 1.6m for t =0. tam. |
6. -The value of a can be selected which is smaller than those .
indiéated at 5 above if a small increase in the drive voltage is
allowed. |

While in the above description, it is assumed that the

25 piezoelectric element and pressurization chamber are circular,



% _
- 15 - they may be elliptic, polygonal etc. although equation (‘'10) and

ot her equations need to be changed accordingly. \Were the piezoelectric
eleement is in the formof a narrowrectangle, its rigidity is increased.
with a resulting reduced 10, and hence 5 ~ the piezoelectric ele
should be thinner or greater in area than a di sk-shaped or a piezoel ¢t t?
element in the formof a square plate: an arrangenent which is le
advant ageous as to size. It is preferab?é'for a rectangul ar piezoelectrlc
el enent to have a*ratio between width and I ength not to exceed 1:2:

Figure 10 illustr tes an In ori |
i nvel&ion. In the %’fh'?% p%&% g&cggla{gqéﬁger?é‘g i%d%f% has
a radius a:1.25 t 16y et [ head is
made of small si ze y a con%g‘?lg%nmog %naﬁgﬁﬁiﬁ&g' g%g e
pressurization c aﬁt,?;ﬁ r8d T, ' f e i nk
jet printing heag?iaur%e gfkg m§1m>:< nm aué’% &ﬂgg {\%e}gﬁ ou‘?l!mr\?%gzIjgeésg wth
twel ve nozzl es onggaahesiy emélaaaaw&ﬁr%eaam&ﬁmam r ¢Shnd @Bce I Of

supply passageways 102 "and outlet passages 10 ich cormMicate with the

pressuri zat§on cheye 94ezcelectries bi@idnt! showll BdentaEr P greated Gnhazdud
width to equalize the speeds of injection of ink and the dianeters of ink

dropl ets, betweenehdifar &5keehaped 897 pRézociebttficcblaidht i \that foxu6t o rom
entering the ink jet printing head, and | ands 105 make the flow of ink

t hrodgh the pressyqu&atpm&hanbehsmém vitieh! b6 desd Oddvaneaguons uned
Mt aneously wth 25 the fl ow passages by etching a gl ass subst'rate.
to size. It is preferable for a rectangular piezoelectric element
to have a ratio between width and length not to exceed 1:2.
10 Figufe 10 illustrates an ink jet printing head according
to the present invention. In the arrangement shown, a piezoelectric
element 100 of PZT has a zadius a=1.25mm and a thickness tp-o.lSm.
The ink jet printing head is made of small size by a combination
of alternating disk-shaped pressurization chambers 101 as
15 illustrated. The dimensions of the ink jet p:inting head are
. 22m x 18m x 2mm and it has twenty-four nozzles with twelve
| nozzles on each side. The inertance m and acoustic resistance r
of supply passageways 102 and outlet passages 103 which communicate
with the pressurization chambers are substantially of the same
20 length and width to equalize the speeds of injection of ink and
the diameters of ink droplets, between the respective nozzles.
A filter 104 prevents dust from entering the ink jet printing head,
and lands 105 make the flow of ink through the prgssurization
chambers uniform. The lands 105 are produc_:ed simultaneously with

25 - the flow passages by etching a glass substXate.



- 16 - It will-"be appreciated fromthe above discussion of the pr esent
1nAvention that an ink jet printing head can be provided with a
piezoel ectric el ement having a reduced thickness t and rgduced area with nd

‘acco zyi ng increase in the drive voltage. 5 VWiilLe in the
foreg description PZT has been described as a preferred piezoelectric
mat er , other piezoelectric nat¥i=al s can be used. The vibratory system

has been shown to conprise a single piezoelectric element and a single
vibratory plate. However, it 10 appears possible to reduce the size of

an ink jet printifg J03dpdagBbliteddeny iy Above dXSISHTCR0NS Ak Ng of @
plurality of piezoelectric elenments such as a binorph cell or by two *

vibratory Sy?imtdm AURaL O Shk Setl PEfntOhg IHMAAPEAS B! prcviLaed Chanber .
Al t hough in the above enbodinent printing is effected upon 15 reducti on

of the vol unpi@f of BEedtiedsstifticZ alduRint vIRG a reciie® eRfdkdas Heanamde for
i ncreasing the vol ume of the pressurization chanber upon appl® cation of a

printing si gpadducedda&e with noy acchmpaihyitigi Dhdzedse i) the drdvatvaltagé. t he
vol unme of the pressurization chanber utilizing notion of the vibratory
systems Wth suchwhipl€(@n the Zoreguimgeddscription P habllsednodesstdbedt he drive
voltage to less than that required for ink ejection effected directly on
t he vol une r eduxiprefiexxied piezvedectniczmatertalnather pitkdoelegppld cati on -
results in a value of a which is smaller than the aforenentioned optimm_
val ue due touatexiadst¢amberuaede drjve voltage. 25 As descri bedu
above, according to the present inventions .
The vibratory system has keen shown to comprise a single
. piezoelectric element and a single vibratory plate. However, it
10 appears poééib’le to reduce the size of an ink jet printing head
by employing a vibratory system consisting of a plurality of
piezoelectric elements such as a bimorph cell or by two vibratory
systems disposed on opposite sides of the pressurization chamber.
Although in the above embodiment printing is effected upon
18 reduction of the volume of the pressurization chamber, a proposal
has been made for increasing the volume of the pressurization w7
chamber upon application of a printing signal and then carrying
out pr:l.nt_:l.ng upon restoration of the volume of the pressurization
chamber utilizing motion of the vibratory system. With such an
20 arrangement, it is possible to reduce the drive ioltage to less
than that required for ink ejection effected directly on the
volume reduction of the pressurization chamber. This application
results in a value of a which is smaller than the aforementioned

optimum value due to a reduction in the drive voltage.

25 ‘As described above, according to the present invention,a



¢ . :
- 17 - vibratory systemis selected which is suitable for & flow passage to
| ower the drive voltage, thereby allowi ng a piezoelectric elenent to be
mede ,t hi nner and hence of reduced area so-that the overall aréa of an ink
jet printi ng -head can be Teduced, and 5 the distance from the nozgjrd

to pressurization chanbers can be reduced to | ower the inpedance of f
fl ow passages, thereby further | oweriI-the drive voltage. The above
descri bed enmbodi nents of the present invention are also advantageous in
that the piezoelectric el ements and hence the ink jet printing 10 heads
are mall in sizeyvibhetdryasysten e selectedcvhich 48 duisablmSor aifdow passage f or
novikg the ink jet printing head in a printer can be of small size and | gss
costly to manuf ad®uiewerAthe drijetvaltage, therabydatlevingisplezoelectyfcesent
invention finds a wide variety of applications such as in a serial printer
with 15 conpacslenent i*'vﬁll?,e neéelsthianpw GP@e‘Pm& 9%69#\\1‘9%%H°n§“'-’and

ot her types of printer. An ink jet printing
head i ncl udi ng aﬁ?Pe%%ﬁ!-’PHe&%W%W&wﬁ%‘? Jeg M&%M"éﬂf‘eﬁﬂlﬁ?&“ﬁﬂw\é@ﬂ t he

ressurizatjon chanber and a nozzle through which, .in ti.o dropl ets
of Iiquid itk ar G5 ‘é’tﬁtéﬂ“af’ﬂb?‘%& a?vlmﬂgf% %&ﬁ%%ﬁ*ﬁg Smeéas be

portion of 5 t he .wal zatlo ha and a electric
el ement cooper at i W‘* I’f°t+%'e§| ?‘8 5t% %nﬁﬁf‘ fﬁé of
said pressurizati i zoel ectric
el emént and sai. dé\;‘%ﬁ%ory p’f‘é e%?%%& [v%%r -]h?é‘ 41(5igg n |nk ] et
privwing head as GhahiRdesbf kb %sbﬂt %’vﬁﬁ'titogeare also advantageous in

that the piezoelectric elements and hence the ink jet printing

10- heads are small in size, the head can be manufacture at less
cost, and a motor for moving the ink jet printing head in a.
‘ pxinter can Se of small sizé and 1,5- costly to manufacture.
An ink jet printing head according to the present invention. finds
a w:l.d_e variety of applications such as in a serial grinter with
15 compact multipie heads, a plotter, a facsimile machine,

and other types of printer.

€




arrangement is’such’that a drive voltage V is expressed by the equation:
[errd ' [err] Terr] where Jerr] is the pressure 15 [err] is the acoustic
capaci ce o ic element and the vi bratory pl ate taken o
toget@ [ermllwmm“mg"tance of the piezoelectfri'c etement, and K is
a cons * & g mMniwumr 3. A primiBng head as clainmed in cIa|m1 or 2
I n whi ch 'sai d pi ezoel ectric el enment has a-thickness -of 0.2 mmor |ess and
an 52 area of 1.5 x [err] mor |less. £AMSrirting head as clainmed in any
preeeding clarmin which 25 the piezoelectric elenent is in the formof a
disk. 5. A printing head as clainmed in any of clains 1 to 3 in which the~
-19- pi ezoel ect fi-c M dnlerilet| Brintingchead, ﬁ?‘?}‘f‘ﬂ&“%@&?%‘sﬂ!t&?%ti% chamber,
printing head as claimed in elaim4 in which O err] <.1.5 mmwhere

[err] is the thRcRMEARAY Fnéeftﬂi@sﬁfé‘eeﬁ%%miiﬁi& dclambe{ d A wher e
the radi f.th | | head
Cl 5 med i nany PPEEIRIEREPERAVRARY Hiomneatiany drmipen ot ighy 1l 4 .

el ements are noléntegéjed(zna tvr}grggonrey \;/’ bt[eatcgngtﬂuging at least a portion of

5 the wall of the pressurization chamber, and a piezoelectric element

cooperating with the vibrato:y plate for changing the volune
NS/

of said pressu:ization chamber, the acoustic capacitance of the \J
piezoelectric element and said vibratory plate being 9x 10 =17 5/N
or less..

10 2. An ink jet printing head as claimed in claim 1 in which the .
arrangement is such .that a driw-re voltage Vv is e.ipreseed by the
equation:

, A
where | is the pressure '
15 -
c10 is the acoustic capacitance of the piezoelectric w
element and the vibratory plate taken together, U

PE""“W“

cp is the capacitance of the piezoelectric element , and
X is a constant
20 is a milnimm'.
3; A printing head as clailaed in claim 1 or 2 in which said
piezoelectric element has a thickness of‘ 0.2 mm or less and an
area of 1.5 % 10_-'5:;:2 or less.
4. A printing head as claimed in any preceding claim in which
25 ° the piezoelectric element is in the form of a disk.

5.' A printing head as claimed in any of claims 1 to 3 in which the

2wl



¥
8.° An ink jet printing head including a pressurization chanber,
passageway ext endi ng between the pressurization ch ”Mj!ﬁuu "J"rzzl
through WhI'Ch in operaglon droplets of liquid in @
vibratory plate constituti‘ng at | east a portapa of the wal'l Of *

pressurization chanber, and a piezoelectric el errent cooperating with the

vibratory plate for chan |n the volu of. s pressuri zation chanber,
sai d pi ezoel ect r | RLI&2PR gaﬁ:’reﬂﬁnﬁ jtsnmiﬂ g §O‘lﬁﬁ“f‘§ cﬁl’lig&s and bei ng

R Ry i e PR R
accorT’p’anyl ng draw r‘ig§ m where tp is the thickness of the piezoelectric element,
and a € 1.5 mm vhere a is the radius of the piezoelectric element.
5 7. A printing head as claimed in any preceding claim in which
.a plurality- of piezoelectric elemente are _mounted on the same
_ vibratory plate. )
\ y 8. An ink jet printing head including a pressurization chamber,
' a passageway extending between the pressurization chamber and a
10 nozzle through which, in opetatiqn, droplets of liquid ink are ejected,
a vibratory plate constituting at least a portion of the wall of
the pressurization chmber, and a piezoelectric element cooperating
with the vibratory plate for changing the volune of said pressurization
chamber, said piezoelectric element having a thickness of 5G jm

15 or less and being made by vapour deposition or sputtering.

9. An ink jet printing head substantially as herein described

A ' : with reference to and as shown in the aceoi:panying_ drawings.

20




