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5 Backaround of the Invention 

l. Field of tbe Invention 

10 

The pre5ent invention pertains to the field of inkjet 

printers, and more specifically, to piezoelectric:: ink
1
jet print. 

heads. . · ... · 

2. Description of Related !U"~ ·· 

Ink. jet printers, and ,more part-ic:':.llarly, drop-on-demand 

· inkjet print heads ha:Viri.g .·a piezoelectric: t,ransducer actuated by 

electrical signals, are kno.~ in the art. Typic::al princ heads 

15 consist of a.transduce~ mechanically coupled to an ink chamber, 

wherein the application of an elec~rical signal to the transducer 

material causes the transducer to deform in shape or dimension 

within or into the ink chamber, thereby resulting in the 

expulsion of ink fr.om an ink.chamber orifice. One disadvantage . . ~ . . .. 

20 of prior art print·h~ad ·structures is ~hat they are relatively 

large in overall dimension, and thus cannot be placed together 

into a densely packed array; this reduces available output dee 

density, which will decrease the o~erall output defini~ion of a 

printer. Another disadvancage wieh prior art devices is chat the 

25 large number of components in these devices tend to increase the 

coses and difficulty of manufac~ure. Further, the prior art 

l 
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structures, when placed nex~ to each ocher wic~in an array to 

create a multi-channel print head, tend to produce undesirable 

11 c:rosst.alk 11 betwe.en_adja.c:ent. ink chambers, which ince~feres wi,;h 

t.he accurate eject:ion of ink.from the print head. 

Therefore, there is a need in the art. for a p~int head 

s~ructure which c~n beadvancageously and economically 

manufactured, bue .c~n a:rs·o .. be· pla~ed. in a densely packed array of 

such structures for a mtjltiple·channel p~int head for increased 

oucput dot density. Further, there is a need for a multi-channel 

10 print head structure which minimizes. undesirable crosstalk 

effects. 

Summ~:rv of the Iqvention 

The presen~ invention comprises an inkjec:. print head 

15 wherein c:.he placement of the t;l;'ansduc::er electrodes in combination 

with che particular poling. direction (_overall polarization 
- . . . 

direction) of the prl:-nt. ti.e.ad transducer mate.rial provides for an 
.. · . 

aff icienc combination of shear and normal mode actuacion of the 

print head. According to o~e embodimenc of the invention, a 

20 princ head transducer is defined by a first wall portion, a 

second wall portion, and a base por~ion, in which the interior 

walls of these wall and base portions form three sides of an ink 

channel. The upper surfaces_ of ~he wall portions define a first 
... 

face of the print b,ead i;;a~_s.d:ucer, and ·the lower surface of the 

25 base portion defines a second, opposite face of the transducer. 
o:,," I ,"' • I• ~ :' ~' •. 

A metallization layer, forming a common electrode, is deposited 
... ~ t. • •• · •.•• • • ..;. ·• : •• 

2. 
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on che inte~ior surf aces ot che ink channel and along the U?per 

surfaces of t.he ·.first. ·and second wall portions. A second 

metalli-zation layer, f.orrning .t.he addressable elect: rode, is 

depos.ited on .the entire out-ar surface of c.he ba.se portion, and on 

s a portion of the outer surfaces of the first and second wall 

portions. The poling direction of the piezoelec~ric material 

forming"the print head transducer is substantially perpendicular 

to the electric field di~ection between the addressable 

electrodes an_ci ~he .common -el.ec~rode at the first and second wall 

10 portions, providing fo~ shear mode deflection of the wall 

portions, toward or away.from each other, upon the application of 

an electrical drive signal to the addressable electrodes, The 

· poling direction ·of· the piez.oelect::ic: material forming the print 

head transducer is substan~ially parallel to the electric field 

15 direction between the addressable electrodes and the common 

electrode a~ the center of the base portion, providing for normal 

mode actuation of the center of che base portion when an 

electrical drive signal is applied, The metallization layer 

forming the ad~ressable_electrodes preferably ext.ends halfway 

20 along the hei-g~c of the·~ w~l. portions. The metallization layer . 
forming the common electrode·is preferaDly maintained at ground 

poten~ial. 

The present inv~ntio~.also comprises a plurality of ink 

ejecting etruc~ures capable .of being densely packed in~o a linear 

25 array of multiple ink channels. This a~ay comprises a 

transducer formed from a shee~, wafer or block of piezoelectric 

3 
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material, into which a series of ink channels are cut into a 

first face of the piezoelectric sheet mate.rial. A second 

opposite face of the piezoelectric sheet contains a series of air 

channels, each cf wh:j.;ch a.re ·inter spaced between each of the ink 

s channels. A-metallizati~n layer.forming the common electrode is 

coated over the first face·~£ the sheet and on the interior 

surface'of each ink ~hannel. -A second metallization layer 

forming the addressable:: ·~iectrodes. is coated over the second face 

and on the interior surf-~ce··'·of each air channel, with the second 

10 metallization layer initially.connected from air channel to air 

channel. An electrode-separation channel is cut into the bottom 

of each air channel, which breaks the connection of the second 

metallization layer between adjacent air channels, and which.also 

extends the gap .depth withirf tO,e combined air/electrode-

15 separation, channels furtJ.i.er·toward the first face of the 

pieioelectric block. This ·transducer structure for an array of 

in.k channels is particularly advant:ageous in that it p?:ovides for 

minimal mechanica.'1· c::r~sst~lk between adjacent ink cha.nnels. An 

alt:ernata embodiment· fu~i.h~~ ... '~inimizes cr~sstalk, by feeding ink 

20 from an ink reservoir to t·he ink channels via one or more slotted· 

25 
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ink passages, which serve to reduce the transfer of pressure 

waves from one ink. channel to another. 

These and other aspects of the present invention are 

described more fuiiy.in foll~wing specification and illus1:rated 

in the accompanying dra;;,,i_ng ·figures. 

. , . ~ ... 
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Fig. l is a cros~-~~ctional side view of an inkjet prine 

head struc:1:ure for a sing_l.e- ink channel a.cc:ording to an 

embodiment of the invention. 

Fig. 2 is a partial perspective view of the inkjet print 

head structure of rig. l. 

Fig. 3A is a front view of a portion of the structure of a 

sheet:. of transdu.cer· m_a.t.~_~i_al -for an array· of ink channels 

according to tl;e ·eml:lodime~t- Q;f_ the pr_esent invention shown in 

Fig. _2. 

Fig. 3B is.~ perspective view of the sheet of transducer 

material shown in Fig._ 3J\ .. :·:~ 

Figs. 4A·B illustra~.e the normal mode aet.ua.tion of a block 

cf piezoelec~ric material~ 

Figs. SA-B illustrate the shear mode actuacion of a block 

of piezoelectric material. 

Fig. Ei is a.partial ·diagram of the preferred print head . . 

transducer struetur~ ·showing electric fields established therein. 
. . 

. Figs. 7 and s illUst:ra-c·~ t.he mechanical movement of the 
. . 

20 transducer in ~he preferred print head structure constructed in 

accordance wich t.he present invention, 

Fig. 9 depicts an· alternate print head structure 

construcced in accordance with the present invencion. 

Fig. 10 depic~s an ink feed s~ructure for an embodiment of 

25 the present invention. 

Fi~. ll shows the fron~ Yiew of an alternate print head 

5 
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~ransducer scructu=e according to t.he present invention, wherein 

the addressable ·ele.c;:trode ~etalli.za.c.ion layer is not 

symmetrically coated. on the:'f.:t:<JJI: and second wall port.ions. 

Fig. l:.2 depicts t.hc. fronc. view of a print head cransduc:ar 

s according to an alt.ernat:.e. ,timbQdiment of the prese.nt invention . 

. . . 

PESCBIPTION.OF.THE P.REFiMEP EMBODIME:NI 

Fig. l is a cross-sectional side view of a single channel 

of an inkjet print head structure 20 for a piezoelectric inkjet 

10 printer construcced in accordance with an embodiment of the 

present invention. Print haad structure 20 comprises a print 

head transducer .. 2, .. formed ~.f ~· piezoelectric material, into whic:::h 
·. .:. ~ ' . . 

· is cut. an ink. channel .-29 ,, The .ink channel 29 is bordered along . .. . . 

one end with a nozzle pla.te ·33· ha.ving an orif ic:e 38 defined 

15 there1:hrough. A rear Co'-·er p:Late 48 is suitably secured to the 

ocher end cf ink cha.r"..Jlf?l ;29 . .- .. A base portion 3 6 of the print head 

t:.-ansducer 2 fonns the f~oo:i:: of t:he ink channel 29, while an ink 

channel cover 31 is secured to the upper opening of the print 

head transducer 2. Ink channel 29 is supplied with ink from an 

20 ink res&rvoir 10 through ink feed passage 47 in rear cover plate 

48, As explained in more detail below, the actuation of the 

print head tran~duc.~r ~ r~sul t::; in the expulsion of ink drops . . •· ' ::~ . . . . . . 

from ink channel 29 thoU:g~ the orifice 38 in nozzle plate 33. 
·. ·.- .. ··. .. . 

Referring to Fig. 2, ~he prin~ head transducer 2 of Fig. 1 

25 is shown in great.er ·,deta~.l ... The preferred print head transducer 

.2 c·omprises a first. "fall. portion 32, a. second wall portion J4, ··- . ,. 
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anci a .base port·ion 36. .The uppe: su:-faces cf c.he fi::-sc and 

second wall portions 32-and 34 define a first face 7 of the 

printed head transduce~ 2, and the lower surface of che base 

portion 36 defines a second, opposite face 9 of ~he print head 

S transducer 2. Ink channel 29 is defined on th=ee sides by the 

inner surface of the base portion 36 and the inner wall surfaces 

of the wall port;icns .-.32 and 34, and is an elongated channel cut: . .. . 

into c.he oiezoelectric ~aterial of ~he princ head transducer 2, 
- • . ' • • • ··•. I • 

leaving.a l~ngthwise op~riing along the .upper firsc face 7 of the 

10 print head ~ra.nsducer -2. ~s described above, one end of ink 

channel 29 .is closed ~~f by an nozzle plate 33 (Fig. l) while che 

other end is closed-o;f ~y :~rear cover plate 48 (plates 33 and 

· 48 are not shown in Fig_~··::2) . A metallization layer 24 coats t:.he 

inner surfaces of ink channel 29 and is alsc deposited along the 

15 upper surfaces of the first wall portion 32 and second wall 

?Or~ion 34 . .An ink channel cover 31 is bonded over the first 

face 7 of the ~rint head eransducer 2, to close off the . . ~ ·. . .... • .!.... . ... . ~ .. 

_lengthwise li:i~~,~~l. ·C?penin~·-.~-~ .,the i~. channel 29. A second 
. .. 

metallizati~n layer 22 ~oats the oucer surfaces of the base 

20 cor~ion 36, and also extends apprcxima~ely halfway up each of the - . .. . . 
. . ' . 

outer suxfaces of ·t:~e first and second wall pcrcions 32 and 34. 

The metall_izati~~;. laYfi!l:' 22 defines an addl:essable 

electrode 60, which is e~rinected to an external signal source to 

provide electrical drive signals to actuate che piezoelectric 

25 material cf print head transducer 2. In the preferred 

embodiment, the metalliza~ion layer 24 defines a common electrode 

7 
· .. 

.. .. ~ ... 
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52 which is maintained.~.t: s.rr!'und.~oc.ent~al. Alce:-native.ly, the 

common electrode 62. may a.J,so.,be connect.e.d to an external voltage . :· ·• . 

source to r.ecei ve elec:c;r:ic.~.l. drive signals. However, it: is 

particularly-advantageoµ~ to ~aintain the common electrode 62 at 

5 ground.potential since the-metallization layer 2~ is in contact 

with i:he ink within .. ink.;ehannel 29. Having the common electrode . .- .. . 
.. 

at: ground minimizes possi~~e eleccrolysis effects upon 'the common 

electrode 62 and the ink. within ink channel 29, which may degrade 

the performance and structure of boch the common electrode 62 

lO and/or the ink. 

The pref erred piezpelectric material forming the print 

head transducer 2 is,PZT, although other pia:zoelect:ric materials 

· may also .be employed in ~he.·: pr.esent invention. The overall 

polarization vector dira·ctl,.on· ( 11poling direction 11 l of prine head 

, 15 transducer 2 lies substantially in the direction shown by the 

ar.:row 30 in Fig. 2, e~"ter..~ing. in a ·perpendicular c:lirec:tion from 

the second face 9 to the first face 7 of the print head 

transducer 2. The print head eransducer 2 may have other poling 

directions within the scope of the present invention, including, 

20 but not limited to, a poling direction which lies substan~ially 

opposite (approxima.~ely 180 degrees) to ~he direction indicated 

by the arrow 30 in·Fig 2 . . . . 
J •' 

In the pref erred embodiment_, print head transducer 2 is 
. . 

preferably formed from a single piece cf piezoeleceric material, 

25 rather than an assembly o~ s~parate components which are secured 

togeeher into the desired .~.tr..1~~-W:-e (i.e., where t.he respective 
'·· . 

B 
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wall portions are dil!!lt.i~ct. :compo:n.ent.s which are bonded er glued 

to a separate base pcrcionl . By formins t.he ent.ire princ head 

transducer 2 from a single piece of pie2celec~rie material, the 

deflection capabilit.y of the print head cransduc::e~ 2 is thus no~ 

s limited by the strength or stiffness of glue lines or joints 

l:;ietween diffe~.en~.);ransdut::e!:' components. 

tn op~rat.lon, tl:ie-.pres~nt invent.ion works upon the 

principle of che piez0.~+,~cric effect, where the application of 

an electrical signal a~ros?:. certain faces of piezoelectric: 

10 materials produces.a. c::orx-espc;>nding mechanical distortion or 

strain in that material~ ... .In· general.,· and of particular 

importance to the present invention, the mechanical reaction of a 

·piezoelec::cric material to an electrical signal is heavily 

dependenc upon t.he poling direction of the piezoelectric 

lS material, as well as che orientation of ene applied electrical 

field to chat . p·fe?.i;>e-.le:o:;:t:'.!'"fe material. . 

Figs; 4A>a.nd 4B ;dep~ot .·t:.he normal mode actuat.ion of a 

t=.ypical piezc:ie·lectric ~at.~~i-~l.. In Fig. 4A, the piezoelec~ric 

material 72 has a. polin9-d~:reetion as indi~at.ed by arrow 70. A 

20 voltage source 74 is,co~ec~ed .across two exterior faces of 

.Piezoelect:ric material 72( with the voltage source 74 applying an 

electric field parallel to ~he poling direct.ion 70 of the 

material 72. As shown in Fig. 4B, this electric field causes a 

normal mode mechanical· distortion of the piezoelectric material 

25 72, wherein one polarity .of the applied.voltage will cause 

material 72 t:o ·elongate:~- .be::c·cming lcnger and chinner parallel to 

···: .. : : :. _~: ·· ..... 1iilii[i0· . :~ ,_., .. . . ' 

:.' . . 
. . . . ~~ ' 
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the ;ioling cii:z::actic~ .70 of: che piezoelect::-ic material 72. The 

application o:C aii oppos~te· r>cla:-ity,volcage will ca.use material 

72 to compress, bec:omiri;-~. sheTter a.nd, thicker, also parallel to 

the poling direc:t:l-on 70. o~ .. t:.he piezoelectric material 72 (as 

s shown in dashed liri.~s. ~n. Fig .... 4B) . 

Figs, SA .and ·s.s.::. dep:i~.t the shear mode ac:cuation of a 

cypic:al 'piezoelec:cric macerial 76, In Fig. SA, the piezoelect.ric 

material 76 has a poling direction as indicated by arrow 79. 

This time, however, the voltage source 74 is connected across the 

10 piezoeleccr.i.c material 76 such that: the· application of voltage by 

the voltage .source· ~74··~~~:ates an electri~ field which runs 

perpendicular. to the po~i~g. dfrection 'of the pie.zoelectric 

· material 76, As shown·' itt-"Fig .. sb, this electric field causes· a. 

shear mode' mechan·i:cal dist·9rtion of the piezoelectric material 

15 76, which causes mat·eri~l=.:76~ to generally react by deflecting 
. . 

towards a parallelogram· ·3-hape; rather t:han the elongated or . 

compressed reaction of the normal mode. Depending upon che 

manner in which material 76 is restrained or held by an external 

force, the material 76 may deform in a bending or twisting 

20 manner. The particular direction, type of movemen~, and field of 

movement for this. mec:.ha.rii:C'al distort~on is dict.ated in part by 

t:~e shape, dimensions a:da/or ·com.posicion of the piezoelectric 

material 76, and also by the.ampli~ude, polarity or frequency of 

the electrical signal ~h.i"ch is applied to the material 76. :In 

25 general , an applied _Vol t:·age · of one polarity will cause material 
... ~ .. / ..... 

76 to bend in a first clirect::i.on, and· an applied voltage of ehe 

10 
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opposite polarity will ~~µse material 76 to bend in a second 

direction opposi~e that of_ the first. 

Fig. 6 is a front view of one-half of the piezoelectric 

material for the preferred single channel print head transducer 2 

5 (i.e., one wall portion and one-half of the base portion). As 

stated above, metallization layer 24 is deposited on the ince:ior 

surf aces of ·ink e;"q.a~mal 2-9 .an~. on the ~pper surface of the wall 
.· .. ·· . . ·• .. : I 

---.-PC?r-tion- 34.- r;o form the· c;"rr"'19n_ electrode S2, which is preferably 

maintained at ground pote~tial. Me~allization layer 22 is coated 

lO over appro:ximatelf.half the .outer. surface of wall pori;ion 34 and 

over the lower outer .su;::f~~e ... of base portion 3 6 to define a.n 

addressable. ele_ctrode 60, .. ·;~hich is selec:t.ively connected co an 

·electrical signal source to drive the print head transducer 2. 

Upon the application of a positive voltage signal to the 

lS addressable electrode 60, the orientation of the applied electric 

field established_ in ~h..~. tra.~sducer mat:erial is substantially as 

shown in Fig. 6. At the center of ch~ base portion 36 of the 
. ... ... :· .:::i·' .:···~-.:·- ~ .... 

print head transducer 2, .- it i:a~ b~ seen t:hat a substantial 
- ·. •",,; . . . 

portion of the electric f-iei¢t generated. between addressable 
,,.·:. : ... -~ . : 

20 electrode 60 and common electrode 62 is in the same direction as . . . .· 
-.~: ': .· :· ... 

c.he poling directio.n 30 ~~ _P . .i~zoelectr~c material, thereby 

substantially actuating th~t:. _portion of the transducer material 

in the normal mode. At the wall portion 34, a substantial 

poreion of the electric field generated be~ween adcll:'essable 

25 elaccrode 60 and common electrode 62 is pe:z:pendicular co the 

poling directio;n ~o .• _ .t~ez:~---~~stantially actuating that pozi:ion 
. .. ..... . 

' . ~. .. ... •. 

• .' • • •o" I ... ~ .. . .. ~ ~ ~- ; : .. 

. . ·:' .... ~· .. : .. : 

·., ~- .... : .... '"·.:' .~.. .. .. 
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of c.he t:ra11sduce:- in t~e-~P.,.~a:::: mode c:.oward the othe::- lateral wa.ll 

32 (sae Fig. 7). · .IrJ. th~Lp::"ef.er:r:ed emi:>odiment, the elect:ric: field 

established between add~~=sable elec~rode GO and common elec~=ode 

62· cha.nges in oriencaci9r.l.,. from the ba.se portion 3& to the wall 

s portion 34, . su:Ostan.C:i~lJy ·.a.s .. shown in Fig. 6. 

Fig. 7 illustra~:es. -~~e movement of the transducer material 

in the preferred embodiment- _upon application of a positive 

voltage to t:.he. addressable electrode 60. The dashed lines in 

Fig. 7 indicate the directional extent of movement by che princ 

io head transducer 2 upon the application of a positive voltage. 

Since the ma.t;erial of ~a~~,portion 36 is substantially aetuat.ed 

in the normal ·~q~e.;\ t.pa·t. pop,tj.on cf t~e. -~ransducer material 

· becomes elongate!l· 'in a "di;!!:ct~ion :subs;ancially parallel to the 

poling direct.ion 30 of th~ .. p;iez.oelect:ric material. inwardly into 

is t:he ink channel 29. .... Sin.:e··portions of the piezoelec-cric material 

of t:he wall portion 32. an~> 3·4.-··:substantia.lly deflect in the ahear· 

mode, the wall portion bend·: inward, substancially perpendicular 

to t·he poling direction JO of: the piezoelectric material. 

Therefore, the application of positive voltage to eleccrode 60 

20 results in the movement of the base portion 36 and wall portions 

32 and 34 of che p~int head eransducer 2 inward, coward the ink 
,I 

channel 2.9 I resulting:; in· ·a •dimi~;shment· Of the interior volume of 

the·.ink ·channel· '29:-> The·' extent.·: of· transducer movement. 

illustrated in Pig. 7 has be:t!n' exaggerated for clarity of . 
25 explanation, and the··:parti-:ular range af movemenc aceually 

produced by ·an embodiment'. ·of:i·t~e present invention depends upon 

'.··'' -~ 12 
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the particula:r pa:-a.me;::.:s:::.s, :of the ?:'in~ head transduce:r and/o:." 

electrical dri~e signal ·employed. 

Fig. a illustrates the movement of transduc:e~ ma~erial in 

che preferred embodiment upon application cf negat:ive volcage to 

S the addressable electrode GO, The dashed lines in Fig. S 

indicate t~e direc:~i~n~.l .. extent of movement by the transducer 

mate:rial upon 't;.he .. 'appli.c:a'¢i~n of voltage to the elect.rode 60 . 

. FQr t·he .. a·pplieation oz '.l-le9'a·tive v-ol~age, since the material of 

. Q.aJ:?.-e. por~io:n 3 s. -.i.s . ._sU.·1~:is.tari.tially actuated in the normal mode. 

10 that: portion o~ t~e t::r;ansducer macerial :Cecomes shoreer and 

wider. Portions of· t:he·,.p],~~oeleccric material of wall portion 32 

and 34 are act.ua_te!i in :th~ -.shear mcde, and thus, the wall 

·portions bend cutward, away from the ink channel 29. Therefore, 

,­_;:i 

the applicaticn of negative voltage results in a net volume 

increase in ~he int.erior area of the ink channel 29. Like the 

depic:t.ion in Fig. ·7. t.h~.ext.ent of transducer movement 

illust.ra.ted in J:o"'i·g,'· a ha.s·he~n exaggera.t:ed for elarit:y of 

explanation, ar.id the parti.t:ular range of movement ac:t.ually 
...... 

produced by an embodiment. of the present invention depends upon 

20 the pareicular pa.'rameeei':S of· the print head transducer and/or 

elect.ric:al drive signal.-employed. 

In operation, che application of an electrical d:rive 

signal to the addressable electrode 60 of the print head 

cransducer 2 causes a mechanical movement or distortion of the 

25 walls of the ink channel 29, resulting in a volume change within 
. . 

che ink channel 29. This change in volume within the ink channel 
.. · ... 

13 
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29 generates an acoust:.t::·· :;?::essu=e wave wi:.hin i:ik: c:han.'"lel 29, anc 

this pressure w~ve withi.n ~ne: ink channel 29 provides energy ~o ... . .·. 

expel .ink from .. orif.ice .. J.a .. of ... print. head. .struc:ture 20 onto a p=int 

med.i_um. 

Of particu-lar ,impc~t,a._n.ce to the operat:.ion of the print. 

head structure 20, and to c:.he c:reat:ion of ac:oustic pressure waves 

within the ink channel 29, are the par~icular parameters of the 

electrical drive signal which is applied to the transducer 

material of the print head s~:r:ucture 20. Manipulating the 

lO parameters of an applied ~lec:crical qrive signal (e.g., the 
. . ... ,, .. 

amplitude, fr~que;.nc:y.,-. and/er ~hape of the applied. elect.rical 
~ . : ... ·. 

waveform} mar _·signif ican:!;l.Y-.. ·~-~feet t:he mechanical movement. of the 
.. ·,. ... ·· 

· print head transducer st~cture, which affects the 
• , 1 ,. • ,;, · • ••o,. ·~~I " :·" · .;. r • • • 

characteristics of t~e "~C?UG:t·~c pressure wave (s) acting within 

15 the ink channel 29, whi~h -~i!-.~urn affects the size, volume, 
. .. . . .. . ~ . 

shape, speed, and/or qual_ii:.:Y of the ink drop expelled from 1:he 

p=int head 20. Details of the preferred method co operace print 

head struc~ure 20 are disclosed in copending application serial 

no. CN/A), enticled "Inkjet Print Head for Producing Variable 

20 Volume Droplets of Ink", Lyon & Lyon Docket No. :220/105. which is 
.· ~· . ::· ·. : . 

being filed co~cu~rently _wit.h ~he pres•nt applica~ion, and the 
·. ~ . . ·., ·...... . .. . •. ·.. ;'" . --~· 

details of . ~h,i~~ are he.t:~~y; ~~porpoJ'.at~_ed by reference as if' fully 
. • . • . . .. . ..•. ·':. !- ... ·.i. ~. . . 

set forth herein. As d~~p;Lo~ed.in.tha.t copending applicat:ion, 
. . .. ~· ··•.····. ""t"~:'' r. ·~."· · ... • : ..•.... 

the print. head struc:~ure ;29 .. i~ preterably operated wit.h variable 
.. . ... •. : ; :• ...... "' ~ . . . . . ... 

25 amplitude multi-pulse :.~~:r;i~~C?.;:i..c:lp.l input. wav~:l:orms at the resonant 
. . .. . ... ~ .. 

frequency of -che ink c:hann~l; .. 29, "7hich allows -Che expulsion of 
.• 

ES/B't"d 't8t7"0N 
.. 
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variable volume ink .d:!-qp.s_ ·_f:r;:om the p::-i;ic head s~=uc:u::e 20 at 

substantially constant ~rep speeds. 

Referring to Fig. 11. an alce~native.embodimenc of che 

present invention is shown comprising a princ head transduce:: 102 

s wherein che metallization·layer forming the addressable electrode 

104 is not symme.~r;cal!y co~ted over the exterior su~faces of the 

fi;c:st arid se~ .. onci :~.id.e ·wa_li ,:p_ortions lO~ and lOB. As shown in 

:Wig. lJ., the addressabl_e. ~-laC::t.rode ma~allization layer 104 coa.t.ed 

en t::.he first side .. wall_.P.o~l;ion 106 extends to a height Hl, while 

lO the coating at the ·.S!.ec.ond .. ~i4e ~.all por-cion lOB ext.ends t:o a 

height H2, wbare Hl ·and .Ji~ . ~i.e nee equaL Thus, application of 

voltage to the. addressable .~lectrode 104 in this embodimene will 

· tend to produce non·symmetrical movements of t.he side wall 

portions 106 and lOS. Another ernbodimen~ of the present 

15 invencion is depicted in Fig. 12, wherein a print head transducer 

llO has an addres.::>~le :·elec;:t4'Qde metallizat.ion layer 116 which 
.. : .· ... 

coats only one-_half of the·exterio:r surface of the base portion 

ll2 along with the exte:i:;o:r:. su'.r.'face o'f only a single wall portion· 
• ; ... ! .. : .••. 

116. In this embodiment~ the application of voltage to the 

20 addressable electr~d~ ii·a· ;:wiii signific~tly actuate only half 

the print. head t.:ransduc:er.structure 110. 

With reference to Figs. 3A and 3B, a multiple-channel 

inkjee print head construc~ed in accordance with the present 

invention comprises an array of print head struccures 20, each 

25 having an ink channel 29 in the array linearly adjacen~ and 

subs~antially par~~~el ~'?-Ji:~_neighbori~~ ink channel 2.9. A 
... ~·. . ~ . ··. . . 

15 
.ilo·'. I -~. •' 

·. ; .... ~ :- ..... 

Rieplaced 

1\i\i\~i \\\ \\\\ . ·. . ... ~~ : 

. . ·~ ··· .. • .... 
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single block, sneet, or ~afe~ o! piezoelect~ie mate=ial 21 is 

preferably us;e~. t_o . ma.~~~.ac.~u.re t~e t.;i::aJ;isciuc:er pore ion of the 

a:ray of ink c:h,~nnel~ .... F.i9s. 3A and JB show a port.ion of 

piezoelect:ric sheet 2:i. i.nt.o which a series of substantially 

s identical and ge.nera.11~· pa:i:-.allel ink _ct:iannels 29 have been cut 

into a.· first face Sl of: shee·t 21. :Oirec:tly opposite from the 
. . . ,. .. . ~· . ... . 

first face Sl of .. sheet·, 2.~, .a series of subst:.antially identical 

and generally parallel a,i.::- channels so are c:ut int.o a second face 

53, with each air channel 'so incerspaced between an adjacent ink 

10 channel 29. During ~he manufacturing process, the air channels 

50 are initially.cut to a Qepth approxim~tely halfway along the 

cue depth of ea·ch J.4µ; ~?-ann.!i!~· 29, t:o approximately the relative 

· distance. marke.:d ~y das~t;d l~?leS · .~4 in· Fig. JA. A metallization 

layer 24, def-ining comm~~:~ ~.~e~trode 62, is deposited onto the 

is inner surfaces and .i:nt.e.rl.o:c<and of each ink channel 29, and over 

the firsc. face 51 .. .:if ··sh:eet.:. 21. Metallization layer 24 is 

connected continuously fromi.rik channel to ink channel, and is 
.... ··· ... · .. 

preferably maintained at ground potential. Another metallization 

layer 22, defining the add?:essable electrodes 60, is deposited 

20 onco t:he inner surfaces and interior end of eac:h air channel 50 

(up to and including the surface marked by dashed lines 54) and 
•\ ... 

over the second fa~~ Sl. 6~_ $he~t 21, with ~he metalliza~ion layer 
•.' : 

22 initially ccm~~~t:~d, fr~~-· ~·i~: ~b~rme+.: to air channel at: t:he 
. . .. · 

bot~om 54 of each air channel· so, An elec:erode-separation 
,.,.. .. 

25 channel 52 is then ~uc_. int.o each air channels so, which also 

breaks -che connection bet,;;ee~.~he individual metallization layers 
. . .. · :::~· :.:· ·"' ~ . . . .·:. ;,.._.~:- . 

'TOh'nl..I 
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22 within eac:h ai!:'. c:han;;-1el so. Thus, the metallization laye:: 22 

.·for each add::::es.Si..ble eleccrode 60 is a discreee element, and the 

addressable eleetrodes 60 can chen be separately and selectively . 
connected to an electrical drive signal source. The electrode-

s separation channel 52 significantly extends the cue gap created 

by the c:cmb~ned .. ~ut. depths of the air channel 50 and the 
. ·:. .. .......... ·. ··~ ~ .~ .'· .. • 

elec::'l:.rode-se-oarat.ion channel 52 towa,rds the first face Sl of 
- ... • • : • • •• ...0: .• . 

oiezoelect;ric sheet 2i.: · r.n .. the preferred embodiment., this method .. . . . .. · ·... ·. . .... ;" ~ : . 

of manufacture results;in. t~~ metallization layer 22 forming 
. . 

lO addressable elec;rc.da ·Ei.Q: ·.~;xtending down each air channel SO ta a . : . . ·.~-.... ·. . .. . 

1 --;) 

position correspondi:::ig:,tQ-. ~pproximately half the tot:al cut depth 

.of the adjacent ink ch.anne1:29. If t:he meitallizacion layer 22 

· exten,ds to a position which is too fa.r c.owards the first. fa.ce Sl 

of sheet 21, then the actuation of the transducer material in tne 

shear mode may cause the wall portions 32 and 34 to bend both 

towa.rd.s and away . frott'. th~·- .i.:~t.erior of ink channel 29 at t.he same : . ·. . . . ,,, .· · .. : ' ~· . . 

time, resul~ing,!n le$S than.optimal volume displacement of the 
. '. . . . . . . ... ~ . . . .~. -~:: . .. ~ . 

ink_ ~h~el 2~. If the.metallization layer 22 does not extend 
...... ~ .. ~.' ...... ~ "; :' .. ~· 

:Ear enough t:owa:rd.s _the fi,rst; .face Sl, then the a.ccuat:ion of 'Che 

20 transducer mat:erial. ~~11 ... :.nQt p;r;oduce the desired maximal movement 
•• ~ •• :. . i ., 

of the wall .port:ions 32 ar.id. ·3.f;.~ again resulting in less than .. i·~· . ,;.. .. 

optimal volume displacement of the ink channels 29. However, the 

above-disclosed metallization depth for the addressable 

electrodes may differ depending upon the specific application or 

25 print head configuration in which the present invention is 

ut:ilized. 

,....,.... ,.,.., • _J 

For ma~~f;~S:~.ur4'.;i~r ~~c.ses, ehe: .el_ecerode-separation 
. . ,.· · ............ · .. . ·.· 

.. ·-<·'. .. · . ·.· : ·: ; 1? . . . . .... 

, .. '-:. 

··. 
t ; ....... . 

"":. ·'":/"'~ .. f"./ .. 

... · ... :· ... 
. . .... · · .... -· 

.: .... : . ::~ -. .. . : . 
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channel s2, the ai~ ~h~n.~els 50, anc the ink channels 29 are all 

?refera:bly c:ut wit~ int~_:r::io.!'. ~nd-~u;fa<;::es having a. rounded 

bott:om, 

The lower c~oss ~-s.ec.c.~on of the base portion 36 of print 

5 head t:r~nsducer .2 .preff!~a..bly b~a. a rectangular shape when viewed 

~rom th.e front. The c:c.:a~i~_a.tion of the physical geometry of a 

rec:tan~larly s_hap~d c:;:ro.Ss..;.3ec:tion· for the base portion 36, along 

with the par~icular sh~pe and orientation of che generaced 

electric field resulting from a rectangularly shaped base portion 

10 36, provides for an efficient combination of shear and normal 

mode actuation o.f· the ·"Crint head transducer 2. Furtner, a . . . . . . . .. . 

rectangular cros~"'.sec:tio.nal ... shape res'U,lts in the lower surface of 

· base. portion 36 having-~ -:r,a~·~eively wide lower surface area on 

which to deposit a· meta,l.J:i.z.~tion layer 22 co form the addressable 

lS electrode 60. l'he -~~lat-.::.vel..}":· wide· surface a:rea on t.he lower 

surface of t.he base porttc>h .. J~ provides for a greater port.ion of 

che electric'fieid. cre4t~~,b~tween the addressable and common 

electrodes ac the base porcion 36 to have an orienta~ion which 

actuaees the base portion 36 in the normal mode, i.e., elec~ric 

20 field orientacion which is substantially parallel to che poling 

direction 3 o. E1:11ploy~ng. a' ·h.ase. portion re.ct.angular shape having 

rounded" corners,· ~athe::c:" t~an · the: sharp a~gular corners shown in 

Fig. 2. would not significantly affect. the actuation cf the print 

bead transducer 2, ·and is '"':x:pi-essly wit.bin the scope cf the 

2S . present invention. Altexna.tively,"the lower cross-section of 
. ...., ... ". 

base po:r:t:.ion 36 can be l:o~ed ~n ~he shape of an inverced 
. .. . •.....• ·; .. ~ . ~ .. .. ... ;; ·:·· . 

lS 

i1ii~Hr 
.. 

'· dll 1-10,1..1 '8 ...io>..., W..lRtnS:- )~i:T •s:tT •Cini-I 

- -· t 
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trapezoid, wherein the cu~e= walls of the case po=tion 36 slanc 

inward, towa:rd e~~.q. o~~e;;-;,· thereby ·na:::-rowing the wid-ch of the 

lower su:face of the ~ase·~o~~ion 36 .. This embodiment is less . ••. . •••.• "!" 

preferred than the above-described rectangular shape, since less 

s surface areas is available along the lowe~ surface of base 

portion 36 for ~he addressable eleccrode metallization layer, and 

ehe physical geo~et~: J~ less efficient·· for actuation of the 

print head. ·A ·i,a.se: pQ:ft'ion .h~v±ng ~ i'ower cross-section in the 

shape of an inverted t:ri'.-ingle is much less preferred than a 

10 :ect.angular shape., . sin~'e(:.1;·he geometry is ~ess efficient for 

actuating the print,·h~~d~·' and since less lower surface area is 

15 

.. ; .. •'. :. . . 
available for depos~tiop.Qf .an addressable electrode 

· metallization layer, th~;~by decreasing efficient normal mode 

actuation of the base pcr~ion 36. 

With reference to Fig. 9, ehe height K of the base portion 

35 is preferably equal to the width w of che wall portions 32 and 

34. However, ~he. pres·~~t· in·Je:ntion can ··be practiced with other 
. . ...... :~ ........ :. ;" ~-.. ~·:"::- .~~<<·:'.· .· .. -~~ ··. .. . . ·.·.- ;~_ ... 

height:. .dimensions for base portion 36, and alternatively 
:· _.,;.; •• ; ."J. 

pref erred embodiments c~m~_;;.i·se a base height range of 
· ...... .;. 

20 approximately o. s ·to s · t:'.fine's. ·the width w of 'wa.ll portions 32 and 
.~ ~· . 

34. 
.. ·· . •/, .. :: .. <_: .' 

~ • • ' I ' .:, 'o ' 

.: • • ••• ~-.. • • • p ; • 

An alternate embodiment of the.present invencion further 
·.: .... '" . . ··:/t~.·~-~ . ~ . 

comprises a base caver plate 61 which is bonded or glued eo the 

lower outer surface of the base portion 36 (Fig. 9). The base 

25 cover plate 61 enb:ances the movement of the normal mode 

def lec:tion of head transducer 

."\ . :;..·~- '. ·.~ .· ., ,· ..... • 

I.I-IC::+. •C' ICCT '<"IT ,.,...,-,u 
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2 is act.uated. When the base po=tion 36 is ac~ua~ed in the 

normal mode ~it~ .. a ·_pos·i~d.ye. polaricy e:i.ectrical signal, the ·. .. . . . . . ... 

-material of .che base po;~ion has a ten~eney ~o deform in an . . ... 

elongat:ed-ma:nner parall.(:!1-to the pc;>l_ing direction 30, wit.h the ., . ,• ... 

s uppersurfac:e of th.e basa.portion 36 elongating u;iward toward t:he 

ink channel. 29, ;-~nd_ t~a: l.C?~e.r,. surface. o.f the base po:rtion 36 

elongating down"fard, a~~y·f;-om the ink channel 29. The base 

cover pl.ate s.1 provides _a' .x·estraining ·force on the outer lower 

. surf ace of ... base ; 3 S-~ . res-i3t ing the · 1T,ovement · of ··the lowe:r surf ace 

10 of the base portion 36. The physic:a~ result of the res~raining 

force applied by_ the base cover plate 61 is for ~he upper surface 

of base· port;i~n· ,J~ tc :~~ft;~~;?' elop.gate. ~pward., increasing t.he 

l5 

20 

· volume dis-clacement: within·.··i-nk·. channel 29 by enhancing the 
- • • • • • "' . ..J • • ..... 

distance r:.ha~ the base ... p.cp:-,t.ion, 36 elcn_gates into the inlc channel . •,. .. 

-29. Likewise, whe.n.tha,:.~ase·36 is actuated wit:h a nega.tiYe . .. . . . . . 

polarity elec::.r:ric~1,.-d,ri~Me ,._.sigmi.l, the base_ cover plate. 6'1 

rest:.t"a.ins the tendency .o:,.t.he. lower surface of the base port.ion . . .•.. .·,, . 

36 to deform in a compressive manner. The base portion 36 

physically compensates for this res~raining force by increasing 

the movement cf the upper surface cf the base portion 36 

downward, away from the ink channel 29, ~hereby enhancing ehe 

volume change with~il--i;he ink channel 29 from the normal mode 

deflection of l:he·, .base ~flrtiqO: -36. 

In the preferred~amb9~iment, metallization layers 24 and 

2S 24 are forme~ of g~~~· a~d ~rs sputter-deposited onto the 

piezoelectric: sheet ·,21, :<,The _CU1:S made in t~e piezoelectric sheet 

20 

1:817"0N 
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21 are preferably ma.de -~~i~h diamond saws, u~ilizin; eec:hniques 

and apparatuses familiaJ: ~~ those skilled in tne semiconduc:eor 

.incegraced circuit manufacturing arcs. The ink channel cover 31 

is pref era.bly glued or ~anded to ~he rnetallizatior. layer 24 en 

5 the upper surface of sheet 21 to close off the ink channels 29. 

The nozzle plate 33 and;r~a~ cover plate 4S are prefe~ably glued 
:lo·:· ·• 

or bonded to i:;he f.r.ont·. and rear surfaces of sheet 21, 
' • . • • . • •. : • . . ! . 

::-espec:tively. . 'J'.he ink ~~an~~.l c·over-.31, :base cover plate 61, and 

nozzle plate 33 should p~ef.e.~ably be formed of a macerial having 
.... , 

lO a coefficient of ·di~ermal ·.e~~nsion compatible with eac:h other . 
. . . .. 

The nozzle is formeca ~f. gQJ.d;-.plated nickel in the preferred . , 

embodiment, although, otha:r· ·ma~erials such as PZT are within the . . ..: .... · .. 
· sco~e of this inven~ion. The ink channel cover 31 and base cover 

plate 61 are preferably formed of PZT, although other materials 

is may also be appropriately used within the scope of this 

invention, includ~.~9 buE ~.°;~'. ~imited to silicon, glass, and 

various met:alli.c .. tnCJ.Ce:dal$ ....... ~ . 
. .·. '. . . ,,. ~· ·.. . <.=· ·~. · .. ··.. • ... . 

~- . 

An advan_t.ageous· as.P.~ct gf the p~esent invention is that a 
. . . .-·_. . .. -~ ··:. . .·.: .. 

mult:iple-channel print h·ea.c( can be formed from a single sheet of 
.. : ,"!"',. : : • ~~-· : . 

20 piezoeleccric material th~~.has been pre-polarized in an 
. . . . :·::·· ........ ··. ·. . .. 

appropria~e poling direcei~~ ~;ior to manufacture of the print 

head structure 20. ~his.ab~l;ty tQ manufacture with a pre-
. . . ~~ .. 

polarized block of maeeriai. i~ ... a signi_f ic:::ant advantage over t:he 
~ i •• • . • 

prior art: piezoelectri~·print head structures, which may require 

25 the polarization of the piezoeleccric macerial later in t:.he 

manufacturing sheet:. of 

~· ,. .·• :·: ·"i-. ~ .... • ... "': . 

. . · .: .. ··~ .·" 
'fRb'OIJ 
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piezoelect:ric: material 1 ..... ~ore ccn.sisi:enc:y is obc.ained wich regard 

to the ove:ralJ.:.· .po~ari.~~tio,ft., of the .Pi~zcelect.ric mate:::ial . . . . - . . 

employed. ~or. ·exampl~~··.~ ·pre-pola:t':~zed sheec: of piezoelectric 
. . 

.macerial can· be tborou~};ly_.:i:est,ed for the appropriate 

s piezoelectric pr~.ert:.~~~, prJor t.o machining, :-ather than after 

the. expense and ~effq.rt;:s.,::~;_,.rnachining have already been performed 

on a partic:ula.r sheet °'f.: _P,;ezoelect:ric material. 

Another ~dvantagecus aspect:. cf the present invencion is 

that the alternating air/ink channel design of the preferred 

10 print head serves to redu.c:e- mechanical crosstalk between adjacent 

ink channels normally resulting from the.motion of the ac~uated 

piezoelectri~ ... ~~a-~~<3,~ce;t".;,.m,t~rial .. T~~~' although the preferred 

· embodiment allo~s-- a densely. packed array of ink channels to be 
. . . . .. ·.· .. ·: ..... · 

· plac:ed . together,_ .this st·~uct;.\;l.re also tends to reduce interference 

15 which .may occur f~om ·one .. ~nl~ · .. :hannel to ehe next. This favorable 

:-eduction in cros·stal~ ~n:~;ehe.·:preferred design is due co the 

comparatively small ex~ene.of mechanical coupling between ~he 

adjacent ink channels, and is also due to Che insulating 

properties cf the cu~ gap.formed by t.he combined air channels so 

20 and elect.rode separation channels 52. 

Supplying ink to the individual ink channels from a common 

ink reservoir itO :maY.-. .. cre·a1=:·e a. c%'~ss~a1k ·p~t.h, since pressure 

waves from one ink .. c:hannel":.2.9. m'ily t:ra-Vel ·through the ink feed 

passageway 49 to an adjacent "ink channel, and t:hese unwanced 
' 

2S pressure· waves will;: in t:u.i:n.,-'."~;ffec:t. the efficient:. ope:ration of 
... 

the adjacent ink channel;!.:. ·:Thus;·· to further reduce crosst•lk, in 

·: ... "· ::. 22 

,. 
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provided a prot;ec:tive:· ink: feed structure to supply inlc from the 

ink reservoir 10· c:.o the i.n.k channel 29. Fig, lO is a view of the 

~ear of print head structure 20. showing the path of a central 

5 ink feed passage 49, which may be formed as part of rea~ cove~ 

plate 48 (not shown in Fig. 101, thac extends from the ink 

reservoir 10 the i~.dividual ink channels 29. One or more slotted ·:.: .. . . . 

. .• . 
each ink channel 29, ·.Ea.ch slotted pa·ssageway 47 is a grooved 

.. •. 

10 ~ndentaciqn formed in .ch~ rear cover plate 48, excending in 
.... 

length from t:.he ink, f~ed _·pas~a9eway 49 to t.he bott:om of each ink 

channel 29. .Each. slot:t:ed passagew-ay 47 in rear cover plate 48 
.... 

·has a tapering-curve alqng its length subscantially as shown in 

Fig. l. Each slot~ed passageway 47 preferably has a slot width 

lS which is approximacely the same width as the ink channels 29. 

In operation, ink is constantly supplied to the central 

ink supply ~as$age 49 .from the ink reservoir io, and when 

required by ~ :i~~-i~id~~~- ·i~k. channei · 2·9, the ink is then dra.wn 
.· .... ~ . .... . ~ . 

from t:he ink supply passa"ge 49 through° a slot:.ted passageway 47 

20 into the ink channel 29 '.by.··.the pressure difference caused .by the. 
. . . ·: . . 

movement of the p#int head ~ra.nsducer 2, _along with the pressure 

difference.caused by the surface tension forces cf ~he meniscus 

ae the ink channel orifice~ The use of slots or slo~tea 

passageway ~o supply ink tc an ink channel, such as slot~ed 

25 passage~ay 47, helps cc reduce the ampli~ude of pressure waves 

which escape the ink channels 29, reducing the probably ~hat the 
o• I • 

. ' 

S:-C:/ X?. • d l8ti'"ON 

... . . 
......... :··<·· :-- . ~ 

.. . .. .... .. . . 
. · . ..,. " 

.. . .... ·· : ~ 
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escapini pressur~ waves will affect the operation of neighboring .·· .. 

ink channels. T-hi.s.is in C.ue in :>art to the length o:f' the 
·,•. . . . 

slotted passageways 49, w~ich inc~eases the dis~ance that a 

pressu::e wave must trav_el tc affect a neighboring ink channel 251, · 

5 thereby diminishing the_. s.t.:~engt~ __ of the escaping pressure waves. 

In addition. the· sloct"f4d.·~p~,a~ageways 4~ are small enough in width ,, 
.... · 

co substantially preven';. ·h~~h frequency pressure waves from 

intruding into other ink channels. 

Set forth in Table I are acceptable parameters for the 

10 block 21 of piezoelectric material forming the transducer for ~he 

pref erred e~odi~J:mt .. :. _: : \ ,. 

·i .: :·· .. 

'· . 

.St;-uc:ture 

15 A. Thickness o·f PZT. she·et. ,· .. :. · ·. 
. .. . .· . . · ..... 

S . Cut width of inl<: . eha::inel·· . 
c. Cut. dept:h of ink ch~~~i.'·· .. _-: ... 

D. Lengt.h of ink channel"·_, ... -~.:·. 

E. Cut widch of air channel 
20 F. cut depch cf air chann~l 

G. cut width of electrode-separation channel 

25 

H. Cut depth of eombined'ai:r channel 
and elac't.rod.e~separ~tion.channel . . . ·. ;-· . 

I. Distance from ink channel cente~ 
adjacent. ink :_.c~el, ,:~~rit'~;~ ,. 

. . . •• ·t 

t:o . ... ,· 

J. Dis-canc::e from ink c:hai.in~i'· c:'ent.er to 

adj ac:ent a:i,.r c~aMe~ -~c;~nc:-er 

IC. Diamet:.er. of _or~~f-~~ t~;:;:1~~~7e .~*ate 

."·'.·::- .:.··. 24 

-.:· .. 
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Dimension 

0.0240 in. 
0.0030 in. 

O.Ol93 in. 
0.2000 I in. 

0.0030 in. 
0.0llB in. 
0.0020 in. 
0.0213 in. 

0.0100 in. 

o.ooso in. 

0.0014 in. 
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The ·particular di.mensicns set fort:.h above are t:he 

respective parameters of the prefe:red embodiment, and are not 

intended to be limit.ing :·in a.ny wa.y, since alternate print head 

structures w~t:~~A t:h~_ ... s.~OP.e .o.f .che -present invencion may have 

5 structural dirn~n.:i~_~mi? wnieh ,differ _frqrn .those set:· fort:h in Table 

I, .depending. \fPO:ct the._.?az:tic:ul~r application in which this 

invent.ion is used. In ~d-~i-cion, those of skill in t:be art will 

reaLi.ze ·t.hat the -Y~lt.a,ge: .. pol.arities or piezoelectric: material 

poling _directions employ.e.4 a:nd describe~ ·aboV'e for the pref e:rred 

10 embodiments· could be reve~~ed without affecting the scope or 

bread~h of the.disclosed invent:ion. Further, che range and/or 

type of mechanical movement or distortion described and/or shown 

· in connection with Figs. 6-~ are for the purposes of illustration 

only, to pictorially fac:.;l~t.ate the.expl~nation of the invention, 

15 and are noc . .i,xiteno~d.7C~ .. b~·>limiting i';n .any way, sinc:e different 

shapes, d_imensi.ons or pe.~ame·t'~rs of. t.-he transducer material could 

be employed within the s~ope._cf the present invention to create or 

actuate ct.her typ¢.s :of transducer movement ·or distortion. .In . . . 

addition, positicrial orientat.ion terms such 11 lateral 11 , 11 top 11 , and 
... 

20 11 rear 11 are used to descr:S.~e. .t:ertain relative structural aspects of 

the preferred embodiment; however, these rela~ive positional ~erms 

are used only ~o facilicate the explanation of the inveneion, and 

are not intended to limit in any way the scope of the invention. 

While em.bodimen~s, applications and advantages of ~he 
. ' 

25 inventicn ha.ve _J:>een::: .. sho~"'ll ·:.a:nd described wfth suf:fic1ent clarity to 

enable-one skilied in cb~ art co m~ke and use the invention, it ..... ~; ·•. . . 

) ~.. 25 

... . . : ... · . .. 

. .· .. 

This Sheet Has Been Replaced 

1111111111111111111111111 
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would be equally appa~e~~ to those skilled in ~he art that many 

more embodiments, .appl~~~ti~ns and advantages are possible without 

deviating from the inven1:iv.e concepts disclosed, 

described, and claimed herein. The invention, therefore. should 

s only be restricted in accordance with the spirit of the claims 

appended heret.o or their equivalents, and is not 1:0 be restricted 

by specification, dr~wi~g.s ... or the descript.ion of che preferred 

embodiments. 

.. •'. 
. : ~:. ':: .. 

't8v"ON 

.. •.· .. 

. ·.: .: .... ·"' ..... 
• ··~:·.:.• ..• ~.. .. .'.f .· 

." . . . .. . : 
~. · .. • •·. . 

.'. ~ ·: . 

'· . 

~ i • : ... ;•.,,! 
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What is Claimed is: 

l. An inkt~.t .~~int·)~~~ .. ~~mprising".: 
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a print. haaci tr~~ns~lr.i.i;::~r having . a first wall portion, a 

S second wall portion, ;;.:::d.a. ha.se portion: 

lO 

15 

said first wa.ll. p9rt'f.ion comprising .. a first. inner wall 
' . 

surface; a first outer·wall.surface, and a first upper surface; . . . . ,: . . ~.. . 

said second wall. -p~;r.!:ion comprising a second inner wall 

surf ace, a second outer-.. wall surf ace, and a second upper surface: 

said base portion comprising a base inner surface and base 

outer surfaces; 

a base cover affixed to said base porcicn; 

an ink. ctza~e.l .de.~ine~ on three .. _sides by said first inner 

wall. surface,. sa,id seco~d ·in.1.'le·;: .wa.ll. surface, a.nd said base inner 

surface; 

a first. meea.llizat.~~n:-· layer coac.ed on the wall surfaces of 

said ink· channel;.· .i. 

a second m.etal"liza:t.icn· layer coated. on said base outer 

surfaces and on a portion of said f irsc and said second outer 

20 wall surfac:es; and 

said base, said first lateral wall, and said second · 

lateral wall comprising a piezoelectric ma~erial having a poling 
. . . 

direction,· ·said p1ez?elec.trii::: material having electric fields 

esca.blished t:he:rei-n whe:n. _a. v.olta.ge dif.f erence e~ists be't.ween said 

25 first electrode metallizat~on -layer and said second electrode 

metallization layer,· said .. eleC:tric fields substaneially 

;_...... 4 •• • '" • ~ This Sheet Has Been Replaced 

11111111 111111 1111 Ill Ill\ 
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perpendieula= to said ·pol:ing di:-ec.:.ion of sa.id ?iezoel~ecric 
. . 

material i_n sai~ ~irst and ·said second wall po:-;. ions, said 

electric fields· s~stan.tlally pa.=allel to said poling direction 

of said piezoelectric •1\aterial in ~he center cf said base 

:s portion. 

10 

2. The print head of claim l wherein said poling direction is 

subscantially parallel to a direction excending perpendicularly 

from said ~a·s.e :P6.rt;'.id~,.· ;t;~·- ·~s'.~id first -'*-~; s~cond upper surfaces. 

•.• ''. ·.; !. 

. . . . . 
3. The print head o~: _:C:J;aim 2 wherein said poling direction 

extends directionally. from said base porcion to said first or 

·said second upper surfaces.· 

15 4. • The p~in~ head of claim 2 wherein said poling direction 

extends directionally from said f irsc or said second upper 

surfaces to said base portion. 

5. The ~r~~~·:_~--~~~d·~~i:~·f~im l whe·rett{ said second 
.. t·:: 

20 metallization. ·layer exe~t)dS . tc a posi1::ion co:r:r;-esponding to 
. . . .· ·.· 

approximately half the heighe of said first or second wall 

portions. 
..• ~ .. . . .. . ~- ;" 

-~'! . .... ' .. :: : . 

6. The print head of claim l. wherein said. first metalliza.t.ion 

25 layer is grounded. 

28 

i·~: ... 

... ....... .. . 
·.·· .. ·: 

'": .. ... 
• • '· • ·~. II." ••••• . . \,-,_., .. 
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7. The p~inc head of claim l wherein said piezcelec~ric 

ma~erial comprises PZT. 

e. The p,?::.lr~ .~edd .i;'J.f~ .. ~la.l,.m 1 wherein· said base has a 

s su:Csl:.ani:.ia.ll~·-. rec1:.angul.== .. _;~o.ss·-sect:ion. 

10 

9. The print ~~ad of. _claim l further comprising an ink feed 

structure coupled to·: s~'id--·ink channel. 

lO. The print head of _claim 9 wherein said -inlc feed structure 

comprises a manifold structure having a slotted passageway 

communicating be~ween a supply of ink and said ink channel. 

11. The PZ:~.l:i:t,._ ~~~~·,:'of.;::Cl"aim. 1 whe::-elin-.:said second 

lS met.a.llization: lax·er coat.·~-: $'!tid::·':first ,_ o,uter wall surface t:.o a 

different .height than is _:_Qo.ilc:ed. on $aid' ·second outer wall 

surface, ,•' 

·~::: . · ...... .' . . .... · .. • . 

12. The print head of cl.aim l further comprising an ink 

20 c::hannel cover secured to said print head transducer. 

l3. An inkjet print head comprising: 

a transducer formed:.fro~ ·a piezoelectric material; said . .·. . ... ·• 

transducer compr.i_si~g:-"·a b_~~·~:- iid
0

iC'·~ion, a· -:first side wall portion, 
. . ~ : . :. ·~ . . ·. ' . 

· 25 and a second side wall p~.r·t.:i.on ;-. said base portion, said first 
- ' 

side wall portion, - and s~i.;ci-·~ercond sicle wall por~ion defining an 

: '~ .. ~--.-"' - 29 

....... ·· .. ,,... 
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a first. electrode. ~no:alli:z:at.io:n layer which is deposit:ed 

on the interior suriac~~· ,cf. ink c:.hannel; 

a second elec:tJ:"O,~ Jiletallization layer deposited on the 

5 outer surfaces of said t~ansducer; and 

10 

15 

said base porcicn being polarized for normal mode 

actuation when a voltage difference exists between said first and 

said second me~allization layers; said first and second side ~all 

port.ions being, pq_~~r;.ze~' .. ~P.r) .:shear m9de 'accuat:.-ion when a voltage 
: • : ' I•• •. "• • 

difference exist.s becween.said-firse and said second . . , ... ·.:. . ... · "•'":''. . . . . 

metallization layers. 

.. .. . ... ~-.· 
· l4. The inkjet: print._.~e:a.cl· of claim l3 fur~her comprising a 

.base cover affixed to sai¢t k?.ase portion. 

15. The inkjet print head of claim 13 wherein said base 

portion has a substantially rectangular cross-section. 

16, The inJ:cje7 -~~j,,,n.t.)1~a:d ~c»f claim .. ~3·. wherein said second 

20 elec;t:ro4~ ·m~tall.~iation '~.~Y~;'. ~~xtends ·~long said first and said .. ... . . .. 

sec:ond. side wall portions to a.position corresponding to 

approximaeely ~a.lf ·tA~ depth~ o.f said ink .channel . 

··.".,·:··. 

l 7. The inkjet print he.~d of claim 13 wherein said first 

25 electrode me~allization layer is at ground potential. 

30 
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ia. The inkje~ print ~eac of claim 13 whe~ei~ che inte~ior of 

said ink channel cerminates in a suhseancially :ounded bottom. 

19. The p=int head ot ~laim 13 further camp~ising a rear cover 

pla~e affixed .to said tiansduce:, s~i.d, rear cover plate having . . .. . . .. . ·:. . . . . . . .. . ~ ; .. 

OFl.~ or more. ·grooved pas:s.ag~,S. extending there through for supplying 

ink to said ink channel) . ·•·:i-..... 
. ' . "' 

. ... • .. · . .. .... . 
20. Th.e print hea.d c:>f;~.'~l:a.im 13 wherein said oase port:ion has a 

. ·\ .. ~.. : .. 
lO height which is . 5· co S :ti111es the thickness of said first or said 

second side wall portions. 

· 2l. A method of manufaccuring a princ head comprising the 

steps of: 

15 
. .: .. :; . . '"'.~. .. . .. 

Cal cu,t·~.ing ·~· pl~~~<tit;.Y of subs.t.ant.ially parallel ink 

ch~nz:iel~ inco.· a· first f~-~e .of'.·a .piezo.eiect.ric sheet; 

(.bl. \:Ut"Cing. a plur.ality of su.b.s-cantially parallel air 
. .· ...... :::"'_!\ :t:.. : ... 

c:ha.nnels into' a second opp.osit.e fac~ of ·said piezoelec~ric:: sheet. 
.. . .. ... :..;;, ." "".:;·;:..· ··:·: .. · .:. .. . 

said ai.r channels being .. ~~i;er~paced .between and generally 
• ...~. ·.~ ,to;'. • ~-

20 parallel to said ink channels; .. •' . 

(c) depositing a first electrode metallizaeion layer to 

said first face and in said plurality of ink channels; 

(d) depositing a second elec~rode metallization layer eo 

said second oppos.~~e~. ~~c.e . G:~d . in said plurali cy of air channels; 
• •1 ",lo• .,·~,:. ,_.~,,.,, .:.'" t_.-~ .• I ' , ' • , • ' 

25 (e) c~t.t;ng ·-~rt· :el~~~rl:'.'~~--separati~~ channel extending 
... ,;.'"~•r" ,.... ,,_~ • I ' ·,·• •·'" • •" • • .: 

thro.U:~h ~nd .bl?li'.o~d said s~cond ·. electrod~ metallization layer at 

CC/CS:"..-1 t817"0N 

.. ~ ·. 
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. 22. The method,. of. claim :21 furc.he:- comprising i:he seep of 

. grounding said fir.st .. ~+·C?l.::t0~ode metallizacion layer. 

23. 

.... . .. ,. 

The method of Glaim 21 wherein the cu~ depth of said 

plurality of air channels of step (bl extend toward said first 

face to a position corresponding to approximately half che depth 

of each of said_plurali~Y.Pf ink channels. 

44. T}_le. ~ethod of cl~i;:ri.::~1. ,further. comprising the step of 

attaching. a base cc·.re:r: tQ s=.id seeo?ld fac:e . 

. . ·. 

25. The method of.· cl~i~. '2l wherein said pluralicy of ink 

J.5 channels of step {a) are c\t~·-with a rounded bottom. 

20 

26. The method of claim 21 wherein said electrode-separation 

channel of s~ep Ce) ar said plurali~y air channels of step (b) 

are cut wii:h . a ro,unded }:)oet;Q.m. . ·. . .. 

. . ~ ... · .. : . :: 

27. A print head stri~c~ure comprising: .. • .... 

a piezoelec~ric s~eet having a plurality of substantially 

parallel ink ~hannel~ alpns. a.fi~se face and a plurality of 
. · ... 

substantially paralle~ air.:. f..~~nel.S a~ong_ an opposit.e second face 

25 each of said plurality of .·:air channels interspaced bet.ween and 

adjacent to said plu~ality of ink channels; 

32 

... 
~: .. ··.. . ... . 

~~ :·. " ..... ~-.: ... · . .. .... 
. ~~ ·~;~.·. . 
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a !irst metallization laye~ coaced along said :i=st f ac:e 

and in each of said plura~ity of ink channels; 

a second meta.llizaticm laye:- c:oa.ced along said second 

face, anc:l partiea.llv de.pr,,.sit:ed in each of said plu:"ality of ai:-

channels; .... ::·: 

s~id -piezo.elec:tri~~ sh~e_.t .. havi~g a poling direction, sa.id . . 

poling ~~~~c:tion· .51':lbs~ar.-i~i·ii'iy parallel to ci. direction ext:ending 

perpendicularly f-;;~m: said. firs~ ·fac:e to said second face; and 

a base cov~r af ti~¢-~ \9 said second face. 

28. The print head structure of claim 27 wherein said poling 

direction is in a dire.ction extending from said second face t.o 

· said first face. 

2.9. · The print. ·-}\ead ··St:-:r:u~t.u.i.e>.of· claim ·27 wherein said poling 
-:-. ·-:·· ~- :: .. :.... . . . . 

said ... sec"and face. 
~- ~-... ,._.. -~: . 

,. . · . .. ,- .. . .... 

30. 

.i •. .... .• ,... •• • + ~-. 

The print head ~t~~~~~~ cf claim ~1 wherein said second 

20 metallization layer is grounded, 

31, The print head struc~ure of claim 27 further comprising an 

ink channel eover affixed to said first face. 
; ." - ·. ··. 

25 32. A multi-channel pr~rit.·~~a.$1. ci;>mpri_si:ng: 

., .. a -~·i~zoeie·~~-~ic sh~~~~~~~'.~~i~ ·~i~,~~~l~ct:ric 
.,,: I • "·V : • • ~· ' ::. ' •' •' :. I ! :." ~ ' -~~ : ;. • ~: .. • I" : ... • o ' ' • 

sheet having a 

. : . . 33 
. .. : .. -. . : :·: . ~:.:, ::': . 

.. : . . .. 

.. . ·~ 

dTl NOA l '8 1-JOA."1 



5 

,,.-. 
I 

... :·.· : .. : .. 
, ... . , .... ··. 

I lllllll llllll lllll lllll ll llll 
.-, •· C L M S * 

220/202 
PATENT 

:;>lu::-ality of. ink c::hanriels..;··;o;-med in a. firs:. face a.nc having a 

plu::-alit.y of .air. chann.~:l.!!I :t.o:rmed in a second face; . ~:·· .. 

a first e-lectroQ.e. fo~e~Lalong said first face and in said 

ink channels; .···· 

a second electroce·formed along said second face and i~ 

said air channels; 

each of said pluralicy of ink channels defined by a f i~st 

wall poreicn, a second wall ~ortion, and a base portion: 

said base -portion::.be:ing polarized for normal mode 

lO actuation when .. a. _.volta~~<~~ .. ft.e;i;.ence ... e?Ciscs· beeween said first and 

said second electrodes;. and .. 

15 

said fi·rst. and ~el:;'..Prid·. wal,l portions being polarized fo:­

. shear mode actuat.ion· w~n'. .a ~yolt.F.ge difference exists :between 

said first: ·and s•.id ~eeo~c;i · e~ectrode.~.· 

33. The mulci·channel print head of claim 32 wherein said 

first electrode is grounded. 

34. The multi· .. charil\el: print:. head of c::laim 32 further 

20 comprising a base .. cover.: 'aff•ixed to said second face. 

25 

...... . .. . . : . .. . . · ... ~ 

35. The multi-channel<pr.in't head of claim 32 wherein said 

second electrode ·ext';~~~~ :t:o · a::position corresponding to 

approximately half the dept:n::.C,f said plurality of ink channels. 

. ·-. 

34 
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a print head t:ansducer having a first wall portion, a 

second wall portion, and a base porcion; 

said. fi_:::s.t_. w~P· .. p_or~icn comprising a. fi::-st: inner wall 

s su:face, a· :t"'lrst oute:t'.. ~~.ll ... s~rface .. , and a first uppe: wall 

10 

·.surface;· -· ··:: . ·.-; . . . ~ .·· 

said second wal.l_ ~o:rt.ion comprising a second inner wall 

surface.. a. . second oute:: .. wal~ s~rface.. and a second upper wall 

su-rface; 

said base portion.-qomprising ii: base inner surface, base 

outer wall surfaces, and a base cu~er.bottom surface; 

a first face defined by said first and second upper wall 

· surfaces; 

., ... 
_;i 

20 

a·sacond·;ace·.A~~,ined by said base outer .bottom surface; 

: an .i:.~k. :channel d.a.f·~Jj;e;d, :on t.h:i;-ee- sides by said first inner 

wall su:rfac-a·, said sec:o"na .. inner wall surface, and said base inn'er 

surface: 

a first fl\eCall·iiae'ion· layer coated on t:he wall surf aces of 

said ink channel; .. :'~·.·. 

a second metalli':Zation layer coated on said base outer 

wall surfaces, base oueer botcom surface, and on a poreion of 

said first and said second oucer wall surfaces; and 

said print head transducer comprising a piezoelectric 

material having·-polingA.i~rection, said a poling direction 

25 substantially. parallel."to' a;.·'ciirection ·extending· perpendicularly 

f·rom said sec:c:rid face tC:f··'-safd first face. 

35 
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37. The print h.eaci of _claim 35 whe?:ein said poling di::eccic::m. 
ex~ends directionally :~om said second face co·said fi~st face. 

, ; ~ • ••• • 'I." 

3 8 . The print head elf claim 3 Ei "1herein said poling direction 
5 excends directionally from said first face to said second face. 

. :· .... 
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