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. 8P ECZIFICATTION
TITLE  OF TEE INVENTION.
INKJET PRINT HEAD APPARATUS

ackar of th vention

(=]

. Fi of the Invention
The present invention pertains to the field of inkjet
R .
printers, and more specifically, to piezoelectric inkjet princ

heads.

. Description elated Art -

Ink jet printers, and-more particularly, drop-on-demand
inkjet print heads having -a piezoelectric tramsducer actuated by
electrical signals, are known in the art. Typical princ heads
consist of a transducexr mechanically coupled to an ink chamber,
wherein the application of an electrical signal to the transducer
material causes the transducer to deforﬁ in shape or dimension
within or into the ink chamber, thereby zesulting in the
expulsion of ink from an ink. chamber orifice. One disadvantage
of prior art prinffhéad'strucéﬁrés is that they are relatively
large in overall dimension, and thus cﬁnnot be placed together
into a densely packed array; this reduces available output dot
density, which will decrease the overall cutput definition of a
printer. Another disadvantage with prior art devices is that the
large number of components in these devices tend to increase the

costs and difficulty of manufacture. Further, the prior art
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structures, Qhen placed next to =ach other wichin an array to
create a multi-channel print head, tend to produce undesirable
"crosstalk" between adjacent ink chambers, which incerferes with
the accurate ejection.qf;ink,from the print head.

Therefore, there.is:a need in the art for a pzint head
structure which can beaaavantageously and economically
manufactured, but can algojbE'pla;ed_in a densely packed array of
such structures for ﬁ'mﬁltiplé-channel print head for increased
output dot density. Furfhér. there is a need for a multi-channel
print head structure which minimizes undesirable crosstalk

effects.

ummazy o e Inventio

The p*esent 1nvention comprises ‘an inkjet print head
wherein the placement cf the tzansducer electrades in combination
with che particular pollna d;rectlon (overall polarization
direction) of the pr;nt head transtcer material provides for an
efficient combination of shear and normal mode actuation of the
print head. According to one embodiment of the invention, a
print head transducer is defined by a first wall portiom, a
second wall portion, and a base portior, in which the interior
walls of these wall and base portlons form three sides of an ink
channel. The upper surfaces of the wall portions define a first
face of the print head transducer, and the lower surface of the
base portion defines a second appasrte face of the transducer.

A metallization layer, form;ng a common electrode, is deposited
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onn the interior surfaﬁgé of cthe ink channel and along the upper
surfaces of the first and second wall portioms. A second
metallization layer, forming the addressable electrode, is
deposited on the entires outar surface of che base portion, and on
a portion of the outer surfaces of the first and second wall
portions. The poling direction of the piszoelectric material
forming the print head transduger is substantially perpendicular
to the electric field direction between the addressable
electrodes and the_¢omﬁoniélectrode at the first and second wall
portions, providing for shear mode déflection of the wall
portions, toward or away from each other, upon the application of

an electrical drive signal to the addressable electrocdes, The

- poling direction of the piezoelectric material forming the print

head transducer is subs:antially parallel to the electric £ield
direction between the addressable electrodes and the common
electrode at the center of the base portion, providing for normal
mode actuation of the center of the base portion when an
electrical drive signal is.applied. The metallization layer
forming the addressable elecﬁrodes preferably extends halfway
along the height of the wall portions. The metallization layer
forming the common electrods is preferébly maintained at ground
potential.

The present invention .alsc comprises a plurality of ink
ejecting structures capable of being demsely packed into a linear
array of multiple ink channels. This array comprises a
transducer formed from a sheer, 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 piezoelecktric sheet material. A second
opposite face of the piezoelectric sheet contains a series of air
channels, each of which are interspaced between each of the ink
channels. A-metallization-layer-forming the common electrode is
coated over the first face of the sheet and on the interior
surface 'of each ink channel. A second metallization layer
forming the addreéseﬁleleleotroaeslis coated over the second face
and on the interior surfeoeﬁof each air channel, with the second
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 gaﬁzdeﬁtﬁ within the combined air/electrode-
separatiorn: channels further toward the first face of the
piezoelectric block. Tﬁls'tiansducer structure for an array of
ink channels is partlcularly -advantageous in that it provides for
minimal mechanical crosstalk between adjacent ink channels. An
alternate embodzment further mlnzmlzes crosstalk by feeding ink
from an ink reservoir to the ink channels via one or more slotted
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 fully in following specification and illustrated

in the acoompanying draw;ng flgures

‘.
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Fig. 1 is a cross-sectional side view of an inkjet print
head structure for a single ink channel according to an

embodiment of the invention.

ul

Fig, 2 is a partial perspective view of the inkjet print
head structure of Fig. 1.

Fig. 3A is a front view of a portion of cthe structure of a
sheet of transdqce;:matq;ial~f§r an array of ink channels
according to :he-embodimeq;ncf_the present invention shown in
10 Fig. 2.

Fig. 3B is a perspective view of the sheet of transducer
material shown in Fig. 3A. ... .
Figs. 4A-B illustfa;e'the normal mode actuation of a block
of piezoelectzic material.
15 : Figs. 5A-B illustrate the shear mode actuaction of a block
of piezoelectric material.
Fig. € is a partial diagram of the preferred print head
transducer structure showing electric fields established therein.
. Figs. 7 and 8 illds:rat¢ the mechanical movement of the
20 transducer in the preferféd print head structure constructed in
accordance with che present inventian:
Fig. 9 depicts-an'aiterﬁate print head structure
constructed in accordance with the present invention.
Fig. 10'depicts an ink feed structure for an embodiment of
25 the present invention.'
Fig. 11 shows the front view of an altermate print head

5
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zransducer structure according to the present invention, wherein
the addressable-elegtrade.metallizacicn layer is not
symmetrically coaéed on.ﬁhegfirs: and second wall portions.

Fig. 12 depicts rhe_fronc view of a print head cransducer

5 according to an alternate smbodiment of the present invention.

' ggggg;n,rioﬁ__d's"ms PREFERRED EMBODIMENT
Fig. 1 is a cross-séééional side view of a single channel
of an inkjet print head structure 20 for a piezoelectric inkjet
10 printer constructed in accordance with an embodiment of the
present invention. Print head structure 20 comprises a print
head transduce;-z,_formég_gf 3- piezoelectric material, iato which
';s cut an ink charn;llzs}:'fhg,ink channél 29 is bordered along
oné end wi:h a norzle platé-jaihaving an orifice 38 defined
18 therecthrough. A rear cover élate 48 is suitably secured to the
other end cf_ink :gangp;jzsr__g base portion 36 of the print head
transducer 2 forms the f;cér'of the ink channel 29, while an imnk
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 reservolr 10 through ink feed passage 47 in rear cover plate
48, As explained in more detail below; the actuation of the
print head transducer 2.??591t5 in the expulsion of ink drops
from ink channel- 29 thougn the orzfzce 38 in nozzle plate 33.
Referrxng to Fig. 2 the print head transducer 2 of Fig. 1
25 is shown in greater deta1l . The preferred print head transducer

2 comprises a flrs: wall. portlon 32, a second wall portion 34,

6
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and a base portion 35-. The upper surfaces of the first and
second wall portions 32;and 34 define a first face 7 of the
printed head transducs: 2, and the lower surface of the base
portion 36 defines a second, opposite face 9 of the print head
] transducer 2. Ink channel 29 is defined on three sides by the
inner surface of the base portion 36 and the inner wall surfaces
of the wall por:icnsﬁ32_and 34, and is an elongated channel cut
into the piezcciec;ric macef;al of :hs.princ head transducer 2,
leaving a lcngtﬁwise opcniﬁg along the-ﬁpper first face 7 of the
10 print head transducer é. As described above, one end of ink
channel 29 is closed off by an nozzle plate 33 (Fig. 1) while the
other end is closed off by a rear cover plate 48 (plates 33 and
- 48 are not shown in F;§f¢2). ‘A metallization layer 24 coats the
inner surfaces of ink channel 29 and i1s also deposited along the
15 uppver surfaces of the first wall portion 32 and seccnd wall
Dortion 34. An ink channel cover 31 is bonded over the first
face 7 of the print head transducer 2, to close off the
_lengthw1se lateral open;ng in. the ink channel 25. A second .
metallization layer 22“¢°5F§ the outer surfaces of the base
20 | porciomn 36, add also s;tends appzroximately halfway up each of the
outer surfaces of'che'fi?sc and second.wall portions 32 and 34.
The metallizatic#i;syer 22 defines an addrxessable
electrode 60, which is connected to an external signal source to
provide electrical drive signals to actuate the piezoelectric
25 material of print head trsnsducer 2. Id the preferred
embodiment, the metallizaticn layef 2¢ defines a common electrode
. , .
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§2 which is meintained_gt ground pocential. Alternatively, the
common electrode 62 may alsc be connected to an external voltage
source to receive eiee:;i:el.drive signals. However, it is
particularly advantagecus to maintain the common electrode 62 at
ground. potential since thevmetallization layer 24 is in contact
with the ink w1th1n 1nk channel 29. Having the common electrode
at ground minimizes possmble electrolysis effects upon the common
electrode 62 and the ink within ink channel 29, which may degrade
the performance and structure of both the common electrode 62
and/or the ink.

The preferred piezpelectric material forming the print
head transducer 2'is;PZT.'althcugh other piezoelectric materials
may also be eﬁplefed in ;heqpfesent invention. The overall
polafization vector direééidn:(“poling direction’) of print head
transducer 2 lies substanteeely in the direction shown by the
arrow 30 in Fig. 2 xtennlng lﬁ a perpendicular direction from
the second face 9 to the fers: face 7 of the print head
transducer 2. The print heed transducer 2 may have other poling
directions within the scope of the present invention, including,
but not limited to, a poling direction which lies substantially
opposite (approximarely 180 degrees) to the direction indicated
by the arrow 30 in- Flg 2._

In the pre:erred embodlment, print head transducer 2 is
prefexrably formed from a slngle piece of piezoelectric material,
rather than an assembly of separate components which are secured

together into the de51red structure (i.e., where the respective

a -
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wall portions ﬁ:e distincc components which are bonded or glued
to a separate base portiecn). By forming the entire princ head
transducer 2 from a single piece of piezoelectric material, the
deflection capability of the print head transducer 2 is thus not
limited by the strength or stiffness of glue lines or joints
between different .transducer components.

In operation, thégbzesent invencion works upon the
principle of the piezoelectzic effect, where the application of
an electrical sig;al ;;rqssycertain faces of piezoelectric
materials producésla ;orzés?gnding mechanical distortion or
strain in that material.  In gemeral, and of particular

importance to the present invention, the mechanical reaction of a

- plezoelectric material to an electrical signal is heavily

dependent upon the poling direction of the piezoelectric
material, as well as the orientation of the applied electriecal
field to chat piezoslesuric wmaterial.

Figs: gA%ﬁnd 4B -depict -the normil mode actuation of a
typical piezoelectric maté?igl, In Fig. 4A, the piezoelectric
material 72 has a polingndérection as indicated by arrow 70. A

voltage source 74 is connected across two exterior faces of

piezoelectric material 72;:with the voltage source 74 applying an

electric field parallel to the poling direction 70 of the
material 72. As shown in Fig. 4B, this electric field causes a
normal mode mechanical' distortion of the piezoelectric material
75. wherein one polarity of the applied.voltage will cause

material 72 to elongate; becoming longer and thinner parallel to

At el g
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the poling dirsction 70 of che piezoelectric material 72. The
application eof an'opﬁosite-pola:ityﬁﬁql:age will causs material
72 to compress, becoming. shorter and thicker, also parallel to
the poling direction 70. of the piezoelectzric material 72 (as

S shown in dashed'lings'in;FigJueB).

Figs. 5A and 5B.depict the shear mode actuation of a
typical ‘piezoelectric matérial 76. In Fig. 5A, the piezoelectric
material 76 has a poling direction Qs indicated hy.arrow 78.

This time, however, the voltage source 74 is connected across the
10 piezoelectric material 76 such that the application of voltage by
the voltage sour;éf74f¢:¢éges an electric field which ruams
perpendicular to the poling direction of the piezoelectric
- material 76. As shownfiﬁ¢Fig._5b. this electric field causes a
shear mode mechanical distortion of the piezoelectric material
15 76, which causes materiali76 to generally react by deflecting
towards a éaralleloéra&“éh%pé; rather than the elongated or .
compressed reaction of :he-.normal mode. Depending upon the
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 partlcular dzrectlon, type of movement, and field of
~ movement for th;s mechan;cal d;stcrtlon is dictated in part by
the shape, dlmenSLOns anu/cr ccmposltmon of the piezoelectric
material 76, and also by the ‘amplitude, polarity or frequency of
the electrical signal which is applied to the material 76. In
2s general an applzed voltage of one polarity will cause material
76 to bend in a flrst dzrecn;on, and an applzed voltage of :he
: 10
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opposite polarity w111 causa material 75 to bend in a second
direction opposite that of the first.

Fig. € is a fronﬁ view of one-half of the piezoelectric
material for the preferred single chamnnel print head transducer 2
(i.e., one wall portion and one-half of the bases portion). As

stated above, metallxzarron layer 24 is deposited on the interior

. surfaces of -nk cnannmr 29 end on the upper surface of the wall

. portion 38 to form the common electroae 62, which is preferably

maintained at ground po*ent*al Mecallization layer 22 is coated
over approximately.half.the-outer,surface of wall portcion 34 and
over the lower oﬂter_sdrféeeﬂaf base portion 36 to defime an

addressable. electzode éo,q?hich is selectively connected to an

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

Upon the application of a positive voltage signal to the
addressable electrode 60, the orientation of the applied electric
field established in the-transducer material is substantially as
shown in Flg §. %t the center'pf the base portion 36 of the
nrxnt head transducer 2, "t Fan be seen that a substantial
portion of the electrlc fleld generated between addressable
electrode 60 and ceﬁ@9; electrode 62 is in the same direction as
the peoling directien 36 0f pzezcelectrlc material, thereby
substantially actuating thaﬁ_port;on of the transducer material
in the normal mode. At the wall portion 34, a substantial
pertion of the electric field generatad between addressable
electrode 60 and common electrode 62 is perpendicular to the
poling directionl391Jt§ere§g;egbstanrially actuating that portion
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of the transducer in the she2axr mode coward the other lateral wall

32 (see Fig. 7)}_Qip tha{p;eﬁerred embodiment. the electric field

. established betwean addiessable electrode 60 and common electzode

§2 changes in orientacion, . from the base portion 36 to the wall
portion 34,. substantially .as shown in Fig. 6. |
Fig. 7 illustrares the movement of the transducer material

in the preferred emhodiméntnupon application of a positive
voltage to the,addressabie electrode 60. The dashed lines in
Fig. 7 indicate the.directional extent of movement by the print
head transducer 2 upon the application of a positive voltage.
Since the material of base portion 36 is substantially actuated

in the normal mode;. that portion of the .transducer material

* pecomes elongaﬁed'in afdi;ggtion’subs;antially parallel to the

poling direction 30 of ché,piezoelectric material, inwardly into
the ink channel 22.  Since-partions of the piezoelectric material
of the wall portion 32.3nd?3%%$ubstan:ially deflect in the shear
mode, the wall portion benaiinward, substantially perpendicular
to the poling direction 30 of the piezoelectric material.
Therefore, the application of pesitive voltage to electrode &0
results in the movement of the base portion 36 and wall portions
32 and 34 of the print head :ransducerlz inward, coward the ink
channel 29, résﬁlﬁihgainfa'd;minishmént“of the interior volume of
the ink-channel 25i- The”ékténﬁiof‘traﬁSducer movement
illustrated in Pig. 7 ha§ Se@n:éxaggerated for clarity of
explanation, and thehpa;tiﬁglar.range af movement actually

produced by an emhcdimehiﬁofﬁhﬁé present invention depends upon
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the particular na'ame ers- of the print head transducer and/ox
electrical drive signal employed.

Fig. 8 illustrates the movement of transducer material in
the preferred embodiment upon application of negative volcage to

the addressable electrode 60, The dashed lines in Fig. 8

[¥]

indicate the directional extent of movement by the transducer
material upqn’the.épplicé:ién.of voltage to the electrode 60.
-For the application of: Jegaulve voltage, sznce the material of
:base porcion 36.-i3. SLbstantlal ¥ actuated-ln the normal mode,

10 that portion of the trunsducer macerial becomes shorter and
wider. Portions of the.piezoelecrric material.of wall portion 32
and 34 are actuated in the -shear mode, and thus, the wall

- portions bend oﬁtward, away from the ink channel 23. Therefore,
the application of negative voltage results in a net volume

increase in the incterior area of the ink channel 29. Like the

[ ]
ul

depiction in Fig. 7. thz extent of transducer movement
illustrated iﬁ.Fig} a Eéslbeén exaggérated for clarity of
exnlanatxon. and the part cu;ar ‘range of movement actually
p:oduced by an embodiment of the present invention depends upon

20 tha particular paramet»rs of the’ prlnt head transducer and/orx
electrical drive signmal- ;mployed.

In operation, the aﬁplicaticn of an electrical drive
signal to the addressable electzode §0 of the print head
transducer 2 causes a mechanical movement or distortion of the

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

the ink chamnel 29. This change in volume within the imk channel

13
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29 generates en ecOusticfpressu:e wave within ink channel 29, and
this pressure wave wltnwn the ink channel 29 provides energy to
expel ink from orifice :a o‘ princ heaq structuzre 20 onto a pzint
medium, |

of particular im§or;en:e to the operation of the print
head structure 20, and ﬁe;ehe'creaticn of acoustic pressure waves
within the ink channel ZB,Iere_the particular parameters of the
electrical drive signal which is applied to the transducer
material of the print head structure 20, Manipulating the
parameters of an applied eleccrical drive signal (e.g., the
amplitude, frequency,.anﬂlsr shape of the applied electrical

waveform) may - s;gnlfxcantly aﬁfect the mechanlcal movement of the

- print head transducer structure, which affeccs the

characterlstzcs of. th ﬁCOUat“C pressure wave(s) acting within
the ink channel 29, wnlch rn turn atfects the size, volume,
shape, speed, and/or qual;;y_of the ink drop expelled from the
print head 20. Details of eﬁe preferred method to operate print
head structure 20 are disclosed in copending application serial
no..(N/A), enticled "Inkjet Print Head for Producing Variable
Volume Droplets of Ink“ Lyon & Lyon Docket No. 220/105, which is
being filed concurrenrly wzth the present application, and the
details of whzch are hereby incorporaced by reference as if fully
set forth hEIEIH. As disclosed 1n that copend;ng application,
the princ head structure‘éo ;s preferably operated with variable

amplitude multl-pulse sinusordal 1nput waveforms at the resonant

frequency of the ink channeyrgs, which allows the expulsion of

14 —
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variable volume ink.dfops;ﬁfom the priat head stzucture 20 at
substantially constant drop speads.

Referring to Fig. 11, an alcternative embodiment of the
present invention is shown comprising a princt head transducer 102
wherein the metallization'layer forming the addressable electrode
104 is not symmecrzcal ly coated over the exterior surfaces of the
first and second side wall portlons 106 and 108. As shown in
Fig. 11, the addressabl= e;ectrode mecalllzatzon layer 104 coated
on the first side wall por:zon 106 extends to a height Hl, while
the coating at the second szdc wall portzon 108 extends to a
height H2, where Hl and hz are not equal. Thus, application of

voltage to the addressable.electrode 104 in this embodiment will

- tend to produce non-symmetrical movements of the side wall

portions 106 and 108. Another embodiment of the present
invention is depicted in Fig. 12, wherein a print head transducer
110 has an addreaaab‘e e;ecL‘ade metallizacion layer 118 which
coats only one-half of the =xterlo* surface of the base portion
112 along with the exterzo* surface of only a2 single wall portion
116. In this ambcdxment, the appl;catlon of voltage to the
addressable electrode lla Wlll sxgnzflcantly actuate only half
the print head transducev structure 110

With reference to'Figs. 32 and BB, a multiple-channel
inkjet print head constructed in accordance with the present
invention comprises am 4rray of print head structures 20, each
having an ink channel 29 in the array linearly adjacent and
substantially parallel cozicc.neighboring ink channel 25. A

s
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single block, sheet, or wafer of piezoelectric material 21 is
preferably useq_:o.maagﬁgcsure the transducer portion of the
array of ink cﬁgnnelstz.ﬁigs. 3A and 3B show a portiom of
piezoelectric sheet 23 into which a series of substantially
identical and generally parallel ink channels 29 have been cut
into a first face 51 o”;sheet 21. Directly opposite from the
first face S1 of. sheet’ 21. & serzes of substantially identical
and generally parallel aix channels 50 are cut into a second face
53, with each air channel 50 interspaced between an adjacent ink
channel 29. During the manufacturing process, the air channels
50 are initially cut to a depth approximately halfway along the

cut depth of each L.k channeﬁ 28, to apprcx:mately the relative

+ distance marked by dashed 1ines 54 zn Flg 3A. A metallization

- layer 24, deflning common eleﬂtrode 52 is deposited onto the

inner surfaces and interior. end of each ink channel 23, and over
ha first. face 51'3f3Shéét”21" Metallization layer 24 is
connected contznucusly ;rom lnk channel to ink channel, and is
preferably maintained at ground potential, Ancther metallization
layer 22, defining the addressable electrodes 60, is debosited
onto the inner surfaces and interior end of each air channel 50
(up to and 1n=lud1ng the surface marked by dashed lines 54) and
over the second face 53 ﬂf sneet 21, thh the metallization layer
22 inicially connecced from alr channel to air channel at the
bottom 54 of each air channel 50. An electrode-separation
channel 52 is then cu: xnto Léch air channels 50, which also

breaks the connection between the ind1v1dual metallization layers

is
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22 within each eiv cﬁaﬁnei 50. Tnus, the metallization layexr 22
-for each addressable eleccrode 80 is a discretve element, and the
addreseable electrodes 60 can then be separately and selectively
connectaed to an electrical drive signal source. The electrode-

separation channel $2 significantly extends the cut gap created

w

by the comb;ned .eut denths of the air channel 50 and the
electrode- seaavacnon channel 52 towards the fizst face 51 of
piezoelectric sheet 21 "_Ln the preferred embod;ment, this method
of manufacture results 1n the metall;zatzon layer 22 forming
10 addressable electzece_gg;excendzng dcwn each air channel 50 to a

position ccrrespcndiuggﬁciapprcximately half the total cut depth
.0f the adjacent iﬁk chenuel;zs. If the metallization layer 22

* extends to a position which is too far towards the first face 51
of sheet 21, then the actuation of the transducer material in the

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

P
u

cowards and away . From :ne anerlo* of znk channel 29 at the same
t;me, resuchng in 1ess Fnun cptlmal volume displacement of the
ink channel 29.  1If che metall;zatzon layer 22 does not extend
far enough towarzds the f;rst face 51, then the acruation of the
20 transducer mater;a% gﬁll;pct produce the desired maximal movement
of the wall portioms izfeq§33§; again cesulcing in less than
optimal volume displacemencief the ink channels 25. However, the
above-disclosed mecallization depth for the addressable
slectrodes may differ depending upon the specific application or
25 print head configuration in which the pcesent invention is

utilized. For manufacturing: purposes, the electrode-separation

S YA S !
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channel 52, the air channels 50, and the ink channels 29 are ali

preferably cut with interior end-suzfaces having a rounded

- bottom,

. The lower cross-section of the base portion 36 of print
head transducer 2 preﬁarably has a rectangular shape when viewed
from the fromt. The cumﬁimgticn of :he_physical geametiy of a
rectangularly shaped cress-section  for the base portion 36, along
with the particular shape and orientation of the generﬁ:ed
electric field resulting from a rectangularly shaped base portion
36, provides for an efficient combination oé shear and normal
mode actuation of the priant head transducer 2. Futher, a

rectangular crosg-sectional.shape results in the lower surface of

* base portion 36 having a .rslatively wide lower surface area on '

which to deposit a-metallization layer 22 to form the addressable
electrode 60. The rslativaly wide surface area on the lower
surface of the basé.pérﬁiéﬁqﬁﬁ provides for a greater portion of
the electric field created biétween the addressable and common
electrodes at the base portien 36 to have an orientation which
actuates the base portion 36 in the normal mode, i.e,, electric
field crienﬁation which is substantially parallel to the poling
direction 230. Employing_a*base.portioﬁ ;ectangular shape having
rounded cormers, rathér than the sharp angular cormers shown in
Fig. 2, would not significantlf'affact.the actuation of the priat

head transducer 2, and is.éxpféssly within the scope of the

_present invention. Altermatively, the lower cross-section of

base portion 36 can be Formeéd in the shape of an inverted
' ect Has Been Replaced
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trapezoid, wherein the outer walls of the base portion 36 slanc
inward, toward each opgez; thereby narrowing the widch of the
lower suxrfacs of,;he_oeeejgor;ion 36. . This embodiment is less
preferred than the above-described rectangular shape, since less
surface areas is available along the lowexr surface of hase
portion 36 for the addveSSable electrode metallization layer, and
the phy51oal geometry Ls less efflcxent for actuation of the

pr head A base po’tlon havxng a lower cross-section in the
shape of an inverted tzisnglé-is much less preferred than a
rectangulax shape,js;nce the geomecry is less efficient for
actuating the orlnt heao, and since less lower surface area is

available for deposit;on of a#n addressable electrode

- metallization layez, thezeby decreasing efficient normal mode

actuation of the base portion 136.
With zreference to Fig. 9, the height H of the base portion

35 is o*eferably equal to the width W of the wall portions 32 and

34, However, che pres nt lnventlon can Be practiced with other

'\

helgh: d;menszons for bese portlon 36 and alternatively
preferred embodxments comprlse a base height range of
approximately 0. 5 to 5 :1mes the width W of wall portions 32 and
An altermate embod;meot of the present invention further
comprises a base cover“nie:eiél which is bonded or glued to the
lower outer surface of the base portion 36 (Fig. 9). The base

cover plate 61 enhances the movement of the normal mode

deflection of the base portion 36 when the print head transducer

P
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2 is actuated. When the base portion 36 is actuated in the

‘normal mode with a positdve polaricy electrical signal, the

‘material of the pase pertion has a tendency to deform in an

elongaced manner para;;gl3fp,the poling direction 30, with the
upper surface of the Easg.porticn 36 elongating upward toward the
ink channel-29,,gnd;tba:;gyég;surfacé~qf the base portion 36
elongating downward, awayff:om the ink chﬁnnel 29, The base

cover plate 61 provides a’restraining force on the outer lower

.surface of.base 36, resis:iing the movement of the lower surface

of the base portion 36. The physical result of the restraining
force applied by the base cover plate 61 is for the upper surface

of base portion 35 tO;tu;;@q; elongate upward, increasing the

* valume displacemenc'wi;piﬁ{igkgchannel 29 by enhancing the

distance that the base portion 36 elongates into the ink chanmel
29. Likewise, when the:.kase 36 is actuated with a negative
polarity elec:ri;gl#dri#eﬁsignal, the base cover plate 61
restrains the tendency of. the lower surface of the base portion
36 to deform in a cqmpreé$ive manner. The base portiom 36
physically compensates for this restraining force by increasing
the movement of the upper surface of the base portion 38
downward, away from the ink channel 29: thereby enhancing the
volume change,withinnthe.;nk channel 29 from the normal mode
deflection of the. base g?étiqq.as.

In the preferred.embodiment, metallization layers 22 and
24 are formed of gold, aqﬁ ars sputter-deposited onto the

piszoelectric sheet'21,nghe_¢nts made in the pilezoelectric sheet

20
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21 are preferably madezyi;h.aiamond saws, utilizing cechniques

and apparatuses familia; gb those skilled in the semiconductor

integraced circuit manufacturing arcs.

The ink channel cover 31

is preferably glued or bonded to the metallization layer 24 on

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

The nozzle Dlate 33 and rear cover plate 48 are prefexably glued

or bondéd to the ‘ront ena rear surfaces of sheet 21,

respectlvely.

P

The ink channel cover. 31 base cover plate 61, and

nozzle plate 33 should Dreferably be formed of a material having

a coefficient of thermal expans;on compatible with each other.

The nozzle is formed of gold-nlated n;ckel in the preferred

embodiment, although othar mauerials such as PZT are within the

- scope of this invention.

The ink channel cover 31 and base cover

plate 61 are preferahlv formed of PZT, although other materials

may also be appropriately used within the scope of this

invention, 1nclud1ng but no: llmlted to sxl;ccn, glass, and

arlous metalllc macer;ala.

e

An advan:ageous aspect of the present invention is that a

mulciple-channel print head can be formed from a single sheet of

niezoeleccrlc material thar nas been pre-polar;zed in an

appropriate poling dzrecm;an prior ta manufa:ture of the print

head structure 20.

Th;s ablllty to manufacture with a pre-

polarized block of material lS a szgnzf;:ant advantage over the

prior art piezoelectric print head structures, which may require

the polarization of the piezoelectric material later in the

manufacturing cycle, . y us;ng

P e I |
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piezoelectric material, more consistency is obcained wich regard
to the overgllnﬁalarigéﬁlqn}of the'gigzoelectric matezrial
employed. _Eorfexémplepgq-gré-polarlzea sheet of piezoelectric

- macerial can be théroué&ly;:ested for the appropriate
piezoelectric prppgrtlés;pr;or to machining, =zather than after
the expense and:éffqrqs;g£$machining have already been performed
on a particular sheet 6;;Elezoelectric material.

_ Another advantageous aspeCt'of the present invention is
that the alternating air/ink channel design of tha preferred
print head serves to reduce mechanical crosstalk between adjacent
ink channels normally resulting from the motion of the actuated

- piezoelectric.tray sducer ma*erlal Thus; although the preferred
- embodiment allows a densely packed array of ink channels to be

- placed. :ogether, this structure also tends to zeduce interference
which may occur'f:nm-cnelinkm:hannel to the next. This favorable
reduction in crosstalk-inﬁéhgwprefe:red design is due to the
comparatively small extent of mechanical coupling between the
adjacent ink channels, and lé also due to the insulating
properties of the cut ga§:formed by the combined air channels S0
and electrode separation channels 52,

Supplying ink to the individual.ink channels from a common
ink reservoir 190 may create a crosstalk path, since pressure
waves from ome ink. channel 23 may travel -through the ink feed
passageway 42 to an adgacent 1nk channel, and these unwanted
pressure waves will, - in :uxn,,affect the efficient operatzon of
the adjacent ink channel ' Tnue, to further reduce crosstalk, in

t.ogm I —
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an alternats eNSQiimen: of the present invention there is
provided a proﬁecﬁiverinkffeed structure to supply ink from the
ink :eservoir 10 - to the ink channel 295. Fig, 10 is a view of the
rear of print head structure 20, showing the path of a central
ink feed passage 49, which may be formed as part of rear cover
plate 48 (not shown in Fig. 10), that extends from the ink

reservoir 10 the 1rd1ved'-l_'nk channels 29. One or more slotted

-passageways_41_ex end zrcm .he central ink feed passage 49 to

each ink channel 29, -Each slotted passageway 47 is a grooved
indentacion formed in the rear cover plate 48, extanding in
length f£rom the lnk feea nassageway 49 to the bottom of each ink

channel 29. _Each_slocted passageway 47 in rear cover plate 48

* has a tapering curve aiéné its length substantially as shown in

Fig. 1. Each slotted passageway 47 preferably has a slot width
which is approximately the same width as the ink channels 29.

In operation, ink is constantly suﬁnlied to the central
ink supply passage 49 :om the ink reservoir 10, and when
requ;red by an xnd1v1dual lnk channel 29 the ink is then drawn
from cthe ink supply passage 49 through a slotted passageway 47
into the ink channel 29 ny the pressure difference caused by the
movement of :he prlnt nead :ransducer 2, along with the pressure
difference caused by the surface tension forces of the meniscus
at the ink channel orifzce. " The use of slots or slotted
passageway to supply ink to an ink channel, such as slotted
passageway 47, helps to reduce the amplitude of pressure waves

which escape the ink channels 29, reducing the probably that the

23
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escaping pressure waves will affect the operacion of neighboring
ink channels. This-is_;ﬁﬁ§“¢_in part to the length of the
slotted passagewéys 49,'w&icﬁ.inczeaées the distance that a
pressure wave must traﬁél.to éffect a neighboring ink channel 29,
thereby diminishing the strength of the escaping pressure waves.
In additien, the-slo&téd;éasgageways 49 are small enough in width
to substantially preveﬁéihiﬁh frequency pressure waves from
intruding into other ink channels.

Set forth in Table I are acceptable parameters for fhe
block 21 of piezoelectriq'@aterial forming the transducer for the

preferred embodiment: . .,

o . oot LBBRE L

Stzuctuze - . . Dimension

A. Thickness of PZT. sheét i = 0.0240 in.

B. Cut width of ink chamnel: 0.0030 in.

C. Cut depch of ink cha“nexﬁf' - . 0.0193 in.

D. Length of ink channel 5% 0.2000 in.

E. Cut widch of air channel 0.0030 in.

F. Cut depth of air channel 0.0118 in.

G. Cut width of electrode-separation channel 0.0020 in.

H. Cut depth of combined air channel _ 0,0213 in,
and electrode-separatzon.channel

I. Distance :rsm znk channel center to : 0.0100 in.
adjacent ink :hannel center B s

J. Distance from ink channel ;entez to 0.0050 in.
adjacent ajr channel :cencer

K. Diameter of orifice in mozile plate 0.001¢ in.

Tenit 24 ' This Sheet Has Been Replaced
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The ‘particular dimensions set forth above are the
respective parameters of the preferred embodiment, and are not

intended tc be limiting :in any way, since alternate print head

structures within the scope of the present invencion may have

I,.depending~gpqn-theTPa;gi;ul;r apélication in which this
inventidn is used. In qd&iﬁion, those of skill in the art will
realize that the,yqltqge}polarities or piezoelectric material
poling directions empléygg.and desc:ibed-above for the preferred
embodiments could be revé#sed without affecting the scope or
breadth of the disclosed invention. Further, the range and/or

type of mechanical movement or distortion described and/or shown

" in connection with Figs. 6-9 are for the purposes of illustratien

only, to pictorially facilitate the explanation of the invention,
and are not iatended:ce ke-limiting im.any way, since different

shapes, dimensions or parameteérs of. the transducer material could

be employed within the sqaﬁﬁaof the present invention to create or

actuate other types of transducer movement or distortien. 1In

addition, pesitional orientacion terms such "lateral", "top", and

“rear" are used to descfiﬁa.certain relative structural aspects of

the preférred ewbodiment; however, these xelative positional terms

are used only to facilitate the explanation of the invention, and
are not intended to limit in any way the scope of the invention.

While embodimencs, applications and advantages of the

invention have beeiishown iand described with sufficient clarity to

enable -one skilled in the gﬁﬁ-ﬁb make and use the inventien, it

JORTINP-
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would be equally.appa:en-;no those skilled in the art that many
more embodiments, applications and advantages are possible without
dsviating from the inventivs concepts disclosed,
described, and claimed ﬁerein. The invention, therefore, should

5 only be restricted in accordance with the spirit of the claims
appended herxreto or their equivalents, and is not to be restricted
by specification, drawings,. or the description of the preferred

embodiments. .
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Whar is Claimed is:

1. An inkjet print . head cowprising:

a print head transduacer hav{hg_a first wall portion, a
second wall portion, azd a base portion:

said first wall portion comprising a first innex wall
surface, a firs;.ouge;-w%;i,su:face. and a first upper surface;

said second walL~pg?;ion comprising a second inner wall
surface, a second outer wall surface, and a second upper surface;

said base portion comprising a base inner surface and base
outer surfaces;

a base cover affixed to said base portion;

an ink channel deflned on three sides by said first inner
wall surface,.said second inner wall surface, and said base imner
surface;

a first megallizatiom layer coated on the wall surfaces of
said ink'channel;a :

a second metalliéatinn-layer coated on said base outer
surfaces and on a portion of said first and said second outer
wall surfaces; and

said base, said first lateral w;ll, and said second
lateral wall comprising a piezoelectric material having a peoling
direction, said piéz?élécﬁ:ic~materia; having electric fields
established therein when a voltage difference exists between said
first electrode metallizatiém-layer and said second electrode

metallization layer, said electric fields substantially

R 1. e —_—
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perpendicular to said-noling direccion of said piezoelectric

material in said flrsc and said second wall portions, said
electric fields sunstant¢a11y parallel to said poling direction
of said piezoelectric wmaterial in the center of said base

porcion.

2. The print head of claim 1 wherein said poling direction is
substantially parallel to a direction extending perpendicularly

from said base porticn to said first ¢% second upper surfaces.

3. The print head 6£§éléim 2 wherein said poling direction

excends dlrectlonally fron said base porcxon to said first or

- said second upper surfacns B

4, The print head of claim 2 wherein said poling direction

extends directionally from said first or said second upper

- surfaces to said base portion.

5. The prlnt head of cla;m 1 where;n said second
metallization laye: exzends to a posztzcn corresnond;ng to
approximately half the height of said f;rst or second wall

portions.

6. The print head of claim 1 wherein said Eirst metallization

layer is grounded.
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7. The print head of claim 1 wherein said piezoelectric
material comprises PZT.
8. ° The p;iqx,;sdd.qfh:iaim-l wherein- said base has a
substantialxy=rectaﬁgular;;:QSShsecticn.
9. The print head of clazm 1 further comprising an ink feed
structure coupled to: sa~d 1nk channel
10. The print head of claim 9 wherein said ink feed structure

comprises a manifold structure having a slotted passageway

communicating between a supply of ink and said ink chaunel.

11. The p;iﬂ;,@ééﬂ{of;cléim,l wherein said second
metallization: layer coats:said-first:cuter wall surface to a
different héight than is;@béﬁéd on said second outer wall

suzface,

12. The print head of El&iﬁ 1 further comprising an ink

channel cover secured to said print head transducer.

13, An inkjet print head comprising:

a transducer formed from ‘a p1ezoe1ectr1c material; said
transducer comprJSLng a base portlon, a Elrst side wall portioen,
and a second side wall pc:t;on. ‘said base portion, said first

side wall porticn, and safd’ sébond side wall portion defining an
. = - 29 . . ' —-_‘_‘_—_’__’____—__————Pd‘
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. ink channel; _

a firstc ele:trod;.me:allizaticn layer which is deposited
on the interior surfacgs-pf ink channel;

a second electrude;metallizaticn layer deposited on the
outer surfaces of said wramsducer; and

said base portion 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 wall
portions belng po.arizeq for shear mode .actuation when a voltage
dlfaerence exists bntween sald Eirse and said second

metallization layers.

*1l4. The inkjec prin;?;ead-df claim 13 further comprising a

base cover affixed to said base portion.

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

pozrtion has a substantially rectangular cross-section.

16, The inkjeg print head ‘of claim 13 wherein said second
elggtroéq:mg;;l}ization=Layg;fextends'alohg said first and said
second side wall portions to a position corresponding to
approximately half the depth of said ink chamnel.

17. The inkjet print head of claim 13 wherein said first

electrode mecallization layef is at ground potential.

R —
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18, The inkject prinﬁ heaéd of claim 13 whexein che interior of

said ink channel terminates in a substantially =zounded bottom.

19. The print head of claim 13 further comprising a rear cover
plate affixed ko siéid transducer, sdid rear cover plate having
one or more grooved passages extending therethrough for supplying

ink to said ink channel, .~

20. The urznt head at c;aim 13 where;n said base portion has a
height which is .5 co 5 tlmes the thickness of said first or said

second side wall portiomns.

- 21. A method of manufacturing a print head comprising the

steps of:

~,

(a) cutf;ng a nluraulfy of ‘substancially parallel ink
channels lnco a first faee of a plezoelectr*c sheet;
(b) cuttzng a plurallty of substan;;ally Darallel air

channels into a second oppaszte face of sa;d piezoelectric sheet,

R~

said air channels helng ;nterspaced between and generally

-\;‘.-.-

parallel to said ink channels;
(c) depositing a first electrode metallization laysr to
said first face and in said plurality of ink channels; '
(d) depositing a secend electrxode metallization layer to

said second op9051te face and ln saild plurali:y of air channels;

5'-.-_-..

" - .--l‘"

(e) cutt;ng an electrade separa:;on channel extending

e f e

hrough and beyond said second electrode metalllzatzon layer at
L
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the bottom of each of said:pluralicy of air channels.

22. The methed of claim 21 furcher comprising the step of

.groundlng said first.z2lectrode metallization layer.

23, The method of claim 21 wherein the cut depth of said
plurality of air channels of step (b) extend toward said firsc
face to a position corresponding to approximately half the depth

of each of said plurality of ink channels.

24.  The meuhod of c_azm 2l further compr;s;ng the step of

attaching a base cover tg szid second face.

2S. The method of;ciéim,ﬁ;'wherein said pluralicy of ink

channels of step (a).ére cug"with a rounded bottom.

26. The mechod of claim 21 wherein said electrode-separation
channel of step (e) or said plurality air channels of step (b)

are cut with.a rounded bottom.

27. A pr;nt head strucrure compr;slng.

a piezoelec:ric sheet having a plurality of substantially
parallel ink channels a;pnglalﬁzgst face and a plurality of
substantially paralle;'éifﬂgﬁghnelé along an opposite second face
each of said plurality ofi;ir channels interspaced between and

adjacent to said plurality of ink channels;

32
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a fizrst metallization layer coated aleng said

Zirst face
and in each of said plurality of ink channels;

a second metallization layer coated along said second

face, and partisllv depesited in each of said pluxality of air
channels; :

sald plezoelectric, sheét“haviﬁg a poiing direction, said

poling direction subSta*L al?y narallel to a direction extending

perpendicularly fram sa;e ﬁlrst face to sald second face; and

a base cover aff xed to said second face.
0
28.

The print head structure of claim 27 wherein said poling

direction is in a direction extending from said second face to
- sald first face.

1s 29. - The pr*n uhead struct“~e -of clalm 27 whereln said pcl;ng
dzrncclon is in a. direc;xsn'exrendlng from saxd first face to
said.-secend face. o
30. i
20

The print head s:ruc;@fg'of claim 27 wherein said second
metallization layer is grdhﬁé;d

31,

The print head structure of claim 27 further comprising an
ink channel cover affixed to said first face.

25 32.

PR I"
"‘;‘.' t."'-

A multi channel print head ccmprxszng

a pxezoelectr;c shegt samd plezcelectrlc sheet having a
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plurality of ink channelg.formed in'a firs: face and having a
plurality of air channgls.formed in a second face;

a first ele;troée,fc;medgalong éaid first face and in said
ink channels; o i _

a second electro@e‘formed along said second face and i=n
said air channels; : . .

éach of said pluralicy of ink channels defined by a fixrst
wall porcion, a second wall ;orticﬂ, and a base portion:

said base portion: being polarized for normal mode
actuation whenNa}voltagegé%ﬁie;ence”exis:s-between saild first and
said second élettradeé{“aﬁd'.

said first and seécond wall portions being polarized for

» shear mode actua:lcn when a voltage dlfference exists between

said first ‘and szid second e;ectrodes

33. The multi-channel print head of claim 32 wherein said

first electrode is grounded.

32. The multischannel print head of claim 32 further
comnrlslng a base: cover azzlxed to said second face.

35. © The multi-éhanneﬁ’priht head of claim 32 wherein said
second electrode extends to &: ‘position ccrrespondlng to

approximately half the debth af said plurality of ink channels.

—_—
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36. An inkjet print head comprising:
a print head transducer having a first wall portionm, a

second wall portion, and a base porrion:

said fizst wall portion comprising a first inner wall

w

surface, a.first outex. wall. surface, and a first upper wall
-surface;. . et

said second walihgortion comprising a second inner wall
surface, a second outer wall sﬁrfacer and a second upper wall
surface;
10 said base portion.comprising a base inner surface, base
outer wall surfaces, and a base cuter bottom surface;

a first face defined by said first and second upper wall
» surfaces;

a -sacond - face:defined by said base outer bottom surface;

- an ink.-channel defined . on three sides by said first inner

14
(7]

wall surface, said second .inner wall surface, and said base inner
surface; _
a first metallization layer coated on the wall surfaces of
said ink channel; - }533 .
20 a second metalliZation layer coated on said base outer
wall surfaces, base outer bottom surfaée, and on a portion of
said first and said second outer wall surfaces; and
said print head transducer comprising a piezoelectric
material having=pelingﬁdirEctibn, said a poling direction
25 substantially paféllelftofahdirectioh~extending'perpendicularly
from said second face to-said first face.
S 35 : -
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37. The print head of claim 35 wherein saig poling direction

extends dlrecticnally'frqm said second face to ‘said first face

s, The print head of slaim 36 wherein said poling direction

5 extends directionally from said first face to said second face
. \‘ _5 v ,h
gL ATl
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