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LIQUID DISCHARGE HEAD, MANUFACTURING METHOD THEREOF,

AND MICROELECTROMECHANICAL DEVICE

EACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates td a liquid
discharge head, a manufacturing method thereof, and a

microelectromechanical device.

" Related Background Art

In a conventional liquid discharge head as an
example of a microelectromechanical device for use'in
an ink-jet printer or the like, liquid is discharged
from a discharge port by pressure generated by means of
heating and thus bubbling the liquid in a liquid flow
path. 1In order to heat the liquid, a heater for
discharge is disposed on an eiement éubstrate.. Driving
voltage is supplied to the heater for discharge through
wirings on the element substrate. |

Recently, with régard to such a liquid
discharge head, a structure has been proposed where,
for the purpose of introducing most of the bubble to
the side of the discharge port to improve the discharge
efficiency, a cantilever-like mbvable member with one
end thereof being supported is disposed iﬁ the liquid
flow path. One'end of-the movable member is fixedly
supported on the elemeﬁt substrate while the other end

extends into the liquid flow path. In this way, the
.\
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movable member is structured so as to bé held at a
certain distance over the element substrate énd so as
to be movable in the liquid. flow path by the pressure
generated by bubbling or the like.

Japanese Patent Application Laid-Open No. 10-
76659 discloses, among ligquid discharge heads having
the above-mentioned movable member in the liquid flow
path, one where the movable member is provided with a
heater for discharge. -

However, as shown in Fig. 14, in the heater for
discharge disclosed in Japanese Patent Application

Laid-Open No. 10-76659, electrothermal converting

-member electrodes 1204 ana 1205 are formed sd as to be

folded back along the surface of the movable member.
When the electrothermal converfing members are laid out
in this way, the position of the heater 1206 for
discharge is unsymmetrical in the width direction of
the movable member, whicﬁ results in the tendency for
the movable member to be distorted in bubbling, and
thus, there are some-cases where the durability of the
movable member is not necessarily satisfactory. In
addition, sinée the width of the electrodes is not
sufficient, the structure is not suitablé for passing

heavy current therethrough.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
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is to provide a liquid discharge head and a

microelectromechanical device with satisfactory

durability and reliability where a movable member in a

liquid flow path comprises a heater for discharge.

| According to én aspect of fhe present
invention, there is provided a liquid diécharge head
comprising a substrate, a ceiling plate bonded to the
substrate, a liquid flow path formed between the
substrate and the ceiling plate, and a cantilever-like
movable member having a fixed end fixed to the

substrate and a free end extending into the liquid flow

'path, wherein the movable member is formed of a lower

protective layer, a heat generating resistive layer, a
lower electrode layer, an insulating layer, an upper .
electrode.layer, and an upper protective layer stacked
frbm the side of the substraté in the mentioned ordef,
and wherein application of a1voltage to a heat
generating portion of the heat generating resistive
layer causes bubbling of a liquid in the liquid flow
path between the movable member and the substfate to
discharge the liquid.

According to another aspect of.thé present
invention, there is provided a method of manufacturing
a liquid discharge head which compfises a substrate, a
ceiling plate bonded to the substrate, a liquid flow
path formed between the subétrate and the ceiling

plate, and a cantilever-like movable member having a
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fixed end fixed to the substrate and a free end
extending into the liéﬁid flow path, the method
comprising the steps of:

providing a space forming member on a
substrate;

forming a movable member of a lower protective
layer, a heat generating resistive layer, a lower
electrode layer, an insulating layer, an upper
electrode layer, and an upper protedtive layer stacked
from the side of the substrate in the mentioned order;
and |

removing the space forming member to shape the
mdvable membéf in the form of a cantilever.

According to still another aspect of the
present invention, there is pr@vided_a

microelectromechanical device comprising a cantilever-

'liké movable member having a fixed end fixed to a

substrate and a free end extending into a liquid flow

path, wherein the movable member is formed of a lower

‘protective layer, a heat generating resistive layer, a

lower électrode'layer, an insulating layer, an upper
electrode layer, and an upper protective layer stackea
from the side oflthe substrate in the mentioned order,
and wherein application of a voltage to a heat
generating portion of the héaf generating resistive
layer causes heatihg of a liquid in tﬁe iiquid flow

path.
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It is to be rioted that the upper electrode
layer and the lower electrode layer are preferably
formed of a high-melting metal.

The insulating laygr is preferably made of SiN.

The heat generating resistive layer is . '
preferably électrically connected to the electrode
layers upstream and downstream with respect to the
direction of discharge of the heat generating portioﬁ.

The uﬁper electrode layer and the lower
electrode layer are preferably formed so as to range
from the front surface side to the rear surface side of
the movable member.

Further, separately from the heat generating
portion, the liquid flow path may further comprise
therein a heater for adjustment provided
correspondingly to the heater for discharge and a
driver for the heater for adjustment for driving the
heater for adjustment.

A voltage applied to the heater for adjustment
may be lower than that applied to the heat generating
portion.

The ceiling plate may be prdvided with a'.
voltage converter to ensure that a voltage applied to
the heater fqr adjustment is lower than a voltage
applied to the heater for discharge.

A vbltage applied to the heater for adjustment

may be made lower than a voltage applied to the heater
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for discharge by connecting the heater for adjustment
to é power source different from a power source |
connected to the heater for discharge.

A power source connected to the heater for
adjustment may be common to a power source for a logic
circuit.

The heater for adjustment may be provided on

the downstream side with respect to the direction of

- discharge of the heater for discharge.

The heater for adjustment-may be provided én
the upstfeam'side with respect to the direction of
discharge of the heater for discharge.

A plurality of heaters for adjustment may be
provided and they may be provided on the upstream side
and the downstream'side, respectively, with respect to
the direction of discharge of the heater for discharge.

The area of the heater for adjustment is

preferably smaller than that of the heater for

discharge.

The area of the driver for the heater for
adjustment is preferabiy smaller than that of the
driver for the heater for discﬁarge.

. The signal generating portion of the driver for
the heater for discharge may be the signal generating
portion of the driver for the heater for adjustment.

The ceiliﬁg plate may further comprise a sensor

for sénsing the state in the liquid flow path
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corresponding to the heater for adjustment.

It is to be noted that the terms "upstream” and
“downstream” as used herein shall refer to the
direction of the liquid flow from the supply source of
the liquid through a bubble generating region (or the
movable member) to the discharge port, or refer to the
direction with regard to the structure related to the

liquid flow.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view along the direction

of a liquid flow path illustrating the structure of a

" liquid discharge head as a first embodiment of the

present invention;

Figs. 2A, 2B and 2C are sectional views
illustrating a first process in the method of
manufacturing the ligquid diSchafge head as the first
émbodiment of the present invention;

Figs. 3A, 3B and 3C are sectional views

. illustrating a second process in the method of

manufacturing the liquid discharge head as the first
embodiment of the present invention;

Figs. 4A, 4B and 4C are sectional views

'illustrating a third process in the method of

manufacturing the 1iqﬁid discharge head as the first

. embodiment of the present invention;

Fig. 5 is an enlarged partial sectional view of
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the liquid discharge head as the first embodiment of
the present invention;

Fig. 6 is a sectional view along the direction
of .a liquid flow path illustrating the structure of a
liquid discharge head as a second embodiment of the
present invention; |

Fig. 7A and 7B are schematic views of a
substrate and a ceiling plate, respectively, of the
liquid discharge head shown in Fig;.6; |

Figs. 8A and 8B are plan views of the element
substrate and the ceiling plate, respectively,
illustrating the circuit structure of the liquid
discharge head shown in FigT 6;

Fig. 9 is a plan view of a liquid discharge
head unit having the liquid discharge head shown in
Fig. 6 mounted thereon;

Figs. 10Afénd 10B illustrate an example of
waveforms of dfiving pulses of a heater for discharge
and a heater.for heating of the liquid discharge head
shown in Fig. 6, and another example, respectively;

Fig. 11 is a sectional view along the direction
of a liquid flow path illustréting the structure of a
liquid discharge head as a third embodiment of the
present inVention;

Fig. 12 is a sectional view along the diiection
of a ;iquid flow path illustrating the structure of a

liquid discharge head as a fourth embodiment of the
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present invention;

Fig. 13 is a sectional view along the direction
of a liquid flow path illust:ating the structure of a
liquid discharge head as a fiffh embodiment of the
present invention; and

Fig. 14 is a échematic view illustrating a

conventional structure where a heater for discharge is

-provided on a movable member.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention
are now described in detail with reference to the
drawings.
[Embodiment 1]

Fig. 1 illustrates a first embodiment of the
present invention.

As shown in Fig. 1, a liquid discharge head of
the present embodiment has a movable member 206
disposed in a liquid fl§w path 7 formed by an element
substrate 1 and a ceiling platé 3; The movable member
206 is provided with a heater 207 for discharge on the
éide of the element substrate 1.- The movable member
206 is a cantilever-like thin film disposed opposingly
to the element substrate 1 so as to divide the liquid
flow path 7 into a first liguid flow path 7a
communicafing with a discharge port 5 and a second

liquid flow path 7b havihg a bubble generating region
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10. The movable member 206 is formed of a silicon-
based material such as silicon nitride or silicon
oxide. |

The movable member 206 is disposed at a
predetermined distance from the elemeht substrate 1 so
as to have a fulcrum 6a on the upstream side 6f a large
flow from a common liquid chamber 8 through the movable

member 206 to the discharge port 5 due to the liquid

- discharge operation and a free end 6b on the downstream

side; and so as to cover the element substrate 1 at a
position facing the element substrate 1. The element
substrate 1 and the heater 207 for discharge.which is
provided on the ﬁovable member 206 define the bubble
generating region 10 therébetween.

The ceiling plate 3.is for forming a plurality
of liquid flow paths 7 corresponding to the réspective
heaters 207 for discharge.and for forming the common
liquid chamber 8 for supplying liquid to the respective
liquid flow paths 7, and is integrally provided with a

liquid flow path side wall 9Iextending from a ceiling

. portion to portions between the respective heaters 207

for discharge. The ceiling plate 3 is formed of a
material of the silicon system, and may be formed by,
for example, etching the paétérn of'the'liqﬁid flow
path 7 and the common liquid chamber 9, or etching the
poftion of the liquid flow pafh 7 after a material of

silicon nitride, silicon oxide, or the like to be the
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liquid flow path side wall 9 is deposited on a silicon
substrate using a known film forming method such as
CVD.

A plurality of discharge ports 5 corresponding
to the respective liquid flow paths 7 and communicating
through the respective liquid flow paths 7 with the
common liquid chamber 8 are formed in an orifice plate

4. The orifice plate 4 is also formed of a material of

* the silicon system, and is formed by, for example,

decreasing the thickness of a_silicon substrate with
the discharge ports.s_formed therein to be on the oxder
of 10 to 150 pm. It is to be noted that the orifice
plate 4 is not an essential element of the present
invention, and, instead of providing the orifice plate
4, a ceiling plate having a discharge port may be
formed by, when the liquid flow path 7 is formed in the
ceiling plate 3, leaving a wall having a thickness

corresponding to the thickness of the orifice plate 4

at the front end surface of the ceiling plate 3 and

forming the discharge port 5 in this portion.
In the structure described'in the above, when
the heater 207 for discharge generates heat, the heat

acts on ligquid in the bubble generating region 10

_betwéen the element substrate 1 and the heater 207 for

discharge. This results in geﬁeration and growth of a
bubble on the surface of the heater 207 for discharge

based on the film boiling phenomenon. Pressure
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increased by the growth of the bubble preferentially
acts on the movable member 206 to move the movable
member 206 so as to be widely open on the side of the
discharge port 5-with the fulcrum 6a being as the
center of the movement, as shown by a broken line in
Fig. 1. The movement or the moved state of the movable
member 206 makes the conveyance of pressure due to the‘
bubble generation and the growth of the bubble itself
introduced to the side of the discharge port 5,
resulting in discharge of the liquid from the discharge
port 5.

More specificallf, by providing over the bubble
generating region.lo the movable member 206 having the
fulcrum 6a on the upstream side of the liquid flow in
the liquid flow path 7 (on the side of the common
liquid chamber 8) and having the free end 6b on the
downstream side (on the side of the discharge poft.S),
the direction of conveyance of pressure'of the bubble
is introduced to the downstream side, which makes the
pressure caused by the bubble directly and-efficiently
contribute to discharge. Further, the direction of
growth of the bubble itself is introduced:to the
downstream direction as well as the direction of
conveyance of pressure, and the bubble grows larger
downstream than upstream. In this way? by controlling
the bﬁbble growth direction.itseif and the pressure

conveyance direction by the movable member, fundamental
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discharée characteristics such as the discharge
efficiency, the discharge force, and the discharge rate
can be improved.

On the other hand, in a defoaming process of
the bubble, the bubble rapidly disappears as the
synergic effect with the elastic force of the movable
member 206. The movable member 206 ultimately returns

to the initial position shown by a solid line in Fig.

- 1. Here, liquid flows in from the upstream side, i.e.,

from the side of the common liquid chamber 8 to
compensate for the voiume of the shrinkage of the
bubble in the bubble generating region 10 and to
compensate for the volume of the discharged liquid, and
the liquid flow path 7 is refilled with the liqaid.
This liquid refilling is carried out with efficiency,
reasonableness, and stability with the help of the
returning movable member 206.

Further, the liquid discharge head of the
present embodiment has circuits and elements for
driving the heater 207 for discharge and for
controlling the;driving of the heafer 207 for
discharge. These circuits and elements are disposed
either on the element sﬁbstrate 1 or on the ceiling

plate 3 according to their functions. Since the

‘element substrate 1 and the ceiling plate 3 are formed

of a silicon material, these circuits and elements can

be formed easily and minutely using the semiconductor
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wafer process technology.

Next, a method of manufacturing the movable
member 206 is described with referencé to Figs. 2A to
2C, 3A to 3C and 4A to 4C.

First, on a silicon substrate 501 having an IC
formed thereon aﬁd an insulating layer 502 stacked
thereon, a wiring 503 of aluminium is formed by
sputtering at the thickness of about 1 ym, and is
patterned into a predetermined paftern using
photolithography and dry etching. Next, as shown in
Fig. 2A, an electrode protective layer 504 of SiN is
formed by CVD at the thickness of 1 pm Then, as shown
in Fig. 2B, a space forming member 506 comprised of Al
is formed by sputtering at the thickness of about 5 pm
and is patterned into a predetermined pattern by
photolithography and dry etching. Next, as shown in
Fig. 2C, an anticavitation layer (Ta layer) 505 for a
bubble generating portion to be formed thereoh later is
formed at the thickness of 2000 A, and is patterned
into a predetermined pattern by photolithography and
dry etching. Then, as shown iﬁ Fig. 3A, a heater
protective layer 507 of SiN.is formed by CVD at the
thickness of 0.1 to 0.5 pm, and through holes 520 and
521 are formed by photolithography and dry etching.

Then, as shown in Fig. 3B, a resistive layér

" (heater for discharge) 508 of TaN is formed by

sputtering at the thickness of 1000 A and then,
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continuously, as shown in Fig. 3C, wirings 509 of Cu
are formed also by sputtering at the thickness of 3000

A. An. electrode and a heat acting portion are formed

by photoiithography and etching. This allows the

wirings 509 connected with the resistive layer (heater-
for discharge) 508 to be connected to the wirings 503
through the through hole 520.

Further, for the purpose of enhéncing the

- connectivity between turned up/den wirings 511 and VH

wirings (wirings for supplying a signal voltage) to be
described later, wirings 509 of Cu are formed as an

electrode portion'so as to cover the through hole 521

on the space forming member 506.

Then, as shown in Fig. 4A, a heat accumulating
layer 510 of SiO is formed by CVD at the thickness of
2.0 pm and through holes 522 and 523 are formed by
photolithography and etching on the electrode portion
5Q9 on the VH wirings and.én the wirings 509 of the
turned up/down portion of the resistive layexr 508.

Then, as shown in Fig. 4B, wirings 511 of Cu
which are turned up/down wirings are formed by
Sputtering at the thickness of 5000 A, which is then
patterned into a predetefmined pattern by lithography
and etching. As a result, turned up/dqwnlwirings 509
and 511 for éonnecting'the resistive layer 508 to the
wiringé 503 are formed. |

Next, as shown in Fig.:4C, a protective layer
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512 of SiN for the turned up/down wirings is formed by
CVD at the thickness of 1 pm. Then, the layers from
the protective layer 512 to the anticavitation layer
505 are continuously patterned in the shape of the
movable member 206 by photolithography énd dry etching.
Then,_part of the épace forming member 506 is removed
by wet etching to form the movable member 206.

Finally, an electrode pad for qonnectionlto the
external is formed by photolithography and étching, the
state of which is shown in Fié. 5.

It is to be noted that, since no heater is.
provided on the element substrate l-and the ceiiing
plate 3, wirings and the like othér than the above-
mentioned wirings for connection to.the movable member
206 are not formed.

In this way, when a liquid discharge head
comprising a subsfrate, a ceiling plate connected to
the substrate, a liquid flow path formed between the
substrate_and the ceiling plate, and a cantilever-like
movable member having a fixed end fixed to the
substrate and a free end e#tending into the liquid flow
path is structured such that the movable member is
formed by stacking a lower protective layer,la heat .
generating resistive layér, a lower.electrode iayer, an
insulating layer, an upper electrode layer, and an.
upper protective layer_from the side of the Substrate'

in this order, and such that applying a Voltage to a
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heat generating portion of the heat generating
resistive layer forms a bubble in the liquid in the
liquid flow path between the movable member and the
substrate to discharge the liquid, the bubbling surface
of the movable member can be made flat; which makes it
possible to improve thé durability of the heat
generating portion.

The above-mentioned structure can be formed by

.-the steps of providing a space forming member on the

substrate, forming the movable member by stacking the
lowér protective layer, the heat generating resistive
layer, the lower electrode layer, the insulating layer,
the upper electrode layer, and the upper protective
layer from the side of the substrate in this order and
removing the space forming member to shape the movable
member into the fofm of a cantilever.

With regard to the heater 207 for discharge
formed in the movable member formed in this way, since
the layers below tﬁe resistive layer 508 are thinner
than the layers above the resistive layer 508, a bubble
is generated on the lower side. Further, since the
movable member 206 jumps up due to the reaction of
bubbling, less ink escapes backward to improve the
bubbling efficiency. Further, since the defoaming
portion is not fixed to a surface because of the moving
bubbling surface, concentration of the cavitation is

less liable to occur to'improve the lifetime of the
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substrate 501 and the like. Still further, since the

heater for discharge can be formed symmetrically in the

width direction of the movable member, distortion of
the movable member in operation can be decreased.
Further, since the side of the bubbling surface is
structured to be flat with no step of the electrode,
influence of thermal shock is less liable to occur to
improve the lifetime of the movable member. In
addition, with regard to the insulating layer as the
main material of the movable member which is normaliy
formed of a ceramic material, since both sides of the
ceramic member are provided with an electrode, the
insulating layer is reinforced, which results in
further improvement in the durability of the mowvable
member.

Further, if the upper electrode layer and the
lower electrode layer are formed of a high-melting
metal, hillocks and distortion due to stress of the
electrode layers can be prevented.

[Embodiment 2]

Fig. 6 illustrates a second embodiment of the
present invention. In the present embodiment, the
heater 207 for discharge is provided on the movable
member 206, and, similarly to the case of the first
embodiment, a heater 208 for.heating is formed on the
ceiling plate 3:i

Fifst, as one embodiment to which the present
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invention is applicable, a liquid discharge head is
described. The liquid discharge head has a plurality
of discharge port for discharging liquid, first and

second substrates for, by being connected to each

. other, fofming a plurality of liquid flow paths

communicating w;th the discharge ports, respectivelyﬁ a
plurality of energy conversion elements disposed in the
liquid flow paths, respectively, for converting
electric energy into.énergy for discharging liquid in
the liquid flow paths, and a plurality 6f elements or
electric circuits having different fundtions for
controlling the conditions for driving the energy
conversion elements. The elements and electric
circuits are disposed either on the first substrate or
on the second substrate according to their.functions.
The circuit structure of the liquid discharge
head is schematically shown in Figs. 7A and 7B. As
shown in Fig. 7A, the substrate 1 is provided with a
plurality of heaters 307 for discharge and drivers.317
thereof, a time-sharing control logic circuit, and a
shift register. As shown in Fig. 7B, the ceiling plate
3 is provided with heaters for heating (heaters for
adjustment or control heaters) 327, sensors 328,
drivers thereof, a voltage converter, and a control
circuit including a memory and.the like. Since the
sizes of the heaters for heating'and the sensors can be

optimized, miniaturization thereof as well as of the
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drivers can be made. The voltagé converter is.provided
for the purpose of making the voltage applied to the

heaters for adjustment (for heating) lower than that to

. the heaters for discharge.

The pfesent-embodiment is adapted to always
maintain a constant discharge performance by operating
the heater 208 for heating according to the temperature
of the liquid to adjust the viscosity of the liquid. .
More specifically, in case the liquid in the vicinity
of the discharge port is too viscid, the heater 208 for
heating can operate at appropriate timing to locally
heat the liquid resulting in decrease in the viscosity.
of the liquid. This makes it possible to obtain
desired dischafge characteristics. The heater 208 for
Heating is disposed immédiately above the heater for
discharge or to the discharge port. The heater 208 for
heating can alleviate the viscous drag forward and
around the valve to make stable discﬂarge possible. By
making the heater 208 for heating built in the ceiling
plate 3, the liquid discharge head itself can be
miniaturized. Further, since the heater 208 for
heating, the element for driﬁing the heater 208, and
the like can be disposed at arbitrary positions
independently of the heater 207 for discharge, the
element for driving the heater 207, and the wiring
pattern provided in thé_device substrate 1, they can be

disposed at optimum positions for heating the liquid
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for discharge, and, as.the degree of freedom is high
from the viewpoint of the space, the members can be
disposed compactiy to miniaturize the liquid discharge
head_itself;

Advantages of.the structure where the heater
208 for heating is disposed on the ceiling plate 3 are
now described in further detail. In the present

structure, the heater 207 for discharge is formed using

" a semiconductor process with regard to the element

substrate 1. In the ceiling plate 3 which forms the
liquid flow path 7 by its connection to the element-
substrate 1, the heater 208 for heating which controls
the discharge amount, the element for driving the
heater.208 for heating (driver), and a drive control
ciréuit are disposed with regard to each liquid flow
path 7. This makes the degree of freedom high with
regard to the resistanée,-the shape,_the driving
voltage, the driving pulse width, and the like of the
.heater 208 for heating. For example, the heater 208
for heating can be driven by short pulses at the same
voltage as that of the heater 207 for discharge as
shown in Fig.'loA,'and, the heater 208 for heating can
be driven by long pulses at voltage lower than that 6f
the heater 207 for discharge as.shown in Fig. 10B.
Thié is because, since the heater 208 for heating is
disposéd on the ceiling plate 3, it is free from the

restriction set by the conditions for bubbling of the
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heater 207 for discharge. Further, in the context of

the recent trend toward higher density of the recording

elements (360 dpi or more), it is difficult from the
viewpoint of the layout to mount the heaters 208 for
heating, the elements. for driving the heater 208
(drivers), and the control logic circuit on the elemeht
substrate 1 having the heaters 207 for discharge
provided thereon while securing the above—meﬁtioned
degree of freedom of the driving pulse width and the
like. However, in the present embodiment, since the
heater 208 for heating and the driver for the heater
for heating are structured to be mounted on the ceiling
plate 3, such.é thing can be materialized with the
degree of freedom being secured.

With regard to the discharge amount of the
liquid; since the amount varies according to thé
proportions between the fluid resistance in front of
the bubbling center and the fluid resisfance at the
back of the bubbling center, when the fluid resistance
at fhe back is constant, the smaller the fluid

resistance in front is, the more the discharge amount

of the ligquid becomes. Therefore, in the present

'embodiment, before the bubbling, only the liquid in

front is heated before bubbling by the heater 208 for
heating provided on the.downstream_side of the heater.
for discharge. More specifically, driving pulses which

cause heating action to heat only the liquid in front
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are supplied to the heater 208 for heating. In this
way, thé discharge amount can be controlled by |
controlling energy to be applied to the heater 208 for
heating to control the viscosity of the liquid and to
substantially change the fiuid_resistance in front.
Conventionally, a structure exists where a
heater for heating is disposed in front of a heater for
discharge on the same substrate. HoweVer,'in this
case, it is difficult to dispose the heater for heating
on the front side due to the severe restriction on the

layout. However, in the present embodiment, since,

. correspondingly to the respective heaters 208 for

heating, independent driving elements (drivers) and the
like can be provided which supply driving voltage lower
than that.of the heaters for discharge, optimally sized
heaters 208 for héating can be disposed at optimum
positions. Besides, the overall size of a chip does
not become larger. It is to be noted that, the voltage
applied to the heater for heating can be made lower
than that applied to the heater for discharge not only
by using a voltage converter but alsc by connecting
another power supply to the ceiiing plate. If the
power supply for the logic circuit is used as this
power supply, no additional pbwer supply is necessary.

Further, if the signal generating portion of

‘the driver for the heater for discharge'is the signal

generating portion of the driver for the heater for
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adjustment, the heater for discharge and the heater for
adjustment can be driven synchronously with each other.-

If the ceiling plate further has sensors fpr
sensing the state in thé respective liguid flow paths
corresponding to the heaters for adjustment, the state
in the liguid flow paths can be adjusted by the heaters
for adjustment independently of the heaters for
discharge.

Next, the structure of assigning the circuits
and the elements tolthe elément substrate 1 and the
ceiling plate 3 is described.

Figs. 8A and 8B illustrate the circuit
structure of the liquid discharge head shown in Fig. 6.
Fig. 8A is a plan view of the element substrate while
Fig. 8B is a plan view of the ceiling plate. It is to
be noted that the surfaces shown in Figs. 8A and 8B
face each other.

As shown in Fig. 8A, the element substrate 1 'is
provided with the plurality of parallelly arranged:
heaters 207 for discharge, drivers 11 for driving the
heaters 207 for discharge according to image data, an
image data trénsfer portion 12 for outputting input
image data to the drivers 11, and a'sensof 13 for
measuring parameters necessary fbr controlling the
conditions for driving the heaters 207 for discharge.

The image data transfer portion 12 is formed of -

a shift register for outputting sérially inputted image
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data parallelly'to the respective drivers 11, and a
latch circuit for temporally storing data outputted
from the shift register. It is to be noted that the
image data transfer portion 12 may output image data
individually correspondingly to the respeetive heaters
207 for discharge, or may output image data
correspondingly to a plurality of blocks formed by
dividing the arranged heaters 207 for discharge.
Specifically, by providing a plurality of shift
registers with regard to one head and by inputting data
transferred from the storage device to the plurality of
shift registers, it is also possible to acCemmodate
highef printing speed with ease.

As.the sensor 13, a temperature sensor for
measuring the tempefature in the vicinity of the
heaters 207 for discharge, a resistance senser for
monitoring the resistance values of the heaters 207 for
discharge, or the like is used.

With regard to the discharge amount of a jetted
liquid drop, the discharge amount is mainly related to
the bubbled volume of the liquid. The bubbled volume
of the liquid varies depending on the temperature of
the heater 207 for discharge and of its vicinity.
Accordingly, by measuring the temperature of the heater
207 for discharge end of its vicinity using a
temperature sensor, by, -according to the result and

prior to the application of a heat pulse for
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discharging the liquid, applying a pulse (preheat
pulse) which is too small to discharge the liquid, and
by changing the pulse width and the output timing of
the preheat pulse, the temperature of the heater 207
for discharge and of its vicinity is adjusted to
discharge a predetermined amount of a ligquid drop. In
this way, the quality of an image cah'be maintained.
Further, with regard to the energy necessary
for bubbling the ligquid at the heater 207 for
discharge, if the éonditions for heat radiatioh is the
same, the energy is represented as the nécessary energy
to be inputted per unit.area'of the heater 207 for
discharge multiplied by fhe area of the heater 207 for

discharge. Baéed on this, the voltage across the

“heater 207 for discharge, current through the heater

207 for discharge, and the pulse width are set such
that the necessary energy can be obtained. Here, the
voltage applied to the heater 207 for discharge can be
held substantiaily_constant by supplying voltage from
the power source of the liquid discharge device body.

With regard to the current through the heater 207 for

discharge, the resistance value of the heater 207 for

discharge varies depending on the variation in the film
thickness of the heater 207 for discharge caused in the
manufacturing process of the element substrate 1,
depending on the lot, and depending on the element

device 1. Accordingly, if the pulse width to be.
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applied is constant and the resistance value of the
heater 207 for discharge is larger than the'setting,
the passing current value becomes smaller, the energy
to be inputted to the heater 207 for discharge becomes
iﬁsufficient, and the ligquid can not be bubbled
appropriétely. On the other hand; if the resistance
value of the heater 207 for discharge becomes smaller,
even when the same voltage is_applied, the current
value becomes larger than the setting; ‘In this case,
too much energy is generated by the heater 207 for
discharge, which may result in damage or shorter
.lifetime of the heater 207 for discharge. Thus, there
is also a method where the resistance value of the
heater 207 for discharge is alwayé monitored by a
resistance sensor and the power source voltage and the
heat pulse width are varied according to.the monitored
resistance value such that substantially constant
energy is applied to the heatet 207 for discharge.

On the other hand, as shown in Fig. 8B, in
addition to grooves 3a and 3b forming the liquid flow

paths and the common liquid chamber, the ceiling plate

3 is provided with a sensor drive portion 17 and a

discharge heater control portion 16 for controlling the
conditions for ariving the heaters 207 for discharge |
based on the result of the output from the sensor
driven by the sensor drive portion 17. It is to be

noted that a supply port 3¢ communicating with the
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common liquid chamber is opened in the ceiling plate 3
for supplying the liquid from the external to the
common liquid chamber.

Further, contact pads 14 and 18 for connection
for the purpose of electrically connecting the circuits
and the like formed on the element substrate 1 with the
circuits and the like formed on the ceiling plate 3 at
opposing portions on the surface of the element
substrate 1 and on the.surface of the ceilihg plate 3,
respectively, which are connected with each other. The
element substrate 1 is further provided ﬁith external
contact pads 15 to be input terminals of electric
signals from the external. The element substrate 1 is
larger than the qeiling plate 3, and the external
contact pads 15 are provided at positions which are
exposed and not_covered with the ceiling plate 3 when
the element substrate 1 ahd the ceiling plate 3 are
connected to each other.

Here, an example of a procedure of forming the
circuits and the like on the element substrate 1 and on
the ceiling plaie 3 is described.

With regard to the eleﬁent substrate 1, first,
the circuits forming the d:ivers 11, the image data
transfer portion 12, and the sensor 13 are formed on
the silicon substrate uéing semiconductor wafer process
technology. Then, the heaters 2 for discharge are

formed as described in the above. Finally, the contact
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are formed.

With regard to the ceiling plate 3, first, the
circuits forming the discharge heater control portion
16"and the sensor drive portion 17 are formed on the
silicon substrate using semiconductor wafer.process
technology. Then, the grooves 3a and 3b forming the
liquid flow paths and the common liquid chamber and the
supply port 3c are formed by film forming technology
and etching as described in the above. Finally, the
contact pads 18 for connection are formed.

When the element substrate 1 and the ceiling
plate 3 formed as described in the above are aligned
with and connected to each other, the heaters 207 for
discharge are disposed corréspondingly to the
respecfive ligquid flow paths, and the circuits and the

like formed on the element substrate 1 and on the

ceiling plate 3 are electrically connected through the -

pads 14 and 18 for connection, respectively. The
electric connection may be, for example, carried out by
mounting gold bumps on the pads 14 and 18 for
conﬁection, but other methods maj also be used. In
this way, by electrically connecting the element
substrate 1 and the ceiling plate 3 to each other
through the cbntact pads 14 "and 18 for connection, the
electric connection between the above-described

circuits can be carried out together with the
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connection of the element substrate 1 and the ceiling
piate 3. After the element substrate 1 and the ceiling
plate 3 are connected to each other, an orifice piate 4.
is connected to the front end of the liquid flow paths
7, which completes the liquid discharge head. It is to
be noted that,.though, in the above description, the
structure for the electric connection of the heaters
207 for discharge provided on the element substrate 1
is described in detail, the structure for the electric
connection of the heaters 208 for heating provided on
the ceiling plate 3 is substantially similar to the
structufe described in the above, and thus, the
description thereof is omitted herein.

When the liquid discharge head obtainéd in this
way is mounted on a head cartridge or a liquid
discharge device, as shown in Fig. 9, the liquid
discharge head is fixed on a Base substrate 22 having a

printed wiring board 23 mounted thereon to form a

‘liquid discharge head unit 20. 1In Fig. 9, the prihted

wiring board 23 is provided with a plurality of wiring
patterns 24 to be electrically connected to the head
control portion of the liquid discharge device. These
wiring patterns:24 are elecfrically connected with the
external contact pads 15 through bonding wires 25.
Since the external contact pads 15 are provided only on

the device substrate 1, the electric connection between

- the liquid discharge head 21 and the external can be



10

15

20

. 25

- 31 -

carried out in the same way as in the case of é
conventional liquid discharge head. Though an examplg
where the external contact pads 15 are provided on the
element substrate 1 is described herein, the external
contact pads 15 may be provided not on thelelement
substrate 1 but only on the ceiling plate 3.

As described in the above, by assigning the

various circuits and the like for driving and

" controlling. the heaters 207 for discharge to the

élement substrate 1 and the.ceiling plate 3 taking into
consideration the electric connection of the two,
concentration of these circuits and the like either on
the element substrate 1 or on the ceiling plate 3 is

avoided, which allows miniaturization of the liquid.

discharge head. Further, by carrying out the electric

cbnnectipn between the circuits and the like provided
oh the element substrate 1 and the circuits and the
like provided on the ceiling plate 3 through the
contact pads 14 and 18 for connection, the number of
the electrically connecting portions to the external of
the head is decreased, and thus, impfovement in the.
reliability, reduction.of the number of parts, and
further miniaturization of the head can .be
matefialized.

Further, by aésigning the above-described
circuits and the like to the element substrate 1 and

the ceiling plate 3, the yield of the element substrate
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1 can be improved, and, as a result, the manufacturing
cost of the liquid discharge head can be lowered.
Further, since the element substrate 1 and the ceiling
plate 3 are fofmed of a material based on the same
material of silicon, the thermal expansion coefficient
of the element substrate 1 is the same as that of the
ceiling plate 3. As a result, even when the heaters
207 for discharge are driven and the element substrate
1l and the ceiling plate 3 are thermally expanded; the
two are not misaligned, and the positional accuracy
between the heaters 207 foxr discharge and the liquid
flow paths 7 is sufficiently maintained.

In the present embodiment, the above-described
circuits and the like are assigned according to their
functions; The standards of such assignment are
described in the following.

The circuits which correspond to the heaters
207 for discharge individualiy'or with a block beiﬁg as
the unit through electric wiring connections are formed
on the element subsfrate 1. In the example shown in
Figs. 8A and 8B, the drivers 11 and the image data
transfer portion 12 fall within them. Since driving
signals are parallelly given to the respective heaters
207 for discharge, wirings have to be drawn around for
the signals. Accordingly, if such circuits.are formed
on the ceiling plate 3, the number of connections

between the element substrate 1 and the ceiling plate 3
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becomes large and insufficient connections are.more
liable to occur. By forming the circuits on the
element substrate 1, the insufficient connections
between the heaters 207 for discharge and the circuits
can be prevented.

Analogue portions such as control circuits are
easily influenced by heat, and thus, are providéd on a
substrate where the heaters 207 for diséharge are not
provided, that is, on the ceiling plate 3. 1In the
example shown in Figs. 8A and 8B, the discharge heater
control portion 16 falls within them.

The sensor 13 may be provided on the element
substrate 1 or on the ceiling plate 3 debending on the
situation. For example, when the sensor 13 is a
resistance sensor, since a resistance sensor is
meaningless or can not measure with sufficient'accuracy
if it is not provided on the element substrate 1, it is
provided on the element'substrate 1.  When the sensor
13 is a temperature sensor, if the sensor is to detect
temperature rise due to a malfunctioning heater driving
circﬁit or the.like, it is preferable that the sensor

is provided on the element substrate 1. On the other

hand, if the state of ink is to be judged by

temperature rise through the ink as described in the
following, it is preferable that the sensor is provided
on the ceiling plate 3, or both on the element

substrate 1 and on the ceiling plate 3.
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Others such as circuits which correspond to the
heaters 207 for discharge neither individually nor with
a block being as the unit, circuits which are not
necessarily required to be provided on the element
substrate 1, and sensors which, even if provided on the
ceiling plate 3, do not influence the measurement
accuracy, are formed either on the element substrate 1
or on the ceiling plate 3 depending on the situation sé
as not to concentrate on one of the element substrate 1
or the ceiling plate 3. In the example shown in Figs.
8A and 8B, the sensor drive portion 17 falls within
them.

By providing the respective circuits, sensors,
and the like either on the element substrate 1 or on
the ceiling plate 3 according to the above standards,
the respective circuits, sensors, and the like can be
assigned with a good balance while the number of
electric connections between the element subétrate 1
and the ceiling plate 3 is made as small as possible.

In this way, while it is preferable to dispose
on the element substrate 1 driving elements and the
like which correspond individually and are directly
connected to the.large number of heaters 207-for
discharge provided on the element substrate 1, circuits
for controlling the timing of driving the driving
eleménts and the like are not necessarily required to

be disposed on the element substrate 1 and may be
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appfopriately disposed in an open space either on the
element substrate 1 or on the ceiling plate 3. This
also applies to the heaters 208 for heating. More
specifically, driving elements and the like which
correspond individually and are directly connected to
the large number of heaters 208 for heating providéd on
the ceiling plate 3 are disposed on the ceiling plate
3, while circuits for controlling the'timing of driving
the driving elements and the like are appropriately
disposed in an open space either on the element
substrate 1 or on the ceiling plate 3.

[Embodiment 3]

Fig. 11 shows a third embodiment of the present
ihvention. Structures similar to those in the first
and second embodiments are denoted by identical
reference numbers and the description thereof is
omitted. 1In the.present embodiment, two heaters 209
for heating are disposed in one liquid flow path 7: one
on the upstream side and the other on thé downstream
side of the heater 207 for discharge. This structure
has effects that the refill characteristics after the
liquid is discharged is imprbved and the menisci are
stabilized. |
[Embodiment 4]

Fig. 12 shows a fourth embodiment of the
present invention. Structures similar to those in the

first to third embodiments are denoted by identical
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omitted. In the present embodiment, similar'to the
case of the first embodiment, the heater 207 for
discharge is proﬁided on the element substrate 1.
Eurther, a heater 211 for heating is formed on a
movable member 210 provided on the ceiling plate 3.
The structure of the ceiling plate 3 itself is similar
to that in the first embodiment, and the structure of
the movable member 211 is substantially identical with
that of the movable member 206 of the first embodiment.
The method of manufacturing them is substantially
similar except that the element substrate 1 and the
ceiling plate 3 are reversed. In the present
embodiment, the heater 211 for heating can lower the
viscosity of the liquid to maintain the discharge
performance. In particular, since the heater 211 for
heating is formed on the movable member 210 which is
positioned in the liquid flow path 7, the heating can
be carried out efficiently. Further, since the heater

2 for discharge and its driving element are assigned to

the element substrate 1 while the heater 211 for

heating and its driving element.are assigned to the
movable member 210, the space can be séved and their
desired driving can be carried out indépendently of
each other.

[Embodiment 5]

Fig. 13 shows a fifth embodiment of the present
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invention. Structures similar to those in the first to
fourth embodiments are denoted by identical reference
numbers and the description thereof is omitted. 1In the
present embodiment, similar to the case of the fourth
embodiment, the heater 207 for discharge is provided on
the element substrate 1 and the heater 211 for heating
is formed on the movable member 210. Further, another
heater 212 for heating is formed on the ceiling plate
3. The structure of the ceiling plate 3 is similar to
the case of the first embodiment. The preserit
embodiment has, in addition to the effecfs of the
fourth embodiment, effects that the refill
characteristics after the liquid is discharged is

improved and the menisci are stabilized.
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WHAT IS CLAIMED IS:

1. A liquid discharge head comprising a
substrate, a ceiling platé bonded to the substrate, a
liquid flow path formed between the substrate and the
ceiling plate, and a cantilever-1like movable member
having a fixed end fixed to the substrate and a free.
end extending into the liquid flow path, wherein the
movabie member is formed of a lower protective layer, a
heat generating resistive layer, a lower electrode
layer, an insulating layer, an upper electrode layer,
and an upper protective layer stacked from the side of
the substrate in the mentioned order, and wherein
application of é voltage to é heat generating portion
of the heat generating resistive layer causes bubbling
of a liquid in the liduid flow path between the movable

member and the substrate to discharge the liquid.

2. A liquid discharge head as claimed in claim
1, wherein the upper electrode 1ayér and the lower

electrode layer are formed of a high-melting metal.

3. A liquid discharge head as claimed in claim

1, wherein the insulating layer is made of SiN.

4. A liquid discharge head as claimed in claim
1, wherein the heat generating resistive layer is

electrically connected to the electrode layers upstream
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and downstream in the discharge direction of the heat

generating portion.

5. A liquid dischafge ﬁead as claimed in claim
1, wherein the upper electrode layer and the lower
electrode layer are”formed so as to range from the
front surface side to the rear surface side of the

movable member.

6. A liquid discharge head as claimed in claim
1, further comprising a heater for adjusfment provided
separately from the heat generating portion in the
liquid flow path correspondingly to the heater for
discharge, and a driver for the heater for adjustment

for driving the heater for adjustment.

7. A liquid discharge head as claimed in claim
6, wherein a voltage applied to the heater for
adjustment is lower than a voltage applied to the heat

generating portion.

_8.. A liquid discharge head as claimed in claim
7., whéréin the ceiling plate is provided with a voltage
converter to ensure that the voltage applied to the
heater for adjustment by the voltage converter is lower

than that applied to the heat generating portion.
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9. A liquid discharge head as claimed in claim
7, wherein the heater for adjustment is connected to a
power source different from a power source connected to
the heat generating portion to ensure that the voltage
applied to the heater for adjustment is lower than that

applied to the heat generating portion.

10. A liquid diScharge head as claimed in

" claim 9, wherein the power source connected to the

heater for adjustment is a power source for a logic

circuit.

11. A liquid discharge head as claimed in

claim 6, wherein the heater for adjustment is provided

‘on the downstream side in the discharge direction of

the heat generating portion.

12. A liquid discharge head as claimed in

~claim 6, wherein the heater for adjustment is provided

in plurality on the upstream side and the downstream
side, respectively, in the discharge direction of the

heat generating portion.

13. A liquid discharge head as claimed in
claim 6, wherein the area of the heater for adjustment

is smaller than that of the heat generating portion.
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14. A liquid discharge head as claimed in
claim 6, wherein the area of the driver for the heater
for'adjustment is smaller than that of the driver for

the heat generating portion.

15. A liquid discharge head as claimed in
claim 6, wherein a signal generating portion of the
driver for the heat generating portion is common to a
signal generatingﬂbortion of the driver for the heater

for adjustment.

16. A liguid discharge head as claimed in
claim 6, wherein the ceiling plate further comprises in
the liquid flow path a sensor for sensing the state of
the inside of the liquid flow path corresponding to the

heater for adjustment.

17. A method of manufacturing a liquid
discharge head which comprises a substrafe, a ceiling
plate bonded to the substrate, a liquid flow path
formed between the substrate and the ceiling plate, and
a cantilever-like movable member having a fixed end
fixed to the substrate and a free énd extending into
the liguid flow path, the method comprising the steps
of: |

providing a space forming member on a

substrate;
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forming a movable_member of a lower protective

layer, a heat generating resistive layer, a lower

electrode layer, an insulating layer, an upper

electrode layer, and an upper protective layer stacked

from the side of the substrate in the mentioned order;

" and

removing the space forming member to shape the

movable member in the form of a cantilever.

18. A method of manufacturing a liquid
discharge head as claimed in claim 17, wherein the
upper electrode layer and the lower electrode layer

formed of a high-melting metal.
19. A method of manufacturing a liquid
discharge head as claimed in claim 17, wherein the

insulating layer is made of SiN.

20. A method of manufacturing a liquid

are

discharge head as claimed in claim 17, wherein the heat

generating resistive layer is electrically connected to

the electrode layers upstream and downstream in the

discharge direction of the heat generating portion.

21. A method of'manufactufing a liquid
discharge head as claimed in claim 17, wherein the.

upper electrode layer and the lower electrode layer

are
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formed so as to range from the front surface side to

the rear surface side of the movable member.

22. A microelectromechanical device comprising
a cantilever-like movable member having a fixed end
fixed to a substrate and a free end extending into a
liquid flow path, wherein the movable member is formed
of a lower protective layer, a heat generating
resistive layer, a lower electrode layer, an insulating
layer, an upper electrode layer, and an upper
protective layer stacked from the side of the substrate

in the mentioned order, and wherein appiication of a

' voltage to a heat generating portion of .the heat

generating resistive layer causes heating of a liquid

in the liquid flow path.

23. A microelectromechanical device as claimed
in claim 22, wherein the upper electrode layer and the .
lower electrode layer are formed of a high-melting

metal.

24. A microelectromechanical device as claimed
in claim 23, wherein the insulating layer is made of

SiN.

25. A microelectromechanical device as claimed

in claim 22, wherein the heat generating resistive
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layer is electrically connected to the electrode layers
upstream and downstream in the discharge direction of

the heat generating portion.

26. A microelectromechanical device as claimed
in claim 22, wherein the upper electrode layer and the
lower electrode layer are formed so as to range from
the front surface side to the rear surface side of the

movable member.




