- 1 LIQU D EJECTI ON HEAD AND LI QUI D EJECTI ON
APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The present invention relates to thernal
liquid ejection heads for inkjet printers and liquid
ej ection apparatuses such as inkjet printers
including the liquid ejection heads, and nore
particularly, to a technique for cooling a liquid

ej ection head, that is, a technique that can reduce
thermal variation of the ltquid ejection head per
unit tinme. 2. Description of the Related Art Therma
liquid ejection heads and pi ezoelectric |iquid
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ej ection heads used in liquid ejection apparatuses
.such as inkjet printers. The fornmer utilizes
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drops from nozzles, which are disposed above the
aprheattiisgsebenent s, irdnted pedotdraginabdiiang Fhg. 11duid a
perspective view of a liquid ejection head - 2
ejection heads, and more particularly, to a technique for
cooling a liguid ejection head, that is, a technique that
can reduce thermal variation of the liquid ejeétion head per
unit time.
2. Description of the Related Art
| Thermal liquid ejection heads and piezoelectric liquid
ejection heads are well known examples of liquid ejection
heads used in ligquid ejection apparatuses such as inkjet
printers. The former utilizes expansion and contraction of
bubbles generated by heat, whereas the latter utilizes the
variation in shape and volume of piezoelectric elements.
The thermal ligquid ejection heads includé heating elements
~on semiconductor substrates. When the heating elements heat
up, generated heat vaporizes liquid in reservoirs to create 
‘bubbles, thereby ejecting liquid drops from neozzles, which
are disposed above the heating elements, onto recording

media.

Fig. 17 is a perspective view of a liquid ejection head




or head 1 of a known type. Although a nozzle sheet 17
i's bonded to a barrier layer 3 in an actua
configuration, the nozzle sheet 17 is separated from
the barrier layer 3 in Fig. 17 and the nozzle sheet
17 and the barrier layer 3 are inverted for
conveni ence. Fig. 18 shows the structure of a flow
path of the head 1 shown in Fig. 17. Referring to
Figs. 17 and 18, a plurality of heating elenents 12
i s disposed on a sem condu€tor substrate 11. The
barrier layer 3 and the nozzle sheet 17 are disposed
on the sem conductor substrate 11 in this order. A
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provided with the heating elenents 12, and the
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As sho in Fig. 17, the barrier er 3 has a conb-
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the semiconductor substrate 11 in this order. A head chip
la includes the semiconductor substrate 11, provided with
the heating elements 12, and the barrier layer 3 disposed on
the semiconductor substrate 11. The head 1 includes the
head chips la and the noZzle sheet 17 bonded onto the head
chip la.

The nozzle sheet 17 includes nozzles 18 disposed right
above the respective heating elements 12. The nozzles 18
have openings from which ink drops are ejected. Since the
barrier layer 3 is disposed between the heating elements 12
and the nozzles 18, reservoirs 3a are formed in the spaces
enclosed by the barrier layer 3, the heéting elements 12,
and the nozzles 18.

As shown in Fig. 17, the barrier layer 3 has a comb-
shape when viewed from above. Therefore, three sides of

each heating element 12 are enclosed'by the barrier layer 3




but one side thereof is open such that this opening
serves as an individual flow path 3d, which is
connected to a common flow path 23. The heati ng
elements 12 are aligned in the vicinity of one side
of the sem conductor substrate 11. As shown in Fig.
18, since a dummy chip Dis disposed on the left side
of the sem conductor substrate 11 (head chip la), the
common flow path 23 is forned between the |left side
of the semiconductor subsfrate 11 (head chip la) and
the right side of the dumy chip D. The dummy chip D
may be conposed of any conponent that can formthe
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11. As shown in Fig. 18, a channel plate 22 is
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chip D. The dummy chip D may be composed of any component
that can form the common flow path 23 with the semiconductor
substrate 11,

As shown in Fig. 18, a channel plate 22 is disposed on
. the side of the semiconductor substrate 11 opposite from the
side on which the heating elements 12 are disposed. The
channel plate 22 includes an inlet 22a and a supplying flow
path 24 communicating with the inlet 22a. The supplyiﬁg
flow path.24 having a rectangular cross section, in turn,
~communicates with the common flow path 23.

Ink supplied from the inlet 22a passes through the
supplying flow path 24, the common flow path 23, and the
‘individual flow path 3d to enter the reservoir 3a. When the
heating element 12 heats up, a bubble is generated in the
.reservoir 3a on the heating element 12. The generated |

bubble ejects a drop of ink in the reservoir 3a through the




nozzle 18. In Figs. 17 and 18, dinensions are not to
scale and sone parts are enlarged to aid
understanding. In actual size, the thickness T of the
sem conductor substrate 11 shown in Fig. 19 is about
600 to 650 pm and the thicknesses of the nozzle sheet
17 and the barrier layer 3 are about 10 to 20 um for
exanple. Fig. 19 shows a state in which a droplet is
ejected due to the heat by the heating elenents 12
di sposed in the head chip?la shown in Fig. 18.
Typically, a distance Yn fromthe center of the
heating elenent 12 to a first side surface of the
nohelad I8hip |a that faces the dunmy chip D is about 100
to 200 um whereas the width of the head chip la is
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chip la shown in Fig. 18, Typically, a distance Yn from the
center of the heating element 12-to a first side surface of
the head chip 1a that faces the dummy chip D is about 100 to
200 pm, whereas the width of the head chip la is about ten
times larger than the distance Yn, namely, larger by an
order of magnitude. That is, the heating elements 12 are
disposed close to the first side surface of the head chip la.

In the structure shown in Figs. 18 and 19, when the
heating elements 12 heat up to high temperatures, the
temperatures of the heating elements 12 can be hundreds of
degrees Celsius at a moment. This generated heat brings
liguid on the heating elements 12 to a boil. At this time,
the heat also travels through the semiconductor éubstrate 11
on which the heating elements 12 are disposed. To minimize
this energy loss, a heat-insulation layer composed of a

material having a low thermal conductivity such as silicon




oxi de is di sposed between the heating elenents 12 and
the sem conductor substrate 11. It is the top surface
of the sem conductor substrate 11 that the heat
traveling through the sem conductor substrate 11
reaches first. The top surface of the sem conductor
substrate 11 is flash wwth the top surface of the
heating elenments 12 and is in contact with |iquid.
Secondly, the heat traveling through the
sem conductor substrate Il%reaches the first side
surface of the sem conductor = substrate 11, that is,
the surface form ng the common flow path 23 with the
oxiamys chispoBed Nowt weermatiameamiaof 8denentrilid @nids the
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- the heaters at the sane tenperature. The - 6
reaches the first side surface of the semiconductor

substrate 11, that is, the surface forming the common flow
path 23 with the dummy chip D.

-Now, a mechanism of how a bubble is generated in a
thermal liquid ejection head will be described. A heater,
e.g., the heating.elemeht 12 is in contact with liguid such
‘as ink, and thermal energy from the heater heats up the
liquid. When the temperature of the heater exceeds the
boiling point of the liquid, the liquid boils. From an
‘academic point of view, "boiling" denctes nucleate boiling.
More specifically, the surfaée of the heater has small
scratches or dents in which masses of alr, which are called
bubble nuclei, exist. Bubbles are generated in these bubble
nuclei. |
- Accordingly, even though the heaters are in contact
' with liguid, generation of bubbles depends on the condition

of the surfaces of the heaters at the same temperature. The




nunber of bubble nuclei determ nes the nunber of
bubbl es generated on the surface of the heater. More
.~ bubbl es are generated on the surface of the heater
wi th many bubble nuclei than on the surface of the
heater with a small nunber of bubble nuclei. That is,
~ bubbl es are readily generated on a rough surface but
are hardly any generated on a snooth surface. The
surface of the head chip Ia on which the heating
el enents 12 are di sposed~i § very precisely finished by
a sem conductor process and thus is extrenely snoot h.
- By contrast, since the first side surface of the head
nunddd 1P olfabubBlBr neebseddturamigk sdicbe ngumibdrato i Hubbltki ng
using, e.g., a rotary saw, the first side surface of
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method is that the heating elenents 12 are aligned
- sunfilde.renpte fromthe first side surface of the head
ch| la such that it is difficult for the heat
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semiconductor precess and thus is extremely smooth. By
contrast, since the first side surface of the head chip la
is processed through dicing, that is, cutting using, e.g., a
rotary saw, the first side surface of the head chip la has
irregularities and thus bubble nuclei exist therein. Fig.
'_20 is an enlarged photomicrograph showing the surface of the.
head 1 and a surface cut through dicing. Hence, bubbles are
readily generated in liquid on the first side surface of the
head chip 1la.

To prevent bubbles from being generated on the first
side surface of the head chip la, the following methods are
proposed. A first method is that'the heating elements 12
are aligned well remote from the first side surféce'of the
head chip la such that it is difficult for the heat
Qenerated by the heating elements 12 to reach the first side

surface. 1In this way, thermal energy reaching the first




side surface of the head chip la hardly brings |iquid
to a boil. A second nethod is that the first side
. surface of the head chip la is nade snmooth such that -
irregularities in which bubble nuclei exist are
elimnated. A third nethod, which is disclosed in
Japanese Unexam ned Patent Application Publication
No. Hei 9-11479, is that an ink inlet or opening is
formed through anisotropic etching in the center area
of the head chip la and-a7heating el enent is di sposed
inthe vicinity of the ink inlet. Wth the first
nmet hod, since a wide gap is disposed between the
sidd rsiirside csuihacgef e Neatachip ba:idnd tikRiid to a
al i gned heating elenments 12, the gap makes the head 1
boiBrge, which contradicts high-density packagi ng of
. the head chip la. The second nethod requires an
addi seonafl se@pdfiprbesssthagfithe sided acefefet he tiead
chip la after the head chip la is cut through dicing,
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vicinity of the ink inlet.

With the first method, since a wide gap is disposed
between the first side surface of the head chip 1; and the
aligned heating elements 12, the gap makes the head 1 large,
which contradicts high-density packaging of the head chip la.
The second method reguires an additional step of processing
the surface of the head chip la after the head chip la is
cut through dicing, resulting in increased cost.

With the third method, anisotropic etching is performed
on the head chip la and thus the surface on which the ink
inlet is formed is extremely smooth. Therefore, bubbles do
not develop on this smooth surface of the head chip la.
Unfeortunately, sipce the ink inlet is provided in the center
area of the head chip la, the head chip la has a complex
structure. Thus, provision of the ink inlet is not suitable

for the structure of the head chip la including the heating




elements 12 aligned close to the first side surface of
the sem conductor substrate 11. The influences of
devel opnent of bubbles on the first side surface of
the head chip la will now be described. Fig. 21 is a
cross-sectional view of the head chip la shown in
Fig. 18 showi ng the state where bubbl es are generated.
Fig. 21 shows the head chip la when it is actually
used and so the el enments shown in Fig. 18 are inverted
in. Fig. 21. As described8above, in the seniconductor
substrate 11, bubbles ,are generated the nost at a
portion whose tenperature is highest in the region
cldh&k®es bubbhegnanec geheral athd RuBBLI BYde r QB Qe SHOWI
in Fig. 21. This portion is in contact with ink and
sehidddidisd eubexikatethierein. This portion is the
| oner nost part in the bubbling region in Fig. 21.
Th&beethEhhéyceh tdbldeyedenmeat edf | bubihlle smove thpwhids by
its buoyancy. In actual use, however, ejection of ink
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22 is taken immedi ately after liquid drops are ejected

descmibed above, in the semiconductor substrate 11, bubbles
are generated the most at a portion whose temperature is

highest in the region where bubbles are generated (bubbling

region) shown in Fig. 21, This portion is in contact with

ink and bubble nuclei exist therein., This portion is the
lowermost part in the bubbling region in Fig. 21.
Theoretically, bubbles generated in ink move upward by
its buoyancy. In actual use, however, ejection of ink drops
reduces the amount of ink in the reservoir 3a. Accordingly,
ink in the bubbling region is draWn towards the nozzle 18,
that is, towards the reservoir 3a, and the bubbles are also
drawn towards the common flow path 23 and the individual
flow path 3d.
Fig. 22 is an enlarged photograph of the head 1
including the transparent nozzle sheet having the same
" structure as that of the nozzle sheet 17. The photograph in

Fig. 22 is taken immediately after liquid drops are ejected



and shows the generation of bubbles. Wiite dots in
Fig. 22 are bubbles, whereas black dbts are spatters
of - ejected ink drops. Even when the nunber of bubbl es
generated in the individual flow paths 3d and the
common flow path 23 close to the individual flow
paths 3d is very small, ejection of ink may be
i nfl uenced by these bubbles to sone extent. Wen the
nunber of generated bubbles is |arge, small bubbles
may be united into |arger®bubbles. In this case, the
surface tension of the bubbl es decreases the anount
of ink supplied to narrow flow paths, that is, the
and nshoti=dudlk Ghovrpedds o bubbbegoverhitddkickanaat riowe 2
into the individual flow paths 3d at all in sone
aredsgshlel, gwha8ess arednldargedrphepagtaph of ejelkeeteank
1, showing the region where ink supply is decreased
dreetause sone small bubbles are united into |arger
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to narrow flow paths, that is, the individual flow paths 3d.

‘Moreover, ink cannot flow intoc the individual flow paths 3d
at all in some cases. Fig. 23 is an enlarged photograph of
the head 1, showing the region where ink supply is decreased
because some small bubbles are united into larger bubbles.
Due to a decrease in the amount of ink supplied to the
individual flow path 3d, a sufficient amount of ink cannot
be ejected as ink drops. Moreover, sometimes no ink is
ejected frem a nozzle at all. A serial head for a serial
printer prints an image or character by multiple ink
ejection by being slightly moved while printing and thus the
amount of ejected iﬁk can be evened out over the print sheet.
- Thus, failure in ink ejectioﬁ is not noticeable. On the
other hand, a line head for a line printer prints an image

or character by a single ink ejection. Therefore, when the



line head encounters failure in ink ejection, the
resulting printing has aline (white line) at a
position corresponding to the part of the head
suffering fromthe failure. Fig. 24 is an enl arged
phot ograph of a |line head, showing a white line
formed due to lack of ink supply to the reservoirs
3a, which is caused by the generation of bubbles. 1In
Fig. 24, ejection failure occurs in the width for
about. four nozzles out- &Y the entire wi dth of about
2.7 mmfor 64 nozzles. SUMVARY OF THE INVENTION It is
an object of the present invention to mnimze the
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SUMMARY OF THE INVENTION

It is an object of the present invention to minimize

the distance Yn in Fig. 19 and the generation of bubbles in

areas other than those on heating elements, thereby

suppressing the occurrence of a white line due to
development of bubbles in undesired areas.

Aécording to a liquid ejection head of the present
invention includes: a substrate; at least one head.chip
including a plurality of heating elements on a surface of
the substrate; a neozzle layer having nozzles disposed above
the respective heating elements; a barrier layer disposed
éetween the head chip and the'nozzle‘layer; reservoirs
disposéd_between the heating elements and the noézles, the

reservoirs being defined by part of the barrier layer; a

common flow path communicating with the reservoirs, the




l'iquid storage chanber disposed on at |east one region
of the surface of the substrate excluding a region on
which the reservoirs are disposed, the liquid storage
chanber being defined by part of the barrier |ayer,
the liquid storage chanber conmunicating with the
comon flow path and the reservoirs, the liquid
- storage chanber storing liquid such that part of the
nozzle layer is in contact wwth the liquid. 1In the"
liquid ejection head, heatlilng energy is applied to
the heating elenents to generate bubbles on the
~heating elenments, and the generated bubbl es expe
comnditlifd oNph bR stSSEF MY rlsﬁﬁ.l adbeceiret egsdAaueh khe a
nozzl es. According to the liquid ejection head and the
liduiguisdoregecthanbapphiraicsedobnt he lLeayentioren reghien of
. liquid is supplied to the liquid ejection head, not
themuyrfeesepfobhe bikstalade exhéufigai @ saTrayenchamber the
is filled wwth liquid. Liquid in the |iquid storage
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bubbl es are hardly any generated, thereby suppressing
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the eaglgg elements to generate bubbles on the heating
elements, and the generated bubbles expel liquid in the
reservolrs to be ejected through the nozzles.

According to the ligquid ejection head and the liquid
ejection apparatus of the invention, when liquid is supplied
to the ligquid ejection head, not only reservoirs but also
- the liquid storage chamber is filled with liquid. Liquid in
"the liquid storage chamber is in contact with the nozzle
layer. Thus, heat generated by the heating elements in the
head chip ié transmitted to the nozzle layer by way of the
liquid in the liguid storage chamber.

In the liquid ejection head and the liguid ejection
apparatus of the present invention, the operational
temperature of the head chip is lower than that of the known
head. Accordingly, nucleate boiling hardly occurs, that is,

bubbles are hardly any generated, thereby suppressing




ejection is increased and thus-the ejection/refil
cycle is accelerated, thereby realizing high-speed
printing. When the liquid ejection head constitutes
the line head, the tenperatures of all head chips in
the line head are approximtely the sane.
Accordingly, variation in anbunt of e€jected liquid
due to tenperature change is reduced, thereby
suppressi ng unevenness of ink density in printing.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an
expl oded perspective view of a liquid ejection head
according to a first enmbodi nent, which is nounted in
tempdrafuimg épecéasn. appar@teusmort, t hee pfeserindyn\ent iok;
' Fig. 2Ais a plan view of a head chip of a known type;
e GO B Qnﬁrﬁﬁé‘ﬁdvﬁlw Giusy theagientponfrathid if ioysile is
odi nment ; . 2Cis a detailed view of the circled
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heat di ssi pation; Figs. 4A and 4B are plan views of
 apgruiinaiteey ofetdeme headcohtidpagliol @a€idtdon iineakeadt of

13 Fig. 5Ais a plan view of a head chip according to
ejerteseddndidntiesli meMtemperature change is reduced, thereby

suppressing unevenness of ink density in printing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded péerspective view of a liquid
ejection head according te a first embodiment, which is
mounted in a liquid ejection apparatus of the present
inveﬁtion; |

‘Fig. 2A is a plan view of a head chip of a known type;

Fig. 2B is a plan view of a head chip of the first
embodiment;

Fig. 2C is a detailed view of the circled portion in
Fig. 2B;

Fig. 3A is a cross—séctional view of the known head,
showing the state of heat dissipétion;

Fig. 3B is a cross—séctional view of the head of the
first embodiment, showing the state of heat dissipation;

Figs. 4A and 4B are plan views of four lines of the

head chips for a color line head;




Fig. 5B is a detailed view of the portion circled in

. Fig. BA; Fig. 6 is a plan view of a head chip
according to a third enbodi mrent of the present
invention; Fig. 7 summarizes the specifications of the
known head and the heads of Exanples 1 and 2
according to the present invention; Fig. 8 is a
schematic view showi ng a space distribution of
effective circuits in the known head chip and the head
chips of Exanples |I and 2;1Fig. 9 is a photograph of
the known head; Fig. 10 is a photograph of the head
according to an exanple of the present invention;

Fi grigllshsia Rhet H9raph, oW Rdatihen st &S Rfinkheo a

nozzl e sheet and the vicinities of the openings of the
scbomdli ¢ipdddfmainBal s duri ng neasurenent of tenperatures;

Fig. 12 shows tables containing nmeasured

t erfdaratBr &8. 2 deigllerB vilewaofr aph mirtive weasyeddin

tenperatures in Fig. 12; Fig. 14Ais a schematic
Figrawtng of the known head: Fig. 14B is an equi val ent

ci&gu[t6oﬁsaahefd' Fi g. %4C 'sa iplified .equival ent

ci Fédit fof Sa? Hetd’ VlI‘-E‘ig"g.O 18 }"3 ‘g ‘fa-é]g)eacccooﬁidél i g @

theleBHcifenthg s +14 pAMEMalieRL e EGUI T, Fig. 16 s a
phot om cr ograph of a.%ead using no I nk;

Fig. 7 summarizes the specifications of the known head
and the heads of Examples 1 and 2 acccrding to the present
invention;

Fig. 8 1s a schematic view showing a space distribution
of effective circuits in the known head chip and the headr
chips of Examples 1 and 2;

Fig. 9 is a photograph of the known head;

Fig. 10 is a photograph of the head according to an
example of fhe present invention;

Fig. 11 is a photograph showing the states of the
-nozzle sheet and the vicinities of the openings of the
bonding terminals during measurement of temperatures;

Fig. 12 shows tables containing measured temperatures;

Fig. 13 is a graph of the measured temperatures in Fig.
12;

Fig. 14A is a schematic diawing‘of the known head;

Fig. 14B is an equivalent circuit of a head;

Fig. 14C_is a simplified equivalent circuit of a head;

Fig. 15 is a table containing elements of the




Fig. 17 is a perspective view of the known |iquid
ej ection head; Fig. 18 is a cross-sectional view of
"the known head, showi ng the structure of a flow path;
Fig. 19 is a cross-sectional view of the known head,
showi ng a state where he at is generated in a heating
element to eject an ink drop; Fig. 20 is an enl arged
phot om crograph showi ng the surface of a head chip
and a surface cut through dicing; Fig. 21 is a
cross-sectional view of thet head chip shown in Fig.
18, showi ng the state where bubbles are generated,
Fig. 22 is an enlarged photograph of the known head,
eqNNMg aistate;in which bubbles are generated in the
head |nned|ately after an ink drop is ejected; Fig.
23 Fiig. ahcehd as getbypiadic-eggaphh ob £ aa Padad akihbBeno kirgyn
head where | arge bubbles are generated due to | ack of
i NEigupplyis aadeRisgpect4 viesvaew epf arlgedinsivot dgaaph of a
i ne head, showng a white |ine formed due to | ack of
eJ?Qﬂ&Q@uBﬁPQ'to the reservoirs caused by the generation
of P igs .. DESCRI PTIgN OF, THE PR@E%%REQHE%§QPE¥FNTS

CrLoSs—-Sec al view O
mbodi nen?s accofr ¥t he presen hVeRt 7ot

shatwlldg RAW Berdesetd hed ab3f16§rf BLEANG tO the acconpanyi ng
. drawi ngs. First Enbodi nent

Fig. 19 is a cross-sectional view of the known head,
showing a state where heat is generated in a heating element
to eject an ink drop;

Fig. 20 is an enlarged photomicrograph showing the
surface of a head chip and a surface cut through dicing;

Fig. 21 is a cross-sectional view of the head chip
‘shown in Fig. 18, showing the state where bubbles are
'generated}

Fig. 22 is anAenlarged photograph of the known head,
showing a state in which bubbles are generatéd in the head
immediately after an ink drop is ejected;

Fig. 23 is an enlarged photograph of a part of the
»khown head where large bubbles are generated due to lack of
ink supply:; and
| Fig. 24 is an enlarged photograph of a line head,
showing a white line formed due to lack Qf.ink‘supply to the‘

reservoirs caused by the generation of bubbles.

DESCRIPTION OF THE PREFERRED EMBODIMENTS




Fig.1 is an expl oded perspective view of a liquid
ej ection head or head 10 according to a first
~enmbodi nent of the present invention. The head 10 is
to be nounted in a liquid ejection apparatus of the
present invention. Fig. 1 corresponds to Fig. 17
showi ng the head of a known type. Although a nozzle
sheet or nozzle layer 17 is bonded to a. Dbarrier
| ayer 13 in the actual head 10., the nozzle sheet 17
is separated fromthe barri®er layer 13 in Fig. 1. A
head chip 10a includes a sem conductor substrate 11
having heating elenments 12 thereon and a barrier
| ayeibotidmehsposetbrdimat he sRal sonchicd dnveubsbhah£11 how
The head 10 includes the head chip 10a onto which the
be mbrriribside bty $#fesr bunded thEi goc@rpasyimoldaawihgw. of
the head chip la of a knowmn type. Fig. 2B is a plan
view of the head chip 10a of the first enbodi nent.
F.Fi - CCLS a detailed view of the circled portion in
1%?%. CUHYEDE gs. 2A, 2B, and 2C, the nozzle sheet 17
| s agt hlLusigaled ad E? L '%?BJ'%QJ uges f@?ﬂ?t
holeg 17a. RéFer iﬁb tob |é. %%% hé’senlcongu or
e SIS deBdldr RESH tEe RNy eteMNBNE Srak? @botififeht St
enbodi nent . have the sane structures as those of the
the gniecemdudhoensubst r datbee hkad 16 iangh the deeateddin a
_elenents 12 of a known type shown in Fig. 17. A
LiggHid iegiectd onsagpapost] adn thRepsestro iduendd osubsFiat el
11 of the first enbodi nent. Reservoirs 13a and
corngRRArdgaltor Fody batHevisgd she Bedd meld aykrowe B#Pei er
Aléh_(ah %Sholgfé sheet or nozzle layer 17 is bonded to a .
barrier layer 13 in the actual head 10, the nozzle sheet 17
- is separated from the barrier layer 13 in Fig. 1. A head
chip '10a includes a semicondﬁctor substrate lllhaving
heating elements 12 thereon and a barrier layer 13 disposed
on the semiconductor substrate 11. The head 10 includes the
 head chip 10a onto which the nozzle sheet 17 is bonded.

Fig. 2A is a plan view of the head chip la of a known
type. Fig. 2B is a plan view of the head chip 10a of the
first embodiment. Fig. 2C is a detailed view of the circled
portion in Fig. 2B. 1In Figs. 2A, 2B, and 2C, the nozzle
sheet 17 is not illustrated and the Fig. 2B includes exhaust
holes 17a.

Referring to Fig. 17, the semiconductor substrate 11
and the heating elements 12 of the first embodiment have the

same structures as those of the semiconductor substrate 11




reservoirs 13a are disposed on the respective heating
el ements 12. According to the head chip la of a known
type, the barrier |ayer 3 accounts for nost of the
top surface of the sem conductor substrate 11 except
the regions where the reservoirs 3a, the individua
flow paths 3d, and a connecting el ectrode regi on (not
shown) are disposed. That 1is, the reservoirs 3a and
the individual flow paths 3d account for only about
| ess than 10% of the top sifrface of the seni conductor
substrate 11 in the head chip la of a known type. By
contrast, according to the head chip 10a of the first

an® NiogiH@Rtingt BEehaitd an logyer khdwhasype podwOihavigng17.
a conb-shape (conb-shaped portion). The reservoirs 13a

A amiridrhd 3i ndi disiopased loowitpat Bemldoadecths poged ratet hé
spaces defined by the conb-shaped portion. An area

of cgmnddtred eBPotheerionb FisspEeiper Ldarmnd iadivggugl flow
storage chanber 13b including a great nunber of
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elgﬁgh&phgqns 13c have the sane helght, t he helghts of
all - 17 the reservoirs 13a are identical. The

hergbbsddig tihe el weas tBeparg éhe sa@nasypbe thei ght
of the conb-shaped portion defining the reservoirs
bangieradaéyenhe3i adévimiaml Lol owspavhstiddiotEanir fegieund tBe

se&f%onductor substrate 11 except the regions where the
reservoirs 3a, the individual flow paths 3d,.and a
connecting electrode region (not shown) are disposed. That
is, the reservoirs 3a and the individual flow paths 3d
account for only about less than 10% of the top surface of
the éemiconductor substrate 11 in the head chip la of a
known type.

By contrast, according to the head chip 10a of the
first embodiment, the barrier layer 13 has a portion having
a comb-shape (comb-shaped portion). The reservoirs 13a and
the individual flow paths 3d are disposed in the spaces
defined by the comb-shaped portion. An area connected to
the comb-shaped portion 1s a liquid storage chamber 13b
1nclud1ng a great number of columns 13c. These_columns 13c
connect the barrier layer 13 to the nozzle sheet 17 when the
‘barrier layer 13-is bonded to the nozzle sheet 17. Since

all the columns 13c have the same height, the heights of all




substantially rectangular in plan view, for exanple,.
nmeasuring 20 pmx 30 m The colums 13c can be

di sposed in any arrangenent at any pitch. The barrier
| ayer 13 'has three walls on the sem conductor
substrate 11. These walls are disposed in the three
sides of the sem conductor substrate 11 except the

si de where the conb-shaped portion is disposed. A
connecting-el ectrode region 19 is di sposed on one of
the walls. The liquid stdifage chanber 13b is encl osed
by the walls and the conb-shaped portion of the
barrier layer 13. The liquid storage chanber 13b has

thOPRRIRFS108 1he Sideaksi@saito a common flow path so
as to comunicate with the common flow path. The

‘comnenhdignt patth the tbauhhs S13c erdeodingeBEmeSas deg | cal
to the comon flow path 23 of the head chip la of a
helilghdpweft fhe eerbsUmdadeporitdqonddedining thesaeveirreiisa.

' The openings in the |liquid storage chanber 13b are,
13gjjieg6osk iRdtHelyagilom saELS i n Ha cplafg a8c ide
bot t om es of the head chip 10a in Fig. 2B. Since

su e T e flao Eistnal BEeB oSy st FPAS pa h
meéé%%ihbqybdwnSlQﬁﬁgﬁhCh%ﬂgeEoﬂéﬁhéfi3%°%%%¢%%dd39p$£§? in
reservoirs 13a through the common fl ow path and the

any RAr¥Mhgeaént | oW Hp8f RS +cnl8 13d. Referring to Fig. 2B,
exhaust holes 17a pass through the nozzle sheet 17

antharlsadiisposegern18hbaar earemderl lshioehthehe |iquid

storage chanber 13b is disposed. Five exhaust
semiconductor substrate 11. These walls are disposed in the
three sides of the semiconductor substrate 11 except the
side where the comb-shaped portion is disposed. A
connecting-electrode region 19 ig dispesed on one of the
walls. The liquid storage chamber 13b is enclosed by the
walls and the comb-shaped portion of the barrier layer 13.

The liguid storage chamber 13b has openings on the side

close to a common flow path so as to communicate with the
common flow path. The common flow path of the first
embodiment is identical to the commoﬁ flow path 23 of the
. head chip la of a known type and supplies liquid to the
reservoirs 13a.7 The opeﬁings in the liquid storage chamber
13b are disposed in the right front side in Fig. 1 and at
_ the boﬁtom edges of the heéd chip 10a in Fig.IZB, Since the
openings are connected to the common flow path, the liquid

storage chamber 13b is connected to the reservoirs 13a

“through the common flow path and the individual flow paths




holes 17a are illustrated in Fig. 2B. The exhaust
. holes 17a are di sposed renmpote fromthe reservoirs 13a
- and the individual flow paths 13d. As descri bed
- above, the-conb-shaped portion of the barrier |ayer
13 defines the reservoirs 13a and the individual flow
paths 13d. The reservoirs 13a are di sposed between
the heating elenents 12 and the respective nozzles
18. The individual flow paths 13d comunicate with the
reservoirs 13a and supply ¥ quid to the reservoirs
13a. The 1liquid storage chanber 13b for storing
liquid is disposed on the area of the surface of the
138em conductor substrate 11 except the regions
including the reservoirs 13a and the individual flow
patRefet3dngThe FiguiiB,steothagetchalrber 118lpasdss tiebiged
by part of the barrier layer 13. The liquid storage
th%h%‘?ﬁ)%]re EiigetoAruAndates 4 IWPSERe lnesbrvares uster whkch
an jnk tank first flows into the

| .g.,
theg by |S&?arﬁa€h gﬁlab%e].?bpa@sé%sm?aagh thee exhaust
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ncurrent nnDn ow pa
ard hei ddgndd rse}n@rtegeroﬁh@@eﬂesmp%m% C&hd Ngh M t h the
comon flow path to fill the liquid storage chanber

indBhiduall F1okr pechsol3de entrance of ink, the liquid
storage chanber 13b is filled with air. Therefore,
whés AakRcerted sabetr Ithguirdmst ohaged grarteon ©3bthai r
in the liquid storage chanber 13b is di scharged

bagiit s déehr ddghef hecexHuseskevedrs 13a and the

individual Fflow paths 13d. The reservoirs 13a are disposed
between the heating elements 12 and the respective nozzles
18. The individual flow paths 13d communicate with the
- reservoirs 13a and supply liquid to the reservoirs 13a. The
liquid storage chamber 13b for storing liquid is dispesed on
the area of the surface of the semiconductor substrate 11
except the regions incliluding the reservoirs 13a and the
individual flow paths 13d. The liquid storage chamber 13b
is defined by part of the barrier layer 13. The liquid
storage chamber 13b communicates with the reservoirs 13a.
Ink supplied from, e.g., an ink tank first flows into
the common flow path and then passes through the individual
flow paths 13d to fill the reservoirs 13a. Concurrently,
ink from the common flow path enters the liquid storage
chamber 13b communicating with the common flow path to fill

the liquid storage chamber 13b.




17a. Accordingly, the liquid storage chanber 13b is
filled with ink, containing no air. Wen the liquid
storage chanmber 13b is filled with ink, ink cones in
contact with the exits of the exhaust holes 17a, that
is, the surface of the nozzle sheet 17. If the exhaust
hol es 17a have the sane areas as those of the nozzles
18, surface tension on the orifice planes in the
exhaust holes 17a and the nozzles 18 is identical.
Thus, the nozzles 18 and the exhaust holes 17a, which
are only exits for ink, are influenced by the
pressure applied to ink. However, according to the
fi resti c@Mpedi ABNEnt S MNGE I8 n@l, €88 0f 1 HiRy LHhauyst
hol es 17a are smaller than those of the nozzles 18,
chamike d0E3b riet flieakdt hf oigdhi 1 .he Texhaste hokiesn liftx whebrs
pressure is applied to ink. Therefore, even though
thenldqwitheroragk chenbriad dhi gpirl0a thanhegsiststasage
during transport, the exhaust holes 17a do not require
chapher g’@% dre parhange bt rEgce dhasuphr Ehofeaisto ol es

8. en _t.he . head, 10.is operated, that.is,..ink .
178 e b5 e bl duiT € P80, Shfbe B 4l e ritied
wi opliet %Odtg_lingﬁgr@“g he; . common fl ow path passes

through the individual flow paths -- 2 0 13d to fil
t h@heaseny ol { SuiBatoagbhbgahba®, 13rid ¥ialkd #Kn ink,

noves in the [iquid storage chanber 13b. The bottom
inls urdmece igf cbheéanbzzleh stieetexisi sfbohdedkHaustt heltepl7a,

surfaces of the columms 13c. Ink in the liquid
-that is, the surface of the nozzle sheet 17. If the exhaust
holes 17a have the same areas as those éf the nozzles 18,
~surface tension on the orifice planes in the exhaust holes
17a and the nozzles 18 is identical. Thus, the nozzles 18
and the exhaust holes 17a, which are only exits for ink, are
influenced by the pressure applied to ink. However,
according to the first embodiment, since the areas of the
exhaust holes 17a are smaller than those of the nozzles 18,
ink does not leak through thé exhaust holes 17a when
préssure is applied to ink.

Therefore, even though environments of the head chip
10a change such as during transport, the exhaust holes 17a
do_not require special care but can be treated as part of
the nozzles 18.

When the head 10 is operated, that is, ink supplied to

the reservoirs 13a is ejected as droplets, ink from the

common flilow path passes through the individual flow paths




storage chanber 13b is in contact with the bottom
surface of the nozzle sheet 17 except the portions
bonded to the top surfaces of the colums 13c.
According to the head chip la of a known type, nost of
‘heat generated by the heating elenents 12 is
transmtted to the nozzle sheet 17 through the
barrier layer 3. Since the barrier layer 3 is
. conposed of a photosensitive resist rubber or a dry
filmresist to be hardened?by exposure and thus has
| ow t hermal conductivity, the barrier layer 3 does
not well transmt the heat generated by the heating
13¢l eprenilsl th2. rdeepvelifgly3a healt ganer aimd, Martdhe any
heating el enments 12 is not sufficiently dissipated
ink reweshe nnGhel éighedtstidrady adenbeasi3baccording to
the head 10 of the first enbodi nent, heat generated
by Tfe PRERPT nfefasifemtls the pezzieaslsert tldd iSobpagednto

__the liqui t h 13h. Si ink inth
thd (Ko G R Go b N R o5 4 ¥n conEatt e 1iaHed

f t d
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thé heoAWzz secsheet eddegthriggh orhech8kpdiidd @ d ikl dop
st orage chanber 13b. Accordingly, the heat can be

suisssipatfedhbr ool tulres tige .surface of the nozzl e sheet
17, whereby heat is well dissipated in - 21 the head
chifgcepding rta Hihe deadexhipt he ¢f quikhosmotsge, chambert
13b can also be referred to as a heat-storage |liquid

hegty \AsnEcRERBPY Bhe thratidls edraensar 1? aleryrememiétredThe

thé“ﬁ%zéf%pgﬁgéy i? through the barrier layer 3. Since the
barrier layer 3 is composed of a photosensitive resist
‘rubber or a dry film resist to be hardened by exposure and
thus has low thermal conductivity, the barrier layer 3 does
not well transmit the heat generated by ﬁhe heating elements
12. Accordingly, heat generated by the heatiﬁg elements 12
is not sufficiently dissipated from the nozzle sheet 17.

By contrast, according to the head 10 of thé first
embodiment, heat generated by the heating elements 12 is
transmitted to ink in the liquid storage chamber 13b. Since
ink in the liquid storage chamber 13b is in contact with the
bottom surface of the nbzzle sheet 17, heat generated by the
heating elements 12 is readily transmitted_to the nozzlé
sheet 17 through the ink in the liquid storage chamber 13b.
Accordingiy, the - heat can be dissipated from the top surface

of the nozzle sheet 17, whereby heat is well dissipated in




the head chip 10a of the first enbodi nent is constant.
Accordi ngly, as the anount of heat dissipation is
increased in the head chip 10a, the tenperature of
the head chip 10a is decreased. Fig. 3Ais a
cross-sectional view of the head 1, whereas Fig. 3B
IS a cross-sectional view of the head 10. These
drawi ngs show conpari son of heat dissipation of the
heads 1 and 10. In the draw ngs, the heating el enents
12 are disposed on thedé&flt —sides of the
sem conductor substrates 11. The nozzle sheets 17
including nozzles 18 are disposed above the

theS ¥dagondust oo substrates 11. In Fig. 3A and 3B, the
heating el enents 12 and the nozzles 18 are not
i'| Custhhs ecbntAcagr dheglt guihestwadiel cabmBekNDIW datpe,
heat generated by the heating elenent 12 is

alga Pesrefesded htourfh a headi-storage| Lidivig dmyardahabbee
the reservoir 3a and an area disposed on the |eft

or &hgemat eaRdensar dFoe /chenpPaser Vioia MBat cTRpsikBgi®n

i s desi t by, XX in.Fig. 3A. B t t,
end, 3e5Rare: 554 R theu Mo % PR e " BRURRERE: heat
AccRRehglied by tihe fAealing rehedenyfsdg,dis df aRsThtiedsdP
the nozzle sheet 17 through not only a region

in ithel udhAgcRp @A +hd2 teABOYELENE JeIBLY Blhd3ahdPdi @&
area di sposed on the left side of the area above the

is deseeuwoed. 3a, which corresponds to the region
designated by XX in Fig. 3A but also through the
| i 59 d 3 draage cEhagbeectBpnaThdevwegifotheragmbilit i ng

whe&ggs Fig. 3B is a cross-sectional view of the head 10.
These drawings show comparison of heat dissipation of the
heads 1 and 10. In the drawings, the heating elementsrl2
are disposed on the left sides of the semiconductor
‘substrates 11. The nozzle sheets 17 including nozzles 18
are disposed above the semiconductor substrates 11. 1In Fig.
3A and 3B, the heating elements 12 and the nozzles 18 are
not illustrated.

According to the head 1 of a known type, heat generated
by the heating élement 12 is transmitted through a region
including an area above the reservoir 3a and an area
disposed on the left side of the area above the reservoir 3a.
This region is designated by XX in Fig. 3A. By contrast,
according te the head 10 of the first embodiment, heat
generated by the heating elements 12 is transmitted to the

nozzle sheet 17 through not only a region including an area




heat to the nozzle sheet 17 in the head 10 is
designated by YY in Fig. 3B. Mire specifically,
according to the first enmbodi nent, ink having a |arge
speci fic heat capacity is disposed between the head
chip 10a including the heating elenents 12 and the
nozzl e sheet 17. The tenperature of the head chip 10a
does not increase sharply. Mreover, ink having higher
.thermal conductivity than the barri er | ayer 13 can
transmit heat to the nozZ2 -sheet 17. Therefore, heat
is imediately transmtted to the nozzle sheet 17,
and the heat radiates fromthe nozzle sheet 17 to

ab&ROcHiOWR sbhReoheash 1dhg Hie aRQZZHEs5HEE Jh tean lQ?;t side
conposed of various kinds of materials. Wen the

- of oz laeeshebbvd 7the cavyosdd Gh, Nehdth Gforr@spehasi 8d the
chiefly made of netal, heat is effectively
re@r@sldﬁéﬁéaatﬁérbhe?ﬁ}hﬁﬂe Fitghe 3headull Oa ey thyclugiethe
plurality of the head chips 10a. For example, the head
11%%3 iS¢ofegl §RamPeB| bit-pr TheeFenbaR Wﬂﬂ%tﬁ@nﬁhéhﬁead

i.ps 0 spect.ive_col or i ne h
nedin 25 hEnmoptl el R Sl Bh8 ARt il e s Bra Rl ey
vy G B8 108pdi sposed along the common flow path. In
this Structure also, the head 10 is preferably

prayidesbad 1 @isivigkecbedzhe shedle ¥{rst28mbbdigidi,ng
the nozzles 18 for all the head chips 10a. In this
inkvdnpvinbeat bapes atnae fifc hhetheaphdky sinwiispaEadd
constant at all times. Wien the head chips 10a are
betiveen thet head | eleithedd, imagluding the heating elements 12

and the nozzle sheet 17. The temperature of the head chip
710a does not increase sharply. Mbreover, ink having higher
.thermal conductivity than the barrier layer 13.can transmit
heat to the nozzle sheet 17. Therefore, heat is immediately
transmitted to the nozzle sheet 17, and the heat radiates
from the nozzle sheet 17 to cool down the head 10.

The nozzle sheet 17 can be composed of various kinds of
materials. When the nozzle sheet 17 is composed of metal or
'a material chiefly made of metal, heat is effectively
dissipated. Furthermore, the head 10 may include a
plurality of the head chips 10a. For example, the head 10
is used as a color printer head including the head chips 10a
for respective colors, or as a line head for a line printer
including a plurality of ﬁhe head chips 10a disposed along
the common flow path. In this structure also, the head 10

is preferably provided with a single nozzle sheet 17




anmount of ejected ink-drops, nanely, the anount how
much the head chip 10a is operated differs depending
on the head chips 10a. Therefore, some head chips 10a
radiate a | ot of heat, while sone radiate hardly any
heat. Since the sem conductor substrate 11 in the
head chi ps 10a conposed of, e.g., silicon has
excel'l ent thermal conductivity, all the head chips
10a have substantially the sane tenperature. If the
sem conduct or substrate 112%annot effectively radiate
heat, it readily heats up. However, by sharing a
singl e nozzle sheet 17 anong all the head chips 10a,
inthgaheadihis 2108 ganchaver 1 $ubsiant batby {de sape
tenperature. Since ink contained in the |'iquid storage
thehawber s:HBkemperakliré hef hgad 1hidps 0108 mPrond idest
| arge thermal capacity and a | arge area for
cogssmipat g lhdamest he tenperatures of the head chips
~ 1 0a_ increase gradpally, t her eby suppressing increase

i nee theehpadatiubes 10k ee Head &hiPe 1dae Beade,an
.S suppresses. bubbling of iink ip the head chips
anbil® R R Ste T 1 P RERITE FIoGumREnge

hed3ditfi 1Ne i5eSBEYQLLS didrerd GSpeAhi ARY AR BeBlan
views of four ITnes of the head chips 10a for & col or

chip el ead.THdealrbRg, hestk GRS chidd 1bOar M &AM RY or
hat chi ng. The head chi ps having snaller gaps between

hediat othidg Isiomes rhdvatdilgheil vt enpehatur esSinkhke thezz| e

sheet 17 in Fig. 4A has low thermal conductivity,
SeMIERY GoFe SibZrete hbetinl Zhenhpiag. cphada composed of,

e.g., silicon has excellent thermal conductivity, all the

head chips 10a have substantially the same temperature. If

the semiconductor substrate 11 cannot effectively radiate

heat, it readily heats up.

However, by sharing a single nozzle sheet 17 among all
the head chips 10a, the head chips 10a can have
~substantially the same temperature. Since ink contained in
ﬁhe liquid storage chambers 13b for all the heaa chips 10a
provides large thermal capacity and a large area for
dissipating heat, the temperatures of the head chips 10a
increase gradually, thereby suppressing increase in the
temperatures of the head chips 10a. Hence, this suppresses
bubblipg of ink in the head chips 10a, particularly, between
the individual flow paths 13d and the reservoirs 13a.

Figs. 4A and-éB are plan views of four lines of the

head chips 10a for a color line head. Heating head chips




hi gh thermal conductivity. In the nozzle sheet 17 in
Fig. 4A the tenperatures of the heating head chips
la are particularly increased. By contrast, in the
nozzl e sheet 17 in Fig. 4B., heat fromthe heating
head chips 10a is transmtted over the nozzl e sheet
17 and thus the tenperatures of all the head chips
10a are substantially the sane, that is, the
operational conditions of all the head chips 10a are
substantially the same. Th&d head 10 and the liquid
"ejection apparatus including the head 10 such as an
inkjet printer according to the first enbodi nent have
108 herd dlHam B BdYARiRPEeS THel hoWlieRndpdi B4-ANRE sYR1Eem
. the center of the heating elenent 12 to the left side
gassirbaoecaf haltehhegdl thep Hbeae ihigheontaepe v tturetshe
common flow path is large, nucleate boiling wutilizing
bulbiee npgelei sheet ifegal &hioti 63 loms tInw |tekrngilde
syrface of the head chip 10a is prevented, that is,
CONHHTES T e VRBF R NERQAIIRE 2 euSERE DY el Vi ith iBe has
; elent| ure of .the first_enbodinent,.the
h“%%@?htuo%a?gﬁgﬁﬁ%%§%§%?e%b tpﬁenﬁégi c H%gi ﬁ&a18aﬁ?%e
4n) RS dhpR rhRate8for e head 16l RSadacipfp 2 dknawa type
under the sanme conditions. Thérefore, in order. to
parmEidiilainlyt hRcBeaBed eNPsy alonkeads, t hatthe 2z208 Eheet 17
head chips la of a known type, the distance Yn of the
in hgias @i, phgeh Eaom beherdde tsmgl hendt dlaipd Hdadiist ance Yn
of the head chip la of a known type. (2) Even when
tranfaniditedaREET Yhhe vl eddiecdndll| and §hes the

temperatures of all the head chips 1l0a are substantially the

same, that is, the operationél conditions of all the head

chips 10a are substantially the same.

| The head 10 and the liquid ejection apparatus including
the head 10 such as an inkjet printer according to the first
embodiment have the following advantages.

(1) When a distance Yn from the center of the heating
element 12 to the left side surface of the head chip 10a in
contact with the common flow path is large, nucleate boiling
utilizing bubble nuclei in irregularities on rhe left side
surface of the head chip 10a is prévented, that is, bubbles
are not generated. Furthermore, with the aforementioned
structure of the first embodiﬁent, the operational
temperature of the head chips 10a can be lower than that of
the head chips la of a known type under the same conditions.

" Therefore, in order to maintain the same temperature as that




head chi p 10a, the operational tenperature of the head
chip 10a having the aforenentioned structure can be
reduced and thus nucleate boiling hardly ever occurs.
That is, the head chip 10a of the first enbodi nent
has a tolerance to a tenperature increase. (3)
According to the first enbodi nent of the present
i nvention, since a chance for nucleate boiling to
occur on the left side surface of the head chip 10a
I s decreased, frequency-f2F +nk ejection can be
increased. Therefore, the cycle of ejection and
refill can be shortened and thus the head chip 10a
of Céfe Neald zeipkghaspeed pdwi itR@e, (e e dhe headslfhe
is used as a line head including lines of the head
headiqisipl Gz the bpenadd anadlll-enmpriaat thi€sdiofcamle vhher
head chi ps 10a are mai ntai ned substantially the same
the phedte didad 1a0of Aeclrelmgiype-vari ations in the anount
ejected ink due to a ten?erature change becone

f.
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portion circled in Fig. 5A e head chip 10b is

thieh ffiesledte boomidendend ehicR 308usHOWTHAL KisySthdbBhead
and 2C in that reservoirs 13a conmunicate with a

chip duiad oft thagéichandgrodidtentdhst aat tdYeoraraecamaman f | ow
path. Referring to Fig. 5B, heating elenents 12 are
LeRadsee LACEARSEirection at a

(3) According to the first embodiment of the present

invention, since a chance for nucleate boiling to occur on

the left side surfa;e of the head chip 10a is decreased,
frequency for ink ejection can be increased. Therefore, the
cycle of ejection and refill can be shortened and thus the
head chip 10a can realize high-speed printing.

(4) When the head 10 is used as a line head including
lines of the head chips 10a, the operational temperatures of
all the head chips 10a are maintained substantially the same
in the head 10. Accordingly, variations in the amount of
ejected ink due to a temperature change become small and

thus unevenness of ink density in printing is suppressed.

Second Embodiment
Fig. 5A is a plan view of a head chip 10b according to

a second embodiment and Fig. 5B is a detailed view of the




constant pitch. However, the heating elenents 12 are
m saligned, that is, a gap (a real nunber greater than
zero) is disposed between the centers of the adjacent
heating. elements 12 (nozzles 18) in the direction
orthogonal to the direction along which the heating
el enents 12 are di sposed. Accordingly, the distance
bet ween the centers of the adjacent nozzles 18 is
greater than the pitch at which the heating elenents
12 (nozzles 18) are arrangéd.- Ink in the nozzles 18
and in the vicinity of the nozzles 18 is hardly
i nfluenced by the pressure change due to ejection of

- pottifon diepseandnt hug. @&p amowet hehdetres ethd nk- driepsrand
a direction of ejection can be stabilized. This

fromedie eedhabipal fzazthovredn prlgposesl dnd tad dnaskafgnee
in Japanese Unexam ned Patent Application Publication

reggrvoige3l3s3ggpnupiestie wilthy ar $iqgidhasiarpge chamber 13b
subst anti al | rectangular shapes in plan view are

i fidrodéd™of HBFRORI dethhe Bﬁ%%ﬁh‘gg eteféfit s°82 in

[ ' o] i e.heating. el.ements 12 are
hediBeCLISREREE, B2 RS PEhes i Gt G el
corhalameep ;i the. batisisfed, aNeES héétm% bot dhestides 20h L he

heating elenments 12 in the direction orthogonal to the

misaldénedj r eeit ok aloRGpMiaChe b henliasdt n-cglterenhsn 12aro)
are di sposed, nanely, on the common flow path side

is alidrohedshbdevweppodie eentegm thetbomrjmdenowhpatinsi de.

~ _The individual flow paths 13d disposed close to the

elqmegiisd 14t dPagel eharberl M $hec 8ikemt een ©nfiogorhd T gehal

difgg%ﬁg eaigggbgﬁigﬁn%he heating elements 12 are disposed.
Accordingly, the distance between the centers of the

- adjacent nozzles 18 is greater than the pitch at which the

‘heating elements 12 (nozzles 18) are arranged. Ink in the

nozzles 18 and in the vicinity of the nozzles 18 is hardly

- ‘influenced by the pressure change due to ejection of ink

- drops and thus an amount of ejected ink-drops and a
direction of ejection can be stabilized. This technique has
‘already been proposed by this assignee in Japanese |
-Unexamined Patent Application Publication No. 2003-383232.
Barrier layers 13 having substantially reétangular
shapes in plan view are disposed on both sides of the
heating elements 12 iﬁ the direction along which the heating
elements 12 are disposed. Individual flow paths 13d are
disposed between the barrier layers 13 on both sides of the

heating elements 12 in the direction orthogonal to the




According to the second enbodi nent, although the
i ndi vidual flow paths 13d directly connect the
reservoirs 13a to the liquid storage chanber 13b, ink
does substantially not flowin the |liquid storage
chanmber 13b except in the vicinity of the reservoirs
13a. Third Enbodinent Fig. 6 is a plan view of a head
chip 10c according to a third enbodi ment of the
present invention. The head chip 10c is enployed in a
serial head. The third enbddiment is different from
t he above enbodi nents in that connecting- el ectrode
regions 19 are di sposed on both sides on the head
dicdi i kD@ lichgt kaibtanghd tdatdhgdeleathon. 12ACLY diiRgoked,
the third enbodinment, a liquid-supply slit ilais
nami gposed the ctimotehter ratda sdfiet hed higad scihiep opPosifhe
liquid-supply slits |la may be di sposed on both sides
fref thfe aeEEQRchipv 1orth Siglerhe ThAi fadEvwsbtilnddoy shrhke
he positions of the onnecti ng-el ectrode regi ons 19
139§ it & PSSAtD | Tk d Lier 5T RAMIERESD Lk be
1] L,h.th ey4 al. it h ' f£i ci ency.
o HTER Horh Fric Bl SER-pbb epdhi o8
St hHEbHA B8y Ofo 1R 1RSSNUOLKSodBReAd atl@ﬁ_ohgﬁuu@e _
storage chanber 13b according to the third enbodi nent
indiey deelamfyoef patiwsSdesekichegd contder aleveeservoirs
enbodi nents. Exanples . Exanples of the present
134 rhreribicoRiqiid slowdne ¢bsmbebeli3b A hdadloksof a known

- type anluding the head chip la and
substantially not flow in the liquid storage chamber 13b

except in the vicinity of the reservoirs 13a.

Third Embodiment

Fig. 6 is a plan view of a head chip 10c according to a

third eﬁbodiment of the present invention. The head chip
10c is employed in a serial head. The third embodiment is
different from the above embodiments in that connecting-
electrode regions 19 are disposed on both sides on the head
chip 10c in the longitudinal direction. According to the
third embodiment, a liquid—supply slit 1la is disposed in
the center area of the head chip 10c. The liquid-supply
slits 1la may be disposed on both sides of the head chip 10c.
in the third embodiment, since the poéitions of the
connegting—electrode regions 19 are different, a liquid
storage chamber 13b can be provided in the serial head with

high efficiency. Although not illustrated in Fig. 6, the




heads 10 according to Exanples 1 and 2 including the
head chi ps 10b of the second enbodi nent, shown in Fig.
5, were fabricated for conparison. The head 1 of a
known type and the heads 10 of Exanples 1 and 2 had
the same specifications as the head shown in Fig. 22.
Fig. 7 shows the specifications of the head 1 and the
heads 10. In the heads 1 and 10, the nozzles 18 were
arranged such that the centers of the adjacent
nozzles 18 were misaligrmedd mthe direction
orthogonal to the direction along which the nozzles 18
were arranged. The gap between the centers of the
statjtacerd ofnanzl essdBvoas halaf ahhetpét TCihywfd tsheragazl es
18. Fig. 8 shows a space distribution of circuits in
chahjeer Nedd achiopdiag abel the thdad ehbpdinddiy, nay beeahgads
chip 10b  _according to Exanple 1, the liquid storage
thegey ifscridBonas theriRRF S MRediBenbYe t he sane hei ght
as the height of a power transistor. In the head chip
10b according to Exanple 2, the |liquid storage
r 13b was forned so as to have the sane hei ght
as the sum of the heights of the power - 2 9 -
trarsnplof SNtk lRgisenti i sWbitidheringadoahbe désOfirvka.
. known type and the head chips 10b of Exanples | and 2
A lesch hafeaaknowdlt typd k140G npnraachénd engih 1af adqd 540
m According to the head chip la, only a region on
headfe HeacragdenenentBrarples) leandt heindgulivgi the3heawkr e
filled with ink. That is, the range with a hei ght of
chipg 19h Rasthe | FeePRE (FFARK R hehotedd dBgp Pa. were

_ faﬁ¥¥%§€35”90£°c£%%H§¥§%n%’ %h%egggg frb%rgaknown type and
the heads 10 of Examples 1 and 2 had the same specifications
as the head shown in Fig. 22. Fig. 7 shows the
-specifications of the head 1 and the heads 10. In the heads
1 and 10, the nozzles 18 were arranged such that the centers
of the adjacent nozzles 18 were misaligned in the direction
orthogonal to the direction along which the nozzles 18 were
arranged. Thé gap between_the centers of the adjacent
nozzles 18 was half the pitch of the nozzles 18,

Fig. 8 shows a space distribution of circuits in the
head chip la and the head chips 10b. 1In the head chip 10b
according to Example 1, the liquid storage chamber 13b was
formed so as to have the same height as thé height of a
power transistor. In the head chip 10b according to Example
2, the ligquid storage chamber 13b was formed so as to have

the same height as the sum of the heights of the power




heating el enents 12 and the liquid storage chanber 13b
having a | ength corresponding to that of the power
transistor were filled with ink. That is, a range with
a length of 630 m (220 gm+ 410 m) was filled with
ink in Exanple 1. According to Exanple 2, a region on
the heating elenents 12 and the |iquid storage
chanber 13b having a Ilength corresponding to the sum
of the lengths of the power transistor and the |ogic
circuit were filled with-i#k.~That is, a range with a
l ength of 1,140 m (220 pm+ 410 WA + 510 m was
filled with ink in Exanple 2. Since the difference in
traesidtar ehdExanpbec leanchifixamihe Rewascregl igidd @ known
they are collectively referred to as an exanpl e
tyhera&hbdicoweathehipagt tb of f thrempdgisoh &ndl| 2deavtt havek a
.in the head chip 10b according to the exanple was
widphroki it Heneed 2 tlersth 4t loP 4P i hedFqaridgnpato
In th ead .chi a and the head chip. 10b, the
thp bt SRR dP 3Bk S nEeHi B gy BFLES ke
. Lot nQzZl e ver : ta r.ea
e TRy T e nen B BARR PR Piing S0 Hhe
rasfe tiitla BedBHtl 8L DAY Nuehwdsayen1d8 Wee MY in the
separated fromthe nozzle sheets 17 by pressure
heappitiigd lfagr Brkoefied iton.ExBagde 1t he Bsgbasn afn tthe
- nozzle sheets 17 in contact with ink in the vicinity
hegfinhelgsertesld gandriche eligiivesyosane | cliambsot H 3bhe
head chip |la and the head chi p 10b. Consequently, the
haying & il§DgRE RBTLEPIMERT £P thatont ddte WaWeT nk in
tr%&%%%%?ﬂg%@%?f%%ggﬁgggj§%Eﬁaan&thlysf%y&é%%efhg%h a

length of 630 um (220 Mm + 410 Pm) was filled with ink in

Example 1. According to Example 2, a region on the heating
elements 12 and the liquid storage chamber 13b having a
1ehgth corresponding to the sum of the lengths of the power
transistor and the logic circuit were filled with ink. That
is, a range with a length of 1,140 pm (220 Mm + 410 pm + 510
pm) was filled with ink in Example 2. Since the difference
in results of Example 1 and Example 2 was negligible, they
are collectively referred to as an example hefeinbelow.

The length of the region filled with ink in the head
chip 10b according to the example was approximately three
ltimes that of the head chip la. In therhead chip la and the
head chip 10b, the barrier layer 3 and the barrier layer 13
‘were bonded to the nozzle sheets 17 over a large contact

area in the vicinity of the nozzles 18 such that the barrier



chip la. To conpare tenperature increase in the head 1
and the head 10, the followi ng nethod can be enpl oyed.
The head chip la and the head chip | Cb are operated
for the sane period of tine (the same nunber of print
sheet), i.e., 20 sheets of A4 size paper to print the
sane material, i.e., a nonochrone dot pattern with a
_printing rate of 20@6 and tenperature increase in
both heads is neasured. However, the heads are
provided with no neans f-or3teasuring the tenperatures
of the interiors thereof. Therefore, first of all
bubbl i ng was conpared in the head | and the head 10.
laJ@r ChseidV @ nkhBak bt &F | DfyRe10f 3t %r@eﬁ@j@ sd g ANSRA %%m the
nozzl e sheets 17 conposed of a polyneric materi al
not el Whdede) 1hawi ngrasdli< kippsseaf £3b MmesRdtsSed.i NThus,
experiments, instead of nozzle sheets formed with
 therigesls off tbeeorrelershenss Rilgingcpstacphottdgriaphiofthe
the head 1, whereas Fig. 10 is a photograph of the
vigiaddyi of therrgizies Wme gRéatiwaly Huwmdd inahgthothe

heépcf['nlpng%a%ng' Btk S or e henta N Eheusrl

in BEEMB 10K HELE {RKED Jofn%@c*eeu%( rhgm]& he. LESQr dhng

medi um side). Referring to Fig. 9, es were

10@enes auedtahengiiPerdigad Chiipel BiMdE NLHOWIkEe head
devel oped on the dummy chip D di sposed opposite from

chirhdahead chip la. Normally, these bubbles are
relatively stabilized and

To compare temperature increase in the head 1 and the
heéd 10, the following method can be employed. The head
chip la and the head chip 10b are operated for the same
periqd of time (the same number of print sheet), i.e., 20
sheets of A4 size paper to print the same material, i.e., a
monochrome dot pattern with a printing rate of 20%, and
temperature increase in both heads is measured. However,
the heads are provided with no means for measuring the
temperatures of the interiors thereof. Therefore, first of
all, bubbling was compared in the head 1 and the head 10.

To observe the interiors of the heads, transparent
nozzle sheets 17 composed of a polymeric material
(polyimide) having a thickness of 25 Um were used in
.experimenté, instead of nozzle sheets formed with.nickel by
electroforming.

Fig. 9 is a photograph of the head 1, whereas Fig. 10

is a photograph of the head 10. 1In Figs. 9 and 10, the




thus will di sappear when tenperatures around the
bubbl es decrease. However, wth the head 1 of a known
type, sone of the bubbles were united with other
bubbl es generated at a later tinme, and it took
. several hours for all the bubbles to disappear. By
contrast, referring to Fig. 10, no bubbl e was
" Observed in the head 10. Experinentally, the exhaust
holes 17a were di sposed al ong the edge of the head
chip 10b for every two no¥zles in the head 10. It
was, however, apparent that bubbles were not
di scharged t hrough these exhaust holes 17a fromthe
 heddd | DWMY eapenst Mbed 11 ddis)0fehUbbL RS a6a:
generated, the exhaust holes 17a can effectively .
immetide lyubkifites. pAsncang beandgérsbgedphs remtHag heQds 1
normal |y the size of the bubbles ranges froma snal
angyubb|uwsingamaggs tpustk deans dpddnadgon batee Winebl ¢hehat
~_has_been united w th another bubble. Considering this,
re¢qrdings meqiipe pde hat Paﬁrﬁert;&ﬁm £8 Tkve Ui SBWkilgsdvere
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results conflrne hat the tenperature 1 ncrease can
benetheTlyyetyesdipRbessedatrd tdeatheriiBlsthbaui ded and
ej ection head (head chip) of the present invention. As
thigestdilbeld sabpyar whern Sadipefriaculrest araocdirtateebybbles
measure the tenperatures of the interiors of the head
deq:rfﬁaﬁ@ | Hoga¥e1ob7itthd-irehgadhi paf|a kmiml Chpwer eome of

the %mﬁxﬁes were united with other bubbles generated at a

later time, and it toqk several hours for all the bubbles to
disappear. |

By contrast, referring to Fig. 10, no bubble was
ébserved in the head 10. Experimentally, the exhaust holes
17a were disposed along the edge of the head chip 10b for
every two nozzles in the head 10. It was, however, apparent
that bubbles were not discharged through these exhaust holes
17a from the following reasons.

When a lot of bubbles are generated, the exhaust holes
17é can effectively reduce bubbles. As can be understood
from Fig. 9, normally thé size of the bubbles ranges from a
small bubble that has just developed and a large bubble that
has been united with another bubble. Considering this, it
is unlikely that all bubbles were discharged through the

exhaust holes 17a immediately after they developed. This




provi ded with the connecting-el ectrode regions 19
(e.g., 14 electrodes). The el ectrodes were connected
to outside conponents through nmetal bonding wres.
That is, bonding terminals were directly connected to
the head chips Ia and 10a. The tenperatures of the
vicinities of the bonding termnals were proxinmate to
those of the interiors of the head chips |a and 10a.
Therefore, the tenperatures of the surfaces of the
bonding termnals were nmea¥ured. Fig. 11 is a
phot ogr aph showi ng a state of the nozzle sheet 17 and
the vicinities of openings of the bonding termnals

coftTuded MRASURENBIbbDE ddie Jeormeratiui #Sthd Mad 10 shown
phot ograph in Fig. 11 was obtained using an infrared

in ciiner d tand Taetheramhl t ragerfireeds 8hay {HoOPaperibere
structures of the bonding termnals of the head chip
ln‘F%??\‘/ﬁ?r €arheesahteakivehogarpresshd heddaihgrneh. 1iquid
0ss- shaped narklngs designated by a, b, c, d, and e

eﬂ%ﬁl&%&@ﬁ%%@? r BEefRPE MNRER- Fig. 12
h by, .t
R TS AL B

meéﬁﬁ%»‘rt@l@ tERPOBL Al A £S5 4 n:hl:I gnt;gloi@%f eRehakyr Sﬁllfgg
the surfaces of the bonding termnals in two sets

la opppSiony hend eddPschilka andaheadoshidse,102weee,
nmeasured at the points a, b, e, and d mar ked with | ong
prayiceldeyighdthhecommrbialared emerede cadcidrat . (dhe., 14
tenperature of the surface of the nozzle sheet 17 was
e leftaafesd - at Tehee WsitHiode s weppgconnectgdy tojgutside

components through metal bonding wires. That is, bonding
terminals were directly connected to the head chips la and
10a. The temperatures of the vicinities of the bonding
terminals were proximate to those of the interiors of the
head chips la and 10a. Therefore, the temperatures of the
eurfaces of the bonding terminals were measured.

Fig. 11 is a photograph showing a state of the nozzle
" sheet 17 and the vicinities of openings of the bonding
terminals during measurement of the temperaﬁures. The
photograph in Fig. 11 was obtained using an infrared camera
and a thermal image-processing program. The structures of
the‘bonding terminals of the head chip la were the same as
those of the head chip 10b. Cross-shaped markings
designated by a, b, ¢, d, and e were points where
temperatures were measured. |

 Fig. 12 shows the temperatures measured by the




i ncl udes equations for the tenperatures of the
surfaces of the bonding termnals. Referring to Figs.
12 and 13, the tenperatures of the surfaces of the

- bonding termnals in the head chip 10a were | ower
than those in the head chip | a by about 5C (62.49 -

' 57.66 = 4.83). Accordingly, if a certain point in the
head chip |a has a tenperature of 100C, the
tenperature of the sane point in the head chip 10a
will be at |least 7C | ower 3% han 100C. Since bubbl es
are' generated at 100C, bubbling of the head chip 10a
is lower than that of the head chip la. Furthernore,

- arbhendBMeIAL Weenel, thﬁlgurfﬁq% Qf g&gghnefza?e H%A%%&ey

in the head chip 10a was alnost the same as that in

tehberdaackeLHirPrig. Next, Teoaldmpeefhestsopfridasigadesd
and the head 10 were conpared usi ng equival ent

of cthe barslinfhéesmanass oin tthwe degads fcappbeinepreesenhéds
by sinple electric circuits by replacing the heating

' 1ae¢%¢hérﬂad123hkpﬁh18apm\m mefspingd ehethe Heairdls a, b, ¢,

h el | -
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Interest wt n an equil val ent CIrcul
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conductivity than other parts in the <conponents to

inwhidds pouatsoRi- Pdr betongmptrasareonpongiyd SufaveBgor
- points Pl-P4 have the sane tenperatures as those of
the dxralinigv depoinass P1- P4, that is, points P1-P4 can be

, Referring‘to Figs. 12 and 13, the temperatureé of the
surfaces of the bonding terminals in the head chip 10a were
lowef than those in the head chip la by about 5°C (62.49 -
57.66 = 4.83). Accordingly, if a certain point in the head
_chip la has a temperature of 100°C, the.temperature of the
same point in the head chip 10a will be at least 7°C lower
fhan 100°C. Since bubbles are generated at 100°C, bubbling
 of the head chip 10a is lower than that of the head chip 1la.
‘Furthermore, the tempefature of the surface of the nozzle
sheet 17 in the head chip 10a waé almost the same as that in
‘the head chip 1la.

Next, cooling effects of the head 1 and the head 10
were compared ﬁsing equivalent circuits. The states of the
heads can be representéd by simple electric circuits by
replacing the heating element 12 with a power supply, the

thermal resistance (thermal conductivity) with electrical




consi dered as equi potential points in the equival ent
circuit. Mre specifically, a point P1 is at the
surface of the heating elenments 12, and the
tenperature thereof can be neasured, reading
approximately 350C at all tinmes. A point P2 is at the
surface of the sem conductor substrate 11 and needs
to be neasured. A point P3 is at the surface of the
nozzl e sheet 17 and can be neasured since the nozzle
sheet 17 is exposed. A poit P4 is at the surface of
the channel plate 22 and can be neasured since the
channel plate 22 is exposed. However, the point P4 is
reSNHEGASS AlthelrRiad g§1{3£@i&africeed £BAULYah e mSd G LikA a
Fig. 14C, which will be described in detail below
cafansi el iang ahtr assperd t i idealod Whebent her omatedlelst with a
tenperature of the head is not stabilized, thernal
vothgard t 0 peedguivabent akierruint dncBhgi detBt irgrinandPl-P4
thus the equivalent circuit becones conplex, as shown
haye, Iggjier) Ahermgheverductiviityt Ehanepbheherdrdad ins the
operat.ed. |l ong.enough and . thys,the tenperature of the
ol S pabl Pkt ' P PblBRroq TyFes gomegnents
havidPlddingd equbyalopd Gid Gk 8% épgﬁﬁ&égﬁ & InoldCor
Fig. 15 is a table show ng groun%s that errors are
rediegidiGicdblbeinis bheps) nidd 18 pauhval entpLid=gUbk in
Fig. 14C. Using the observed tenperatures shown in
corgiglertd andeqgtihposemtpldlf ipednequinatieateqiivalientshowouit.
in Fig. 14C, the <cooling effects of the head | and
Moxshesnesad i1 Wwer ea cordsaty dd. 1sOakythar sweiarss ofi ther

bet ween the heads 1 and 10 were R2
heating elements %g, and the temperature thereof can be

measured, reading approximately 350°C at all times. A point
P2 is at the surface of the semiconductor substrate 11 and
needs to be measured. A peint P3 is at the surface of the
nozzle sheet 17 and can be measured since the nozzle sheet
17 is exposed. A point P4 is at the sufface of the channel
.plate 22 and can be measured since the channel plate 22 is
exposed. However, the point P4 is unnecessary in a
simplified equivalent circuit in Fig. 14C, which will be
~described in detail below.

Considering a transient state where the overall

- temperature of the head is not stabilized, thermal capacity
: needs to be taken into consideration and thus the equivalent
circuit becomes complex, as shown in Fig. 14B. However, a
state where the head is operated long enough and thus the

temperature of the head is stabilized can be represented by




and R3. Therefore, R2 and R3 of the head 1 were
replaced with R and R3' in the head 10. The
tenperature of the point P1 was maintained at 350C in
both heads since a constant tenperature was required
for ink ejection. The tenperature of the point P2 was
62.5C (the nunber to the second decinal place was
~round off in the equation for the head 1 in Fig. 13)
in the head 1 during operation. The tenperature of
the point P2 was 57.7C i-n 3the head 10 during '
operation. The tenperature of the point P3 was about
32.4C in the both heads. The tenperatures of the
a $0aAS fMRHeeqiBRsIERY BlrRi, eRt LRAPE! & UFig .0f 485C pig.
The ratio RI/(R2 + R3) was cal cul ated from Equati on
15 lis Equatilenshorilhd Rerourd3) that380ror62a5) neG2ifibie 20
= 287.5/ 37.5. The only difference in the head 1 and
the [einpdddied easivalmntstaigcudteinf Five bEirier |ayers 3
and 13, and the rest of the structures including the
heJ81R8i phe LRIRF Ve LRERAT2ERTDS 10 held Fhe- skhend

Th f in_th d 10, E - 36 _th
end EPEIR T Re' RAGUFR HEGM S TRE EeRparacth Fihiatge 50st he
cod%%ﬂg e@%e@@§ 8§U§ﬁgiﬂaé Heaﬁﬁaﬂﬂé hdh Oa%grgscom ared.

Therefore, as described above, R2 and R3 in Equation 1
onMe iR ramepkas edi Mfdh a2 weadRdLR8' hdéduFauaidono2wes fhe

head 10. The ratio RI/(R2'+ R3') was cal cul ated from
ancEqRiat | Fhe2efobguatd amd2 RBl bERRhe R3] 1= we3BO0replaced

57.7)/ (57.7 - 25) 292.3/32.7.
with R2' and R3' in the head 10. The temperature of the

point Pl was maintained at 350°C in both heads since a
constant temperéture was required for ink ejection. The
temperature of the point P2 was 62.5°C (the number to the

- second decimal place was round off in the equation for the

head 1 in Fig. 13) in the head 1 during operation. The

temperature of the point P2 was 57.7°C in the head 10 during
operation. The temperature of the point P3 was about 32.4°C
in the both heads. The temperatures of the heads were
measured at ambient temperature of 25°C. The ratio R1/(R2 +
R3) was calculated from Equation 1:
"Equation 1 R1/{R2 + R3) =.(350 - 62.5)/(62.5 - 25) =
7287.5 / 37.5.

The only difference in the head 1 and the head 10 was
the structure of the barrier layers 3 and 13, and the rest
of the structures including the head chip 1a and the head

chip 10b were the same. Therefore, in the head 10, Rl was



From Equations | and 2, the ratio (R21 + R3")/(R2 +
R3) was calculated by the foll ow ng Equati on 3:
Equation 3 (R2- + R3')/(R2 + R3) ~-- 0.86 The
tenperature on the surface of the nozzle sheet 17 of
the head 1 was the sane as that of the head 10. The
ratios R2/R3 and R2'/R3" were cal culated by the
following Equation 4 and Equation 5. Equation 4 R2/R3
= (62.5 - 32.4)/(32.4 - 25) = 4.07 Equation 5 R2'/R3'"
(57.7 - 32.4)/(32.4 - 25%6':"3.42 Substitution of R2
= 4.07 x R3 from Equation 4 and R2' 3.42 X R31 from
Equation 5 into Equation 3 yielded (1 + 3.42) R31/(lI
the #ar)y)aR3 thad. 86. the okndin heddhe maki belmfEdRhrewadange
cal cul ated by the foll owi ng Equati on 6: Equation 6
at Rghe RPN P2SHES| aaiyed By silisstdhieatiengn R32 =rRR/RB..07
from Equation 4 and R3' = R21/3.42 from Equati on
Th%?‘?ﬁ]f%e'EﬁfaﬂeaﬁrePe@ hePoten iRf rRRY R3, fasE®mticm dt egre
t he f.ql.l quin quation 7: Equation 7 R2'/ =
regj?l%%e.&-wj%}' %Y#Ihegf’gsﬁst slrbfgqgtflfd‘?’%hsg%r A 'Pe%nflior med
Thd 1 ' n q i.SSi.pated
hgﬁétlf{]g%nlwr}ﬁ%g %o?gl g ‘}%ﬁe%%%%%gggt E%%he%aﬁiogngy to
Eqid@inaiad heal /t(@2t herpog 2 e3s5sheety . 3y/(s7 Ihe head=10
was i nproved by about 17% as conpared to the head 1.

29EvpfB2aiough the region filled with ink in the head 10

had an area several tines |larger than that of the head
Frqm Equations 1 and 2, the ratic (R2' + R3")/(R2 + R3) was

calculated by the following Equation 3:
Equation 3 (R2'" + R3')/(R2 + R3) =~ 0.86

The temperature on the surface of the nozzle sheet 17
of the head 1 was the same as that of the head 10. The
ratios RZ/R3 and R2'/R3' were calculated by the following
Equation 4 and Equation 5:
Equation 4 R2/R3 = (62.5 - 32.4)/(32.4 - 25) = 4.07
Equation 5 R2'/R3'" = (B7.7 - 32.4)/(32.4 - 25) = 3,42
Substitution of R2 = 4.07 X R3 from Equation 4 and R2' =
3.42 x R3' from Equation 5 into Equation 3 yielded (1 + -
3.42) R3'/{(1 + 4.07)R3 = 0.86. From this, the ratio R3'/R3
was calculated by the following Equation 6:
Equation 6 R3'/R3I= 0.99

Similarly, by substituﬁing R3 = R2/4.07 from Equation 4
and R3' = R2'/3.42 from Equation 5 into Equation 3, the
ratio R2'/R2 was calculated by the following Equation 7:

Equation 7 R2'/R2 = 0.83.




the efficiency to transmt heat to the nozzle sheet 17
was inproved only by about 17% This nmay be caused by
the fact that when ink was supplied, hardly any ink
noved in the |iquid storage chanber 13b, whereas a
fairly large amount of ink nmoved in the heating
el emrents 12 in the heads 1 and 10. Fig. 16 is a
phot om crograph of .a head using no ink, show ng
grounds that the tenperature of the surface of the
heating element 12 was Tixkd to 350C in the above
experinments. - 38 WHAT IS CLAIMED IS: 1. Aliquid
ej ection head conprising: a substrate; at |east one
Théheagbwhip din€hudthgna §landali yndf rheat ting: teleeh@AHS 1
on a surface of the substrate; a nozzle |layer having
ang o7y deafl dfosadabby i sHieatess peeti feomedts mgzzle
' elenept ;.a garrier ] ayer di sposed between the head
Sheff pt an}utthé SnBr ot & 9erto (F&aBPRHF rieedh fsoddg nozzle
n_t heati.ng. el enents an t he nozzles, the
sneBL e am dhsoRRst ot (Wt DY isare BY SheT pderar
codp¥&Id b GREMRBL&! pW path comunicating with the
reservoirs,'" the common flow path supplying liquid to
't heveasehvadl Sthaan@gianl FguUled storragakchamere whspaged
on at | east one region of the surface of the substrate
hadygl wdierg seveegl oningms lawgiechthhe tleserofoithe aeed I,
| théﬁéposed, the liquid stora

ficiency to transmit hea%eto the nozzle sheet 17 was
improved only by about 17%. This may be caused by the fact
that when ink was supplied, hardly any ink moved in the
ligquid storage chamber 13b, whereas a fairly large amount of
ink moved in the heating elements 12 in the heads 1 and 10.
Fig. 16 is a photomicrograph of a head using no ink, showing

grounds that the temperature of the surface of the heating

element 12 was fixed to 350°C in the above experiments.




chanber being defined by part of the barrier |ayer,
the |[|iquid storage chanber communicating with the
common flow path and the reservoirs, the-liquid

- storage chanber storing Iliquid such that part of the
nozzle layer is in. contact with the liquid, wherein
heating energy is applied to the heating elenents to
generate bubbles on the heating elenents, and the
gener ated bubbl es expel liquid in the reservoirs to be
- 39 ejected through the B®zzles. 2. The liquid

~ejection head according to Claim1l, wherein the nozzle
| ayer conprises a single netal unit. 3. The liquid

wulirest i ©@phgad raccording to Caim1, wherein at |east
one head chip conprises a plurality of the head chips
such that the liquid ejection head constitutes a |ine
head, wherein the head chips are di sposed al ong the
corinon A Ldwupdt &) sotias theadi cempropimy ngs of t he
reservoirs toward the comon flow path, the nozzle
| ayersubstEshposed of a single metal unit, and the
nozzl es are arranged.i.n the ozzle layer .so as to .
o td SAB6V BT HE TLPHat 6 THELRY iy P Uirehiiys SFnheeing

.ps, 4 L OJH ' ' .head according to

el%ﬁ%ﬁ#??%p%‘gprfgggmggrg¢% $%%ﬁ%%§%fvoirs cover the
heat ind@zeLeMBpLS BN nAKE 2QBENHNESo MY thevel dfe.
connected to the common flow path, and the liquid

- regpeciage: thathey ebamemtsates wth the cormon fl ow

path at edges of the |iquid storage chanber in the

| omgitardiipal ldveectisprsell bhéwheadtlvhipad chip and the

nozzle layer;

reservoirs disposed between the heating elements and
the nozzles, the reservoirs being defined by part of the
barrier layer:;

a common flow path communicating with the reservoirs,
the common flow path supplying liguid to the reservoirs; and

a liguid storage chamber disposed con at least one
region of the surface of the substrate excluding a region on
which the reservoirs are disposed, the liquid storage
chamber being defined by part of the barrier layer, the
liguid storage chamber communicating with the common flow
path and the reservoirs, the liquid storage chamber storing
liquid such that part of the ndzzie layer is in contact with
the liquid, wherein heating energy is applied to the heating
~elements to generate bubbles on the heating elements, and

the generated bubbles expel liguid in the reservoirs to be




5. The liquid ejection head according to any one of
the preceding clains, wherein the reservoirs have
openi ngs on the side connected to the common fl ow
path and on the opposite - 40 side, and the liquid
storage chanber and the common flow path are
separated by the reservoirs. 6. The liquid ejection
head according to any one- gfs the precedi ng cl ai ns,
- wherein at | east one exhaust hole passes through a
region in the nozzle | ayer under which the liquid
eSéOfapansbagherhd shddizgpased and the exhaust hole
communi cates with the liquid storage chanber. 7. The
liquid ejection head according to any one of the
precedi ng cl ains, wherein at |east one exhaust hole
pas€es Thérlgugiidaci egtiom ihwatihecemzding kFayetaimder
which the |liquid_ storage chanber is disposed, the
whSHeatls ERR OPFE LEmIaHPE aFPIRF 15RiSt B. SEP@LS iMfkied ShdEage
chanber, and an area of the exhaust hole on a surface
of the nozzle layer fromwhich liquid is ejected is
smakl erptdan AN a6§8-0f ofafkhdnazzbea il S&l ¢34 face
of the nozzle layer. B. Aliquid ejection apparatus
wHSHEIh StNPedst idid thead) €REH OPoBAG GOBPHLELATI t R of the
substrate; at |east one head chip including a
hgadduchliptyseth hgwtti ijpe el gnibatsjantiansbebdceondtitheces a
substrate; a nozzle |ayer having nozzles disposed
Ligioheatnevherzige dthiey BeRdath g diemsiegosed along the

common flow path sc as to direct openings of the reservoirs
toward the common flow path, the nozzle layer is composed of
a single metal unit, and the nozzles are arranged in the
nozzle layer so as to reside above the respective heating

elements in the head chips.

4, The liquid ejection heéd according to Claim 1, 2 or
3, wherein the reservolrs cover the heating elements and
have openings on the side connected to the common flow path,
.and the liquid stcorage chamber communicates with the common
flow path at edges of the liquid storage chamber in the

longitudinal direction of the head chip.

5. The liquid ejection head according to any one of the
- preceding claims, wherein the reservoirs have openings on the

side connected to the common flow path and on the opposite




- 41 a barrier layer disposed between the head chip
and the nozzle |ayer; reservoirs disposed between the
heati ng el enents and the nozzles, the reservoirs
bei ng defined by part of the barrier |layer; a common
flow path communicating with the reservoirs, the
comon flow path supplying liquid to the reservoirs;
and a liquid storage chanber disposed on at |east one
region of the surface of tTH& substrate excluding a

region o Ich, the reservoirs are disposed, th
Ao PBP At ich doeR TB G g g tBe  pamteTb et
rj.er Laqui rage chanber
p%%{m%%i glgé%lﬁggt%}?ﬁ' tthé g%%%‘{ﬁ‘rlgéw path and the
reservoirs, the liquid storage chanber storing |liquid
such that part of the nozzle layer is in contact with
t heeol i qria,liwhedekenetiebdn Neaenacgyrd Sn@pp ieg bact HL the
heating elenments to generate bubbles on the heating
PrecefaRgsclabes, thergénerht Behdulsbleesxbrpet Ndlguirdskas
tﬁrl?a%g ege{”gg(}):{éns ano tl?lee ngjzgfé eijal}ehrr %lfll grt aﬁiglf?zgklleesl'iquid
storage chamber is disposed and the exhaust hole

communicates with the liquid storage chamber.

7. The liquid ejection head according to any one of the
preceding claims, wherein at least one exhaust hole passes
through a region in the nozzle layer under which the liquid
storage chamber is disposed, the exhaust hole communicating
with the liquid storage chamber, and an area of the exhaust
hole on a surface of the nozzle layer from which liquid is
ejected is smaller than an area of each nozzle on said

surface of the nozzle layer.

8. A liquid ejection apparatus comprising a liquid
ejection head comprising:

a substrate;

at least one head chip including a plurality of heating
elements on a surface of the substrate;

a nozzle layer having nozzles disposed above the

respective heating elements;




a barrier layer disposed between the head chip and the
nozzle layer;

reservoirs disposed between the heating elements and
.the nozzles, the reservoirs being defined by part of the
barrier layer;

a common flow path communicating with the reservoirs,
the common flow path supplying liquid to the reservoirs; and

a liquid storage chamber disposed on at least one
region of the surface of the substrate excluding a region on
which the reservoirs are disposed, the liquid storage
chamber being defined by part of the barrier layer, the
liquid storagé chamber communicating with the common flow
path and the reservoirs, the liquid storage chamber storing
liquid such that part of the nozzle layer is in contact with
the liguid, wherein heating energy is applied to the heating
elements to génerate bubbles on the heating elements, and
the generated bubbles expel liquid in the reservoirs to be

ejected through the nozzles.




