- 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'TFbuid ej ection head per
unit tinme. 2. Description of the Related Art Therma
liquid ejection heads and piezoelectric |iquid
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ej ection heads used in liquid ejection apparatuses
such as inkjet printers. The fornmer utilizes
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on SRNGRRANE! OhvENPRI alasto\Wen therhenting @l ements
heat up, generated heat vaporizes liquid in

ejeeseon dhasdd Ear dakgetbpbbhiesr s tdrel adyjuéigeeteagidn qui d
- drops from nozzles, which are disposed above the
{:) aphera twee el vmints, iokietrecoring inmdiddngFige 1vguid a
i ejgg{fgﬁxﬁéggéfnéig %Erg £é§%géhfg;¥¥J %g ge?gcﬂnfgue for
cooling a liquid ejection head, that is, a technique that
can reduce thermal variation of the liguid ejection head per
unit time.
2. Description of the Related aArt
| Thermal liquid ejection heads and piezoelectric liguid
ejection heads are well known examples of liquid ejection
heads used in liquid ejection apparatuses such as inkjet
printers. The former utilizes expansion and contractien of
{:} bubbles generated by heat, whereas the latter utilizes the
variation in shape and volume of piezoelectric elements.

' Thg thermal liquid ejection heads include heating elements
on semiconductor substrates. When Ehe heating elements heat
up, dgenerated heat vaporizes liquid in reservoirs to créate'__
‘bubbles, thereby ejecting liquid drops from nozzles, which
are disposed above the heating elements, onto recording

media.

Fig.'17 is a perspective view of a liquid ejection head
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or head 1 of a known type. Although a nozzle sheet 17
is 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
is disposed on a semiconductor substrate 11. The
barrier layer 3 and the nozzle sheet 17 are disposed
on the sem conductor substrate 11 in this order. A
orh&gddchi pf 4 &navel Gaes -t hdl seeoigdordnorzel.esabset at e i1,
provided with  the heating el enents 12, and the
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Since the barrier layer 3 is disposed between the

flheapatly ef erentteati?l ahdwb hin ribizzl €5.18, reservoirs 3a
are fornmed in the spaces enclosed by the barrier
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the semiconductor substrate 11 in this order. A head chip

1la 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, resgrvoirs 3a are formed in the spaces
enclosed by the barrier layer 3, the heating 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 comon 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 D is disposed on the left side
of the sem conductor substrate 11 (head chip la), the
common flow path 23 is fornmed between the |left side
“of the sem conductor substiate 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
bugormens e vhsatee £23 swophnt hecls erfiajo st opensopsseates
11. As shown in Fig. 18, a channel plate 22 is
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When the heating elenent 12 heats up, a bubble 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 communicéting 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

',.suppiying 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
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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 conduct or 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
Fun, for exanple. Fig. 19 shows a state in which a
droplet is ejected due to fhe heat by the heating
el enents 12 disposed 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
noEag &hip la that faces the dunmy chip D is about 100
to _200 pm _whereas the width of the head chip | ads
abolit & - thi’'n@8Y| 4F ged itensi ange 2P shahcko Yeeakmmaid),

r y rder .of magnitude. That is, the heat]ng
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el ements 12 can be hundreds of degrees Celsius at a
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- heating elenents 12 to a boil. At this tinme, the heat
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on ich the heating elenments 12 are di sposed. To
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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 la that faces the dummy chip D is abﬁut 100 to
200 pMm, whereés the width of the head chip la is about ten
times ;arge: 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
liquid on the heating elements 12 to a boil. At this time,

the heat also travels through the semiconductor substrate 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 conduct or
substrate 11 reaches the f¥rst side surface of the
sem conduct or substrate 11, that is, the surface
form ng the coomon flow path 23 with the dumry chip
oxpdeNd@, daspeetricmesin hbw hebtbiy eolangenerat eddi tha
thermal liquid ejection head will be described. A
segagpBructer gsubstetiedtli-ng el ement 12 is in contact

with liqui.d such as ink, _and thernmal energy fromthe
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specifically, the surface of the heater has snal
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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,

€.g., the heating element 12 is in contact with liquid such

as ink, and thermal energy from the heater heats up the

liguid. When the temperature of the heater exceeds the

boiling point of the liquid, the liquid boils. From an

‘academic point of view, "boiling" denotes nucleate boiling.

More specifically, the surface of the heater has small
scratches or dents in which masses of air, which are called

bubble nuclei, exist. Bubbles are generated in these bubble

_ nuclei.

Accordingly, even though the heateérs are in contact

with licquid, 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. Mre
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 F36véry preci sely finished by
a sem conductor process and thus is extrenely snoot h.
‘By contrast, since the first side surface of the head
nughiey pd bikbpe oveskeld ddireaughedi thagnutiat oS bubbiltsng
using, e.g., a rotary saw, the first side surface of
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semiconductor process 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 la.

. 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 surface'pf the

head chip la such that it is difficult for the heat

generated by the heating elements 12 to reach the first side

“surface.’ In 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 snooth such that
irregularities in which bubble nuclei exist are
elimnated. A third nmethod, 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 a heating el enent is di sposed
inthe vicinity of the ink inlet. Wth the first
nmet hod, since a wide gap is disposed between the
sildel surghde sfrfmcala hepheadnshiby v aRd thGuid to a
al i gned heating el enents 52, the gap makeés the head 1

bdidr.ge, which contradicts high-density packagi ng of

the head chip la. The second nethod requires an
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chip. la after the head chip |la is cut through dicing,
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center area of the head chip la, the head chip | a has
isafcompll ekhratgtuenisetrdpiie, efprloiicsiion the thatbAKatdd edf
is not suitable for the structure of the head chip |la

thpnggﬁgigkﬁn|ﬂ9.ﬁ@gtpngeatgng element is disposed in the

vicinity of the ink inlet.
With the first method, since a wide gap is disposed

between the first side surface of the head chip la and the

~aligned heating elements 12, the gap makes the head 1 large,

which contradicts high-density packaging of the head chip 1la.
The second method requires an additional stép 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 1la.
Unfortunately, since 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 elenents shown in Fig. 18 are inverted
in. Fig. 21. As described &bove, in the seni conductor
substrate 11, bubbles are generated the nbst at a
portion whose tenperature is highest in the region

elgirengshaBbhbsgase ganer albednhtbabbli Ngiad egirea)eSHB WL e
in Fig. 21. This portion is in contact with ink and

sep\jisordurber esulxtstta Hdr.ein. This portion is the
| ower nost_part in the bubbling region in Fig. 21.
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flow path 23 and the individual flow path 3d. Fig. 2

21j ghaws ethartged phdpogsaphenfit hies heatallyi osbading dhe
transparent nozzle sheet having the sane structure as
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are generated the most at a portion whose temperature is
‘highest in the region where bubbles are generated (bubbling
region) shown in Fig. 21. Thié 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. White dots in
Fig. 22 are bubbles, whereas black dofs are spatters
of ejected ink drops. Even when the nunber of bubbles
generated in the individual flow paths 3d and the
common flow path 23 close to the individual flow
paths 3d is very snmall, ejection of ink may be
i nfluenced by these bubbles to sone extent. Wen the
nunber of generated bubbles_is |arge, small bubbles
may be united into |arger Bubbl es. In this case, the
surface tension of the bubbl es decreases the anount
of ink supplied to narrow flow paths, that is, the
aqquﬁhﬂwéuéﬁefg%ﬂﬁﬁﬁﬁﬂﬂ§:gi bulbiesverfhiitek doamnodn Fligw 22
aﬁQéP % e individual flow paths 3d at all in sone _
S SEEPIep . WBarsas flagh dogedaphothataits of eimethdaiink
dfbpéqhomﬁng the region where ink supply is decreased
because some small bubbles are united into |arger
bubh{-&s - e [ nt_of.in
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Moreover, sonetinmes no ink is ejected froma nozzle
togthg| Endjvidydlalflowagatbs adses ivdry prialler epetoisn asfE
. Lmage or character by nultiple ink ejection by being
ink| paK: Py HoVeEnsea BYpEhase ngukinkest Ires sbhe eseunt dfhen

: jected ink can b ned. out over the print sheet.
enfl BGRB[0 220" BREEL Po i { olarste maRRELobRs L may

b hRe st enae L PR gl Ao ety crptact °
tehbeoRf Of GheMRBLlBE dedPeases the amount of ink supplied
to narrow flow paths, that is, the individual flow paths 3d.
Moreover, ink cannot flow into 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 from a nozzle at all. A serial head for a serial
printer prints an imagé or character by multiple ink
ejection by being slightly moved while printing and thus the

amount of ejected ink can be evened ocut over the print sheet.

-Thus, failure in ink ejection 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 |ine
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 of 1phe entire w dth of about
2.7 mqmm for 64 nozzles. SUMVARY OF THE | NVENTI ON

Enbodi nents of the present invention nminimze the
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SUMMARY OF THE INVENTION

Embodiments of the present invention minimize
the distance 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;

According to a first aspect of the invention,
there is provided a liquid ejection head comprising:
a - substrate; at least one head chip
including a plurality of heatlng elements on a surface of
the substrate, a nozzle layer having nozzles dlsposed above
the respective heating elements; a barrier layer disposed
betwgen the head chip and the nozzle‘layer; reservoirs
disposéd_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 |iquid storage chanber disposed on at |east one
region of -the surface of the substrate excluding a
regi on on which the reservoirs are disposed, the
liquid storage chanber being defined by part of the
barrier layer, the liquid storage chanber

comuni cating with the conmon fl ow path and the
reservoirs, the liquid storage chanber storing |liquid
such that part of the nezahe-layer is in contact with
the liquid. 1In the liquid ejection head, heating
energy is applied to the heating elenments to generate

cottbbl £ dile SHephihgy ¢kenegt d the generated
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aspect of the invention, there is provided a |qU|8
thej sutfase afpahet esbsonpté séagludiddglu Geglieat bANwhead the
conprising: a substrate; at |east one head chip
rejfiyUdishgra piepasedy e hbbiuin stelregenthambed being
urface of the supstrate; a nozzle |ayer having
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Ilﬁhﬁgp S - : nrier |ayer disposed between the
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reservoirs gei%% deff%eg %y‘%ar%eg%gﬁﬁglnga?%?%fd such
thdtayett of the nozzle layer is in contact with the liquid.
In the liguid ejection head, heating energy is applied to
‘the heating elements to generate bubbles on the heating
elements, and the generated bubbles expel liquid in the

. reservoirs to be ejected through the nozzles.

In accordance with a second aspect of the invention, there is
provided a liquid ejection apparatus comprising a ligquid
ejection head comprising:

a substréte;

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;
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a common flow path comunicating wth the reservoirs,
the comon flow path supplying liquid to the
reservoirs; and a liquid storage chanber di sposed on
at | east one region of the surface of the substrate
excluding a region on which the reservoirs are

di sposed, the |iquid storaggy-chanber being defined by
part of the barrier layer, the 1liquid storage
chanmber. conmunicating with the comon flow path and
the _reseryoirs, the |iquid storage chanber storing

i qlii d?8GERTt HEYepafisrpsehdatorsie thay BealiSchilp and the
n&ANAGE 9@;11 the liquid, wherein heating energy Is
applleg'to’the heating elenments to generate bubbles

ener at ed bubbl es

on £8€ehea}iH Qdféiﬁggeég be t%%eps tplg ggat @ ce beneariiyso wgid

expel liquid in tthe reservol

theheonezakpstheltbse ' tQ odi pents of the
liquid ejection head a&n Sﬁ§9F1&ﬁ&ggggegsiBﬂrﬁpﬁﬁr%ham
bagrienelapeention, when liquid is supplied to the
Iigyid ej ection head, not only reservoirs but also
t heé® 1998 stlomage thhenheun eyt Doy fid died t:.l_?eéér%';igs
thé4§%'d i n_t he |I%§Id storage chanber may be in contact
Wi TATI9E TP Rath papplyhng, 1heatd generad ¥RV NSs; and

heat R e ts in the head chip may be transmtted
to thegﬁg?z ?nggggr CRRey dsndsed ldnqeitd leasthene

redidilicF $hHe' 3gs r.,. In_enbodi nents of the liquid
ej ecti on hea%’gﬁ g??g F?%LRQ%SQﬁQ£ﬁiQ%¢l§§PaQaBu5eQion on
.tenperature of

whitche theeseBerivav @Bt L8, gf rati onal ‘
the head chip may be Iov%greo%zdn at 1didh eteKaan

chambér being defined by part of the barrier layer, the

liquid storage chamber.communicating with the common flow

‘path and the reservoirs, the liquid storage chamber storing

liquid such that part of the nozzle layerris in contact with
the liquid, wherein heating energy is applied to the heating
elements tq génerate bubbles on the heating elements,.and
the generated bubbles expel liquid in the reservoirs to be

ejected through the nozzles.




head. Accordingly, nucleate boiling hardly occurs,
that is, bubbles are hardly any generated, thereby
suppressing 12 tenperature increase. Furthernore, the
frequency for ink ejection may be increased and thus
the ejection/refill cycle ph be accelerated, thereby
realizing high-speed printinéf When the liquid
ej ection head constitutes the |line head, the
tenperatures of all head chips in the line head may be
approxi mately the same. Accordingly, variation in
ambGhPTER " 9ej E6t eMPPYimentitie ¢D thewmper at ure change
. may, be reduced, .t hereb suppressi ng unevenness of ink
LIAEHs teyjeicgclpornl ntkﬁ’?é{. BéijFt%ESCﬁQFQ“F%@]\I OF THE DRAW NGS
s Eb g3 ' I p Lve view of a |iquid )
o P e S a s S EB e MR o MRt ica
tol She NOURALiRD d o0 fied q€ [ P s. of .the
presen?ﬁiinvéﬁﬁﬁﬁiﬂn %539'2§5F58218|gﬁgégég%ﬁa byt 848°
the hiiguipf shotage whaigee may biegril2Bd ivatA lﬁlqaﬁ.vhﬁwigfina
head chip of the first enbodinent; Fig. 2Cis a
thg dtigrit Ftoradn ehamge neyr bé ddb portaconvwiith tHe gozAB; Fi g.
1 3Ais cross-sectional view of the known head,
aA¥fow AGvChehepst geBerated by sthedieatingieden@Btissia the

he&d 0SS+ eﬁ%'og I vieM/oé HFe head of the first
enbo%ﬁ%en ? s%o&fﬁ&sTﬁ b at® bRehBarzie sdrpexibw; way of the
1i@jggsin4,ehangi4@i@rsecogla@g ¥ﬂ1§ﬁﬁ§ero.f four lines of the
In embodiments of the liquid ejection head and the liquid
_ejection apparatus of the present invention, the operational

‘temperature of the head chip may be lower than that of the knowh

head. Accordingly, nucleate boiling hardly occurs, that is,

bubbles are hardly any generated, thereby suppressing



head chips for a color line head; - 13 Fig. 5Ais a
pl an view of a head chip according to a second

enbodi ment; Fig. 5B is a detailed view of the portion
circled in Fig. 5A; Fig. 6 is a plan view of a head
chip according to a third enbodi nent 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 show ng a spad —distribution of
effective circuits in the known head chip and the head

chi ps of Exanples -1 and 2; Fig. 9 is a photograph of

tenpedaiowre haattedseg. FArthea@mpbal Oeﬁ@pfr&%ué hegd; nk
according to an exanple of the present ihvention;
eiftigon Itevi Be dnphetsegraaphcish oMang; ddieost-at 83 9fc nﬁ?y b
nozzl e sheet and the vicinities of the openings o the
a?ﬁéiﬁ?ﬁfﬁ@ﬂwﬁhﬁﬂa§ydHﬁﬁthh@asUighEHPeem drenpsaf.ur es;
Fig. 12 shows tables. containing neasured
ph of the neasured

temprat unes; st 9 o13.4.8 a gr f

t enper at ur es ilﬁﬁ#:fggeqecﬁ;onFPgégli%Sr?télt%h‘é]ﬁ%t}rlrpe head,
teleavt dighefa i@ sknown shead; o i g 4481, eqyiyal,ent
circuit of a head; Fig. 148’is al%?nﬁ#if?@% ggh¥va%§h may be
approyinatoflia hkad;same. Accordingly, wvariation in amount of
ejected liquid due to temperature change may be reduced, thereby

Suppressing unevenness of ink density in printing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a liquid
ejection headwgccording to a first embodiment, which is
mounted in a liquid ejection apparatus of the present
invention; |

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-sectional view of the known head,
showing the state of heat dissipation;

Fig. 3B is a cross-sectional 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. 15 is a table containing elenents of the 14 -
~equivalent circuit; Fig. 16 is a photom crograph of a
head using no ink; Fig. 17 is a perspective view of
the known liquid ejection head; Fig. 18 is a
cross-sectional view of the known head, show ng the
structure of a flow path; Fig. 19 is a cross-sectiona
vi ew of the known head, showing a state where heat is
generated in a heating element to eject an ink drop;
Fig. 20 is an enl arged photgm-crograph show ng the
surface of a head chip and a surface cut through
dicing; Fig. 21 is a cross-sectional view of the head

chi p; sho j i.g..-18. .showi ng th tate where bubbl es

ar epl%éngeglait%da:: pg'laél %ﬁai gwa%g%%?‘gr%éjop FSCsGraPht o2
sebBBakBa¥Baheagk . showing a state in which bubbles are

generated in the head imediately after an ink drop

I s Biect®ml;ifFiagdezdiledanienl &f gtk RAQEHABN8ic@ in

part of the known head where | arge bubbles are
Figenéphated due to lack of ink supply; and Fig. 24 is

.an enl arged photograph of a |ine head, showi ng a
whif9 1 i he§ G Rd@ndueey oof axkhesd iahikd ps aepbydiogt be a

[eservoirs cause t he generation, of bubbl es.
e e MR B RRED LT MENTS

(ﬁ} Fig. 7 summarizes the specifications of the known head

and the heads of Examples 1 and 2 according to the present
invention;

Fig. 8 1s a schematic view showing a space distribution
of effective circuits iﬁ the known head chip and the head‘
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

(f} 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 dkaﬁing of the known head;

Fig. 14Blis 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




15 Enbodi ments according to the present invention
wi Il now be described by referring to the
acconpanyi ng drawings. First Enbodinment Fig. .1 is an
expl oded perspective view of a liquid ejection head
or head 10 according to a first enbodi nent of the
present invention. The head 10 is to be nmounted in a
l'iquid ejection apparatus of the present invention.
Fig. 1 corresponds to Fig. 17 show ng the head of a
known type. Although a nozzle sheet or nozzle |ayer
17 is bonded to a. barrier layer 13 in the actua
head 10., the nozzle sheet 17 is separated fromthe

eq&%VJiéHt ¥eLid3 in Fig. 1. A head chip 10a includes
a sem conductor substrate 11 having heating el enents

12 stfer 0@ 53nd ghdAd Sod A o3 20hsROSEtn PRl By,

sem conduct or substrate
he&dgchilf 16aaqmmspéditivd ke ek02z! enshrebwrl Aiguid
bonded. Fig. 2A is. a plan view of the head chip Ia‘of
ejertkmowheadype. Fig. 2B is a plan view of the head chip
10a  of the first enmbodinment. Fig. 2Cis a detailed
vi g\}dgof ?hés ci‘ rf’c’TCé‘i:P smttm@ﬁlu Nifwgot 2Ehe [hmoRingbeadA,
Shé%% Gy nozz heet 17 is not illustrated
‘ he F|§ E et d% éﬁgp' hol es 17a. Referring

toFEbg 1375, LS e conduetan gybstrpts 1h and, the

heat r'ng el enent
shAATR Sl Hekdr Rheds RNSE Pigdde sed Eﬂnguﬁéa&rlng element

substrate 11 16

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 an enlarged 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

- known 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 of ink supply to the

reservoirs caused by the generation of bubbles.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



and the heating elenments 12 of a known type shown in
Fig. 17. A barrier 13 is disposed on.the
sem conduct or substrate 11 of the first enbodi nment.
Reservoirs 13a and individual flow paths 13d are
defined by the barrier |ayer 13. The reservoirs 13a
are di sposed on the respective heating elenents 12.
According to the head chip la of a known type, the
"barrier layer 3 accounts for nost of the top surface
of the sem conductor substieate 11 except the regions
where the reservoirs 3a, the individual flow paths
3d, and a connecting el ectrode region (not shown) are
di sposRAmefiRat act Vo g
| ORRL meTRnL o %gfcﬁ% (65 Prser? ?ﬁggb%%t
bet dascAdMed bt hertopis rf:@cﬁ'l@fac&ﬂ? Th§O
substrate 1fiin t he hgad chipla o ag§ﬂﬁﬁo€ﬂy§£%és'8y
contrast, according to the head chip 10a of the first
.enbodi ment, the barrier |layer 13 has a portion having
Fipstofthadi@se conb- shaped portion). The reservoirs 13a
angﬂ the i,ndi vi du | ow paths 3d are disposed in the
spacés ~défi AREIR I RGHFPSIFAAEE BoRY ivh.a Adaarida

il £

| ej OPN5set d 9 hg%gg?&bééhgp J.dnéjo rC)tgnggil.!r%Earﬁj}l@gl?Cﬂglijgent of

st orage chanber i ncrudin
thé OBl IevehRESH. COPMITS: L8 npgcf the harrier

Igger 13 to the nozzl e sheet %9 a%eﬁgt%%'£§ﬁ§#?{nln a
lidqaddrefkddisrbapgedates tbe 0107 HPressheeinddntUce rig).! 1

the columms 13c have the sane height, the heights of
copf¢spohds to Fig. 17 showing the head of a known type.

Although a nozzle 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 semiconductor substrate 11 having
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 tﬁe
first embodiment. Fig. 2C is a detailed view éf the circled
portion in Fig. 2B. In 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



the reservoirs 13a are identical. The heights of the

columms 13c are the sane as the height of the

conmb- shaped portion defining the reservoirs 13a and

the individual flow paths 13d. Each columm 13c is

.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 wal |l s awe-di sposed in the three

sides of the sem conductor substrate 11 except the

si de where the conb-shaped portion is disposed. A
anBO0RAECH NG~ regi 9, i i.sposed on qne_of

t he mnﬁf%? %gkﬁggﬁﬁdggtg?aéek%éﬁﬁhﬁgiél M dficFd8edt’

‘A byrither 1lis @ngJha 6ﬁ@h§h%%m&%%%ﬁub%ggaﬁgsll

barrier layer 13. The liquid storage c

- ofopeai figsstoemblogligiete . cReserv®iss AR 10WiRAHNAS0F1 ow

as to communicate with the common flow path. The .
Pathsmbif farewdsdtimesf bvh&hei batrienbiedierens .i s Theent i cal
to the c n flow path 23 of the head chip la of a
mﬁ%\mﬁﬁ?%ﬁ& s GppPraed| Pyutlee tipspest ivesbersiing 13a.

14, jngs in the liquid storage chanber 13b are
© d@%%%gggjin the right front side in Fig. 1 and at the

bota{ 8656 S+ of hjp.10a in Fig. 2B. Since
the openi%ggga?téé]?één]%ggct% It[ig tg%eac]élﬁ%'grﬁ TR ptglen,

bathiet ilgijied 3shetagatshagbeiok3hy 4 S;h%o'ﬂesckﬁgfgeetagﬁ the

reservoirs 13a through the common flow path and the
sepighndwiialr Bhbwtpathsli dfcept the regions where the
reservoirs 3a,‘the individual flow paths 3d,-and a
connecting electrode region (not shown) are disposed. That
is, the reservoirs 3arand the individual flow paths 3d
account for only about less than 10% of the top surface of
the semiconductor 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—éhaped 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 is a liquid storage chamber 13b
including a great number of columns 13c. These columns 13c
connect the barrier layer 13 to the nozzle sheet 17 when the
barrier lavyer 13.is bonded to the nozzle sheet 17. Since

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



13d. Referring to Fig. 2B, exhaust holes 17a pass
through the nozzle sheet 17 and are disposed in the
area under which the liquid storage chanber 13b is

di sposed. Five exhaust holes 17a are illustrated in
Fig. 2B. The exhaust holes 17a are disposed renote
fromthe reservoirs 13a and the individual flow paths
13d. As described above, the conb-shaped portion of
the barrier layer 13 defines the reservoirs 13a and
the individual flow paths113d. The reservoirs 13a are
di sposed between the heating elenents 12 and the
respective nozzles 18. The individual flow paths 13d

thé OFEENEYRALS W3tahatraeldéﬁﬁféé(f' rs 13a and supply |iquid
to the reservoirs 13a iquid storage chamber 13b

forhet ReigELs | 681 €thd ScsliBRRSEE 0l ot PR AL SR A5 LR

surface of the sem conductor substrate 11 except the
heigyi orfs theckonbrghtbed rpseriai e fizdnandhéheeservoirs

i ndi vidual flow paths 13d. The liquid storage chanber
13a133@d ithed éﬂﬂnéféldlé?l p&tew gfatttise 13gr.r i @rchaygetud. 13khd s

ui tora C er 13b communicates with the
sungi g a1 LA R e s s PO o ge eI tank

f t n.flow path an n passes
me;%#ﬁ?? Z%hé Igd$VI uaJc¥hﬁ(5ﬁlﬁgpﬁsE$§dc?B ?I iggpsed in
any%gyygﬁgbﬁgn%sgt QQECH{Eg@tIy, ink fromthe commbn

flow path enters the Irquid storage chamber 13b

comnunbaatidy Vaydr tie eemyBRet! Ay patdn tg dill  the

liquid storage chanber 13b. 19
gemlconductor 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 is disposed on one of the
walls. The liauid storage chamber 13b is enclosed by the
walls and the comb-shaped portion of the barrier layer 13.

The liquid 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 common flow path 23 of the
head chip la of a known type and supplies liguid to the
reservoirs 13a. The opeﬁings in the liquid storage chamber
13b- are disposed in the right front side in Fig. 1 and at
the bottom edges of the head chip 10a in Fig. 2B. 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



Prior to the entrance of ink, the liquid storage
chanber 13b is filled with air. Therefore, when ink
enters the liquid storage chanber 13b, air in the
liquid storage chanber 13b is di scharged outside
t hrough the exhaust holes 17a. Accordingly, the
liquid storage chanber 13b is filled wth ink,
containing no air. Wien the liquid storage chamber 13b
is filled with ink, 1ink cones in contact with the
exits of the exhaust holesiB7a, that is, the surface
of the nozzle sheet 17. If the exhaust holes 17a have
the sane areas as those of the nozzles 18, surface
13#ension on the orifice planes in the exhaust hol es
17a and the nozzles 18 is identical. Thus, the nozzles
18 Reffictriing ehatst hb) esxHdest Wiy are paLY €Xidssh
for ink, are influenced by the pressure applied to
theppozimethgst Idcamddipng tospbeed i istthenbedanenier which
since the areas of the exhaust holes 17a are snmaller
the hgh%%s?é:%a%mﬁ@??reéﬂasé-s disoefral ndtiveeakhaust

ough e .exhaust hales l7a en pressure is applied
ho%%gink.i%%%fé 5F§fa§$§anh%h%hm%%viﬂgﬁhéﬁﬁéuéF hpees 17a
ardeatsdidy <R change h i ng tyansport, the
arexhadg?éholes 17a do §§§ f%%ﬁggélggéékaﬁn a%éébut can

indbvided &6l s Rkt 984.the nozzles 18. Wen the head
10 is operated, that is, ink supplied to the

- reder vesrsida alsoed ecited cmbsBAbetSpotfikord Mk
comon fl ow path passes through the individual flow
ba{%&qﬁ;kgyer 13 defines the reservoirs 13a and the
individual flow 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 disposed on
the area of the surface of the semiconductor substrate 11
except the regions including 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.
chémber 13b communicating with the common flow path to fill

the liquid storage chamber 13b.



13d to fill the reservoirs 13a. At this tine, hardly
any ink noves in the |iquid storage chanber 13b. The
bottom surface of the nozzle sheet 17 is bonded to
the top surfaces of the colums 13c. Ink in the liquid
storage chamber 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 barrie[ Iaygg 3 If « dry
co RAY es ru r. .o
o O T e RaRRE BEY Bk kBt e e Pradenas
chlagWetrh@BBRL s CONTIES 1¥i dy .5 ite Q‘ﬂ[e&égé é,ay erﬁ id(?ce%nters
not well transmt the heat generate %y t he "heatl ng
thel éngnid st@rade curadibrgl W3bheak rgeneridd et A d R orage
heating elenments 12 is not sufficiently dissipated
'chﬁmgﬁrt%ébnb&zﬁkﬁQ#&ngedlbutBydeOﬂhfaﬁéh B0 Axat@ tt Boles
the head 10 of the first enbodinent, heat generated
178y t‘E‘éC‘H‘E ARG el Eiferiisiuid ssorpganenied 13 iink fihled
the; L quid Slorage chanber 13b. Since ink in the
Wl|Iqu%'S%d?é%gr%ﬂéﬁﬁbPlf3b is in contacL with the o
ot r.f aG zl.e shee 7, a ner at e
boldin Sl 46l LDBR0ZLENSEL ATy B dSNET Lo,
inkheomi®z zire cafierit i thhtauabyife 4 HéWJQ%guE%qH%Fes 17a,
st orage chanber 13b. Accordingly, the heat can be
that sgs patied furdmdeheft @pesHbiace sifed he N0zzl eLshegl, st

17, whereby heat is well dissipated in 21 -
holes 17a have the same 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 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 reseivoirs 13a is ejected as droplets, ink from the

common flow path passes through the individual flow paths



the head chip 10a. In this context, the liquid storage
chanber 13b can also be referred to as a heat-storage
liquid | ayer/chanber or thernmal condenser _

| ayer/ chanber. The heat capacity in the head chip 10a
of the first enbodinent is constant. Accordingly, as
t he anmount 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-i gpga-cross-sectional view of
the head 10. These draw ngs show conparison of heat

di ssipation of the heads 1 and 10. In the draw ngs,

h ' el nts.12 re djspased .on the left
13éi 5%2]?0 it e s{emrg%ggﬁaﬁgt %?a' sg%étﬁéltsestlff’ fﬁ@ﬁi%z%ﬁﬁ
inBheSrsSs LG i [ n 1 i.sposed above the
%ngenié%%d%%tgﬁé g%ﬁ@%f%?gékgqé fﬁﬁ@gfi(ﬁéyg and 3B, the

heathien@oelteneBugride apt the diR22leesnhl8tal @ i HAhonded to
illustrated. According to the head 1 of a known type,
théetpe genefatesd ofbythieheoheas mp el ek ik? the liquid
transm tted through a region including an area above
SteFroe cdempsiy 13k dAdiancarieact diidgoddd botthe sefface of
side of the ar above the reservoir 3a. This region
the sn%zezgiegr?z;]te & 33 RXCPREFHYE PoXtigps fopAgd: to the top

di t head, 1O of the first enbodi nent, heat
Su%?e%%{satog% %1% tcﬁguﬁ%gtll%%' elenments 12 is transmtted to

theccReazhg §86€ﬁe%%§§J”éﬂﬁﬂ“1%°Bf08l¥n8w£egh%ﬂ most of

i ncl uding an area
heat generated by the heating elements 12 is transmitted to

the nozzle sheet 17 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 the heating elements
12. Accordingly, heat generated by the heating elements 12
is not sufficiently dissipated from the nozzle sheet 17.

By contrast, according to the head 10 of the 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 nozzle 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



above the reservoir 3a and an area di sposed on the
left side of the area above the reservoir 3a, which
corresponds to the region designated by XX in Fig.
3A, but also through the 1liquid storage chanber 13b.
The region transmtting the heat to the nozzle sheet
17 in the head 10 is designated by YY in Fig. 3B
More specifically, according to the first enmbodi nent,
ink . having a large specific heat capacity is disposed
bet ween the head chip 10a bhacluding the heating

el ements 12 and the nozzle sheet 17. The tenperature
of the head chip 10a does not increase sharply.

reovyer,, . i havi ng hi gher thermal conductivity than

th%ﬁ%?% r?qﬁﬁrﬁaiyer 13 Qag transmt heat to the nozzle

sheet L. fore. heat j.s.i di ate transmtted
o thd s, PECEKEL: T1T TRt IR RERE FRATATEa T e

.alé@%é‘@@f@rr@ﬁﬁ%b 4¢ LoneRels nyg% hﬁc{;@ﬁdl;ger)_&? er

nozzl e sheet 17 can be conposed ©f various kindsS o

or NEdeamidl ondheRetheapozzbathee! Ihd aesenps)%&?iaf in
netal or a material chiefly nade of netal, heat 7is

thefherst iakdlpy 10di ofi phe efirFurdiissdinremt tiBecbaatadd. may
include a plurality of the head chips 10a. For

AcBAiRtE- Y t B RBgdamount sofiserpaglizsdplasiopr Lot Brctrembd

,_i,ncl ydin he ad chips 10a for respective colors,

g ‘%a:}f“e*aa@fg iﬁi‘éphggaf f bhe at MR Hrie &F thachesd rehip 102

is Ridialiddy of the head chips 10a disposed along the
common flow path. In this structure also, the head 10

ggFﬁbgf@ﬁ?@EYaFﬁfﬁgéhﬁédMﬂa%aﬂ %EEG'Sf”Q&&'H%é%h??t 17 -
whereas 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 elements.l2
are disposed on the left sides of the semiconductor
substrates 11. The nogzle 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 to 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
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‘including.-the nozzles 18 for all the head chips 10a.
In this way, the tenperature of the head 10 is

mai ntai ned constant at all times. Wen the head chips
10a are used in the |line head, an anount of ejected
i nk-drops, nanely, the amobunt how nmuch the head chip
10a is operated differs depending on the head chips
10a. Therefore, sone head chips 10a radiate a | ot of
heat, while sone radiate hardly any heat. Since the
sem conduct or substrate Lll,bn_the head chips 10a
conposed of, e.g., silicon has excellent thernal
conductivity, all the head chips 10a have

substantially the_sane tenperature. If the .
2 qER CENACTor otbdt 408 T4 EHim ot Worec PRcEyerhaf e

_ ofhi,er?é ’aJ.ieta ra%%qiel ¥hge§%%e%96i|r_ba?,?/ewr i Zlyﬁgggcra%ﬁgrb@s 1% the

singl'e nozzle sheét anong _
redén head ghitks bYaxgap, hay .jﬁHb§£ﬁn%ﬁ%5|¥h£8§%§aﬂ§a
tenperature. Since ink contained in the liqu
ligiif agerehenbeembadb1Bel athe theiteadraRbRStL08y the
provides | arge thermal capacity and a | arge area for
hegli et fdis mgzhéat shede tenperidtauesdoliot he deatyrdtiqs by
10a _increase gradually, thereby suppressing increase
YY i He - @@nperatures of the head chips 10a. Hence,

this_suppresses ubbling of ink in the head chips
| 10HOTBaPPPEhT LYY D ASRHAIEN E0) FER vt FIRORiBanks
; h LIS Fi .. _4A d 4B I
A B S ar SR R L ¢ et et P M AT ol or

vetudith headnekRathig Dﬁéﬂkﬁéﬂdﬁing ¢fhe heating elements 12
and the nozzle sheet 17. The temperature of the head chip

10a does not increase sharply. Moreover, 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 pozzle 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



10a are shown by hatching. The head chips having
smal I er gaps between hatching |ines have higher
tenperatures. The nozzle sheet 17 in Fig. 4A has |ow
thermal conductivity, whereas the nozzle sheet 17 in
Fig. 4B has high thernmal conductivity. In the nozzle
sheet 17 in Fig. 4A, the tenperatures of the heating
head chips la are particularly increased. By
contrast, in the nozzle sheet 17 in Fig. 4B, heat
fromthe heating head chipsslQa is transmtted over
the nozzle sheet 17 and thus the tenperatures of al

the head chips 10a are substantially the sane, that
of all the head chips

ingualbd PTG 8 eliorirrierecaiins dda-  nh
thk5aiWh ¢, ehgcti gn anparat us | HC|H? é} thep@ﬁ%%a}ge§UCh

as an 1 n jet printer according

coagbadt nents mave e f ol | ow ng advantages. (1) Wen a

di stance Yn fromthe center of the heating elenment 12

t o e [tékt heiade chfips aC@a Gird Asdieach ¢RkP11AR Hdha, an
contact with the common flow path is |large, nucleate
am@eRti ¢ eirdisdziing-tubbbe madly, ithd ramegukahbt imscidthe

the | ef t |de surface of the head chip 10a is
head oGRIR tli‘?at"pie§at89bﬁ%%%er%rcéemdlg@n@lﬂatbd head

d t t f the
cn B LB Tore MLl o8l of Pt one oL Lucture of in,
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chips la of known type u % k3 ame

seﬂ?ﬁﬁf?dﬂ%ﬁ;|§&b%&@§%et91n§ﬁrﬂﬁﬂ'hééﬁedﬁagg ESQFE%ﬁEéQéd of,
as that :
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 ameng all
the head chips 10a, the head chips 10a can have
substantially the same temperature. Since ink contained in

the liquid storage chambers 13b for all the head 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 4B are plan views of four lines of the

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



of the head chips la of a known type, the distance Yn
of the head chip 10a can be made smaller than the
di stance Yn of the head chip la of a known type. (2)
Even when the distance Yn is not nade snal | in the
head chip 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 enmbodi ment of the present
i nvention, since a chance for nucLeaLe b0|h|n%_tolo
c lLeft .side suyrface t he head chip a
lo?sgg%cggg§gggr}gﬁgaﬂgﬁéy #%? %ﬁﬁge?%&ﬁﬁ Vead Bgaller
hac f i e cl.e ection_an
TR S S R L S LR EC LR
carrhiealdzza ehisgbes PeRdi pr g | Ngh HAA) 1Whepnthe,head 10
Is used as a line head including lines of the head
copHipsivley, themsper ahconakziempréat resnokigC hnahhs
the head chips 10a are maintained substantially the
high pheypak rongwedivdty AccBrdiingl yozaiar isabeons7 | fintihiy.
ej,ected i nk due to a tenperature change
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i At ' d Second Enmhodipent Fig. 5Ais
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transmitted over the nozzle sheet 17 and thus the

temperatures of all the head chips 10a 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 lﬁ 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 the left side
surface of the head chip 10a is prevented, 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



portion circled in Fig. 5A. The head chip 10b is
different fromthe head chip 10a shown in Figs. 2B
and 2C in that reservoirs 13a comunicate with a
l'iquid storage chanber 13b distant froma comon fl ow
path. Referring to Fig. 5B, heating elenments 12 are
di sposed in one direction at a constant pitch.
However, the heating elenents 12 are msaligned, that
is, a gap (a real nunber greater -than zero) is
di sposed between the centerg of the adjacent heating
el ements 12 (nozzles 18) in the direction orthogona
to the direction along which the heating el enments 12
di sed. Accordingly, the distance between the
Ofgretglfe e}rléggfgglﬁ%s Cla%joaj%:é‘%t §7z F¥Be 1 8ths disd@nee ¥Rapf the
e-RkLC t i Lng, el enents .12 (nozzl es
he%g)cggg 2?%5?%25%DF%E% ﬁ%?ﬁgern%§§Tg§mj§l§ﬁ& R tReot
thei beadtyhdd tdhenezalRsml8ypg. hardly influenced by
the pressure change due to ejection of ink drops and

t hug2)an Eampunhenf thpedi stahdk-wdf QRS ndRdnaadi L8611 O e
ejection can be stabilized. This technique has

hegfly ebdly Heon theoppsed thpnahi temssignee b $Apanese chip
10Unﬁxan1ne, Pat ent Appl.ication Publication No.

2003754379 g entioneds s touetvien gasubet aptitad yand

C r. shapes.,in plan view are di sposed on both

théug dl[é&sﬂo%gtta%gclﬁég‘ i H&rgﬁéén%ﬁ?% QEEYLS -t hé'géltr beti e head
héb ONGa W Gt at.l ; ts 1 re_di sposed.
¢ I%di vidual fl E%r%& %@B%géﬁ%‘?g%dﬁ s%%?%%%?ﬁe% ?he
telpEraird ayeireakd.on both sides of the heating

el enments 12 in the direction orthogonal to the 27

(3) According to the first embodiment of the present
invention, since a chance for nucleate boiling to occur on
the left side surface 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 thé
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



direction along which the heating el ements 12 are

di sposed, nanely, on the common flow path side and
the side opposite fromthe conmon flow path side. The
i ndi vidual flow paths 13d disposed close to the
l'iquid storage chanber 13b communicate with the liquid
st orage chanber 13b. According to the second '
enbodi nent, al though the individual flow paths 13d
directly connect the reservoirs 13a to the liquid
storage chanber 13b, ink.-degs- substantially not flow
in the liquid storage chanber 13b except in the
vicinity of the reservoirs 13a. Third Enbodi nent Fig.

Bri S i.ew.af a-head_chip 10c according to a
potﬁir%a%ﬁ%o |%&£ﬁ %%g'tﬁg"prgggnﬁé? VEHH dfP FRedhEbgrent
£r6Ri Bhe Wiad PO Hbind; 5 OF] d. 4The third
enbodi ment i 5 Iﬁéiffe%ghgnf%%ryt%e' ;%Bg\?é'lde:%‘goﬁfln‘éﬁ‘% in
rebhatoon e idugmuelieat odetk egi 0NR, 1P AL LS
both sides on the head chip 1Ocqfﬁ'the0I3%Si§§ |n§$Q3b

digierictinm sActomdiongloe pheh. t Harbenhedieenty. asp,
qui d-supply slit 1la is disposed in the center area

l
hegfiiqelfmsdtenily eoe. d¥pposeduind-suppliyecstibhsatla may
di.spased on_both sides of the head chip 10c. 1In
°°‘?%%ar%thipr" c%ﬁbo&‘f’ﬂ&ﬁ?? ' st ertd o silerenssol 2 taee

{ SO i n ectrode regions 19 are different, a

e qurb?%td'stggrglggggéhgn%ae? B S nHESﬁFogFE%EPIF nthage zero)

is sEfdpsdeadtweth +hboBgidici = Athough not. .
illustrated in Fig. 6,ethe:géﬁpg%ﬁu89&?§§g%fh??ﬁ§ng

eleregerevdizr gnd3alasdibheih iend dislRrage orthogonal to the

direction along which the 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 technigque 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 in 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



chanber 13b according to the third enbodi nent may be
any of those described in the above enbodi nents.
Exanpl es Exanples of the present invention will now
be described. A head 1 of a known type including the
head chip la and heads 10 according to Exanples 1 and
2 including the head chips 10b of the second

enbodi nent, shown in Fig. 5, were fabricated for
conpari son. The head 1 of a known type and the heads
10 of Exanples 1 and 2 hadshhe sanme specifications as
the head shown in Fig. 22. Fig. 7 shows the
specifications of the head 1 and the heads 10. In the

- 1 . the nozzles 18 re arranged such
dl?ﬁg?§?%eaceﬁ%é&?‘ﬂbﬁmfh eggﬁﬁgeﬁ SHRFSA d<€ Pgendigposed,
aRbsd!l i gnedthd Nduedisf 86t | rthogonal to.the. ,
" dirgction alghg Wﬁigﬁgﬁhggﬁ%ng%% a%FéSlg?rSRB%ﬂ?te
frdhetigacdeinean dheaeanseas . of ridie; adi Ak Zh €8,
18 was half the pitch of the nozzles 18, %?g.fﬂﬁ%s%%ﬁ%s
13d dpmpesati stiddsuttioonhefl 1CinLdi §Soddyd ReanBeadi ghip | a
and the head chips 10b. In the head chip 10b ’
COBERT G Ry Widhetdepléquidt sieotdqpichagberad@bchamber 13b
was, _forned g0 as to have the sane height as the
he?“éi’??rS‘an Bolk? FREPRY Ghedimgntheahtbengthithe ob
: or dingt I 2,.the liquid storage chanber -
indGEREEL Erd BARRR, o Catidir I HorSiame haf gre samavcies
138UW ofhd he J8iobt s 9kt Iy oy 2 trransi stor and a
| ogi c circ&#ﬁl Therhé%d C |6ﬂ§&3gf gnkngaﬁs type and
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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 embodiment of the present invention. The head chip
10¢ 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 11a is disposed in
the center area of the head chip 10c. The liquid-supply
slits lla may be disposed on both sides of the head chip 10c.
In the third embodiment, since the positions of the
connecting-electrode regions 19 are different, a liguid
storage chamber 13b can be provided in the serial head with

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




wi dth of 15,400 pmand a length of 1,540 gm According
to the head chip la, only a region on the heating
elements 12, i.e., the reservoirs 3a were filled with
ink. That is, the range with a height of 220 pm was
filled with ink in the head chip la. According to
Exanple 1, a region on the heating elenents 12 and
the |liquid storage chanber 13b having a | ength
corresponding to that of the power transistor were
filled with ink. That is,~ ggrange with a |ength of
630 m (220 pm + 410 pm was filled with ink in
Exanple 1. According to Exanple 2, a region on the
¥ t nd _t l'i gui d storage chanber
St?g%Ehg%?ngkgﬁﬁgéﬁbt V%%FFegg%na?agg?%)%ﬁﬂ¥ MteFagde
chbﬁﬁgkh§3pfaéég%d¥ﬁgﬂ th.ang] r d.the.logic.circuit
were filled wth in£¥}%ﬁ%t§h?%€ A RhGE RN (RYaPPeRBY of
thobe 1dd@r jred 220 118 abdk Bibddfddhed) Was filled with
ink in Exanple 2. Since the difference in results of
Exanple 1 and Exanple 2 was negligible, they are
coliectively referred to as an exanpl e herei nbel ow.
Ex3fRl¢2ngth of the region filled with ink in the head
ng.to the exanpl e was approxi mately

chiip _10h accar dj
t hiEmbleRe sy %é? BFCTHEL HEWETEAPp ¥all| pow Hee Idssgribed.

' d ¢hi Ob, the barrier layer 3
P EP DA i 358 18CRED WRaeitochhe Mband
he&deel® abbRngA tbak9sm tand® 23, he vicinit
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nozzl e sheets 17 by pressure applied for | Nk e] ection.

‘ fah¢ﬂggted for comparison. The head 1 of a known 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
othogonal 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. B shows a space distribution of circuits in the
head chip la and the head chips 10b. In the head chip 10b
according to Example 1, the liquid storage chamber 13b was
formed so as to have the same height as the height of a
power transistor. In the head chip 10b according to Example
2, the liquid storage chamber 13b was formed so.as to have

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



the areas of the nozzle sheets 17 in contact with ink
inthe vicinity of the nozzles 18 were relatively
small in both the head chip Ia and the head chip 10b.
Consequently, the area in the nozzle sheet 17 in
contact with ink in the head chip 10b was
substantially four or five tines that of the head

chip la. To conpare tenperature increase in the head 1
and the head 10, the follow ng nethod can be

enpl oyed. The head chip +a%nd the head chip 10b are
operated for the sane period of tine (the same nunber

of print sheet), i.e., 20 sheets of A4 size paper to
trphisAktbheasaneg ® i@lpcdite.  7Ae ARHQC %?%_d {
pattern with a g%?nting réie of %O@b aH%kL eﬁ%gFﬁ quown

typecreds ehenhéad hethigad s Gks ore axdmnBde s HOWBYET2 eaFé?ﬁhave a
‘heads are provided with no neans for neasuring the
wigdghpefal br €80 ofm tdnel iantlemigahsof hiy 840 . phemefeik8ing to
first of _all, bubbling was conpared in the head 1 and
thepaepdaghip. 1an Ibskry &adieon anetherkeafinde loeadss 12,
.-tran rent _nozzle sheets 17 conposed of a polyneric
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heall thep head lacodierieds tbl GxadPie .Qgraph, pf the
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printing, and photographs of the hea
having a length corresponding to that of the power

transistor were filled with ink. That is, a range with a
length of 630 pm (220 pm + 410 Mm) 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
length corresponding to the sum of the lengths of the poﬁer
transistor and the logic circuit were filled with ink. That
is, a range with a length of 1,140 bm (220 pm + 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

times that of the head chip la. In the.head 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
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and 10 using magenta ink were taken from bel ow (from

the recording nediumside). Referring to Fig. 9,

bubbl es were generated along the head chip I a but no

bubbl e devel oped on the dunmy chip D di sposed

opposite fromthe head chip la. Normally, these

bubbl es are relatively stabilized and thus wl]l

di sappear when tenperatures around the bubbl es

decrease. However, with the head 1 of a known type,

some of the bubbles were uifited with other bubbles

generated at a later tinme, and it took several hours

for all the bubbles to disappear. By contrast,
lavefreBr Bng tbe Pbaprikd, layebubBl eevasnotobsgavadeinfide the

head 10. Experinentally, the exhaust holes 17a were
nogizdFosbEchE ohf Rheredgeiref aphéipdatbrhink tdlectépn. Thus,

every two_ngzzles in the head_10. It was, however,

“REpBATERL TR HAISeSIRETE Adt 1R RHAGeH1tRr dighin the
: e S a fromthe follow ng. reasons.

""%\Eg‘%%%( ?g?ﬁ?)% %%%eess]lgr E°GEner ?%Jd’,e%yheq’mggﬁabgtb%%f dde

heddacEap B4 faed iRl Yeh@dBREpDYBDE! eSeorfis o @Ht@?, he area
understood fromFig. 9, normally the size o tﬁe

inbtibbl eszzBngEsetr aM an sBRthcbubblie ikat nh@Be] B84d chip
devel oped and a | arge bubble that has been united

10 vas aprdesteantigBlve fo@onsr dEivegt infeiss thiat of Sthalider y
that al | bubbl es were discharged through the exhaust

ChiB| &% 17a i medi ately after they devel oped. This - 32
coqﬁludes thakeno bubbl e - was generated in the head 10

shown STHAELg TSI THeke TEIR=Se d8nFhe nepd Hanehéhe

hek&PE! AU &61lowing method can be employed. The head

chip la and the head chip 10b are operated for the same
period 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 pm were used in
experiments, instead of nozzle sheets formed withlnickel by
electroforming. |

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

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




i ncrease can be effectively suppressed in the thernal
liquid ejection head (head chip) of the present
i nvention. As described above, it is difficult to
accurately neasure the tenperatures of the interiors
of the head chips Ila and 10b. The head chips |a and
10b were, however, provided with the :
connecting-el ectrode regions 19 (e.g., 14
el ectrodes). The el ectrodes were connected to outside
conponents through netal bohding wires. That is,
bonding termnals were directly connected to the head
chips la and 10a. The tenperatures of the vicinities
hetds He apgndPngprriet igsal $lweke)pwexensiler wuthose of
. the interiors of the head chips |a and 10a.
irepicietly af RBr t R¥agtridcur égdobhphegraphs axfeshef hehds 1

' .termnals were neasured. Fig. 11 is a
b 00, 08167 TrBEi e i elre b Rehe tro A%loeHEsen1hand
JdRe MGl RLL f..Qpeni of the bgndi t 1 nal s
relBe Ayl RLbles Slodpenkass ol abhe, bOnd! g LELTL% S
gephateguapiony £ hekl WRSHORLAbAE Yl 1N doBLAEE] on
canmera and a thernmal inage-processing program e
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la were the sane as those of the head chip 10b.

Cr dieriidied Hreski hglsblaesimmateddi tiyedy btalsilikedanrthae
thmere.gﬁiats wher e tengeratures were nmeasured. Fig. 12
ERotls" t Nt W a ' ires tARRS LR BAr ey anund gRe bubbles

ntioned nmethod. Fig 13 is a graph of the
deﬁégégggd h %en‘f)eeﬁ’atwd?gstgﬁ g}??@g ]Iil?.f Ph&MRERPEYRR 1 rdnp ot
théhﬁuﬁbﬁééuﬁg%e_united with other bubbles generated at a

later time, and it topk several hours for all the bubbles to

disappear.

By contrast, referring to Fig. 10, no bubble was
observed 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
17a 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




of the bonding termnals in two sets of opposing head
chips |a and head chips 10a were neasured at the
points a, b, ¢, and d marked with Iong circles and
the nean val ues were cal culated. The tenperature of
the surface of the nozzle sheet 17 was neasured at
the point e in Fig. 11. Fig. 13 includes equations
for the tenperatures of the surfaces of the bonding
termnals. Referring to Fi . 12 and 13, the
tenperatures of the surfagés"of t he bonding term nals
in the head chip 10a were |ower than those in the
head chip la by about 5C (62.49 - 57.66 = 4.83).
COR&&b‘ida?ngh?/t 19 bplkkdet wiep ponaratedtie tﬁn@aﬁeadhl@ $leown

his a gﬁnperature of 100C, the tenperature of the
e - poP nt T%e*‘t%éfet?é‘&é}scﬁlf’afwaewthatbéhat tpppetatiCe

bubbl e ! ted at. 100C,
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o t t t f th
355??2@23%?@ It ﬁ‘éaﬁﬂof?ﬁé'j 88 B o 4 S TREREL B o 10m

washsldessiribea sBORe ASi ¢ had dlrffltclﬁqthgéda&m&deé
Next, cooling effects of the head 1 and the head 10

me@\é‘ﬁiée compdretersitngesquf vehentnid ricitist 9f The Bdad ehigfs
he heads can be regresented by sinple electric
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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
términals were proximate to those of the interiors of the
head chips la and iOa. Therefore, the temperatures of the
surfaces 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 temperafures. The
photograph in Fig. 11 was obtained using an infrared camera
and a thermal image-processing program. The structures of
thé'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




voltage. In an equivalent circuit in Fig. 14B, points
P1- P4 have higher thermal conductivity than other
parts in the conponents to which points Pl-P4 bel ong.
These conponents having points P1-P4 have the sane
tenperatures as those of respective points Pl-P4,
that is, points Pl-P4 can be considered as
equi potential points in the equivalent circuit. Mre
specifically, a point Pl is at the surface of the
heating el ements 12, and th¥ tenperature thereof can
be neasured, reading approximately 350C at all tines.
A point P2 is at the surface of the sem conductor
afufsstendtiontd mathodeedsid 0 1w iFRaASHESFh 4F RAHNMeB3ukad
at the surface of the nozzle sheet 17 and can be
toppenatedesi AveFite Tozz|thesheebetZtiseexpbserd sArpacss
:gézis at the surface of the channel plate 22 and can
oh &Nt RORALAI SFRERIRHES cifariel SpEat ef 20ppasinax pesddchips

ver , .the.poi P4 is unnecessary in a_sinplified
1{%\3{?\/2‘%% C@%ﬁ%uﬁa iPHS geaspecdwal crhsvpaings & b, e,
Mesc hihPedqi i detal I [ ing a_transient
Fetate where %%g ]gc%/rle% al r%wteg%g?a u‘lf &SI PREUREANSTS
caleulatabi| i zed, tdiper@ureapacthy sneeds L PRt AKEM o

into consideration and thus the equivalent <circult
shigetotr@swaompesureak athane poifi ge ifBrigioweverrig. 13
. State where the head is operated | ong enough and thus
inchudes coppertaiinse forr the hempeiratwtembidfi th¢ sanfhees of
thregregented by 35 a sinplified equivalent circuit, as
ShoRRHN Frg™if#és -Fig. 15 is a table show ng grounds

,tfﬁﬁefaffiaﬁ_%EeF989l'£%t%§%'f§, the temperatureé of the
surfaces of the bonding terminals in the head chip 10a were.
lower 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
than 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 temperature of the surface of the nozzle

sheet 17 in the head chip 10a was 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

the;mal resistance (thermal conductivity) with electrical




the sinmplified equivalent circuit in Fig. 14C. Using
the observed tenperatures shown in Fig. 12 and the
sinplified equivalent circuit shown in Fig. 14C, the
cooling effects of the head 1 and the head 10 were
conpared. Only paraneters differ between the heads 1
and 10 were R2 and R3. Therefore, R2 and R3 of the
head 1 were replaced with R2' and R3" in the head 10.
The tenperature of the p0|nt P1 was maintai ned at
350C in both heads since a3%onstant tenperature was
required for ink ejection. The tenperature of the
poi nt P2 was 62.5C (the nunber to the second deci nal
rofiigtennas themchbfdaparittheceqiat i e Worddd@enBeadid 4 n
Fig. 13) in the head 1 during operation. The
CaperéPAL uRRd ofhe HempsinatuRe wisa 570t iaf tihechead Wth a

ng eration. The tenperature of the point P3 was
""q%aHF 329126‘%%‘1%"@16&% ChesHst ThienpgdBat ppéstefP1-P4

i ent te erature of
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haiving heo tread Pl -@d hahe BRads M \/@e%npetﬂaecu%tersuswﬁﬁo@é of
the barrier layers 3 and 13, and the rest of the

respraki e exinted di-Rg, t hbahend, ghiimisa rard4t Ben head
chlg 10b were the sane. Therefore, in the head 10, Rl
CORB% d v e osenthat @¢1m%&z«n¢w@ kgadvaléet circuit.

e erat hange t the point P2 was caused by the
Mor r%?ec1 q%¥i§hd R@O?nt P1 {g at the surface of tg;

heating elements 12, 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 point P3 is at the surface of the
nozzle sheet 17 and can be measured since the nozzle sheet
17 is exposed. A pqint‘P4 is at the surface 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. 1l4cC, which will be
~described in detail below.

Considering & 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 cqmplex, 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




Therefore, as described above, R2 and R3 in Equation 1
were replaced with R and R3' in Equation 2 for the
head 10. The ratio R1/(R2'+ R3') was cal cul ated from
Equation 2: Equation 2 R1/(R2"+ R3') = (350 -
57.7)/(57.7 - 25) _ 292.3/32.7. From Equations 1 and
2, the ratio (R2" + R3")/(R2 + R3) was cal cul ated by
‘the follow ng Equation 3: Equation 3 (R2' + R3")/(R2 +
R3) ~ 0.86 The tenperature on the surface of the
nozzl e sheet 17 of the Wed& I was the sane as that of
the head 10. The ratios R2Z/R3 and R2'/R3' were
calculated by the following Equation 4. and Equation
a Binpyiifi¢dreahiRRIRIt=cf62ubt; &2 .9)own32nd Fig25)4c. 4.19G.
Equation 5 R2'/R3" = (57.7 - 32.4)/(32.4 - 25) = 3.42
15suBsti takl orrhswiRg groupds xtiRt fenmrEqeati oagligtidlRa'n

3.42. x. R3'" from_Equation 5 into Equation 3 yielded
the, S35 HiT eauiOmAE 65 Rt 1) GEo bRt his ¢ he
rat "4 R3 calcul ated by the fol| owi hg Equation
o s e Rt EE EE el aheyS by, LS 12 ana
th8UBShb1 Ui e i%aB%Aé-QZréﬁfﬂnéﬂB%ﬂ”iﬂngﬁgfaPQc, he

R2'/3.42 fromEquation 5 into Equati on he ~fatio
cofRIARAE g teabEutabeHedy 1 Nhd @hleowbRg EQUALFOEofipared.

Equation 7 R’/ R2 = 0.83. 37 The results of Equations
Ongy aprrdmedenti Affet ha¢twdmn hdad htadant ihe heaekrtR2

S%Jj’:ﬂ I Y, di ssi pated heat fromthe nozzle ‘
an 3. herefore, R2 and R3 of the head 1 were replaced
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 temperature 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) =
- 287.5 / 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 la and the head

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




sheet 17, but the efficiency to transmt heat to the
nozzle sheet 17 in the head 10 was i nproved by about
17% as conpared to the head 1. Even though the region
filled with ink in the head 10 had an area severa
times larger than that of the head 1, the efficiency
to transmt heat to the nozzle sheet 17 was i nproved
only by about 17% This may be caused by the fact
t hat when ink was supplieg,BQardly any ink noved in
the liquid storage chanber”™13b, whereas a fairly
| arge anobunt of ink noved in the heating elenents 12
in the heads 1 and 10. Fig. 16 is a photom crograph
thi 9Mgedd GBRRgORothmkknasowiend. gFbendwnndratttrke change

erature_of the surface of the heating elenment 12
ot el B2oU0e ol Eibghe ERpass nmii? And Rdg -

RHATE | NED. LS. 4 | i qui,d_ej.ection head .

Tcom-gfrO irgi'%:é a %%Jg%?%aafbe%;veét lﬁ:zegg%l Ig%elrheﬁgﬂ"agﬁioﬁ‘ 1 were
rdplelcudi QYtR RbUrRhd ty3of; heating ne% ef@t%leo%e%d 10.

- surface of the substrate; a nozzl e ayer having

Theozzités dilgpRaed mbOVerashealtespesd | MeomheRfiaR9on 2:
el enents; a barrier |ayer disposed between the head

Eqirithornd t heRLAGBEZ € Riyer; (B&8erveT ) Hisnased2s) =
zggebzﬁgn the heating elenents and the nozzles, the
e of rs bei ng defined by part of the

From Equations 1 and 2, the ratio (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 R2/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' = (57.7 - 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,substitufing R3 = R2/4.07 from Equation 4

and R3' = R2'/3.42 from Equation 5 into Equation 3, the

. ratio R2'/R2 was caiculated by the following EQuation 7:

Equation 7 R2'/R2 = 0.83.




barrier layer; a common flow path comunicating wth
the reservoirs, the common flow path supplying liquid
to the reservoirs; and a |iquid storage chanber
di sposed on at |east one region of the surface of the
substrate excluding a region on which the reservoirs
are di sposed, the liquid storage chanber being
defined by part of the barrier layer, the liquid
st orage chanber connunicatigg_mﬁth t he conmon fl ow
path and the reservoirs, T I qui d storage chanber
storing liquid such that part of the nozzle layer is
in contact with the liquid, wherein heating energy is
Thep Fles8d te oo f hedwaizitansy 6 endn@ntsnf ormgshditatte thubhkas 1
iﬂ%ﬂ éhe heatg g elenments, and the generated bubbles
F8F PREHI 301 9 ¥ sdemdBrEedt bede £ragy thegpert kel

| h .2 The liquid ejection head
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sheRRPRI7SEs [ l. wni e Liquigd ejection
head accorg?%éﬂ?%?égg%%fl?He%%¥%$ﬁ“5%%°g§s#H%n éhead
cogbbpedotprtiseshandlyral ity of the head chips such
that the liquid ejection head constitutes a I|ine
hedterwitdrozigh the heatbor hfidsl eal eridhspageth ationghdaae 10
ommon flow path so as to direct openings of the
ha&e@%r%’fﬁ? Sevdrdr §inpe tongen tHaowtpatheft tlee noz &,

a . is comosed of .a single netal unit, and the
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ead chip
that when ink was supplied, hardly any ink moved in the

liguid 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.




4. The liquid ejection head according to Claim1, 2 or
3, wherein-the reservoirs cover the heating el enents
and have openings on the side connected to the comon
flow path, and the liquid storage chanber

conmuni cates with the coomon flow path at edges of
the liquid storage chanber in the | ongitudina
direction of the head chip. 5. The liquid ejection
head according to any one of the preceding clains,
wherein the reservoirs havesgpeni ngs on the side
connected to the common fl ow path and on the opposite
-40- side, and the liquid storage chanber and the

WHR@MTRN chheWepPakh are separated by the reservoirs. 6.
The Tiquid ejection head according to any one of the

precedi ng clains, wherein at |east one exhaust hole
passes through a region in the nozzle |ayer under
whi th thelict[lﬂ]iﬂ'lij@itﬂb&gﬁeﬁhaﬂbﬁ%ri&r@é:Sposed and the
exhaust hole comunicates with the |iquid storage
chawbeybstrative |iquid ejection head according to any
one_of the preceding clains, wherein at |east one
exhAtstedt Cpadsed chipolpmledinginmpliuwalhey nog et ing
I under which the liquid storage chanber is

el ?ég%geag FhEYEEREUSE e SUBAhGAE At ing with the

i oyl : d ea of the exhaust
ol S S TOP PTG DT Y Rpether GRPHAI CH

- rebpgutlvéSheft £64 @ dnieng®l | er than an area of each
nozzl e on said surface of the nozzle layer. 8. A

| i quitshie] it ila1yeapAaEpb $6d WUBWdeS] RGeAhkh8Uiflip and the

nozzle layer;

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

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

a liguid storage chamber disposed oh 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 storage chamber communicating with the common flow
path and the reservoirs, the liquid storage chamber storing
liguid such that part of the nozzie layer is in contact with
ghe liquid, wherein heating energy is applied to the heating
elements to generate bubbles on the heating elements, and

the generated bubbles expel liquid in the reservoirs to be




ej ection head conprising: a substrate; at |east one
head chip including a plurality of heating elenents
on a surface of the substrate; a nozzle |ayer having
nozzl es di sposed above the respective heating

el enments; 41 a barrier |layer disposed between the
head chip and the nozzle |ayer; reservoirs disposed
between the heating el ementggand the nozzles, the
reservoirs being defined by part of the barrier

I ayer; a common flow path comunicating with the

SH@EREMOLK SougH ft%eCHHQQﬂTgl ow path supplying liquid to
the reservoirs; and a liquid storage chanber di sposed

on at | east one region of the surface of the substrate
excluding a region on which the reservoirs are

di spbse@het hiqbidysidcst onagead chrganngei nagafi ned by
part of the barrier layer, the 1iquid storage

whegwiddb lthee saahe cavary oamphishe & onmylef meval patit .and
the reservoirs, the liquid storage chanber storing
liquid such that part of the nozzle layer is in

applod 15 THEE SRSy AR e amerar cLombbi os
S e e A R e R R G
hedwe aidpal @sch- té2t the liquid ejection head constitutes a
line head, wherein the head chips are disposed along the
common flow path so 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 reservoirs cover the heating elements and
have openings on the side connected to the common flow path,
~and the liquid storage 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




LI QU D EJECTI ON HEAD AND LI QUI D EJECTI ON APPARATUS
ABSTRACT OF THE DI SCLOSURE A |iquid ejection head
including at | east one head chip including a
plurality of heating elenments on a surface of a
substrate, a nozzle sheet having nozzles disposed on
the respective heating elenents, a barrier |ayer

di sposed between the head chip and the nozzle sheet,
reservoirs disposed betweeroOthe heating el enents and

t.he nozzl e sheet, the reservoirs being defined by
Sﬁgﬁ BRdt e iy stayage ehardwmmrendf Ebe patrion flow

Lcating wiith the reservoirs, and a liquid
pé?%g‘lé THAT éﬁddggpgg%dr?ﬁ?réﬁoméas_t one region of
the surface of the substrate excluding a region on
which the reservoirs are disposed, the liquid storage

chanher Thei ngqudefdnad by, RaLy Qécéﬁkfié%aﬂcr.

L ehy! BYE o the
and communi cating wth the conmon pgtg and" T HE

Preceding rdaimbe Wheneih sinaget 6hanbesa &oHog F!agé'é
such that part of the nozzle sheet is in contact wt
tPﬁ%pgq(ﬂHQ§gippginlthe nozzle layer under which the liquid

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 eéch 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 reservolirs; 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 liguid storage chamber storing
liquid such that part of the nozzle layer is in contact with
the liquid, 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.






