- 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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heat up, generated heat vaporizes liquid in
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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.

- The 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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- 2 or head 1 of a known type. Al though 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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Thgfbarrier layer 3 and the nozzle sheet 17 are disposed on

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



each heating elenent 12 are encl osed by the barrier
layer 3 - 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
heating el enents 12 are aligned in the vicinity of
one side of the sem conductor substrate 11. As shown
in Fig. 18, since a dumy chip D is disposed on the
| eft side of the sem conductor substrate 11 (head
~chip la), the common flow %alh 23 is fornmed between
the left side of the sem conductor substrate 11 (head
chip la) and the right side of the dummy chip D. The
budueny ship thanephé scopposedehnftlaty thdspopeningt fatves
can formthe common flow path 23 with the
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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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reservoir 3a on the heating el enent 12. The generated
bubbl e ejects a drop of ink in the reservoir 3a
through the 4 - nozzle 18. In Figs. 17 and 18,
di mensions are not to scale and sone parts are
enlarged to aid understanding. In actual size, the
thi ckness 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 fhe barrier layer 3 are
about 10 to 20 Fun, for exanple. Fig. 19 shows a
state in which a droplet is ejected due -to the heat
by the heating elenents 12 disposed in the head chip
nozzlghddmn in Fig. 18. Typically, a distance Yn fromthe
center_of the heating elenent 12 to a first side
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at I's, the heating elenents 12 are disposed close

shbent he Figstisiideasunfaceo ofo tém MRadaghi Bnt achd dkddixes
structure shown in Figs. 18 and 19, when the heating

ofetheentzzlk sheat Up todhtiyh Henperaflayes, 3t&aee about 10
- tenperatures of the heating elenents 12 can be
tondAdiRdsE U exd8gilees Cel sius at a nmonent. This
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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 about 100 to
200 Mm, 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
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



on which the heating elenents 12 are di sposed. To

mnimze this energy loss, a heat-insulation |ayer

conposed of a material having a | ow t hermal

conductivity such as silicon 5 oxide is disposed

bet ween the heating elenents 12 and the sem conductor

substrate 11. It is the top surface of the

sem conduct or substrate 11 that the heat traveling

t hrough the sem conductor substrate 11 reaches first.

The top surface of the sefitonductor substrate 11 is

flash with the top surface of the heating elenents 12

and is in contact with |liquid. Secondly, the heat
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liquid. Wien the tenperature of the heater exceeds the
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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



nucl ei . Accordingly, even though the heaters are in
contact wth liquid, generation of bubbles depends on
the condition of the surfaces of the heaters at the
same tenperature. The - 6 nunber of bubbl e nucl ei
determ nes the nunber of bubbles generated on the
surface of the heater. Mre bubbles are generated on
the surface of the heater with many bubble nucl ei
than on the surface of the heater with a small nunber
of bubbl e nuclei. That is; Bubbles are readily
generated on a rough surface but are hardly any
‘generated on a snoboth surface. The surface of the
nuyesd eofii pubblenmwhleh ddterhdatsnghe ehetient ol Dubbaes
di sposed is very precisely finished by a
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~ sugfacehe head chip la. To prevent bubbles from being

generated on the first side surface of the head chip
|a:T qu§W§ﬁaF8mPﬁgtH%th%ﬂ§ chip la on which the heating

elements 12 are disposed is very precisely finished by a
semiconductor process and thus is extrémely smocoth. 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



proposed. A first nethod is that the heating el enents
12 are aligned well renote fromthe first side
surface of the head chip la such that it is difficult
for the heat generated by the heating elenents 12 to
reach the first side surface.' In this way, thernmal
energy reaching the first 7 side surface of the head
chip la hardly brings liquid to a boil. A second
method is that the first side surface of the head
chip la is made snooth sueh7that irregularities in
whi ch bubbl e nuclei exist are elimnated. A third
met hod, which is disclosed in Japanese Unexam ned
sifdrt ent-rAppEl b athdmeRURNKi pat 50Ny Ml i 1134 4Ri 4l 8o a
that an ink inlet or opening is formed t'hrough
bcddi.sotropic etching in the center area of the head
~ chip la and a heating elenent is disposed in the
vi chnsegerst mettdodniksi hhat . tw tfi tdte sfidessunBebohf the
since,a wde gap is disposed between the first side
head, FRIR 7 %éﬂ%?é‘acfm@ﬁﬁig pachnehathel rrggugasdtheat img
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_increased cost. Wth the third nethod, anisotropic
isefohined thrpml endedtropit hetdteiady cihi phleacandet haised hef
~_surface on which the ink

the head chip la and a heating 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 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 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



inlet is formed is extrenely snooth. Therefore,

bubbl es do not develop on this snooth surface of the

head chip la. Unfortunately, since the ink inlet is
~provided in the center area of the head chip la, the

head chip la has a conplex structure. Thus, provision

of the ink inlet is not suitable for the structure of

the head chip la including the heating - 8 elenents

12 aligned close to the first side surface of the

semi conduct or substrate 1%.8The influences of

devel opnent of bubbles on the first side surface of

the head chip la will now be described. Fig. 21 is a
elomessssalt adbhghedi @sef thehBeadrshi $ida She¥WRei BF the

Fig. 18 showing the state where bubbles are generated.
semigondpetenomsbsteattredd .chip la when it is actually

useqﬁgnd so the el enents shown in Fig. 18 are inverted
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in Fig. 21 his portion is iR Contact
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| ower nost part in the bubbling region in"Fig.

21Thkovet thalHead lwhibl &8 geaer bt eds |ara;ﬁualil_m)u§e@my§{ &Gy
its_ buoyancy. In actual use, however, ejection of ink
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., ink in the bubbling region is drawn
de§%ﬁéb?é;q eho££|§ fssemlconductor 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. 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



that is, towards the reservoir 3a, and the bubbles are
al so dramn towards the conmon f|OM/path 23 and the

i ndividual flow path 3d. Fig. 22 is an enl arged

phot ograph of the head 1 including the transparent
nozzl e sheet having the same structure as that of the
nozzl e sheet 17. The photograph in Fig. 22 is taken

i medi ately after liquid drops are ejected 9 and
shows the generation of bubples. White dots in Fig. 22
are bubbl es, whereas bl ack dots are spatters of
ejected ink drops. Even when the nunber of bubbles
generated in the individual flow paths 3d and the
AREHFATGH S FBYV pereratd ol efebubblehe iWidite dosk fhofig. 22

a dis ver small, ejection of ink may be
alpe #ﬁ‘%’?ﬁ&éd %‘9% e laoded st areovratsarenof wWieateghink

dg&m@er of generated bubbles is large, small bubbles
may be united into |arger bubbles. In this case, the

surEage wienekasahotheobublior. deareasge e agpunt

of ink supplied to narrow
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into the individual flow paths 3d at all in sone
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infepayshe shfd uemger bubbhese dpubhiisst ¢ Bobe éeteer. When

enRURR Due to a dec in the anmount of ink
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beaﬁﬁygédcgnﬂdjﬁa%gggogubbles. In this case, the surface
tension of the bubbles decreases the amount of ink suppliéd
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 iﬁk can be evened éut 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



be ejected as ink drops. Moreover, sonetimes no ink is
ejected froma nozzle at all. A serial head for a
serial printer prints an imge or character by

mul tiple ink ejection by being slightly noved while
printing and thus the anpunt of ejected ink can be
evened out over the print sheet. Thus, failure in ink
ejection is not noticeable. On the other hand, a |ine
head for a line printer prints an inmage or character
by a single ink ejection. -Thgrefore, when the - 10
line head encounters failure in ink ejection, the
resulting printing has aline (white line) at a
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formed due to lack of 1 nk supply to res
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nozzles,

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
between 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



there is provided a liquid ejection head conpri sing:

a substrate; at |east one head chip including a

plurality of heating elenents on a surface of the

substrate; a nozzle |layer having nozzl es di sposed

above the respective heating elenents; a barrier

| ayer di sposed between the head chip and the nozzle

| ayer; reservoirs disposed between the heating

el ements and the nozzles, the reservoirs being

defined by part of the barniner |layer; a comon flow

path communicating with the reservoirs, the - 11

common flow path supplying liquid to the reservoirs;
comién ar1 du hat d on at .l east ane
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In ¢hepiigind: 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 substrate; at |east one head chip including a
plurality of heating elenents on a surface of the
substrate; a nozzle |layer having nozzl es di sposed
above the respective heating elenments; -11 a a
barrier |ayer disposed between the head chip and the
nozzle | ayer; reservoirs digposed between the heating
el enents and the nozzles, the reservoirs being
defined by part of the barrier layer; a comon flow
patg %onnunic ting wth the reservoirs, the common
fIOM/pgfﬁl§6ngYPﬁgd+$EﬂﬁQﬂthpuwueuwr&er%@hﬂsbhgﬁdan@.the
ngggmgﬁiiyggnage chanber di sposed on at | east one region
of the surface of the substrate excluding a region on
whi gbsé € ' re.di sposed, the liquid storage
chanberﬁﬁ%fﬁé %% |éé% %?tSEF gsethéabbﬁgi%iemqgﬂayand
theheozkil g8i, dtBLOE . CO icating with the
common flgm1 patﬁggﬁg t eq%ggg%gg#ﬁ thhg Paghi af the
bagrdeggbagkamber storing |iquid such that part of the
nozzle layer is in contact wwth the liquid, wherein
hedt i TRF"He fghpw s)aéppbbmiuanéhﬂ@e@tﬂmg:heelrgggyvgigg
thgqggratedggggles on the heatlpg_elenents, and the r
generate RS eupeiyingulilgiid the RS Sk itq; bEng

ej %Ctﬁ%u&'ar g%grﬁa&gqu 2 Zelresdis-plolstiad- on at least one
region of the surface of the substrate excluding a region on
which the reserveirs 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

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.




According to enbodi nents of the liquid ejection head
and the liquid ejection apparatus of the invention,
when liquid is supplied to the liquid ejection head,
not only reservoirs but also the liquid storage
chamber may be filled with Jgquid. Liquidin the
liquid storage chanber may in contact with the
nozzl e | ayer. Thus, heat generated by the heating
el enments in the head chip may be transnmitted to the
nozzle |layer by way of the liquid in the liquid
st 6F5G&9¢REmbEP. FRbedbmenhentst ofhe he |iquid ej ection
: nd. the liqui-d, ejection apparatus of the present
ll%‘%%gn%%en?t]t% gﬁé‘lﬁati 8ffal th?en'géﬂﬂtl@tre of the head
-'Iqr% r . t the known, head. .
ejéAE%g? di ngﬁé%%oega@%bg??igﬁgl araf’ erb\(l:\j;]tﬁ%l,datj’r?atsuf’g,lled
to bt | eispare Ai\bna engrat t ressin
12 te%erat% incrgﬁgg.' EEFt ﬁg%ﬁo}r']%ee%%eﬁ%?g)&%eﬁgﬁg
thé griqiik stejaget dlonbamyap el AONeasedn anduius:&h8 in
ejection/refill cycle may be accelerated, thereby
the ddrPy F§ORGheapded i bt iimgeontaen wilte tHequbzble
1 ejection head constitutes the |ine head, the
aifelefrrpeF' refegt geperatied dpy pbhe rheatdny mdemeatsmiy bee
p I |y the _sane,, Accordingly, variation in
e ORI oY oPeciBa P TaE et dife FBSt BApSIal UFESEhbRgEay of the
lided he raduceguid tgecroq_gée sibpressi ng unevenness of ink
density in printing. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fi gn dmbsdateraxpladatheparispeat byecvioyw ad ddAUind 1iquid

_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



ej ection head according to a first enbodi nent, which
is nmounted in a liquid ejection apparatus of the
present invention; Fig. 2Ais a plan view of a head
chip of a known type; Fig. 2Bis a plan view of a
head chip of the first enbodinent; Fig. 2Cis a
detailed view of the circled portion in Fig. 2B, Fig.
3A is a cross-sectional view of the known head,
showi ng the state of heat dissipation; Fig. 3Bis a
cross-sectional view of the ¥2ead of the first

enbodi nent, showi ng the state of heat dissipation;
Figs. 4A and 4B are plan views of four lines of the

tdmgzrahips frofreas2Ql OFuktRErR62E;, thd3erdk '
plan view of a head chip accordihg to r‘% %%?éd% ink

ejeptodinpenbe iRbgeashB dng dhudetrdl ket cVieW.of; )t 1@Q$ég g@
circled in Fig. 5A; Fig. 6 is a plan view o a
AN LRSS d ity TedYarep hi ringnbighnepee dfprt e ipres ent
invention; Fig. 7 sunnarlzes t he speC|f|cat|ons of the

kno%é}ﬁac%e a8 u&geeﬁe 1on n\?gﬁt? etslr_tl:ll.-légsgtﬁl% Jd_ne head,

according to the pr
thiehef@id & MBWsS hop By a Iﬁﬁ%ﬁecgiﬁé FERUELON 1510 head may be
approximately the 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 head‘ gccording 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;



of effective circuits in the known head chip and the
“head chips of Exanples 1 and 2; Fig. 9 is a
phot ograph of the known head; Fig. 10 is a phot ograph
of the head according to an exanple of the present
invention; Fig. 11 is a photograph showi ng the states
of the nozzle sheet and the vicinities of the
openi ngs of the bonding term nals during nmeasurenent
of tenperatures; Fig. 12 shows tables. containing
measured tenperatures; FE g3 13 is a graph of the
nmeasured tenperatures in Fig. 12; Fig. 14Ais a
schemati c drawi ng of the known head; Fig. 14B is an
equival est <l reuyjt._of .a head; Fi 4Cis a sinplified
equiiﬂ%gl e%jti lc&li racﬁlttano%lgwhggd‘?1 h‘f’—‘iaq%.c B e r?iéggeto a
seeBAbabAbLBgi R eNENtS of the 14 - equivalent circuit;
Fig. 16 is a photom crograph of a head using no ink;
Fi grid7 35 i perdepect bievieeWopftHhednawn biguidy in
ej ection head; Fig. 18 is a cross-sectional view of
FigheS5known head, showi ng the structure of a flow path;
Fig.. 19 is a cross-sectional view of the known head,
shg%%g % st & PlakeriéeVeat 3 hepshahdredcicerdiheate ry

th%kgngﬁﬁodiﬁgg¥eg¥ éﬂé %Qgsgggpinvention;

(f} 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




Fig. 20 is an enl arged phot om 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
chip shown in Fig. 18, show ng the state where bubbl es
are generated; Fig. 22 is an enl arged phot ograph of
the known head, showing a state in which bubbles are
generated in the head imediately after an ink drop
is ejected; Fig. 23 is an enl arged phot ograph of  a
part of the known head whene-| arge bubbles are
generated due to lack of ink supply; and Fig. 24 is
an enl arged photograph of a line head, showing a

eqd!@éf%dﬂ'%if%ﬁ&g?d due to lack of ink supply to the
reservol rs caused by the generation of bubbles.

[E)E$0@§|. PTONs O Jﬂf@ﬁ:cﬁtﬁ&ﬁ%@%ﬂzml Nggg%éﬁ‘lg no 'iPIK;

nbodi nents according to the present 1 nventi‘on w
nowighe 1desdsr & heskdpediafel Mikg 08 the REGAITERYIIRY
drawi ngs. First Enbodinment Fig. .1 is an exploded

e]qydrigpedeiade view of a liquid ejection head or head 10
according to a first enbodi nent of the present
in@éﬁtiég.lﬁh% FHewmP EFats ong lb# igsunf ethd knpwn| hgadd

ej.ection apparatus of th resent invention. Fig. 1
Shocolrnrgest%gngggils%ﬁﬁ.Oéf‘ K3 e head of a known

ty@g . f@thgugrhfaégy%gc%i%ggstvgéwngfzgﬁélf% %% Za&s
bondéd to a. . d
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 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



barrier layer 13 in the actual head 10., the nozzle
sheet 17 is separated fromthe barrier layer 13 in

Fig. 1. A head chip 10a includes a sem conductor
substrate 11 having heating elenents 12 thereon and a -
barrier |layer 13 disposed on the sem conductor
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-heaad-chip 10a of the first
enbodinent. Fig. 2Cis a detailed view of the circled
portion in Firg. 2B. In Figs. 2A, 2B, and 2C, the
NOZZIrHdighe i LA I n Fig. .

i ncl udes ex%gué§Cbﬁ%?§% ?%ggéﬁgggsgpﬁgg?%gﬁﬁhégfyéﬁtﬁ@w
bes@sb COMBMT g rewbstiayerd len@nkdipaRgahy NGy & £95NL S

12 of the first enbodi ment have the Sane structures

as those of the sem conductor substrate 11 16 and the

.heating elenments 12 of a known type shown in Fig. 17.
Fipshaiphediment s di sposed on the sem conduct or

suﬁ;tra e,11 of the fjrst enbodi nent. Reservoirs 13a
and ¥ndivi-guaP ?}f%‘%d%iataff‘sr%&tawe WeeW el abyitmdd

. |.er T. reservoirs 13a,are disposed on
EJ(?(%E.{CSI‘? hela%ly.%gf ﬂléad 5)@ acc rcilnl% stolf. %AEEBr%%%t%eqthé)f

e respective heating el'erne

| th&6gek S ihRedlk 18nKNOW. ty DGy ltohgigcggrlgét oet,lmqyeeJ M a

accounts for nost of the top sur 0 _

li@ﬁi’d coetiion apphsh tas eod leiexX gaRlsehbei AR O, Whekg 1
t he

corresponds 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



reservoirs 3a, the individual flow paths 3d, and a
connecting el ectrode regi on (not shown) are disposed.
That is, the reservoirs 3a and the individual flow
pat hs 3d account for only about | ess than 10% of the
top surface of the sem conductor substrate 11 in the
head chip la of a known type. By contrast, according
to the head chip 10a of the first enbodi nent, the
barrier layer 13 has a portion having a conb-shape
(conb- shaped portion). Theilweservoirs 13a and the

i ndi vidual flow paths 3d are disposed in the spaces
defined by the conb-shaped portion. An area connected

anHOtht - Ok bi S | 1 quid storage .

chanbgse%b% i%r}%’?(%glit%g&g g?eé\tkrﬁ%%%rypoef sglﬁwl?gm@ Fag. 17-

A bBheseceolmns di3gose@nBactnd h%M&ﬂcﬁfeéoa:y gub%%rragggi]f

nozzl e sheet 17 when the barrier layer 13 1s bon

- oft he hel iz b oshieentl?. R8saceoind |13 QnePiwmSid381 fiow

have the sane height, the heights of all 17 - the. :
pathgelIdiate tefimed biehechdrrikhe lkgieghtls .of Thie

col ums éc are the sane as the height of the
reﬁ%ﬁﬁqﬁﬁ%é'&'ﬁ&@tF&EPBEPPnP%gtﬁ¢m¥QﬁEﬁ§ﬁ¢@ErbeaI$agand
e1lf&nihdiyidual flow paths 13d. Each colum 13c is

.substantially rectangular in plan view, for exanple,

i oeerRing Oeg e Mot i 1% UENS Bveh LAe o or
batayer 1BYcras bheeanwal £8r 0od&r the top surface of the
semiconductor substrate 11 exXcept 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



sem conductor substrate 11. These walls are disposed

in the three sides of the sem conductor substrate 11

except the side where the conb-shaped portion is

di sposed. A connecting-electrode region 19 is

di sposed on one of the walls. The liquid storage

chanber 13b is enclosed by the walls and the

conmb- shaped portion of the barrier layer 13. The-

liquid storage chanber 13b has openings on the side

close to a comon flow path7se as to communicate with

the comon flow path. The common fl ow path of the

first enbodinent is identical to the common fl ow path
th@dr&fedRE rhaad ghepihanpfc known type and supplies

liquid to the reservoirs 13a. The openings in the

| i guedheigrageot handesol vkl ane di-8PPREUsihe the hight

front side in Fig. 1 and at the bottom edges of the
heiwdd cthithel @ambnrskaged 2B riSidic eleffi@ i ngPeRkNgSs@F ®oirs

connected to the comon flow path, the liquid storage
13 mavbéhe13pdizidopheéled rathshd 3deseErchr sol@an 13c is

t hrough.the common fl ow path and the individual flow
.suﬁé%ﬁﬁfigli

¥ TeTsanIRbierit Myato VERY, BT examekts hol es
; t hroyg he zzl e_sheet 17 and are_ di sposed
neg §&PE§SZPeE&uﬁdE? %%ich %i%?lﬁpaﬁiaggtS?%g%edﬁﬁﬁE@Pd in
anfﬂﬁ&ﬂa§gghgﬁgsgg.agyvgi@ aust holes 17a are
illustrated in Fig. 2B e exhaust holes 17a are
di sheskesrtpadt Bafd0MI bRy sr @5eEN0Y 551 I 38n angk t he

i ndi vi dual flow paths 13d.

gemiconductor 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



As described above, the conb-shaped portion of the

barrier layer 13 defines the reservoirs 13a and the

i ndi vidual flow paths 13d. The reservoirs 13a are

di sposed between the heating elenments 12 and the

respective nozzles 18. The individual flow paths 13d

communi cate with the reservoirs 13a and supply liquid

to the reservoirs 13a. The |iquid storage chanber 13b

for storing liquid is disposed on the area of the

surface of the sem conduct d8 substrate 11 except the

regions including the reservoirs 13a and the

i ndi vidual flow paths 13d. The |iquid storage chanber
1343b is defined by part of the barrier layer 13. The

liquid storage chanmber 13b communi cates with the

r eserfieciningl 3a. Fligk SBppexieshdt MB1ed O.7a BBskNKntSNh

first flows into the comon flow path and then passes
the hpougle tHeathdilviatgakref Hosppaedisin Ithe arkhl bnéBe which

eservoirs 13a. Concurrently, 1ink fromthe common

r
the | hiAHe 17 ORagss hREPEF qlfl 5% lisrosachanBéve18khaust

| cat | with the co n flowpath to fill the
nof QTR s AddYnrdnbeR 1307000 2y O] sPMESEnbe boREL7a
ar®fai elhy 0 e Qggper i.,s filled wth
arii?%gﬂ%hse%&ew%ggdﬁmggﬁhi %Egeﬁ?%rs Jtrr1se]]1%|t‘%lql‘i‘in&l §b3r age

inghaidesl ¥lw alathknithe |iquid storage chanber 13b is
di scharged outsi de through the exhaust holes 17a.

- Ac@er dergkjbed habbveuitthes tcardge hapaabesr i i fnll ed
Wi th ink, containing no air.
barrier layer 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.



When the liquid storage chamber 13b is filled with
ink, 1ink cones in contact with the exits of the
exhaust holes 17a, 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 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

i nfluenced by the pressure mpplied to ink. However,
according to the first enbodi nent, since the areas of
the exhaust holes 17a are smaller than those of the

nozgl sy 18, +Hdk 4988 20L, ¢ gaK t rot 'hqu:ﬁ?f s%(?g%g{%gr e,

hol es 17a when pressure i'S appfi _
cheyeert heughs epvl TN NBS Qfr 1 h%nE%éﬁ?Q%' pwhél,ga G angers
such as during transport, the exhaus ol es a 0
theotl inegdi s eosppeictantaie 108, aap DR theaiffhdd RALhyof
the nozzles 18. \Wen the head 10 is operated, that Ts,
chppkesuppPi bel dischamgadesateddesthBaudls e e:@3u@% holes
droplets, jnk fromthe comon flow path passes ‘
T8y o‘h‘@ﬂof%nﬂ?% Vitfu it Fugwspar age 2ehaniSe tI@H iils| £ heed
: oi 13a.. At this tinme, hardly any ink noves in
“l?ﬁzfﬁgau%éFEﬁ%ﬁ%¥ "¢h&nfer 13b. The botton1su¥face o;
t heyHZ 17, nded .t o e,top,.surfaces o
thgvcolﬁﬁﬁsigggadl%Ebiﬁggﬁgu?ﬁﬁﬁi&%gsﬁﬁrg@if%ﬂdﬁﬁg¥lnkr
ink3bBomss | ih @Gt Witth the QQKEQ%ﬁL{ﬂea%gch%Lst holes 17a,

that is, the surface of the nozzle sheet 17. If the exhaust

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 nozzl e 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 transnitted to the
nozzl e 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 thermal conductivity, the barrier

| ayer 3 does not well tramgm.t the heat generated by
the heating elenents 12. Accordingly, heat generated
by the heating el enents 12 is not sufficiently

y ti e
1o 55 EPLE Sl BReISoaRE0 de T WL 1i Peamotrhany any
inRERbvAENG! a&fed ﬂx{(&llaes'r!e@&?@gcr? tSl2 1S

transmtted to ink in the Fiquid storage chamber 13b.

Si Mm@ bloftk oinn stib€aké qof Ot isd HAGA C harher 133Ds i soddid to
contact with the bottom surface of the nozzl e sheet

thd 7orhesnir fpareer atfedhey cohenndiebid Ng Blienentchel?idsid
readily transmtted to the nozzle sheet 17 through
Ste¥ROS rﬂ%lqnﬂpetrh@h d8i dnseontae: chdithdhel Bottom surface of

heat be d ted fromthe top
hELES St InaToPBE CHERIPORE Lo ERoHeRe 1o v
Suﬁa:c?‘e%soq}ﬁ%}{en Y umnkNgshead chip 10a. In this context,

I qui d st orage ge ‘éhanber 13b can al so be referred

tOA@e%oﬂd'i‘ﬁ?t tSt Ph@08edd WH1G hay e/ ghﬁﬁ@%ﬁ t}ﬂf e L hem

condenser layer/chanber. The heat capacit
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 etorage 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 nozzle
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 drawi ngs, the heating el enents
12 are disposed on the Lekt sides of the

sem conductor substrates 11. The nozzle sheets 17

i ncl udi ng nozzles 18 are disposed above the

m c uct substrates 11. In Fig. 3A and 3B, the
th%e%??% qEW ﬁts 12 and the nozzles 18 are not

'|HH§%%ﬁtegon§%Cg;dt%g %gﬁ%h g&%ﬁgnFﬁigbkngﬂﬂ) an

heat generate

aldd ansTidiad-dhreugh a fl@QtQQtofal?&é 4ding 2R ILER: @%&,é‘r

the reservoir 3a and an area dispose

or Stiterngf] tdwricehearabayer f Headieser Vaine Bdat JBbsci|isoN
is designated by XX in Fig. 3A By contrast,

theydreadligignt d0ehefhehd flrof ddiwodinesit eebednﬁemﬁt heat
generated by the heating elements 12 is transmtted to

Acqqﬁglqﬂ%ﬁﬂ éssfbet anyurhrotigheatotdisipagicagionincreased

c n a 22 above the reservoir 3a and an
naﬁ@%%aﬁﬁ&%& g2 hEPE kMRS REuLSy ofhEhgr baadibevie (ife
r§§S¥V ' a, which corresponds to the region
s eS|§éﬁ%§fby XX in Fig. 3A, but also through the

Fig. 3A is a cross-sectional view of the head 1,
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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liquid storage chanber 13b. The region transmtting
the heat to the nozzle sheet 17 in the head 10 is
designated by YY in Fig. 3B. Mre specifically,
according to the first enbodinment, 1ink having a |arge
specific heat capacity is disposed between the head
chip 10a including the heating el ements 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_barrier layer 13 can
transmt heat to the nozzle sheet 17. Therefore, heat
is imediately transmitted to the nozzle sheet 17,

and t.he heat radi tes fromthe nozzle sheet 17 to

above I WP IHE OREad 2 16PATRR W I Shiesed o7 BB tpft side
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di ssi pated. Furt e head 10 may inc Ude a

ligkid adtidupgef chambbeadsphi pshd OagifRr texabRl eeiddeiead
10 is used as a color printer head including the head

hegthits thea nokeler ebpett 1 Vel diler headr 18sia désnbgheaad by
for a line printer including a plurality of the head
YYcﬁ?ﬁ§4ﬂO§Bd|sposed along the common flow path. In

t t the head 10 js preferably
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between the head chip 10a including the 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 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 the 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



constant at all tinmes. Wen the head chips 10a are
used in the line head, an anount of ejected .

i nk-drops, nanely, the amount how much 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 11 in the head chips 10a
conposed of, e.g., silicon has excellent therma
conductivity, all the headschips 10a have
substantially the same tenperature. |f the .
sem conductor substrate 11 cannot effectlvely radi at e

inB98bnd Bl eals Alb HovEner, BY Shal 092 o
S o he Y, bs ially . the, sanme
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tenperature. Si'nce inK con

cobosrgeatt hambeatisek3b for all the head chips 10a

provides | arge thermal capacity and a | arge area for
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10a increase gradual ly, thereby suppressing increase
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this suppresses bubbling of ink in the head chips
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semiconductor substrate 11 in the head chips 10a 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 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



gaps between hatching |ines have hi gher tenperatures.
The nozzle sheet 17 in Fig. 4A has | ow therma
conductivity, whereas the nozzle sheet 17 in Fig. 4B
has high 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 nozzle sheet 17 in Fig. 4B, heat fromthe heating
head chips 10a is transmtted over the nozzl e sheet
17 and thus the tenperaturgs of all the head chips
10a are substantially the sane, that is, the
operational conditions of all the head chips 10a are
u apiially t ane. The head 10 and the liquid
loé‘j gg%l %ltrl]&g%pgr g{]“‘%é’%%lﬁ‘grudiqﬁs EFE@ AP 15venghsaelier
abBKbetwh&h (o{o [} he.first. enbodi nent have
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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



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 snmall 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 nment
has a tolerance to a tenpergfure increase. (3)
According to the first enbodi nent: of the present

i nvention, since a chance for nucleate boiling to

r e left side surface of the head chip 10a
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is used as a line head including lines of the head
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he%ﬁn%hlPrﬂQ4naqhﬁa@pfmatAgueidtﬁmpqmauuné affi @he hBad@lhéhip
ampunt _of _ ejected ink due to a tenperature. change
10§ REVENE 9 2k SMemis OBy B ResEst ciank bge meftiged nand

i nt | s,suppressed... Second Enbodi nent Fig. 5A is
e e S G e RE =y 510D RCedi nghes L8, steoriwad

chﬁﬁbpﬁﬁrﬁﬁutﬂén%iggg'eéﬁoh§méngeﬁ§glae%oﬁggghgg £Qea
temperature increase.

(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



26 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 elenents 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 centeng af the adjacent heating
el ements 12 (nozzles 18) in the direction orthogona
to the direction along which the heating el enments 12

ape di Accardingly, .1 he di stance between the
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e{ection can be stabilized. This technique has
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xam_ned . Pat ent l'ication Publication No.
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I ndi vi dual flomppaths 13d 5fgﬁp %§p§§§88%§¥3§%%‘ e
eloemiserld qyers1&3 08) bok hersd d8s Pk ibleorthogonal 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



heating elenents 12 in the direction orthogonal to the
27 direction along which the heating elenents 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
liquid storage chanber 13b communicate with the |iquid
storage chanmber 13b. According to the second

enbodi nent, al though the individual flow paths 13d
directly connect the reservgirs 13a to the |liquid

st orage chanber 13b, ink does substantially not flow
in the liquid storage chanber 13b except in the

13 Thi rd Enbodi t Fig
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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 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
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hi gh efficiency. Al though not illustrated in Fig. 6,
the 28 structures of the reservoirs 13a and the
l'iquid storage chamber 13b according to the third
enbodi ment nmay be any of those described in the above
enbodi nents. Exanples 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
chi ps 10b of the second enbygdinent, shown in Fig. 5,
were fabricated for conparison. The head 1 of a known
type and the heads 10 ofhEXﬁnpges 1 ananFrgd gge ,
CLEI i t ead ,shown i n , . .
St%iag.guéggh%%sgﬁe&%ﬁé%ﬁ iscg??oﬁ%d o&? %‘lgdsfogﬁ@et he
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orthogonal to the direction along which the nozzles 18
were arranged. The gap between the centers of the
adj acent nozzles 18 was half the pitch of the nozzles
Exﬁ%éf?ﬁg. 8 shows a space distribution of circuits in
the, _head chip ha and the head chips 10b. In the head
chigaTBEesaggoF d to.h t he sanme hei ght
r S s to_haye S _
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chanber 13b was forned so as to haveée
chips 10b of the second embodiment, shown in Fig. 5, were

- fabricated 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
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. 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

Pt ek diyisats ont Welli uew doetdssagdbed.



the same height as the sumof the heights of the power
- 29 transistor and a logic circuit. The head chip la
of a known type and the head chips 10b of Exanples 1
and 2 each have a w dth of 15,400 pmand a | ength of
1,540 gm According to the head chip la, only a
region on the heating elenents 12, i.e., the
reservoirs 3a were filled with ink. That is, the
range with a height of 220 pmwas filled with ink in
the head chip la. AccordtnZp t-o Exanple 1, a region on
the heating elenments 12 and the |iquid storage
chanber 13b having a I ength corresponding to that of
triahgipever andlr ANBdtOre e ¢f i | ' i That- is, a
range with a Ien%%h of 63(1): m E[‘ggom%%ng+é% 1p%1‘r)%fv\gsknown
typel bed whéhhéadk dhipEXOWIE Exaheeos di Nghd @ @%%'Hjlhgv@' a
.a region on the heating elenents 12 and the |iqui
wigthr a§eléhafdelm k815l Faiemgta oF ehgh4D qatr espeRddngyt €o
the sumof the lengths of the power transistor and
thepBepdgrRiri Fauitnhierde Badilcadoni the idatifmtelementa 12,

.- rang i a length of 1,14Q_gm (220 pm + 410 pm + 510
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head chip la. In the head chip la and the head chip
hayppy a heersity icorrieapend3nanto tttetban ithe bayer 13

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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were bonded to the nozzle sheets 17 over a large
contact area in the vicinity of the nozzles 18 such
that the barrier - 30 layer 3 and the barrier |ayer
13 were not separated fromthe nozzle sheets 17 by
pressure applied for ink ejection. Thus, the areas of
the nozzle sheets 17 in contact with ink in the
vicinity of the nozzles 18 were relatively small in
both the head chip la and the head chip 10b.
Consequently, the area ih *heé nozzle sheet 17 in
contact with ink in the head chip 10b was
substantially four or five tines that of the head
lagteirp 3| andTohe orparien dmyeral @r eetraci®asedatratba beasl the
and the head 10, the follow ng nethod can be
nozFRPoyBESt Tht? Headragsivyrel arahdedhecthdak ehieptioh. arBhus,
gperated for, the sane period_of time (the same nunber
th?faﬁF?ﬁtogh%Qﬁ)?oﬁéif,Shﬁﬁtssﬁ@efg FnteFtsiiEhpipkrin ghe
pELAE L erial, i.e. nonochro dot
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headsagre providedgﬁﬁﬁhbﬁégﬁggﬁs ?g¥E%%§§§?%XQ ?ﬁ% area
int ehpenatu¥essiafett he int ebhesst theftedhk ThetBE Oh&ad chi
first of all, bubbling was conpared in the head 1 an
10bhuapesbdimntialdlysdove thefie erinerss tahtt b hradssad
trapsparent nozzle sheets 17 conposed of a polyneric
ChiBi&?tal (pol yi mide) having a thickness of 25 mwere

oid% expe EQEQ£Sﬁ i nst ead of nozzl e sheets forned
wi th iCCRES b§ perature increase in the head 1 and the

head 10, the following 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




electroformng. 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 31 heads 1 and 10 (print head
bl ocks) were taken out imediately after printing,
and phot ographs of the heads 1 and 10 using nmagenta
ink were taken from below (fromthe recordi ng nmedi um
side). Referring to Fig. 9, bubbles were generated
al ong the head chip Ia but no bubbl e devel oped on the
dummy chip D di sposed opposi* & fromthe head chip |a.
Normal |y, these bubbles are relatively stabilized and
thus will di sappear when tenperatures around the
headshlleendddr énsént Hmeel érlookist hwehe helash buaf a known
. typg, sonme of the bubbles were united wth other
1“5‘%%6161@ LyeREEAY SR Ettiaa | arer Phpfegraphs iaf tthekheads 1
%t QOU£S fO{ all the bubbles to disappear. X
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was, however, apparent at bubbl es were no

théiQumavgeuiphmod@ﬁpdsbdseppnhaustffﬁmi%he héadf ermpthe,
follow ng reasons. Wien a | ot of bubbles are
gemERadY t Reesrhbuldtlewlase Elatdaelef seabilMelad and
threduci bbles As can be understood fromFig. 9,
Rr WAl yIt FRPRS 3 YBEDN: hEmBRbREeEeT afgamd them bubbles

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

the bubbles were 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




smal | bubbl e that has just devel oped and a | arge
bubbl e that has been united wi th anot her bubbl e.
Considering this, it is unlikely that all bubbles
wer e di scharged through the exhaust holes 17a
i medi ately after they devel oped. This - 32 concl udes
that no bubble was generated in the head 10 shown in
Fig. 10. These results confirnmed that the tenperature
i ncrease can be effectivel§ suppressed in the therma
liquid ejection head (hea 2cﬁip) of the present
i nvention. As described above, it is difficult to
accur at el neasure the tenperatures of the interiors
CO&FlﬁﬁéShEé@t CH? fuibblg wnd wOherThed hisadhehhpad| R0 asitbwn

. 1gb MEﬁﬁ, however, provided with the
*hconflect P ng- BReRt rsdditegrensimed ethpt, the temperature

: odes)... The. el ectrodes were connected to outside
e s ePh DR G SH gk Chenshorgal 1iguia
e3BendhA r i e.di t connected . to the head
jchips ?%?%fdﬁh%%g§h$§g ?gnéggé%%?%%ﬂbﬁnfﬁ8t§?%rnities
of Adeidzondibeg abeva) Ned Si WRFE ALY kML ;4 At Nss, of
the interiors of the head chips |la and 10a.
negperef gre, tanperegnpes adfir eise aofntda orsubfaers wdad hips
bonding term nals were neasured. Fig. 11 is a
1a pd ojg‘%éph Thsohiead ahipat ta gfnd HOmoeezke hehesdr,17 and
enj ngs of the bonding termnals

' he,vicinities of o
PrOVEIed, Hklh (PR ERETB LI NG G RRiroRauregLonpelS (.., 14

R o TRk aero Bl g seeeerTg o Fagr i e
cop TGty ehreligh 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




the bonding term nals of the head chip |la were the
sane as those of the head chip 10b. Cross-shaped
mar ki ngs designated by a, b, ¢, d, and e were points
where tenperatures were neasured. Fig. 12 shows the
tenperatures neasured by the - 33 aforenentioned
met hod. Fig. 13 is a graph of the neasured
tenperatures in Fig. 12. The tenperatures of the
surfaces of the bonding termnals in tw sets of
opposi ng head chips |a andhead chips 10a were
nmeasured at the points a, b, ¢, and d nmarked with
long circles and the nmean val ues were cal cul ated. The
afemrendtionedohethed surfiace 10 ikhe BeZgheor ShRCnehiyas
nmeasured at the point e in Fig. 11. Fig. 13 includes
teRprRatowsst on Fhe. t Bhperfteutespetathee s usif ates sokrathe

qondi termnals, Referring to Figs. 12 and 13, the
°{)et#§erﬁ§flﬁ}ﬁ%§ beriealss Gy 4oios Setst pE Gieprtlimy hesdi nhiss

14 n. the head chip 10a were |ower than those in the
1%1%&3 g‘ﬁ*ﬁ‘% FRLES Jaf%aod%er@cm(eéé}lﬁed-a%ﬁlb% poimtgsp, b, e,

arfdC QO hdi-RAL Vi 4 ri.al o] in. the hea chip |la
has a tgﬁ%efﬁ%%réPéﬁagﬁﬁﬁ%ﬁgthgﬁtgﬂ%é¥§¥hﬁgg8FstH€re
cadan@apeiint The thenhead el BrlPRe Wilirpe &t LRASLo/Ge
| ower than 100C. Since bubbles are generated at 100C
shiggbblL7 ngas gleasherdieat cheppddetise irowerg.t han thay, of3
.. the head chip la. Furthernore, the tenperature of the
inglpagg ee@attipnandes theshempenFtires e frbad sohEpcddaot

was al st the sane as that in
the Bondi%%‘terminals.

Referring_to Figs. 12 and 13, 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 head chip la. Next, cooling effects of the head 1
and the head 10 were conpared using equivalent
circuits. The states of the heads can be represented
by sinple electric circuits by replacing the heating
element 12 with. a power supply, the thermal
resistance (thermal conductivity) with electrical 34
resi stance, thermal capacitance for each conponent
with a -capacitor, and the tenperature of a point of
interest with a voltage.” I3 an equivalent circuit in
Fig. 14B, points Pl1-P4 have hi gher thernal
conductivity than other parts in the conponents to
ragiscangei ntise Bia PAdyelcdngncEn €62 €MD Aeitichenhawi A9 o
points P1-P4 have the sane tenperatures as those of
CHRESPELET vRNPOTIR stambepaturkabfi 8, p@iointef RbtPdesanwben a
véy%gsgderfd as e ukpotential points in the equival ent
citreurt . nl\f[‘)?ee‘ilb’e@r]ﬁnéalclly@uat pbi ftigel 448, apoihbs P1-P4
r f heat | elepents 12, and the
ha?%n%%ﬁg?ﬁr%ﬁ 1566 néin tﬂiglgﬁeggetﬁ hNGTeRdirh§ in the
coRPBhEXt T8t &l 5 | bqti oi P2 is at the
Oglgrface of the%gg%iog%ﬁgu%tlﬁ%%lsﬁggte% SEn GRS
hawony epodgreisU IFEG-P4A hpRieNthB3s dife aterl2f a3WhEbaC8s0EnL L8 o
nozzl e sheet 17 and can be neasured since the nozzle

respeetivy noindedded®d, Atpoints Phdintat rubessurhase of

the chapnel plate 22 and can be neasured since the
CORRLATETD AsaeEwipotentizporetntHowe e, eghévpbenmt rdust.

nnecessary.i.n a sinplified equivalent circuit in

Mo ?g?pﬁﬁﬁfa%%%lgh & pPpi E P1 is at the surface of the
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 point 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
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described in detail below Considering a transient
state where the overall tenperature of the head is
not stabilized, thernmal capacity needs to be taken
into consideration and thus the equivalent <circuit
beconmes conpl ex, as shown in Fig. 14B. However, a
state where the head is operated | ong enough and thus
‘the tenperature of the head is stabilized can be
represented by 35 a sinplified equivalent circuit, as
shown in Fig. 14C. Fig. 7155 5 a table show ng grounds
that errors are negligible in the sinplified
equi valent circuit in Fig. 14C. Using the observed
a mampeéi died esyshedrentn cEirguifi? @ndshdwne igi mpLi.fied. Fig.
equi valent circuit shown in Fig. 14C, the cooling
15%ef-Pett kalke (Fhowiswd groandst heahend ok® wereneghpatisl: in

onl ! ers differ between the heads 1 and 10 were
thﬁzsxﬁﬁﬁiégsifﬁ%Pg?&PéF ROT G R St dhd4Read 1 were

re i ' and R3' i.n the head 10._The

_terél.&p%‘lr}1 t JI:Ih\g ggsgﬁgegpg?wﬁe’ﬁf"’\ﬁ&§ PR at Rt %t 1¥58edin
thB Ok hmpeatie S I8 va 1e50NSE A ; £ %Jﬂ%%a;iﬂtr ﬁié}’?slli qui,ed

for ink ejection. The. tenperature o e”poi nt’ was

co@RinL dfifeetaupifethtohéhe 1 SREDRKIBELABY 0 PFEEE WdDared.
round off in the equation for the head 1 in Fig. 13)

Only pawanedadsldddfengbopesat ithie. hthds 1eaper Bl WdraoR?
%he point P2 was 57.7C in the head 10 during ‘
ang it at il refRESt eRpernd ke off thkebpaiint PSrevasrdlset

wi%éé%‘zg \ﬁg;rrc‘iekge bt b, headsy e teaperatures 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




nmeasur ed ‘at anbi ent tenperature of 25C. The ratio
R1/(R2 + R3) was calculated from Equati on 1. Equation
1 Rl/(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 sane.
Therefore, in the head 10, was 36 the sane as that
of the known head. The tenpétature change at the
poi nt P2 was caused by the change in R2 and RS.
Therefore, as described above, R2 and R3 in Equation 1
t%ﬁﬁ%?mﬁ'éﬁléeéa ﬂfch¢E$HQWﬂjhﬁgd i NTHEgueenirr a2 ufrer chhrge
ratio RI/(R2'+ R3') was cal culated from

<
% et rp8ﬁn’z' 2 EfRat T RY (R #hanyg in (R¥Bend R3.

el 657 5 i 3/ 32 2 anh R E 1_and
AT orfBh o SR ol (L 0

dectal ke E n /
gk o 00 3 Sy 0 19 o o F

TheozzltéosREE(RAT+ ' h}.%sheadchlé{\@é;d thiens #RaRohNAL  Of
the head 10. The ratios R2Z/R3 and R2'/R3'" were

Equatdarated byLl{ hR2YolRDMI my (3BEQUatSDIT Y/ (Sand Eqaajien
2 AT S T (5 ey (saa o) ey
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 RZ/R3 and R2'/R3' were calculated by the following
Equation 4 and Equation 5:
Eguation 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.




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) R /(I + 4.07)R3 = 0.86. Fromthis, the
ratio R3'/R3 was cal culated by the follow ng Equation
6: Equation 6 R3'/R3 = 0.99 Simlarly, by.
substituting R3 = R2/4.07 from Equation 4 and R3' =
R2'/3.42 from Equation 5 into Equation 3, the ratio
R2'/R2 was cal cul ated by t foll owi ng Equation 7:

Equation 7 R2'/R2 = 0.83.” “The results of Equations
6 and 7 confirnmed that the head 1 and the head 10
equal | y dissipated heat fromthe nozzle sheet 17, but

Thengespitei eAchaear iqren $riandndatonbitims rdztl ¢heshesd 1

ank’ LN bhe hf@d 10 was inproved by about 17% as
néjm%%r g2tlo’? RIYRHY fispieatedobent thom ddiconotile ed

| ith 1 HNky.j ‘ .10 had an area several tjnes
Sh}@laeﬁtgép’t'ﬁ%ﬁ ﬁ%t&?%‘dctlﬁémh’ega ?Fan?%t iteiténkfetgozzle

shiele@nsm t L h zl: s, Loproved
only by abgﬁ% %ﬁ%%Im?hﬁ%énéspggg%%ﬁigﬁ'oyttgzgf%%t
cotnpatredhes tik neasi quppl i ed, hardly any ink noved in
the 1liquid storage chanber 13b, whereas a fairly
| arffeeraridpwghothei nkghow efii iled e theahk ngn etiesrenri=s 12
i.n_ the heads 1 and 10. Fig. 16 is a photom crograph
hadran aeeq| SpMerginéimar, largsd Mdangrtbakdsft biase hdwed 1,
tnbeOpPgraure q%gthe sutfaﬁe of the heating elenent 12
Was T1%ed To S50 hePadb vk dliferrAghessheet 17 was

_improvedvonly by about 17%. This may be caused by the fact

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.




I - 38 - WHAT IS CLAIMED IS: 1. A liquid ejection head
conprising:- a substrate; at |east one head chip
including a plurality of heating elenents on a
surface of the substrate; a nozzle |layer having
nozzl es di sposed above the respective heating

el ements; a barrier |ayer disposed between the head
chip and the nozzle |ayer; reservoirs disposed
between thé heating elenents and the nozzles, the
reservoirs being defined byspart of the barrier

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

wiAie TcesehYRkpSrgand a liquid storage chanber disposed
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

par 1. of Atheqinid réjesctiayiehealiN@ompi g8 gy St or age chanber
conmuni cating with the common flow path and the

resery@pesratdve |iquid storage chanber storing |iquid
such that part of the nozzle layer is in contact with

the®Fi AT WferErd Fbapi Hockrdtny 4 plappllied 6D Hedwting

e18fiht B0on°L e ORIES:d O I 4B RuRRLES on the heating

a nozzle laye; 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
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




the generated bubbles expel liquid in the reservoirs
to be - 39 - ejected through the nozzles. 2. The
liquid ejection head according to Claim1l, wherein
the nozzle | ayer conprises a single netal unit. 3.
The liquid ejection head according to Claim1, wherein
at | east one head chip conprises a plurality of the
head chi ps such that the Liguid ejection head
constitutes a |line head, wherein the head chips are
di sposed along the comon flow path so as to direct

e9ReRkAgthRIudhenkesgtyplds toward the conmon flow
pat h, the nozzle |layer 1s conposed of a single netal

unit, and the nozzles are arranged in the nozzle

| ayer so as to reside above the respective heating

el erent $henligeihegacthbpshedd adwrhiiayi €h 11864 N

head according to Claim1l, 2 or 3, wherein the
wheselly dies neavle tawerheampngses emeritrgylantetdRvienit .

openi ngs on the side connected to the conmon fl ow

path, and the |iquid storage chanber conmuni cates

with th 0 . o f th_at edges of the Liquid
st o[gélge@%r:1 arber c?rﬁaj%gg%floﬁa?? FHEALE0r B8t ALt he
weead: € hitp. T, [ O jectl . d. accordi.ng t
i any one tgfletgﬁg &E‘? e}tl:ééaé% %éﬁja %th’g?lgﬁéraeipﬁ%rﬁgltg Og the
heaagb ethi@isr SUBAVELOPEHAAS o ot Q%ecﬁigﬁ HeH %gggiEganga
e, an

common flow path and on the opposite -40- g
Linge heagui dhsreimgene hendechapd hhe ¢pERRd hO¥Wng 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




path are separated by the reservoirs. 6. The liquid
ej ection head according to any one of the preceding
cl ai ms, wherein at |east one exhaust hol e passes
through a region in the nozzle |ayer under which the
liquid storage chanber is disposed and the exhaust
hol e communi cates with the |iquid storage chanber. 7.
The liquid ejection head according to any one of the
precedi ng cl ai ns, wherei n-a®0l east one exhaust hol e
sses _.through a reglon in the nozzle | ayer under

sH
Fehatfhetg qllﬁ%flldsts PHEgES cehamimr aeddiBeosethort [ ow
a ¢Q nicating with the liquid storage
pg%ﬁn%§é Sr]rﬁfa ﬁgnggat?ﬁ tMEIFRRASst  hol e on a surface
of the nozzle | ayer fromwhich liquidis ejected is
smal l er than an area of each nozzle on said surface

of the mozzheqhayesiedioh hkgyi it appar at us
conprising a I|qU|&Kaeféct|on hg%éﬁéﬁ}ﬂ ?§I§B§ gne of the

prabediat eladins| ewnberene dreadaghi pnkNeInlidid R 1e passes
glurallt of heating elenents on a surface of tﬁ

B & é‘ €94 °Ro#2| Bh¢ ayerzIvaiaygrnoadéesidicepased 1iquid
elenents; 41 a barrier

QPa resp ective heatin
?aye 6%§5d Be?%ﬁ%ﬂ§?%éﬂﬁg§@ecRFBaEﬁH hdvee nozzle
cbﬁﬁﬁﬂlcdf%%e§¥9hr§hg'ffﬁﬁ%%j Qoraggncﬁggg heat|ng

el enents

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;




the nozzles, the reservoirs being defined by part of
the barrier layer; a comon flow path conmuni cati ng
with the reservoirs, the conmon flow path supplying
liquid to the reservoirs; and a liquid 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
bei ng defined by part of the barrier layer, the
l'iqui d storage chanber. conggunicating with the common
flow path and the reservoirs, the liquid storage '
chanber storing liquid such that part of the nozzle
| aygrLs, i f.-C t,,wth the liquid, wherein heating
ene?g?é?gigip?¥%%pf%ﬁ#)Seﬁeg?FﬂﬁgneWQﬁnhﬁﬁg £5igened atlee
ndu#ikl esyer;the heating el ements, and the generated
bubbl es expel liquid in the reservoirs to be ejected
t hr oeggr tdter NeFApRS ed- bdBueddh HehEG D
LI QUI D EJECTI ON EggARATUS AB%I%%CT OF%%‘%&%%%
the ppgeiesej tiet i vrrdwad risnokidinge aind@ast fane Beaghe
chip including a plurality of heating elenents on a
ba§6%ﬁ50ia3?ré substrate, a nozzle sheet having nozzles
di%pqg) Qn he rggpective,heating_elenents, a
barti or 1Ay ér i SFE8eHOMBER ifAH. o & iftdaghe hrps eirb itrivo

+BO0Z ervoits. disposed between the heating
el eﬁ%ﬁ?éh@ﬁ%’ t%a:t%ng\ﬁ?ey% %effqu’tcﬂézor &L8r FBFPEY DI Tig and

defd redpdiy pablag &Héhﬁ@?fdfﬁbdégﬁ?%n 4t 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 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 generate bubbles on the heating elements, and

the generated bubbles expel liquid in the reservoirs to be

ejected through the nozzles.
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common flow path comruni cating with 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 and comunicating wwth the common fl ow
path and the reservoirs, the |iquid storage chamber
storing |iquid such that paft of the nozzle sheet is

in contact with the liquid. Fig. 1
LIQUID EJECTION HEAD AND LIQUID EJECTION APPARATUS

ABSTRACT OF THE DISCLOSURE

A liquid ejection head including at least one head chip
including a plurality of heating elements on a surface of a
substrate, a nozzle sheet having nozzles disposed on the
respective heating elements, a barrier layer disposed
between the head chip and the nozzle sheet, reservoirs
disposed between the heating elements and the nozzle sheet,
the reservoirs being defined by part of the barrier layer, a
common flow path communicating with 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 and communicating with
the common flow path and the reservoirs, the liquid storage
chamber storing liquid such that part of the nozzle sheet is

in contact with the liquid.

‘Fig. 1




