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Abstract

With recent advances in inkjet technologyany efforts are
being madeto achieve prih quality comparabléo a silver
halide phtograph. Technology for stableejection d fine

3) Higher stability of droplet ejection
4) Larger numbeof nozzles at low cost

MicroFine Droplet Technology

droplets is essential for this purpose. A novel dropletTo solve these rpblems, we mposeda new droplet

ejection system for the buldjet, completely diffeent from
a conventionalsystem and suitablfor ejecting stableifie
droplets, will be presented here. We have nathechew
system“MicroFine Droplet Technolody The new system
advancements are :

1) Higher droplet ejection efficiency

2) Uniform droplet volume

Thes are the key requirements to produce photo-
quality images usingfine droplets. In additionto the
ejection system, a totally new manufacturing predbést
realizes the new bubble jet systewil be presentedThis
manufactuing processis able to podue highly precise
nozzles at lower cost drmeet the deland for producirg a
high density multi-nozze bubbke jet head We applied
MicroFine Droplet Technology and new amufacturing
process to aunew bubble jet printhead @ BJC-8500,
introduced last March at the Seybold seminar.

The new printhea has 1536 nozzles and BJC-8500
prints A3+ sized printouts in photographic qualiyice as
fast as a conventionaikjet printer.

Introduction

The possibility of producing silve halide photograph
quality prirtouts using an inkjet prter has beenknown for
a long time. But until recently, #usag of an inkjet printer
has been limited to printing doments simple graphs and
tables.

One reason for the limited usagvas the computer
systems poor ability to handle digital datfor such high

quality printouts i.e. the CPU processing speed, memory"

size, applications, and inputedce (scanne). Recent
innovationhaschange the circumstances: CPU clock speed
of over 300Mhz high capacitylow cost memories and
rapid popularizationfodigital cameras.

Anothe reason was the difficulty ofinkjet head
(nozzle) development capablé loigh quality output The
requirements necessary were:

1) Smaller doplets volune (below 10pl)

2) Highe requirement agast banding

ejection system for bubble jet lad** Small droplets are
generally obtainedy reducing the orifice area. Buhis
resultsin unstable droplet ejection through ejection rgge
loss due to viscous resistance neaetbrifice. The change in
droplet volune due tothe changeforesistane in the nozzle
by ink temperatue was anothe problem. The amaint of
dropleg volume change is not important in printing
documents, tables, and simplers butit become<rucial
in printing high quality output like photographs. Bhheat
pulse width was controlledto reduce the droplet volume
changebut this alone was not endufpr our purpose.

Conventional system MicroFine Droplet Technology
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igure 1 The dfference between convéral and new doplet
ejection system

Figure 1 shows our medroplet ejecting systenin a
conventional dbplet ejection system, shovon the left in
Figure 1, the heater brings the ink start to boil, gas r&pid
pressurizes the summding ink, and the ink comes outof
orifice (bc). Next pressure inside ¢hbubble decreaseas
the bubble gows rapidly,and the negatiwe pressure pullthe
ink backinto the nozzle.Then, tke ink outsice the nozzle
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breaks ugnto droplets (d. The droplet volure dependson
the break-up timing, initial bubble pressure, resistantheof
nozzle, and othrfactors.

Theright half of Figure 1 shows an exaple d the new
droplet ejection systemThe mechnism for tke droplet
formation is quite diffeant from that of a conventional

system. Initially, the ink starts to move outward by gas

pressure, therbefore the bubble starts to shrinke timk
moves outfrom the orifice and the bubbke communicates
with the ambience df. Because there @rno negative
pressure bubbles, pulling backtheink does not occuand
the ink outside the orifeeform droplets. In this case, the
droplet volume is equab the volumeof the ink pushed
outwad at the momentof boiling. In other wads, all of the
ink from the orifice to approximately the cenbf the heater
becomeghe doplet. The doplet vdume dpends only on
the geometrical size ofhe nozzle and noton bubble
pressue or ink viscosity. That rekes the doplet volume
highly uniform.

Higher ejection emrgy efficiency is also obtaineddue
to no deceadration of ejection by a shrinkinbubble. This
high efficiercy stabilizes ejection.
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Figure 2 Bubble intemal pressure ad bubble vdume

Figure 2 shows thehang of the bubbk pressue and
the bibble voume owr time. Boiling kegins at t0 and
immediately the pressure reashie pesk. The pressure

differentid of the growth rate turns toegative (dv/dt’<0).
In this exampledv/dt>0 at tb, sdoubbk shrinkage doesnot
occur.

This is the main diffeence of MicroFine Droplet
Technobgy.

New Manufacturing Process

Let's examine the dimensions of the nozzle desi
MicroFine Droplet Technology. Fo a doplet vdume of
10pl, tre orifice-heater (OH) distarcwould be 2%um if the
orifice area $ 400um’® (225um in diameter). The OH
distan@ in a conventional system is abo®® to 16Qum,
thusthe OH distance in the new system isryweshort. In
addition, asthe droplet volura is detemined ly nozzle
dimensions, a high precision nozzk required Nozzle
densitymust be hih and the mumber of nozzles must be
large in order to produce inage by very small dots. So, we
hawe studied new manufacturing necesses to meet these
demands.

In conventionamanufacturing, film or the mdded part,
both with a laser abladeorifice, or the orifice plate nade by
an electroformirg proces is mated with a silicon substrate
having a heater and electredon it Thes processe are
similar in that the nozzlegnt is mated withthe substratelt
is difficult to handle 8um thin nozzle film, especially when
it has a large area. Adhesion of the nozzle film with
substrag is anothe problem; thickadhesive leads ta non-
uniform OH distance andn the othehand, thinadhesive
leads to defective adhesion.

Our new manufactimg process is presedtbelow. We
have applid semicomuctar manufacturing processig to
the inkjet nozzle mnufaduring process. First, the nozzle
material is coated on a silicon substrgtatterned using
photomaskthencured The nozzle is finished byepeating
the process.

Figure 3 Shows aross section of the bulsbjet head
around the nozzle madusing the n& manufacturing
processFigure 3a) showsthe head at mid-process, just after
the nozzle material is coated. Following figure),3the
nozzk materialis photo pattered, anink inlet is madeand
the remainingmaterial is flushed awayFigure 3b) shows
the final state of thprocess. This process is advanced in its:

1. Large allowancen nozzle thickness - Bghangng the
coating condition nozzle thickness can be fige
selected, which means that the drop vaucan be
freely selected.

declines as the bubble gws, reachingthe atmosp&ric 2. High nozzle dinension accuracy By controlling the
pressue attl. The growth rate & the bubke dv/dt re@hes coating paameters, it is possible tachievethe uniform
approximate maximum at this point and second order nozze layer thckness throughout the substrate. By
differential of the growth rat equak zero (dv/dt=0). eliminatingthe adhesion process, the layer thickness is
Thouwgh the bubble conthues to gow by irertia, the growth equd to the nozzke thickness. The orifices are also
rate decreases byethegative pressure inside the bubdie preciselymace becuse of the semiconductor patterg
becomes negativin a conventionatirop ejectian system; process.
Finally the bubble starts to shrink. . Large nozzk area - It is easy to create a large surface
In our new droplet ejection system, the bubble  with many nozzles.

communicates the ambience at tbeafthe second order
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High alignment precision - Alignment betweethe
heater, nozzland the orifice is high due to the high
accuracy of the semiconductmask aliger.

High resolution - Suitable &r high density (over
600dpi) nozzle.

a)
orifice
b) nozzle
material
/ \\ substate
heater .
ink inlet

Figure 3 Bubble jet head cross seadh around thenozzle

Figure 4 Microscopic viewof newnozzles

¢ MicroFine Droplet Tecnology

o Conventional System
15
1.3

11
09 -

Drop volume ratio

0.7
0.5

10 20 30 40 50
Temperature (C)

Figure 5. Drop vdume rato of MicroFine Droplettedinology ad
Convenipnal system
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Results

Figure 4 Shows the mrioscopic top view Dthe nozzle
mace using the new manufactung process. The OH
distance is 28m andthe orificearea is 3Dum’.

Figure 5 Shows #adrop vdume vs ink temperature
characteristics of the nozzl&he drop volume vs ink
temperature dwacteristics of a conventional system are also
shown. Tl droplet chang rate & MicroFine Droplet
Technobgy is 0.2%7C which is about /A that of a
conventional nozzle0.9%/C .

Figure 6 Shows tk relation betweernthe dop volume
and nozzt dimensionsThe drop volume is almostjualto
the volune of the ink between th orifice and the heater (So
X OH).

From these results, it is concluded tha nev system
has a very uform droplet volune against temperature
changeand the droplet volume almost equals tiee volume
of the ink fom the orifice to the heater proving that
MicroFine Droplet Technology is useful.

Figure 7. BJC8500
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We had then érelopal an 600dpi-256n0zzk bubble References
jet-head aplying MicroFine DropletTechnoloy and new
manufactuing process. Téanew printhed is incorporated 1. K. Nakajima et alJapanese hid-Open Patent Application
in our new BJC-8500 Printer. @abining this heal and six- No. 010940/1992
color ink (Black, Cyan, Magenta, Yellow, light Cyanight 2.  A. Asai, United Sates Ratent No. 218376/1993
Magenta), the BJC-8B(roduces phatquality printoutsof 3. M. Mitani, A Thermal Ink-Jet Device withe Featureof

A3+ size with high thoughput. Temperature Indepelert Droplet Volumg Proc. Japan
Using MicroFine Droplet Technology, evare now Hardcopy* 96,pg.(1996)

developinga neav nozzle which en produe even smaller

droplets We believe that it will be possible to produce Biography

completely grinless printouts in #anear future.
Mineo Kaneko receiwthis B.S. and M.S.degean Physics
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Subsequently @ joined Caon and has bee working on
The stabk ejection & fine droplets is realized using developrent of bubble jet head.
MicroFine Droplet Technology Phdo quality printouts Hiroto Matsuda received his B.E. in Electro-Chemistry
from an inkjet printer is also realized. In additiofie  from Yokohana National University, Yokoama, Japan. He
production of a high density multi-noedbubble jet head is had joinel Canon n 1980 and has been working on
realized using a new manufacturingocess basel on  developnent of bubble jet head.
semiconducto processing,which features high accuracy,
large allowance fonozze numter and doplet vdume.
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