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Abstract * To supply ik at the tipof an electrodewithout
using electrostatic force
The authors developed printing head withmultiple * To make the electric field maximum at the ink
ink ejecting apertures bas®n novel ink-jettechnology, emitting position
which was reporiat the last NIP# conferenceA 4-inch Considerigy the above, the authors designed the

Wlde printing head was made with thiS. head structl,!re. Thl%)nntmg head Comprising a contr@lectrode and an ink-
ink-jet technology uses electrostatic force damnk  guide In this paper the authors wil present a detailed

containing charged colorants dispetse a highy resistive  description of the printing head structure.
solvent.

The developed printing hea comprises a control New Printing Head Structure
substrat and an ink-guide. Tdcontrol substrate consists of
a printed circuit board, and hasapertures and control .
electrodes arranged around each aperture. iflk-guide ~ Experiment
has a tapered shawith a narrow sti in the tip, like a Figure 1 shows the schematic of the developed printing
fountain pen, amis positionel inside tre aperture. Teink ~ hea structure. The printing head comprised a control
is carried from the aperture to an ink dr@pmn“ng substra¢ and a'link'guide. The controsubstrate was made
position by capillary action. The printing head structure©f & printed circuit board, and had apertures and control
makes it possiklto stabiliz ink ejection and printimages ~ €lectrodes arranged around le@perture. The diametef
at high speed. the aperture wa800 pm. The ink-guide was maglof a 75
The 4-inch wide head has 384 ink ejegtmpertures MM thick polyimide sheet cut by an excimer lasere iFtk-
which are arrangedybloo dp| and ca print 6 pagesper guidehad a tapered Shaerth a narrow sliin the tlp like a
minute with a 4” x 6” image with 800 dpi resolution. fountan pen, and was positioned inside the aperture. The
The authors present a detailed description of theénk was carried fronthe aperture tan ink droplé emitting
printing head structure, the printing characteristics of thePositionby capillary actionThe width ofthe ink-guide was
heal structure, printed samples, daspecifications of the 4- 160 um ard the heightfrom the aperture wadetween 300

inch wide head, in this paper. and 600um. The spacing of the ink-guide was 0.508 mm.
The irk contained chargkcolorants disperskin a highly
Introduction resistive solvent, anthe resistivityof the inkranged front
x 10e8 to 1 x 10e@-cm.
The authors proposed a novel ink-jet technglegth The authors trid four types 6 ink-guide to investigate

electrostatic force for high definition ink-jet printing and the stabilityof the ink ejectionand tte printing speedas

presented the featured this technolog at the lastNIP14  shown in figue 2. TypeA and B wee the basic shapand

conferencd. In tha conference presentationetpossibility  the top angle was 50 degrees fgpe A and 90 degrees for

of high definition printig was investigated $ using a  type B. Type C hada flat portion on the tip 40 pm wide,

printing head with a singlejecting nozzle. For thnext  and the top angle was 90 degrees. Type D had a narrow slit

step, the developmenf a head devie with multiple ink- in the tip, 40um wide.

ejecting apertures was required. Moreover the width ofthe slit andthe height of the
The authors concludethat the followig functions  ink-guide were changed timvestigate the sizefrinted

were important, teeject inkfrom the multiple ink ejecting  dots and the margin of the gap length between the printing

apertures, based on the experiment with a single nozzle. head and recording material, for the ink-guide with the slit.
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Figure 3 shows the schematic of the experimentaVb) to the paper. The signal voltage (Vs) was supplied
setup. The recording material (paper) was put on thalirectly to the control electrode according to the
rotating drum with an insulating sheet between. Theinformation to be recorded. The positively charged ink
rotating drum was attached to the X-stage which movediroplets were emitted towards the paper by the electrostatic
vertically in the rotation direction. The X-stage moved oneforce between the electrode and the paper when the signal
resolution step in one rotation of the drum, and the image/oltage was added to the bias voltage.

was recorded on the paper two-dimensionally.
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Figure 4. Principle of ink ejecting

Figure 1. Schematic of the developed printing head Results

Table 1 shows the ink-ejection characteristics for
different ink-guide configurations. Type D, an ink-guide

with a narrow slit, was superior in stability and recording

speed, and the other three types did not differ greatly. For

type C, there was no effect of the flat portion at the tip. The
(A) (B) (9] (D) meniscus was not limited to the flat portion, and spread to

the slope of the ink-guide. In type D, the meniscus was
restricted to inside the slit. In type A, it was difficult to
control the ink ejection by the signal voltage, the ink
Precharger droplet being ejected by only the bias voltage. Thus, the
characteristics of the dot on demand were quite bad. The
authors calculated the electric field at the tip portion of the
ink-guide. There was little difference in the four types of
ink-guide. The characteristics of the ink ejection were
mainly based on the differences in the fluid condition.

Figure 2. Configuration of four kinds of ink-guide

Table 1. Ink ejection characteristics for different ink-
guide configurations

A B C D
Stability poor poor poor good
Printing Speed 1.5kHz| 1.5kHz 1.5kHz 5kHZ
Dot On Demand bad good

Figure 3. Schematic of the experimental setup

Next, the dependence of the dot size on the slit width of

the type D ink-guide was investigated. Figure 5 shows the

Figure 4 shows the principle of the ink ejection. The relationship between the pulse width of the signal voltage
precharger was the source for applying the bias voltagend the dot size. The recording frequency was 1kHz. The
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604um slit width ink-guide was suitable for multilevel
printing, because th dot si2 could ke controlled over a

Copyright 1999, IS& T

circles and squares in figure 6 mean the lower limit and
uppe limit, respectively, b the gap lendt to eject ink in

wide range by the pulse width of the signal voltage. On theresponse to the signal voltage.

other hand, th 20um slit width ink-guide was suitabklfor
binaly printing, sin@ the dot sie did notchange with the

pulse width.
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Figure 5. Relationship between diameter of printed dots and the
pulse width of signal voltage
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Figure 6. The stable printing region when changing the ink-guide
height and the gap between the tip of the ink-guide and the
printing material

The ink ejectin is affectel by the gap length between
the printing headand the printingmaterial in tke ink-jet
systen using electrostatic forgebecause the gap length
changes the electric field.

Figure 6 shows tk stable printing condition when
changing the height of the ink-guide and the dength

When the heightof the ink-guide wastoo short, the
printed dot became too big because the meniscusdsfrea
the slope of the ink-guide. The range for the stable printing
condition became narrower as the ink-guide became longer,
becaus the ink ejecting positionwas fa away from the
control electrode. Background noisecurred when thgap
was shorter than abou#00 um, becaus the ink droplet
could ke ejected g only the bias voltage The optimum
heightwas around 3Dum and for gpa length was 50Qum,
as in figure 6.

Printing Samples
Figure 7 showsthe printed sampleof a Japanese

character pattern anthicrostructure letters. Ehpattern
resolution was 1600 x 1460 dpi. The size of each Japanese
character in a,,kand ¢ wa$.5, 1.0 ad 2.0 mm squareand
each character pattern was formgd32 x 32 dots, 64 64

dots and 18 x 128 dots,respectively. In th experiment,

the recording frequency was 2.0 kHz, the bias veliags

1.2 kV, the signal voltage was 500 V, and the signal pulse
width was 40Qusec. The dots were measured at 25 pr0
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Figure 7. Printed sample of a Japanese character pattern and
microstructure letters

Figure 8 is the magnification of the 0.5mmsquare
printed letter. We can see that even such alshaplnese
characte pattern of 0.5 mm square was printed clearly on
the paper.

The authors printed microstrucéletters, each letteof
which was formed by 5 x 7 dots with a size of ab@uit
mm square. The magnified microstructure letters are shown

between recording material and the tip of the ink-guide. Then figure 9.
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Table 2. Specifications of the Prototype Printer

Number of Nozzles 192 x 2 rows
Resolution 800dpi
Recording frequency 4kHz

Printing 6ppm(4” x 6”)

Figure 8. Japanese character of 0.5mm x 0.5 mm size

Figure 11. Prototype of a new printing head

Conclusion

The authors developed printing head withmultiple
ink-ejecting apertures based on novel ink-jet technology.
The developed printing heacomprised a control substrate
and an ink-guide with a narrow slit.

. . o This printing head structarmade it possible t@ject
4-inch Wide Printing Head ink drops stably and to print images at high speed.
The authors believthat this printig head structurhas

A 4-inch wick printing head wasleveloped based on  the potential to develop into a practical line heastering
the head structure described in this paper. Figure 10 showgye fy|| width of the paper.

the control substra with the two rows of apertures with
0.508-mm spacing.

Figure 9.Microstructure letters of 0.1mm size with 5 x 7 dots

In future work, the authors intend to investigate the
uniformity of printed dots and higher definition printing.
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192 ink-guides. The ink-ejecting aperture density was 100
dpi, soan 800-dpimage wasecorded i rotating the drum

8 times. Figure 11 shows printing head which ha384
ink-ejecting apertures with an aperture density of 100 dpi.
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