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Abstract

The TonerJét print technology is invented and
developed by Arrayprinters AB inSweden. Duringhe last
years, the TonerJet print process have takesome big
steps forward in color printing.

A focus on toner development #ite TonerJét Center
in Yokohama, Japan, halseen fruitful. The speed and
performance ofthe print process have improvedvhen
implementing achemical toner. The sphericathaped
particles enables higher denségd edgesharpness at higher
print speed(10-20ppm). This is a result of thiacreased
release properties at higher toner charge.

TonerJet is a directprint processhat easilyachieves
extremely good and stable color registration at lowW gigyre 1. Tonerdét printer with four printheads, CMYK, using a
manufacturing cost. The dot registration can be controlled by transfer belt as print media.

a feedback loop that measures the print media position. ,
Pulse width modulation enables true gray sealeting How doesthe TonerJétprint head adrestoner to the

down to few particles per dot. This in combination with the?int media? The toner particles (negativeharged) are
dot deflectioncontrol technology gives high image print attracted to the printnedia byelectrostatic forcesreated by
quality. a potentialdifferencebetween aoner supplysleeveand a

TonerJet is now the print technology that combinesbaCk, electrode. The 'back electroqle is located behiadrint
color printing at a higtspeed, googrint qualityand a low Mediaand has a higher potential than the toner supply
manufacturing cost. sleeve. The potentiadifference creates an E-fieldthat

transfers the toner particles from the toner sleeve to the print
media. TheFPC (Flexible Printed Circuit) is mounted in
Introduction this E-field. The FPC has an array of small apertures.

toner container

TonerJet is alirect print process wherethe image is
formed directly on to the prinhediae.g. paper orbelt. The
print mediapasses at single padsur print heads, one for
each color, mounted in fix positiongachprint headcovers
the full width of the print media.

- toner sleeve

The adressability isisually 600dpi and the printhead Control Electrode Voltage || ||
prints dots in a prinsequencehat is repeted ircorrelation int -
with the print mediamovement. This gives #&orizontal *rm —|"' baper or belt
adressability (parallell to the priead)that depends on the “»me %‘
print head,and avertical adressablitghat depends on the I—I no print = +1000 V
print mediamovementand the interwall betweenthe print

sequences. The print media is paper or an intermediate image

transfer belt. Figure 1 shows a printaodelwith four print Figure 2. The control electrode in the Flexible Printed Circuit,
heads,one for each color, using atransferbelt as print FPC, controls the toner transfer through the aperture.
media.
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The tonercan pass through thesaperturesand form  dotpositions, theaperture lay-out in the FPC will be
dots on the printmedia. Theaperturesare surrounded, or 600/3=200 api(apertures perinch). A reduced api is
partly surrounded, by control electrodes and the taesfer advantagous for a number of reasons:
to the printmedia isthen controlled bythe potential of the 1. A print zone with fewer aperture rowsas toner
control electrodes. It igshus the controklectrodepotential  supply advantages.
that decides if the toner particle will remain on the sleeve or 2. Less apertures requires fewer IC:s.
pass through the aperture and form a dot. Figure 3 shows the 3. The FPC is easier to manufacture
array ofcontrol electrodes irthe FPC, andfigure 2 shows DDC also enables the software to control the horizontal
how the controlelectrodepotential is pulsed to aprint  dot resolution.

voltage that allows toner transport to the print media.
Spacer Technology

The most criticadistance inTonerJet is the distance
betweenthe toner sleevand the control electrode in the
FPC. The E-field near the sleeserfacedecides ifthe toner
will remain on the sleeve or pass through the apeitere,
the E-field in this area delsthe amount of toner thatill
release fronthe toner sleevand brm a dotand thus the
optic density of the printed dots. It is therefore important to
keep the distance between the conélettrode andhe toner
sleeve constant tavoid inadvertanbptic density variations
in the print samples.

Figure 3. Top view of the FPC and its two rows of apertures. A solution tokeepthe distanceconstant is to apply a
Control electrodes surround each aperture. layer ofinsulation material with aertainthickness to the
control electrode toform a spacer. The toner layer is then
put in contact with thesurfaceandthe distance isthus kept
Dot Deflection Control constant. The surface of the insulated materiaoated with
a special material preventing weaharge upand toner

The array of apertures ithe FPC forms dots. Due to  filming.
the dot deflectioncontrol (DDC) technologfy one aperture Before imp|ementing the spacer techn0|ogy, one
canadressmore than one horizontal (parallell to the printproblem in TonerJ&has been thdemandfor high accuracy
head) dot position. Twdeflection electrodepartly surround  toner sleeves. If the toner sleeagis was notcentered, it
the apertureand create arassymetry in theE-field. The gave anoptical densitybanding inthe print sample. Since
trajectory of the toner particles is then easy controlled by thgnplementing thespacertechnology, this opticabanding
appliedvoltagediﬁerencebetweer‘r[he two DDC electrodes, prob|em has d'm)peared and idlso allows the use of less

see figure 4: accurate sleeves, thus lowering manufacturing cost.
An example of aspacer isthe “trench” type spacer
R 'rr Lzt e where the downstream trench enaldestact, withouttoner
inadvertantlybeing leaking through the apertuisee figure

- |
: ! 5.
Right Electrode

Toner I Side view of
Trajectory: an aperture with toner sleeve——J»>
| a downstream trenchiese= =

paper or belt Potential difference between

# Right and Left Electrode spacer material
+1000 V deflects the toner trajectory
Topview of
some apertures
with trench

Figure 4. Dot Deflection Control (DDC) increases the dot
adressability.

The advantagewith the DDC printhead is that the
number ofapertures isess than the number @idressable
horizontal dOt pOSitiOI’]S. For example, |f we pl‘int W|th 600 Figure 5. One examp|e of a spacer |ay out.
dpi dot resolution, and each aperture adresses three horizontal
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Toner Release and Print Performance

The tonertransfer fromtoner sleeve tgrint media has
to be fast and uniform to obtain 10-20 ppm outppkeed. If
the tonerreleasesasily from the sleeve, the torgairticles
will start to acceleratealmost directly and obtain a high
speed when passing through tiggertureand further towards
the print media. With good release properties, all the
adjacent toner particlesill releasesimultaneously from the
sleevesurfaceand the jet of toner particlesvill be kept
together. This gives a short jet of toner whitbgether
with higher tonercharge, isneededvhen printing at10-20
ppm, see figure 6.

Good Release, Poor Release,
Short jet of toner Long jet of toner

! toner sleeve ! ! toner sleeve !

®
S R S

% FPC ) FPC
®
®
= Back Elecrode  ~ Back Electrode

Figure 6. The release properties decide the shape of the toner jet.

When using a toner with pooeleaseproperties, the jet
of toner particles tend to spread out between slead@rint
media, resulting in speed limitations for DDC.

Array has established a laboratory in Yokohama, Japan

to optimize the toner properties for TonePJetThe speed
and performance otthe print process have improvedhen

implementing achemical toner. The chemical toner has

spherical particlewith smooth shapeand avery uniform
chargedistribution on the toner particlurface.The image
force towardghe sleeve is thefore reducedand this gives
betterreleaseproperties than conventionatushedtoner at
higher chargeFigure 7 shows a picture of sonclemical
toner particles.

Figure 7. Chemical toner.
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The chemical process also enablesnarrow size
distribution of the toner, which isgood for uniform
acceleration of the toner particleaadthus a short tonget.
This chemical toner hamcreasedhe speed performance of
TonerJet up to 90 mm/s when printing at DDC withddts
per aperture. The dot sharpneswl dot uniformity is very
good. Figure 8 shows some dqtsinted with chemical
toner. Twocircles is added in the figure tmeasurehe dot
size. The diameters of the circles arqu@®and 10Qum.
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Figure 8. Dots printed with chemical toner. The two circles have
diameters of 8Qum and 10Qum.

Grey Levels

Grey levels arecreated bycontrolling the amount of
toner in each dot. One dot is made in a psgfquencewhere

the controlelectrode ispulsed to aprint voltageduring a

short time, the pulse-width, see figure 9.

Control Electrode Potential

A ) pulse width )
I 1

print

time

no print

Figure 9. A print pulse and its pulse-width.

The software controls the pulse width feschdot. A
short pulse-width releases few particles from the telemve
andgives a lightgrey dot. Along pulse-width releases all
toner from the toner sleeve above the aperamdgives a
solid black dot. The softwarean therefore creatue grey
scale printing down to a few particles per dot.
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Registration

The print heads arein fixed positiors and the print
media is the ony moving pat that need registration
control. The print media position can give direct feeckliac
the timing of the prirt sequencesnabling extremgl good
and stable registration at very low cost.

Cleaning

When charginghe tone particles in a tone system, a
small amouh of particles will get an opposie charg than
expected. The&swrong polariy toner particle will follow
the jet d tone through the apertue ard some & them will
end up on the FPC after the print sequence, see figure 10.

! toner sleeve !

$ﬁ\Wrong Polarity Toner, WP[T

WPT gives inadvertant
deflection of the toner jet
and must therefore be
cleaned from the FPC

Figure 10. Wrong polarity toner on the FPC surface necessitates .

a cleaning cycle.

If the FPC has charged tangarticles in the vicinity of
the aperture, these particles will interfere with the Eifeet
defled the toner trajectories. The tonendhe FPC must
thereforebe removedin a cleanirg sequence. Wime using
non magnet toner, the tonerparticles can baffected by
electrc ard mechanical forcesBecauseof the lov charge
level of the particle on the FPC, itis difficult to useonly
electric forcesto clean the FPC. A slight air flow has
proven to be a good complement when remown the
particles from the FPC.

Commercial usage

The market for lev cog color printers thaprint faster
than D ppm is huge TonerJet is a technology thiacen
meet this market demand.

During the lag 12 months tone developmentard
spacer technology has vastly improved piint performance
and speedof TonerJet. Afour color engineerig model,
called Chroma EM was showedat CeBit in March -98.
This engineering modeprints in four colors at a process
speed of 65 mm/s at 600 dpi, which enalaie outpu speed
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of about 20A4 page per minute if printed in landscape
position Becaus Chroma B is an A4 printe ard has an
unoptimized cleaning cycle, ¢rcurrent output is D pages
per minute. Tk DDC adressethree dotpositiors eat print
sequence and color registratietB0 um. Figue 11 shows
a picture of the Chroma EM engineering model.

Figure 11. The Chroma EM engineering model showed at CeBit -
98.

TonerJet has during the las 12 months taken some
big steps forwardni color printing andit has nowreached a
prototype stage.
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