CHAPTER 2

THEORETICAL BACKGROUND AND LITERATURE REVIEWS

2.1 Theoretical Background ’
2.1.1 Digital Prmtmg§ ’#‘(z’

Digital printing or Computer-io-Print dep! _ dlg:tal front-end system that
can scan originals, creating texie / “‘\\\g nedia. The printing process,
griginals, and printing, can be done
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uses spotg (or dots) for replication. Ink, toner, inkjet or any dye- or pigment-based

transfer system may be used.

Digital printing also refers to the use of a re-imagable carrier or no image carrier
for the transfer of toner or inkjet ink to paper. Inkjet is a direct-to-paper technology with
no intermediate image carrier. Toner-based reproduction requires a drum or belt to

create the toned image and then transfer it to paper. In essence, the drum acts as an



image carrier. The toner-based image carrier must create a new image for every
reproduction and is thus re-imagable. Short-run printing, which is the domain of
conventional printing presses, is undergoing significant change with the emergence of

digital presses based on electrophotographic technology.

Personalization and short runs are the important advantages of digital printing.

Other advantages are print on-demand

utilized in variable printing and: nex %cause they save cost and time

and just-in-time printing. Digital printing is

Toner-based sy act that they use a dry plastic

powder called toner, whigh i tq the or ”\ \

=
used in 1938 when Chester F. Q Jad ven ‘ n electrostatic process that

The first forms of toners were
reproduced words on a page i ‘,.f"..'.'., inute od xerography (also well known as
electrophotography). Smce then, great'i of toner-based printing system has

been accomplished. “=. — —

According to th@)rocess‘ of reproductio |mage,m\ere are five main types of

toner printing systems. Theys.can all be camputer driven and they use optical or

electrica techn.ﬂuﬂe’l%&l JAed b AHfch her may be atiracted.

These are e|ectrophotography ion gdeposition, electrostatic, magpetographic and
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research vaork involves electrophotographic and electrostatic aspects.

2.1.3 Electrophotography

Electrophotography, the technical name for photocopy and laser printing, is a

technology that uses electricity to reproduce images. The process of



electrophotographic printing relies on six basic steps, which includes charging,
exposing, developing, transferring, fusing and cleaning. The process of

electrophotography is shown in Figure 2-1 and described in following items (a-f).
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YIn the charging step, a uniform electrostatic charge is applied to the
photoconducting layer on the printing drum through the use of wire or grid bias to high

voltage.

b) In the exposing step, light is projected onto the photoconducting layer in the

non-image area. The photoconducting layer is sensitive to light which causes the charge



in non-image area is neutralized when the light touches. This step produces a “latent

electrostatic image” in the shape of the original image on the drum.

c) In developing step, the latent image is covered in some form of toner (either
dry or liquid). The toner must have the opposite charge to the non-exposed area in order

to adhere to the latent image.

d) In the transferring step, aper is inserted into the machine. The

charge on the drum is revers r par’(icles to repel away from the

drum and onto the paper | ———

e) In the fusmg/

pressure. Liquid toners

to the paper with heat or

f) In the clea ve excess toner, and then

exposed to light to remov

“Astay Printers AB in Sweden

invented this technologﬂ 1986. Tone a direct prirﬂvrocess where the image is

formed directly onto the prf\tlhedla e. apel.ér belt. The configuration of the Toner jet
print head is sh(ﬁfu ﬂ QZmdﬁgu&Lq{m iharged ) are repelled
from a toner sleeve to the print media by electrostatic forces created by a potential
d.ﬁerenc’élom’l SN Elod Bl b dtel g hE L Fafblhing the prin
media. The flexible print circuit board or FPC with arrays of microscopically fine holes as
shown in Figure 2-3 is located between a toner sleeve and a back electrode. Each hole
of FPC is surrounded by a ring electrode that is connected to a printer controller via a
high voltage driver. If the electrostatic field created by the toner sleeve and the back
electrode is strong enough to shoot the toner particles through the holes and onto the

paper, then the toner image is formed. This can be prevented by changing the



electronic potential on the ring electrodes surrounding the holes of FPC. Thus, with a
standby potential, no toner passes onto the paper and no dot reproduction on the print

media.

Then, the document is fused in the same manner as in laser printers; heat and

pressure cause the toner to bond to the paper. Meanwhile, the FPC is cleaned and the

.

next page is ready to be printed.1'6
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Figure 2-3 Flexible printed circuit board (FPC) with rows of apertures and ring

d

electrodes



Toner jet, which relies on the mono-component toner, thereby, accomplishes in
three steps, whereas the laser technology needs six steps to do the same job. Toner jet

thus processes a competitive advantage in this respect.

2.1.5 Toner Cloud Beam (TCB)

In 1999, Hoshino and Hirayama’ new dot formation method for the
toner-based digital printing 7 &eam (TCB). This method has an

advantage that the

olified compared with the
electrophotography an that it relies on conducting

toner while Toner jet reli 1eory for the dot reproduction

Figure 2-4 is setup. The system Col f two closely spaced conducting parallel
..-f": "l:'}'r':‘fl’; -

particles are depositedg the top e bottom @ctrode. Next the dc voltage

is applied to the electrodes. Fhe voltage is ramped from zero to a maximum voltage at a

constant rate. ﬂ&&dﬁ},ﬂ Bhel Becitilafelcrb b gunen the etectrostatic

force of detachment exceeds the forces of adhesiop.between the togers and substrate,
the ton@%a aﬁfﬂ\ﬁmeuls&%%w E;’p:;] ﬂc&lde and these
cause an ﬂwrease of current between the two parallel plates. After reaching the upper
electrode, the initial induced charge is neutralized and the particles acquire electrostatic
charge of the opposite polarity, and then move toward the lower plate. These fallen
particles are charged again and repeat same behavior until the applied voltage is
stopped or they move out of the system. According to Hosino and his co-workers, the

total current can be written as follows:
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1=lg +1 (2.1)

whereas IC is the current through the parallel plate capacitor given by:

I =G — (2.2)

lt is the current generated by th n the two parallel plates.
-j
e ——
When one of the toner.¢ S beqgins ing from the lower electrode to the

upper electrode, the followi

(2.3)

where I—fe is the electric fogee F_is the gravitational force.

Alternatively, the electric fo iInduced toner charge and E is

the electric field.

The adhesion ferce and the substrate, l_fa, has two

components that are =:l;-.»’.'- ostatic im: ,,r"' r Waals force.
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Figure 2-4 Schematic diagram of the experimental setup for the toner jumping
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When the electric force overcomes sum of the adhesion force and gravitational
force, the toner particles jump from the lower electrode to the upper electrode and
cause an increasing in total current as shown in Figure 2-5. The voltage value at which

the toner jumping occurs is called the threshold voltage, Vth o

Current (x10° A)
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Figure 2-5 Determination of t f{f- d vol or toner jumping across the parallel
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start to mdve up and down between the electrodes and these causes an increase in the

measured current. The current waveform versus the ramp voltage applied between two
electrodes is shown in the Figure 2-6 (a). Obviously, the current waveform drops down

rapidly as a result of a moving out of toner particles.

To confine toner cloud, Hoshino and his co-worker replaced the flat lower

electrode by the electrode that is dented to a thin lens shape as shown in Figure 2-7,
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and repeated the experiment.11 The current waveform versus the ramp voltage applied
between two electrodes is shown in the Figure 2-6 (b). The amplitude of the current
waveform has a linear relationship to the amount of jumping toner in the condition of the
same applied voltage. This shows that the conductive toner is confined between the
electrodes at the dented area. The confinement is confirmed by observing the toner
motion through the upper transparent electrode which is covered by a thin layer of

start jumping, the toner on the electrode

goes out of sight and becomes like & e dented area. The phenomenon
is explained that the electr ' vewon toward the center axis as

|
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Figure 2-6 The current waveform versus the ramp voltage applied between the

electrodes. The current waveforms (a) and (b) correspond to the dented

electrode and the flat electrode, respectively.
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Figure 2-7

otio_ n the case of dented
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The experimental setup for a new dot formation method, Toner Cloud Beam

Figure 2-8 &hematﬂje T

(TCB), is shown in Figure 2-9." In the system, a dented electrode, lower control
electrode, upper control electrode and pulling electrode are placed parallel in the
horizontal line, respectively, leaving a certain distance between them using insulating

sheets. The dented electrode and the pulling electrode are used to generate toner cloud
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and confine toner cloud at the dented area. The toner movement is controlled by a
switch of the electric field polarity between two control electrodes. By applying an
extracting electric field to the toner cloud, the toner beam is extracted from the toner

cloud and is project to paper. These procedures produce a toner dot on the paper.

- Pulling electraode

—r-

b P

&

(b) “off” state

Figure 2-9 Toner beam control mechanism
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The toner beam is controlled as shown in Figure 2-9. For the on state case, the
voltage applied to the upper control electrode is higher that the voltage applied to the
lower control electrode and results in the negatively charged toner moves upward
passing through the control electrode. In an opposite way, the off state means the
voltage of the upper electrodes is less than the lower electrode. The toner cannot pass

the control electrode because the directi

V of electric field in the aperture of control

electrodes becomes blocking.

Toners, which ess of ent T cle, thermoplastic resin and

charge control agent for digital toner printing

systems. There are two oners and liquid toners.

and single- or mono- component toners -
i .-‘“Iii_-"-f L

Dual compo 5;—:"1;"—_:—;:_. - --"‘T-=-m--1~ ‘ parts; toner and carrier
3 \

bead which help trans S e rate. There are three major

ways of developing dual component toners

development arﬁm rﬂﬂ(ﬂ ﬂ ﬁr‘wrg ﬁrﬂlﬁalso have advantage

over mono-comggnent toners in that their partlcle size is smaller yielding higher
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Mono -component toners differ from dual-component toners in that they do not

cascade development, magnetic

require the use of carrier bead for development. There are several ways to charge
mono-component toners: induction, contacting, corona charging, ion beam and
traveling electric field. Single component developer hardware is generally simpler,

smaller and lower in cost than two-component developer hardware.
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Liquid toners consist of pigmented toner and carrier which is normally a liquid
hydrocarbon or mineral spirit. Liquid toner systems are generally considered to give
superior printed results than dry toner systems, through brighter colors and smaller

3 3 2,412
toner particle size.

2.2 Literature Review

The basic of TCB print ves w@‘nping characteristic, which is a
er jumping property in electric
. ment O trostatically charged toner

property of conducting ton
,and cleaning step in copying

field is investigated to

particles, which occur d
machines and laser print came useful for invention of

a new direct printing proce

A method of esti

substrates and toners, which i s the measurement of current to cause toner
W —

jumping between two conducting parallel plate “.There are three difference sizes of

- ‘r
toners including sma

including stainless stedl,sil _ ccording to the experiment,

I
conducting toners were-fi

voltage to the ‘ﬁ’ torat | %’ ic. force of detachment
exceeded the fﬂﬁ?jﬂes mlgje?rn rﬁmﬁiem was a significant
increase,of _ Eﬁr lel plat ﬁ icle uﬁ' rom the lower
plate an&ﬁﬂﬁﬁﬂaﬁl ‘ iiﬁjsjol iﬂﬁ'ﬁs Evl:ined and the

van der Waals force between the toner and test substrates was estimated. They found

then applied the ramped

that the threshold voltage, for detachment of toners from the substrate, decreases with
increasing particle size. The threshold voltage for toner jumping remains essentially the
same for stainless steel and silicon wafer but when moist papers were used, the
threshold voltage had to be higher for toner jumping start. Moreover, by changing the

rate of increase of the voltage, it indicated that the charging time constant was less than
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the time required for electric field to reach its threshold value start from zero. The toner
jumping experiment was applied to estimate toner adhesion force between various
substrates and toner particle sizes.” Four conductive toner sizes were studied including
large-to-large size (14.6 pm), large-to-medium size (12.5 um), medium-to-large (9.43 u
m) and medium-to-medium size (7.7 um). The lower electrodes used were a crystalline
silicon wafer, Organic Photoconductor (OPC), ITO coated glass and stainless steel. In
addition, several toner application re tried including free falling, wipe-on
using Kim-wipe and magnetic W first sprayed on one of a pair of

electrodes. Voltage increa staq}rat ied to the electrodes. From the

toner jumping voltage, th . The conductive glass shows

significantly different jumpi °r whereas the amorphous silicon film

was inactive to the vol . Using magnetic brushing
\"\
technique, the threshal l‘ﬂ rubbing and free falling,

respectively when the sa

od, a toner was sp

|‘ ‘
voltage applied to the efectrodes was increased at a con

pnbigha 1711101344 - e
e RS ST AL

toner adhesron forces were distributed from 10" to 107 N. Fukuchi and Takeuchi'

the toner jumping met e lower electrode. The dc

-d
I

s!unt rate, and the occurrence

concluded that the results of the toner adhesion force measurements by the toner
jumping method agree well with those by the centrifugal method. A new technology of
powder control was proposed by Hoshino et al."". This technology relies on the toner
jumping method. The experimental setup is similar with the toner jumping experiment

except that the bottom electrode is substituted with the electrode that is dented to a thin
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lens shape. The conductive toner is sprayed freely on the electrode. When more than a
certain value of electric field is applied between the electrodes, the powder starts to
move up and down between the electrodes by electrostatic force. The current between
the electrodes is measured. The results show that the current has a linear relationship to
the amount of jumping toner at the same voltage. These results led to the conclusion

that the conductive power is confined between the electrodes in the dented area. The

method includes a dent eGir6ae, o : ode, upper control electrode

and pulling electrode, , leaving a certain distance

between them using i ge

‘\

electrodes modulate the elegtric Id, Whi akes the arged toner particles move

is applied, a number of

from the dented electrodePass thfough e 2 . rol electrodes and reach the

paper beneath the pulling glec c% erale a toner dot. This research applied the
"

various constant values of the"valtage 1o odes and investigated the toner dot

sizes. The model of an elecnc '#;'-fﬂ‘* U@_,_‘.
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