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Through Liquid Toner Developer and

Resultant Image Degradation
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Abstract signed as a computer color printer, shown schematically in

One normally conceptualizes and analyzes electrophotograpHigure 1. The photoreceptor is charged, exposed to a scan-
liquid toner development as proceeding strictly between afing laser, and developed with a liquid toner. It is rapidly and
electrically-biased developer electrode and a photptege Sequentially recharged, exposed, and developed with at least
with a more or leséperpendicularly-constined” develop- 3 more color liquid toner stations before the composite color
ment current flow. That is, one typically ignoree “local image is transferresh masséo an intermediate transfer blan-
lateral conduction” through the liquid toner near the photoreket, from which the image is again transferred to the final pa-
ceptor surface whickends to“short-together’the closely- ~ Per or transparency receptor. While the toner nip conductance
spaced, adjacent image pixels which are at different surfadgdofiles have been measureahd the overall process has been
potentials. In this paper, an analog electronic circuit nmsdel €lectrically modeledthe subject of this paper focuses on some
used to analyze dynamically the local lateral electric currentddditional detailed, and important electrical dynamics within
through the liquid toné? close to the photoreceptor surface, the liquid toner development nip. The parameters and details
driven by adjacent image pixels at different initial potentialsare generalized enough to form the basis for modeling most
This is herein temed “pixel-pixel cross talk.” It presents a liquid toner processes.

guantitative and comprehensivgndmic “picture” ofthe lat- Development

eral current transients (cross talk currents) as the image pixels Roller o
traverse the development nip, along with the resultant edge §
degradation and “single-pixel-fill-in.” It predicts and demon- Development 2}
strates the effects of development gap, liquid toner conductiv- Bias v 2
ity, photoreceptor thickness, process speed, etc., and whether S
changes in these parameters will ameliorate or aggravate the — 3
image degradation. The circuit model results are in excellent = L
agreement with experiment; give powerful additional insight Liauid Position in Nip
into the transient dynamics of the cross talk effects, and sug- = Tongtr“Nip
gests ways to reduce the degradation. Photoreceptor

. Figure 2. Liquid Toner Nip (Inverted) and Conductance Profile
Introduction 9 q p( )

The |IC{UId toner mode”ng undertaken herein is related to a Figure 2is a representation of the ||qu|d toner “nip” re-
high quality liquid electrophotographic printing process, degion between the developer roller and the photoreceptor sur-
face. Since the process utilizes discharged-area-development,
which is common for printers, the developer roll is biased to a
development potential, e.g. 500V, which is less than the pho-
toreceptor surface potential of the unexposed background ar-
eas, 600V in this example, but considerably more than the
residual potential of the exposed image areas of the photore-
ceptor, e.g. 125V.
Figure 3 shows conceptually the development “dynam-
_ /N ics” within the liquid toner nip. [The charges and voltages
[] ] H bﬂam shown on the photoreceptor (pc) are the initial conditions af-
Corona ter exposure for simplicity, rather than the final charge distri-
bution after development, which would appear more confus-
ing.] The applied electric field between the development roll
and the discharged areas of the pc surface causes positively
charged (in this example) toner particles to “electrically plate”
Figure 1. Diagram of Printing Process on the pc surface in direct proportion to the positive current
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integral per unit area of pc surfadehis toner plating is fre-
sented by the largaraws in the figue “Counter ion$ nega-
tive in this exampleflow in the opposite directiomdm the
positve toner particlesepresented by the smallraws.They
are typically colorless, small and of high mohiliThey are
necessary in all liquid toner systems to mainteenall charge
neutrality in the tong‘soup” In undischaged pc areashose
areas initialy at higher potentials than thevgélopment rolle
which will result in un@veloped pxels in the final print, col-
orless counter ions (gative) ae plated on the pc dace,
while positve toner particlesra“backplated” onto the dvel-
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els” which will be described in the modeling sectifmilow-
ing.] In Figure 4a\oltage tansients), the initially diswrged
pixel, B (hereaftereferred to as élack pixel”) rises fom its
initial residual potential of 125V in thexample, oward the
development potential of 500V as toner particles plate on the
pixel. This pkting curent drection is here defined as a posi-
tive curent An initially undischarged pivel, W (hereafter e
ferred to ag“white pixel”) begins dropping in potentiaidm

its initial voltage of 60, usualy calledVaac, toward the 500V
development rollvoltage as egafve curent, or‘reverse cu-
rent” (counter ions)lbws toward the white piel. If enough

oper roll opposite these areas. Most discussions of liquid toneip time is allaved, both piels will reach the 500Ve¥elop-

development systemsiffget or ignore the counter ionayt
they areextremely important and theirppeties carresult in
success or faile of a real process. Hereinafter simplicity,

I will only refer to the plating of posite toner partiles on the
pc, but alvayskeep in mind the counter iorfsowing in the
opposite direction from ewy toner partite. The sum of the
motion of theseltarged particles constitutes thevdpment
cument (ignoring kgligible “free chage”).

A\

Undischarged Area

Discharged Area

Figure 3. Liqud Toner Development Dynamics,
Conceptual Representation
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Figure 4.Typical \bltage and Crrent Transientsfor a White
and Blak Pixel; Non-Coss Talk Case

Figure 4 shows typical vae and crent tansients (time
plots) as two diferent tiny unit aeas, or pixels, of the pc
traverse the @velopment nip. [Theraphs efer to “subpix-
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mentvoltage and carent fow will stop. This is eferred to as
“development to completion” since no more toner can degl
unless a higher delopment voltge is gpplied. Hgure 4b
shows typical curent tansients for the same black and white
pixels, where the “bell” shape arises from the conductance
profile of the toner nipThese two piels ae considered pa

of “large” black and white mas so all thei“neighbaing”
pixels ae at the same initial potentialBhus there is no ten-
dencyfor lateal curent to fow from pixel to pkel through
the liquid toner soup close to the pcfaae as tey traverse
the development nip. In thixample, the white pixel receds
only negaive curent fow, and a nedive curent integal re-
sults (colorless counter ionshhe black pixel recees only
positive curent and a posite curent integal resultswhich

is directly proportional to the toner mass deposited pest pix
area.These pixels within lge areas of like potential are those
represented by the simpledelopmen“picture” of Figure 3,
abore -- that is, the NO-cross talk ca3®ese can serve as
“benchmarks” with viaich to compare the failving cases in-
volving aoss talk curents.

However, if the two pixels at dierent initial potentials
were neighboring péels cross talk or lateral extent fow could
occur from pixel to pigl, through the liquid toner close to the
pc surface as the pixels enter the toner nip, as depicted in Fig-
ure 5a. In this case, theud pixels ae very close to one an-
other elative to the ratheremote @veloper pll. The differ-
ing pixel voltages result in local electric fieldhiah cause
toner plating from the highewltage white pixeldward the
lower voltage blek pixel. While this may seem inconsequen-
tial atfirst, a momens reflection reminds one that the initial
pixel voltages are reallyewy finite initial charges on the pc
pixel capaciy, which changes rapidly as local pixel cent
flows. That is, each pc pixel with its initigharge constitutes
a tiny “wimpy battery” whose/oltage colapses orises rg-
idly as curent fows into or out of itThe “dangr” depicted
in Figure 5b, is that these local lateral cross talk currents will
cause the white pixel to rapidly drop belthe 5@V devel-
opmentvoltage as it supplies ctent to its blak neighbaing
pixel(s), and thereafter be “mistaken forraygpixel” by the
500V development roll as the pixelsqreed through the nip.

In this casethe deelopmentoll will plate toner on th“white-
pixel-now-turned-gay’ as it taverses theremainder of the
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a Liquid Toner Local Electric Fields “resollution,” consider each Bk pixel as subdiv[ded in_to 16
/\6 o /\ subpixels of 8.8m square each. This allows investigg
+ + 125V + s %H*m +125V + + details within each pixel, such as an edge subpixel relative to
lPhotoreceptor‘i [ ; p— 47‘ . . . . s »
N \\\\ \ N an interior subpixel. Since there is “east-west symmetry” about
the central “north-south dividing line” bisecting the line of
Single Pixel Undischarged Area J; Large Discharged Area Whlte piXE'S, one needs OnIy anaNte “east ha|f" or the
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“west half” of the cross talk currents -- the other half is iden-

Vacc=600V b Large Dia. Dev. . .
P P Roll (1.25 in.) tical and independent.
S500 o E—" Figure 7 depicts a simplified version of a very useful ana-
e Adjacent Edge log electronic circuit model to investigate the cross talk cur-
o
400 + Subpixel Roll to PC
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Arbitrary Scale Contains Resistance Profile Resistance
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Time in Development Nip, msec Figure 7. Simplified Analog Circuit Model
Figure 5. \Wltage Transients; Pixel-Pixel Cross Talk . ) .
Through Liquid Toner rent transients. C1 represents the pc capacity of each subpixel.

. . . : . The node voltages shown are the initial voltages, prior to run-
nip. Clearly, this cross talk will begin the moment the adja-ning a transient. The 600V capacitors are the white salspix
cent pixels at different potentials enter the liquid toner nip )

This is precisely the region where the develooment roll is thand the 125V ones are the black subpixels. R1 represents the
P y g P Seveloper-roll-to-pc resistance for each subpixel capacity. R1

most remote” -- in the lowest regions of the bell-shaped cony . Jy time-dependent factor which generates the proper

ductance curves. (The bell-shaped conductance curves rep[)e'll-shaped toner resistance curve, — a unique one for each

sent conductance from the roll to increments of the pc sur- = . . .
. o roll diameter and roll-to-pc spacing under consideration. Rct
face!As regards the cross talk lateral currents, the liquid toner . . )
. o L : fepresents the subpixel-subpixel cross talk resistance between
soup in the nip is assumed to exhibit a more or less isotropiC

conductance, which is supported by measurements.) adjacent pc subpixels, which is calculated under a set of as-
' P y ’ sumptions, including toner resistivityg, and vaious “cross

Modeling talk depths.” Rs is a current-sampling resistor of very small
. . . value to sample each subpixel current independently.
To model the effects of pixel-pixel cross talk, consider two Figure 8 shows the resulting voltage transients for the

extended black areas (initially discharged) separated by a lingygeled single line of “lonely white pixels” sandwiched be-
of white pixels (initially undischarged), one pixel wide as de-

. . . . . 600 =
picted in Figure 6. Here, 720 dpi (dots per inch) are used, " White Subpil Subpixel Voltage Transients;
i i i i i i Subpixels Near Edge
giving pixel sizes of 35.2im square. This results in a quasi- -, Negest Ede vievssooy P 9
one-dimensional “worst case” problem (for white pixels) for P g:f)pvivnge
simplicity, easily extendable to two dimensions. For better
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tween the two largélack areas under one particular set of 4,
conditions. Notice t& the edg white subpxel and the next-
neaest-neighbor white suby@l (“2nd white”) both drop be-
low the 500V d@velopmentvoltage edy in the nip.

Figure 9 shows the cunt transients for the same case.
Notice that the two white subggls hawe posiive curent flow-
ing onto them later in the nip, as a result of thaiirtg dropped
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Subml tivities, those that are higher than are necessary for just-com-

plete-cevelopment in thavailade nip time, aggravate the pob-

lem. The results ae independent ofrpcess speeggrovided

the toner system can deliver tlegured development cu
rentsa high speed without otherwise compromising gyalit
The results are also independent of the photoreceptor thick-
ness, assuming the usual constraints wherein one holds the
initial charge per unit eea constant, as well as the deposited
toner mass (in large areas) constant. (This is independent of
other photoregptor thickness considaions such as voltage
required, transit time of photaceers, and lateal photoca

More than 150 trarr:smr;tlselm run, saverallfor_letacg S?It of rier chage diffusion during transit.) Space does natpe
process paramatg such as evelopmengap (1 milto 6 mils), further discussion of the intuwig logic of the results

development roll diameter (0.75 in. to 1.25 in.), toner con-
ducivity, pc thickness (150pF to 300pF for 1 square cm of pc, References
under constantharge constraint) and process speed (3 ips tq
6 ips) Toner nip transit timgaried from 75ms to 300ms.dF '

Figure 9, Curent Transientsfor Subpixels Near Edge

below the 500V deelopment potential, as they cadmbtrted

cross talk cuent to their dischrged neighbors elger in the
nip. These positie white subpkel curents @& numerically
integrated to determine the amount of tofreistakeny” and

irreversibly deposited on them by thevélopmentroll.
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