IS& Ts NIP 14: 1998 International Conference on Digital Printing Technologies Copyright 1998, IS&T

Dynamic Electrical Conductance Fofiles of
Liquid Electrophotographic Inks

and Corona Devices

Arthur R. Kotz* and David A. Endert
*3M Company at time of reseah; Presenty, ARKO Reseath, Inc., St.Paul, MN
tlmation Caporation, St.Paul, MN

) . Abstract i perimentdly the detailed eledtal conductane“profiles” of
Spatial, eoss-sectional, electrical conductancefiges of the  tne jiquid ink (toner) applied between theveloperrollers
ink (tonej) *nip” and chaging caona“nips” are measured as anq the photoreceptor suréa@swell as the coronaasice
a function of position and electric field for purposes @ pr profiles. These spatial and electric fielémndent electrical
gramming into a dynamic analog electronic circuit model Ofchacteristics will then be used in the dynamic electromic ci
an emeging, high quality liquid electrophotogohic rocess.  ¢yit model of the deelopment process presented in the fol-
The circuit model itself, and its performance, are presented iI’E)vving companion paper
asepaate papef. The spacettarge states fovarious expeir Figure 2 is aepresentation of the liquid kinip” r egion

mental liquid inks will be discussed, along with the particulayatween the deloperroller and the photoreceptor face.
transpot paametes. Detailed calcated ransient ctrentflow,

photoreceptor surfac®ltage rig, and resulting image depo-
sition for a tiny unit area of photorgator trawersing the de-
velopment nip (within theayelopment nip itself), will be dis-
cussed fowvarious exp@mental process situations.
Experimentalfield dependent, spatial conductancefies
for the nvolved corona chaging devices will include
scorotrons and corotrons, specially designed for the process.

Introduction Development -
The high quality liquid electrophotographic process modelled BiasV T
herein, and designed as a computer color prjnite shavn -

schematically in Fi_gLE 1. The photoreeptor _is margeq ex- Figure 2. Liquid Ink Nip and Conductancedfile
posed to a scanning lasand dveloped with a liquid ink
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Since the process utilizes diarged-eea-dvelopment, which
is common for printerghe deeloper roller is biased to a de-
velopment potentiakhich is less than the phoézeptor su
face potential of the erposed backgund aeas, but consid-
erablly more than the residual potential of #xposed image
areas of the photoreceptd he developer nip width is oy a
fraction of an inch, and anyiaular tiny unit area of photo-
- = ST reoptor raverses it in approximately 100 milliseconds. Since
@ [ ]@ [ ]@ [ ] %ain all of the “interesting” dwelopment curent transient and ink
Corona . . . .. e

deposition occurs in this small nipgion, it is important to
the process physics to accurately measure and model-the d
namic electrical characteristics within the région itself.

Experimental Setup

To electricaly “probé’ the liquid ink nip dynamicajl a na-
row, 0.8nm “stripe” electode B “scanned” through the ink
which is substantiafl “film-formed” after the evelopment nip? as epicted in Figure 3Two “guard” electrodes are dis-
station. It is rapity and sequentiBl recharged exposé, and  posed on each side of the electrically isolated stripe electrode.
developed with at least 3 more color liquid ink stationot®  The derelopment roller is biased tarious “test’ voltages
thefilm-formed and dried composite colorimage is tlemed  while the stripe electrode and the guard electrodes are biased
en masséo an intemediate trarfer blanket fromwhich the  to the same potentialfgund in this exampleYhe dvelop-
image is again tranafred to thefinal paper orransparency ment current sampled by the isolated stripe electrode as it is
receptor. It is the focus of therpsent pper to measurexe  scanned through the widopment nip isecaded giving a
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Figure 1. Diagram of Bnting Process
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Figure 3. Experimental Arrangement
to “Probe” Ink Nip
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of ink into the nip, from speeds below the photoreceptor sur-
face speed, to speeds above. These profiles are all at one par-
ticular, constant test voltage, 108lt¢. While the higher trans-

port rates result in a slightly wider nip, as one might expect,
the maximum current is roughly constant. Since the peak cur-
rents are essentially the same, one can conclude that, for these
test parameters, the development currents are independent of
the ink transport rate, i.e. there are more-than-sufficient cur-
rent carriers at all the transport rates for the particular applied
testvoltage. Since there are more mobile charge carragts av
able for conductiobetween the electrodes than the chamge

the electrodes for the voltage applied, one can describe this
condition as “space charge limited,” and only an increase in
the applied test voltage results in an increase in conduction
current.

To fully characterize the electrical conditions in the nip,
one must measure similar profiles at other applied electrode
voltages. These are shown in Figure 5, where the test voltages
were varied from 100 volts to 500 volts for the same ink as in

characteistic “bell” shaped profile. Typically, the guard elec- Figure 4. These measurements are regkfar the full color
trodes are biased to the same potential as the stripe electradk set.

so the electric field in the nip is not distorted, and the curren*
in the stripe electrode circuit is recorded separately to achiev
a “high resolution” current profile. As a check, the current

integral through the profile is compared to the total nip cur-
rent as measured by the large guard electrodes.

One can, alternatively, bias the guard electrodes to differ:
ent potentials from the stripe electrode for special-case mee
surements, such as “cross-talk” currents through the ink be
tween adjacent electrode elements which are at different pc
tentials. These simulate transient cross-talk currents throug
the ink (as between differing potential areas of the photore:
ceptor, as they enter the ink nip such as from an unexpose
background area at a high potential to an exposed image art
at a low potential).

Figure 4 is a set of ink (toner) current profiles for a par-
ticular black ink at a concentration typical of that used in the
printer. The different curves represent different development
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Figure 5. Ink Current Profile Voltage Dependence

roller surface speeds, and therefore different rates of transport Out of interest, a somewhat “depleted” ink was charac-
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Figure 4. Ink Current Profiles. Test Voltage=100 volts.

terized in like manner. This was a low concentration ink after
long use in the printer after it normally would have been re-
plenished or replaced. It no longer resulted in “target” optical
density development. Its current profiles for various ink trans-
port rates are shown in Figure 6, where a test voltage of 500
volts was used (5 times that for Figure 4). In this case the
current profiles changed dramatically with ink transport rate,
indicating there were fewer mobile charge carrketween

the electrodes than chame the electrodes. In electronic par-
lance, this is known as the “emission limited” case, or simply,
“non-space-charge-limited.” We'll return to this later.

These spatially dependent and electric field dependent
current profiles are then converted into conductance profiles,
which turn out to be somewhat electrically field dependent
themselves, as well as spatially dependent. The conductance
profiles can be used to calculate the development current in
the actual development nip, millisecond by millisecond. Keep
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surface potential to the development bias of 500 volts by mid-
14 nip. The curent integral (area under the development current
curve) for this case corresponds to a developed optical den-
sity of about 1.6 to 1.7.
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in mind that the experimental profiles described above were vsurtbefore Dev=92v
generéed between conductive test electrodes that were held | , R . , o

at aconstant voltage throughout the nip scan. In the actual . < B L

case of a photoreceptor traversing the development nip, a tiny _ '

element_al image area of photoreceptor ente_rs th_e nirpsi%gy Figure 8. Cagz:r?(t;(: flcz)lrez;gt:tl gggltgtfg?ﬁtk?r Development

and rapidly charges-up tode\v/elopmemat some time in the nip,

cutting off the development current as it does, assuming thgotted at the same scale as Figure 7 for corsqarAgain,
developmentages td’completion.” From the experimental po- the scanning stripe electrode current profile is shown to iden-
sition-dependent and field-dependent conductance data, ofity the center of the nip. In this case, the development never
can “track” the tinyelement of photoreceptor through the de-goes to completion as evidenced by the small development
velopment nip millisecond by millisecond, compensating forcurrent integral and the fact that the photoreceptor surface
the locally-changing electric field as the developing photorepotential never rises to the development voltage. The photore-
ceptor traverses the nip, charging toward the developratnt v ceptor current rises andlfs“in phase” with the conductance
age as it does. profile, never delivering sufficient current integral for devel-

Figure 7 shows this calculated elemental area develomppment completion or to reach the target optical density.
ment current densityu@/cn¥) for a tiny image area travers- These conductance profiles and development current in-
ing the nip with the black ink discussed earlier. The currentegrals in the nip are used in the dynamic electronic circuit
profile for the scanning stripe electrode is also shown to idermodel presented in the following companion paper.
tify the physical center of the nip. It is clear that the develop- Corona Charging Devices
ment proceeds rapidly to completion by mid-nip, as evidenced  The same scanning stripe electrode apparatus is used to
by the cutting-off of the development current and the rise igjenerate corona chamg device profiles, ajn, for the pur-

pose of calculating the detailed rise in photoreceptor surface
6 ‘ 600 potential within the cama “nip.” These profiles are also used
e in the electronic circuit model in the following companion
5 NP Curent Profle \ ¢ Vourtater Dev494V___L g0 paper. Figure 9 shows the cemt profile for a two-wire
Metal Electrodes : (Vaev=300v) scorotron device under one set of conditions. The individual
: ‘ grid wires are apparent in the profile. A whole family of pro-
files are measured at various plate voltages, scorotron screen
voltages, and corona currents (the total current flowing from
the corona wire, usually held constant).

Figure 10 shows the profiles for a small specially-designed
corona charging device which must be both narrow physically
and have a well-defed“sharp cutoff” at its edges in the “pro-

; cess direction.” It is termed a “topping corona,” since its pur-
0 ! £ : : . — : 0 pose is to recharge a photoreceptor from its post-development
M e eyde s M potential of about 400 or 500 volts up to its normal initial
Figure 7. Calculated Elemental Development potential of about §000ks. Thes_harp cutoff reqU|rements
Current for Photoreceptor. are due to not wanting any spurious corona “oversgrag”
the development region on the “upstream” side, or into the
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Figure 9. Current Profile for a Two-Wire Scorotron
(Main Charging Corona).
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Figure 11. “Control Characteristics” of the Topping

Corona as a Scototron and a Corotron

laser exposure region on the downstream side. The differef a given surface voltage. The control voltage is, of course, a
“plate voltages™ are the applied voltages on the stripe ele¢unction of the grid voltage, corona current, etc.
trode and the guard electrodes, with respect to ground. These current profiles, intrinsically and strongly electric
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field dependent, are converted to conductance profiles, which
still have a small amount of field dependence. These can be
dealt with much more easily in numeric integration calcula-
tions, and in the electronic circuit model for which these mea-
surements were undertaken.
Conclusion

Spatial, cross-sectional, electrical conductance profiles of
the ink (toner) nip and charging corona nips are measured as a
function of position and electric field for purposes of calcu-
lating the actual time-dependent current flow to a photorecep-
tor within the development nip and within the corona charg-
ing nip, regions normally inaccessible to measurement devices.
The profiles are further used for programming into a dynamic
analog electronic circuit model of a high quality liquid elec-
trophotographic process.
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