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@ Biasing scheme for improving latitudes in the tri-level xerographic process.

@ The operating latitude of the tri-level xerographic
process is improved by replacing the standard DC
bias that is applied to one or both of the developer
housings (32, 34) in conventional fri-level imaging
with a chopped DC (CDC) developer bias (41, 43).
Chopped DC biasing is the alternate application of
two discrete bias voltages to a developer strucrute in
a periodic fashion at a given frequency, with the
period of each cycle divided up between the two
bias levels at a duty cycle of from 5-10% or 90-95%
depending upon which of the two developer struc-
tures is being biased. In the case of the DAD devel-
oper structure (32) the duty cycle of the higher of
the two biases is 5-10% and in the case of a CAD
developer structure (34) the duty cycle of the higher

of the two biases is 90-95%. The apparatus can be — |  Teocans eranoams p—

switched to operate in a black monochrome mode, 5"8,‘,’;55 8";3;&“;’“ gg;’gfg

in which only the black developer structure (34) is 7 Y

biased using a standard momchrome bias (4-5). 41 45 \43
FIG. 5

Xerox Copy Centre



1 EP 0 429 309 A2 2

This invention relates generally to developer
apparatus and methods for use in xerographic im-
aging.

The invention can be utilized in the art of
xerography or in the printing arts. In the practice of
conventional xerography, it is the general proce-
dure to form electrostatic latent images on a xero-
graphic surface by first uniformly charging a pho-
toconductive insulating surface or photoreceptor.
The charge is selectively dissipated in accordance
with a pattern of activating radiation corresponding
to original images. The selective dissipation of the
charge leaves a latent charge patiern on the imag-
ing surface corresponding to the areas not struck
by radiation.

This charge pattern is made visible by devel-
oping it with toner. The toner is generally a colored
powder which adheres to the charge pattern by
electrostatic atiraction.

The developed image is then fixed to the imag-
ing surface or is transferred to a receiving sub-
strate such as plain paper to which it is fixed by
suitable fusing techniques.

The concept of ftri-level xerography is de-
scribed in U.S. Patent No. 4,078,929 issued in the
name of Gundlach. The patent to Gundlach teaches
the use of fri-level xerography as a means to
achieve single-pass highlight color imaging. As dis-
closed therein, the charge pattern is developed
with toner particles of first and second colors. The
toner particles of one of the colors are positively
charged and the toner particles of the other color
are negatively charged. In one embodiment, the
toner particles are supplied by a developer which
comprises a mixture of triboelectrically relatively
positive and relatively negative carrier beads. The
carrier beads support, respectively, the relatively
negative and relatively positive toner particles.
Such a developer is generally supplied to the
charge pattern by cascading it across the imaging
surface supporting the charge pattern. In another
embodiment, the toner particles are presented to
the charge paitern by a pair of magnetic brushes.
Each brush supplies a toner of one color and one
charge. In yet another embodiment, the develop-
ment system is biased to about the background
voltage. Such biasing results in a deveioped image
of improved color sharpness.

In tri-level xerography, the xerographic contrast
on the charge retentive surface or photoreceptor is
divided three, rather than two, ways as is the case
in conventional xerography. The photoreceptor is
charged, typically to 900v. It is exposed imagewise,
such that one image corresponding to charged
image areas (which are subsequently developed by
charged area development, i.e. CAD) stays at the
full photoreceptor potential (Vyap Or Veaq, See Fig-
ures 1a and 1b). The other image is exposed to
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discharge the photoreceptor to its residual poten-
tial, i.e. Vo or Vguq (typically 100v) which corre-
sponds to discharged area images that are subse-
quently developed by discharged-area develop-
ment (DAD). The background areas are exposed
such as to reduce the photoreceptior potential to
halfway between the Vg and Vg.q potentials,
(typically 500v), referred to as Vy or Vynite- The
CAD developer is typically biased about 100v clos-
er 10 Veag than Vynie (about 800v), and the DAD
developer system is biased about 100v closer to
Vyaa than Vynite (@bout 400v).

Because the composite image developed on
the charge retentive surface consists of both posi-
tive and negative toner a pre-transfer corona charg-
ing step is necessary to bring all the toner to a
common polarity so it can be transferred using
corona charge of the opposite polarity.

Various techniques have heretofore been em-
ployed to develop electrostatic images as illus-
trated by the following disclosures.

U.S. Patent No. 4,761,668 which relates to tri-
level printing discloses apparatus for minimizing
the contamination of one dry toner or developer by
another dry toner or developer used for rendering
visible latent electrostatic images formed on a
charge retentive surface such as a photoconductive
imaging member. The apparatus causes the other-
wise contaminating dry toner or developer to be
attracted to the charge retentive surface in its inter-
document and outboard areas. The dry toner or
developer so attracted is subsequently removed
from the imaging member at the cleaning station.

U.S. Patent No. 4,761,672 which relates to tri-
level printing discloses apparatus wherein undesira-
ble fransient development conditions that occur
during start-up and shut-down in a tri-level xero-
graphic system when the developer biases are
either actuated or de-actuated are obviated by us-
ing a control strategy that relies on the exposure
system to generate a spatial voltage ramp on the
photoreceptor during machine start-up and shut-
down. Furthermore, the development systems' bias
supplies are programmed so that their bias vol-
tages follow the photoreceptor volitage ramp at
some predetermined offset voltage. This offset is
chosen so that the cleaning field between any
development roll and the photoreceptor is always
within reasonable limits. As an alternative to syn-
chronizing the exposure and developing character-
istics, the charging of the photoreceptor can be
varied in accordance with the change of developer
bias voltage.

U.S. Patent No. 4,811,046 which relates to tri-
level printing discloses apparatus wherein undesira-
ble transient development conditions that occur
during start-up and shut-down in a tri-level xero-
graphic system when the developer biases are
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either actuated or de-actuated are obviated by the
provision of developer apparatuses having rolls
which are adapted to be rotated in a predetermined
direction for preventing developer contact with the
imaging surface during periods of start-up and
shut-down. The developer rolis of a selected devel-
oper housing or housings can be rotated in the
contact-prevention direction to permit use of the tri-
level system to be utilized as a single color system
or for the purpose of agitating developer in only
one of the housings at a time to insure internal
triboelectric equilibrium of the developer in that
housing.

U.S. Patent No. 4,771,314 which relates to tri-
level printing discloses printing apparatus for for-
ming toner images in black and at least one high-
lighting color in a single pass of a charge retentive
imaging surface through the processing areas, in-
cluding a development station, of the printing ap-
paratus. The development station includes a pair of
developer housings each of which has supported
therein a pair of magnetic brush development rolls
which are electrically biased to provide electrostatic
development and cleaning fields between the
charge retentive surface and the developer rolls.
The rolls are biased such that the development
fields between the first rolls in each housing and
the charge retentive surface are greater than those
between the charge retentive surface and the sec-
ond rolls and such that the cleaning fields between
the second rolls in each housing and the charge
retentive surface are greater than those between
the charge retentive surface and the first rolls.

U.S. Patent No. 4,632,054 discloses a develop-
ment system comprising an operator adjustable
voltage source coupled to a marking particle frans-
port roll to electrically bias the roll to at least either
a first electrical potential or to a second electrical
potential. A second transport roll is electrically bi-
ased to a fixed potential.

U.S. Patent No. 4,833,504 which relates to tri-
level printing discloses a magnetic brush developer
apparatus comprising a plurality of developer hous-
ings each including a plurality of magnetic rolls
associated therewith. The magnetic rolls disposed
in a second developer housing are constructed
such that the radial component of the magnetic
force field produces a magnetically free develop-
ment zone intermediate a charge retentive surface
and the magnetic rolis. The developer is moved
through the zone magnetically unconstrained and,
therefore, subjects the image developed by the first
developer housing to minimal disturbance. Also,
the developer is transported from one magnetic roll
fo the next. This apparatus provides an efficient
means for developing the complementary half of a
tri-level latent image while at the same time allow-
ing the already developed first half to pass through
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the second housing with minimum image distur~
bance.

U.S. Patent No. 4,901,114 which relates to tri-
level printing discloses an electronic printer em-
ploying tri-level xerography to superimpose two
images with perfect registration during the single
pass of a charge retentive member past the pro-
cessing stations of the printer. One part of the
composite image is formed using Magnetic Ink
Character Recognition ( MICR ) toner while the
other part of the image is printed with less expen-
sive black, or color toner. For example, the mag-
netically readable information on a check is printed
with MICR toner and the rest of the check in color
or in black toner that is not magnetically readable.

The problem of fringe field development in a
tri-level highlight color, single pass imaging system
is addressed in U.S. Patent No. 4,847,655. In this
Patent there is disclosed a magnetic brush devel-
oper apparatus comprising a plurality of developer
housings each including a plurality of magnetic
brush rolls associated therewith. Conductive mag-
netic brush (CMB) developer is provided in each of
the developer housings. The CMB developer is
used to develop electronically formed images. The
developer conductivity, as measured in a powder
electrical conductivity cell, is in the range of 10-9
to 10-13 (ohm-cm)-1. The toner conceniration of
the developer is in the order of 2.0 to 3.0% by
weight and the toner charge level is less than 20
microcoulombs/gram and the developer rolls are
spaced from the charge retentive surface a dis-
tance in the order of 0.40 to 0.120 inch.

U.S. Patent No. 4,868,611 discloses a highlight
color imaging method and apparatus including
structure for forming a single polarity charge pat-
tern having at least three different voltage levels on
a charge retentive surface wherein two of the volt-
age levels correspond to two image areas and the
third voltage level corresponds to a background
area. Interaction between developer materials con-
fained in a developer housing and an already de-
veloped image in one of the two image areas is
minimized by the use of a scorotron to neutralize
the charge on the already developed image.

In high speed (i.e. 135 ¢pm) xerographic print-
ing excellent copy quality can be obtained by the
use of a hybrid development system as disclosed
in U.S. Patent No. 4,537,494. The '494 patent dis-
closes the use of a somewhat insulative developer
material. When attempting to do highlight color
utilizing tri-level xerography in a high speed printer,
the development system disclosed in the '494 pat-
ent becomes undesirable due to its insulative na-
ture. With an insulative development system, high-
er development fields are needed to obtain the
same developed mass/area (DMA) as would be
needed with a conductive system. It also tends to
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develop fringe fields.

Tri-level xerography requires the development
of two images within the same voltage space that
is normally used for one image in standard bi-level
xerography. As a result, the effective development
and cleaning fields available in tri-level imaging are
about half that of normal xerography. These lower
fields make it more difficult to develop enough
toner on the photoreceptor latent image in order to
obtain acceptable output densities on paper, while
still maintaining acceptable background suppres-
sion. While tri-level xerography can achieve suffi-
cient development of both colors with acceptable
background, the reduced operating latitudes (as
compared to bi-level monochrome xerography) re-
quire that process parameters such as Toner Con-
centration (TC) and photoreceptor electrostatics be
carefully controlled, and that the available voltage
space of the photoreceptor be maximized (resulting
in lower photoreceptor life).

A conductive development system is preferably
used in ftri-level imaging so that higher DMA's
(developed mass/area) for a given background lev-
el can be achieved with these lower development
fields. The conductive material also suppresses
fringe field development which can cause black
development around the edges of a color image or
vice versa.

" It is an object of the present invention to en-
able the operating latitude of the tri-level xero-
graphic process to be improved. It is a further
object to provide apparatus which enables that
improvement to be achieved and which can be
modified to operate in a monochrome mode.

The present invention provides, in the method
of developing tri-level latent elecirostatic images
contained on a charge retentive imaging surface
wherein the tri-level images include iwo image
areas at different voltage levels and a background
area, the steps of:
providing separate developer structures for devel-
oping said two image areas; and
alternately applying discrete voltage biases to at
least one of said developer structures for develop-
ing one of said image areas.

The present invention also provides, in the
method of developing firi-level latent electrostatic
images or conventional bi-leve! latent electrostatic
images contained on a charge retentive imaging
surface wherein the tri-level images include two
image areas at different voltage levels and a back-
ground area and the bi-level images include a
single image area and a background area, the
steps of:
providing developer structures for selectively devel-
oping said two image areas or said single image
area;
providing means for aliernately applying discrete
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voltage biases to one of said developer structures
for developing one of said two image areas during
a first mode of operation;

providing means for applying a standard monoch-
rome bias to the other of said developer structures
for developing said single image area during a
second mode of operation; and

actuating means for selecting either said first or
second mode of operation. The said other devel-
oper structure may contain insulative developer.
That developer structure may comprise a wrapped
developer configuration.

In the methods of the invention as defined
above, the voltage leve! of said background area of
a ftri-level image may be intermediate the voltage
levels of said two image areas. One of the image
areas may be a DAD image and the other may be
a CAD image.

In the methods of the invention as defined
above, the duty cycles of said two discrete voltage
biases may be different. One of the discrete volt-
age biases may be effected at a duty cycle of
approximately 6%. The magnitude of one of said
discrete voltages may be greater than the other.
The frequency of application of said discrete vol-
tages may be approximately 5 kHz.

The methods of the invention as defined above
may include the step of alternately applying dis-
crete voltage biases to the other of said developer
structures. In an embodiment of the invention, the
duty cycles of the discrete voltage biases applied
fo the other of said developer structures are dif-
ferent. The step of applying one of said discrete
voltage biases to the other of said developer struc-
tures is effected at a duty cycle of approximately
6%. The magnitude of said one of said discrete
voltages applied to said second developer structure
is less than the other of said discrete voltages. The
frequency of the application of said discrete vol-
tages applied to said other developer structure is
approximately 5 kHz. Said image areas and said
background area are at the same polarity.

The present invention further provides appara-
tus for creating tri-level latent electrostatic images
contained on a charge retentive imaging surface
wherein the fri-level images include two image
areas at different voltage levels and a background
area, said apparatus comprising:

a piurality of developer structures for developing
said two image areas; and

and means for applying a chopped DC bias to at
least one of developer structures.

The present invention also provides apparatus
for developing tri-level latent electrostatic images
or conventional latent electrostatic bi-level images
contained on a charge retentive imaging surface
wherein the fri-level images include two image
areas at different voltage levels and a background
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area and the bi-level images include a single image
area and a background area, said apparatus com-
prising:

separate developer structures for selectively devel-
oping said two image areas or said single image
area;

means for alternately applying discrete DC voltage
biases to one of said developer structures for de-
veloping one of said two image areas during a first
mode of operation;

means for applying a DC bias at s single voltage
level to the other of said developer structures for
developing said single image area during a second
mode of operation; and

actuating means for selecting either said first or
second mode of operation. The said other devel-
oper structure may contain insulative developer.
That developer structure may comprise a wrapped
developer configuration. i

In the apparatus of the invention as defined
above, the voltage level of said background area of
a tri-level image may be intermediate the voltage
levels of said two image areas. One of the image
areas may be a DAD image and the other may be
a CAD image.

In the apparatus of the invention as defined
above, the duty cycles of said two discrete voltage
biases may be different. One of the discrete volt-
age biases may be effected at a duty cycle of
approximately 8%. The magnitude of one of said
discrete voltages may be greater than the other.
The frequency of application of said discrete vol-
tages may be approximately 5 kHz.

Apparatus of the invention as defined above
may include means for alternately applying dis-
crete voltage biases to the other of said developer
structures. More specifically, the apparatus may
include means for selectively applying a chopped
DC bias including two discrete voltage levels to the
other of said developer structures simultaneously
with the actuation of said means for applying a
chopped DC bias to said one of developer struc-
tures. In an embodiment of the invention, the duty
cycles of the discrete voltage biases applied to the
other of said developer structures are different.
One of the discrete voltage biases applied to the
other of said developer structures is effected at a
duty cycle of approximately 6%. The magnitude of
said one of said discrete voltages applied to said
second developer structure is less than the other of
said discrete voltages. The frequency of the ap-
plication of said discrete voltages applied to said
other developer structure is approximately 5kHz.
Said image areas and said background area are at
the same polarity.

By way of example only, embodiments of the
invention will now be described with reference to
the accompanying drawings, in which:
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Figure 1a is a plot of photoreceptor potential
versus exposure illustrating a fri-level electro-
static latent image;

Figure 1b is a plot of photoreceptor potential
illustrating single-pass, highlight color latent im-
age characteristics;

Figure 2 is schemaitic illustration of a printing
apparatus;

Figure 3 depicts a tri-level image with a plot of
developer bias voltage superimposed thereover
which plot illustrates a typical duty cycle for the
voltage applied to a DAD developer housing
wherein the period for the high bias voltage is
approximately 5 to 10% of the total period;
Figure 4 depicts a tri-level image with a plot of
developer bias voltage superimposed thereover
which plot illustrates a typical duty cycle for the
voltage applied to a CAD developer housing
wherein the period for the high bias voltage is
approximately 90 to 95% of the total period; and
Figure 5 shows a modification of the apparatus
illustrated in Figure 2.

For a better understanding of the concept of
tri-level imaging, a description thereof will now be
made with reference to Figures 1a and 1b. Figure
1a illustrates the tri-level electrostatic latent image
in more detail. Here V, is the initial charge level,
Vaap the dark discharge potential (unexposed), Vy,
the white discharge level and V. the photoreceptor
residual potential (full exposure).

Color discrimination in the development of the
electrostatic latent image is achieved by passing
the photoreceptor through two developer housings
in tandem which housings are electrically biased to
voltages which are offset from the background volt-
age V,, the direction of offset depending on the
polarity or sign of toner in the housing. One hous-
ing (for the sake of illustration, the second) contains
developer with black toner having ftriboelectric
properties such that the toner is driven to the most
highly charged (Vqqp) areas of the latent image by
the electric field between the photoreceptor and the
development rolls biased at Vy, (V black bias) as
shown in Figure 1b. Conversely, the triboelectric
charge on the colored toner in the first housing is
chosen so that the toner is urged towards parts of
the latent image at residual potential, V, by the
electric field existing between the photoreceptor
and the development rolls in the first housing at
bias voltage V¢, (V color bias).

As shown in Figure 2, a printing machine may
utilize a charge retentive member in the form of a
photoconductive belt 10 consisting of a photocon-
ductive surface and an electrically conductive sub-
strate and mounted for movement past a charging
station A, an exposure station B, developer station
C, transfer station D and cleaning station F. Belt 10
moves in the direction of arrow 16 to advance



9 EP 0 429 309 A2 10

successive portions thereof sequentially through
the various processing stations disposed about the
path of movement thereof. Belt 10 is entrained
about a plurality of rollers 18, 20 and 22, the former
of which can be used as a drive roller and the latter
of which can be used to provide suitable tensioning
of the photoreceptor belt 10. Motor 23 rotates roller
18 to advance belt 10 in the direction of arrow 16.
Roller 18 is coupled to motor 23 by suitable means
such as a belt drive.

As can be seen by further reference to Figure
2, initially successive portions of belt 10 pass
through charging station A. At charging station A, a
corona discharge device such as a scorotfron, cor-
otron or dicorotron indicated generally by the refer-
ence numeral 24, charges the belt 10 o a selec-
tively high uniform positive or negative potential,
V.. Preferably charging is negative. Any suitable
control, well known in the art, may be employed for
controlling the corona discharge device 24.

Next, the charged portions of the photoreceptor
surface are advanced through exposure station B.
At exposure station B, the uniformly charged
photoreceptor or charge retentive surface 10 is
exposed o a laser based input and/or output scan-
ning device 25 which causes the charge retentive
surface to be discharged in accordance with the
output from the scanning device. Preferably the
scanning device is a three level laser Raster Output
Scanner (ROS). Alternatively, the ROS could be
replaced by a conventional xerographic exposure
device. Activation of the scanner is conirolled by
the Electronic Subsystem (ESS).

The photoreceptor, which is initially charged to
a voltage V,, undergoes dark decay to a level Vqqp,.
When exposed at the exposure station B it is
discharged to V,, imagewise in the background
{white) image areas and to V. which is near zero or
ground potential in the highlight (i.e. color other
than black) color parts of the image. See Figure 1a.

At development station C, a magnetic brush
development system, indicated generally by the
reference numeral 30 advances developer materi-
als into contact with the electrostatic latent images.
The development system 30 comprises first and
second developer housings 32 and 34. Preferably,
each magnetic brush development housing in-
cludes a pair of magnetic brush developer roliers.
Thus, the housing 32 contains a pair of rollers 35,
36 while the housing 34 contains a pair of magnetic
brush rollers 37, 38. Each pair of rollers advances
its respective developer material into contact with
the latent image. Appropriate developer biasing is
accomplished via power supplies 41 and 43 elec-
trically connected to respective developer housings
32 and 34.

Color discrimination in the development of the
electrostatic latent image is achieved by passing
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the photoreceptor past the two developer housings
32 and 34 in a single pass with the magnetic brush
rolls 35, 36, 37 and 38 electrically biased to vol-
tages which are offset from the background voltage
Vy, the direction of offset depending on the polarity
of toner in the housing. One housing e.g. 32 (for
the sake of illustration, the first) contains two-com-
ponent red conductive magnetic brush developer
40 having triboelectric properties such that the red
foner is driven to the least highly charged areas at
the potential Vpap of the latent image by the elec-
trostatic field (development field) between the
photoreceptor and the development rolls 35, 36.
These rolls are alternately biased using a chopped
DC bias as shown in Figure 3 via power supply 41
. Conversely, the triboelectric charge on the con-
ductive black magnetic brush developer 42 in the
second housing is chosen so that the black toner is
urged towards the parts of the latent image at the
most highly charged potential Vgap by the electro-
static field (development field) existing between the
photoreceptor and the development rolls 37, 38.
These rolls are alternately biased using a chopped
DC bias as shown in Figure 4 via power supply 43.

In conventional tri-level imaging as noted
above, the CAD and DAD developer housing biases
are set at values which are offset from the back-
ground voltage by approximately 100 volts. During
image development the developer bias voltages
are continuously applied. Expressed differently, the
biases have a duty cycle of 100%. In the apparatus
of Fig 2, a chopped DC (CDC) bias is applied to
both the CAD and DAD developer housings. By
chopped DC is meant that a first bias voltage is
applied for a predetermined period of time and a
second predetermined higher voltage is applied for
a second period of time which differs from the first
fime period.

In Figure 3, a waveform 50 depicts the bias
voltage for the DAD developer housing 32 of Fig. 2.
The waveform 50 is superimposed upon a typical
tri-level image represented by reference character
52. As can be seen from the waveform 50, the
DAD bias is alternated between two potentials re-
presented by Vgiys High and Vg,s Low. Such al-
ternation takes place in a periodic fashion such that
the period, Ty for Vgjas High equals approximately
6% of the total period, T at a frequency of 5kHz
and the period, T, is approximately 94% thereof.
By way of example, in an operative arrangement
the DC bias levels for Vgj,s High and Vgi,s Low are
-650 and -300 volis, respectively. The DAD image
was recorded at a voltage level of -100 volts while
the CAD voltage was at -900 voits with the back-
ground at -450 volts.

In the case of the CAD image as illustrated in
Figure 4, the bias voltages Vgias High and Vgias Low
are -530 and -150 wvolts, respectively. The
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waveform 55 representing these biases is inverted
with respect to the waveform 50 in the sense that
the period, Ty for Vgius High is approximately 94%
of the total period, T while the period T, for Vgias
Low is approximately 6% of the total period T.

Developer bias switching between Vg;,s High
and Vs Low is effected automatically via the
power supplies 41 and 43.

Because the composite image developed on
the photoreceptor consists of both positive and
negative toner, a positive pre-transfer corona dis-
charge member 56 is provided to condition the
toner for effective transfer to a substrate using
negative corona discharge.

Transfer station D includes a corona generating
device 80 which sprays ions of a suitable polarity
onto the backside of sheet 58. This attracts the
charged foner powder images from the belt 10 to
sheet 58. After transfer, the sheet continues to
move, in the direction of arrow 62, onto a conveyor
(not shown) which advances the sheet to fusing
station E.

Fusing station E includes a fuser assembly,
indicated generally by the reference numeral 64,
which permanently affixes the transferred powder
image to sheet 58. Preferably, fuser assembly 64
comprises a heated fuser roller 66 and a backup
roller 68. Sheet 58 passes between fuser roller 66
and backup roller 68 with the toner powder image
contacting fuser roller 66. In this manner, the toner
powder image is permanently affixed to sheet 58.
After fusing, a chute, not shown, guides the advan-
cing sheet 58 o a catch fray, also not shown, for
subsequent removal from the printing machine by
the operator.

After the sheet of support material is separated
from photoconductive surface of belt 10, the resid-
ual toner particles carried by the non-image areas
on the photoconductive surface are removed there-
from. These particles are removed at cleaning sta-
tion F. The magnetic brush cleaner housing 70 is
disposed at the cleaner station F. The cleaner
apparatus comprises a conventional magnetic
brush roll structure for causing carrier particles in
the cleaner housing fo form a brush-like orientation
relative to the roll structure and the charge reten-
tive surface. It also includes a pair of detoning rolls
for removing the residual toner from the brush.

Subsequent to cleaning, a discharge lamp (not
shown) floods the photoconductive surface with
light to dissipate any residual electrostatic charge
remaining prior to the charging thereof for the
successive imaging cycle. '

A modified form of the printing machine of
Figure 2 is shown in figure 5. In figure 5, compo-
nents corresponding to those in Figure 2 carry the
same reference numerals. The machine 9 shown in
Figure 5 has two operating modes, namely a tri-
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level highlight color mode and a bi-level monoch-
rome mode, and to that end it differs from the
Figure 2 machine by the addition of a DC power
supply 45 and a switch 49 which are associated
with the developer housing 34, and a switch 47
which is associated with the developer housing 32.

In the tri-level highlight color mode, the switch-
es 47, 49 are in the position shown in Figure 5 so
that the power supply 41 applies a CDC bias to the
rolls 35, 36 in developer housing 32, and the power
supply 43 applies a CDC bias to the rolls 37, 38 in
developer housing 34. In this mode, the machine
functions as described with reference to Figure 2.
Developer bias switching between Vg;,s High and
Veias Low is effected automatically via the power
supplies 41 and 43 under the control of the ESS
26.

In the bi-level monochrome (black) mode, the
switches 47, 49 are moved into the alternative
position as indicated by the broken-line arrows. In
that position, the bias is removed from the rolls 35,
36 by the switch 47 and the conventional DC bias
is applied to the rolls 37, 38 via the standard bias
power supply 45 through switch 49.

The machine shown in Figure 5 also differs
from that shown in Figure 2 in that the rolls 37 and
38 and the backup rolls disposed {0 the other side
of the photoreceptor belt 10 are arranged so that
the belt is wrapped about the rolls 37, 38. While
only two rolls 37 and 38 are contained in the
housing 34, the use of three rolls is contemplated.

In the apparatus shown in Figure 2 and 5, the
operating latitude of the tri-level xerographic pro-
cess is improved by replacing the standard DC
bias that is applied to one or both of the developer
housings in conventional tri-level imaging with a
chopped DC (CDC) developer bias. That is, the
housing bias applied to the developer housing is
alternated between two potentials, one that repre-
sents roughly the normal bias for the DAD devel-
oper, and the other that represents a bias that is
considerably more negative than the normal bias,
the former being identified as Vgias LOw and the
latter as Vgis High. This alternation of the bias
takes place in a periodic fashion at a given fre-
quency, with the period of each cycle divided up
between the two bias levels at a duty cycle of 8%
but which may be within the range of from 5-10 %
(Percent of cycle at Vgag High). In the case of the
CAD image, the amplitude of both Vgas Low and
Veias High are about the same as for the DAD
housing case, but the waveform is inverted in the
sense that the bias on the CAD housing is at Vpgas
High for a duty cycle of 94% (but which may be
within the range of from 90-95%).

It has been found that several benefits are asso-
ciated with this CDC biasing:
Increased developed mass/area (DMA) for a given



13 EP 0 429 309 A2 14

background level.

An increase in developed charge/mass (Q/M),
which reduces the amount color image damage
caused by the second CAD black developer hous-
ing.

A consistent increase of 25-40 volts in the develop-
ment neutralization of both the DAD and CAD latent
images.

The increases in the DMA and Q/M when using
a Chopped DC bias, and the resultant increase in
image neutralization, are used to improve the op-
erating latitude in several different ways. The in-
creased developability that is obtained when using
the Chopped DC bias instead of an equivalent
conventional DC bias can be used to either obtain
higher DMA's for the same background level, or to
obtain the same DMA as the DC bias case, but
with reduced development fields. The reduced de-
velopment fields in the latter case would make
available photoreceptor voltage that could be ap-
plied elsewhere (i.e: red and black cleaning fields,
or reduction of photoreceptor voltages). The higher
developed Q/M helps to decrease the amount of
red image damage caused by the second CAD
black housing. The increased neutralization helps
to prevent the development of black carrier-beads
and wrong sign toner into the first (DAD) image by
the second (CAD) developer housing.

In the apparatus shown in Figure 5, the devel-
oper biases in a tri-level highlight color printer are
switched between standard DC and chopped DC
bias modes. The standard DC bias mode is used to
obtain excellent black copy quality in the black
monochrome mode using Insulative Magnetic
Brush (IMB) developer. The chopped DC bias
mode is used to increase the DMA (as already
mentioned) and reduce undesirable fringe field de-
velopment in the black housing when printing in the
tri-level highlight color mode. Thus, tri-level high-
light color printing can be achieved in a high speed
printer which utilizes a black (IMB) developer by
using chopped DC bias (CDC) in the highlight color
mode while still preserving the excellent quality
monochromatic black images by electrically biasing
the black developer housing using a conventional
DC bias while operating in a first mode of opera-
tion.

The end result of bias switching in Figure 5 is
to produce excellent black copy quality in the black
monochrome mode in high speed printing, while
both enabling tri-level highlight color and extending
the operating latitude in the tri-level highlight color
mode.

Claims

1. A method of developing fri-level latent electro-

10

15

20

25

30

35

40

45

50

55

static images contained on a charge retentive im-
aging surface wherein the tri-level images include
two image areas at different voltage leveis and a
background area, the method including the steps
of:

providing separate developer structures (32, 34) for
developing said two image areas; and

alternately applying two discrete voltage biases to
at least one of said developer structures for devel-
oping one of said image areas.

2. A method according to claim 1, including the
step of alternately applying discrete voltage biases
to the other of said developer structures.

3. A method according to claim 1 or claim 2,
wherein the duty cycles of said two discrete volt-
age biases applied to the/a developer structure are
different.

4. A method according to claim 3, wherein one of
said discrete voltage biases is effected at a duty
cycle of approximately 6%.

5. A method according to any one of the preceding
claims, wherein the frequency of the application of
said discrete voltage biases fo the/a developer
structure is approximately 5 kHz.

6. A method according to any one of the preceding
claims for alternatively developing conventional bi-
level latent electrostatic images contained on the
charge retentive imaging surface wherein the bi-
level images include a single image area and a
background area, the method including the step of:
providing means for applying a standard monoch-
rome bias to the other (34) of said developer struc-
fures for developing said single image area and
selecting either: a first mode of operation, for de-
veloping fri-level images, in which discrete voltage
biases are applied alternately to at least the said
one developer structure; or a second mode of
operation, for developing bi-level images, in which
a standard monochrome bias is applied to the
other developer structure.

7. A method according to claim 8, in which the
biases on the said one developer struciure are
removed during the second mode of operation.

8. Apparatus for creating tri-level latent electrostatic
images contained on a charge retentive imaging
surface wherein the ftri-level images include two
image areas at different voltage levels and a back-
ground area, said apparatus comprising:

a plurality of developer structures (32, 34) for de-
veloping said two image areas; and means (41) for
alternately applying two discrete voltage biases to
at least one (32) of the developer structures.

9. Apparatus according to claim 8, including means
(43) for alternately applying discrete voltage biases
fo the other (34) of said developer structures.

10. Apparatus according to claim 8 or claim 9,
wherein the duty cycles of said two discrete voli-
age biases applied to the/a developer structure are
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different

11. Apparatus according to claim 10 wherein one of
said discrete duty cycles is approximately 6%.

12. Apparatus according o any one of claims 8 to
11, wherein the frequency of the application of said
discrete voltages to the/a developer structure is
approximately 5 kHz.

13. Apparatus according o any one of claims 8 to
12, for alternatively developing conventional bi-level
latent electrostatic images contained on the charge
retentive imaging surface wherein the bi-level im-
ages include a single image area and a back-
ground area, the apparatus further comprising:
means (43) for applying a DC bias at a single
voltage level to the other (34) of said developer
structures; and

actuating means (47, 49) for selecting either: a first
mode of operation for developing tri-level images,
in which the means (41, 43) for alternately applying
discrete voltage biases is/are operable; or a second
mode of operation for developing bi-level images,
in which the means for applying a DC bias at a
single voltage level is operable.

14. Apparatus according to claim 13, wherein the
actuating means is operable to remove the said
discrete voltage biases during the second mode of
operation.

15. Apparatus according to claim 13 or claim 14,
wherein said other developer structure contains in-
sulative developer.

16. Apparatus according to any one of claims 13 to
15, wherein said other developer structure com-
prises a wrapped developed configuration.
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