
1                  EP 0 280 542 B1                2 Description
More particularly, in order to repetitively use the photosensitive member
3, the potential contrast by FIELD OF THE INVENTION AND RELATED ART
the previous latent image remaining on the photosen- sitive member3 Is
required to be dissipated before the The present invention relates to an
imageforming   5   next charging step. Since otherwise, that is, if the
apparatus such as an image transfer type electro-  photosensitive member is
charged without dissipat- photographic copying machine or laser beam
printer,  ing the potential contrast of the previous latent image, more
particularly to such an apparatus using an im-  the surface of the
photosensitive member is not uni- age forming process comprising a uniform
charging  formly charged when it is charged by a corona charg- step in
which an image bearing member such as a ro-  10  Ing device, with the
result that the potential contrast tatable photosensitive drum and an
endless belt is  of the previous electrostatic latent image remains and
uniformly charged, wherein the image bearing mem-  appears In the next
image as a ghost image. ber is repeatedly usable.
Also, it Is required that after the image forming Referring first to Figure
4, there is shown a known  operation, the apparatus is stopped after the
poten- transfer type electrophotographic copying machine  15  tial on the
photosensitive member 3 Is dissipated, using a drum type photosensitive
member.         sinceotherwisethesensitivityorthelikeof photosen- The
photosensitive drum is indicated by a refer-  sitive member may vary during
the rest period. ence numeral 3 and is rotated at a predetermined per-  In
the apparatus of Figure 4, a whole surface ex- ipheral speed in a direction
Indicated by an arrow  posure device (eraser) 19 is disposed between the
about a shaft 3b. The photosensitive drum has a con-  20  charging device
18 and the cleaning device 6 to dis- ductive layer and a photoconductive
layer thereon.  charge the photosensitive member 3 for the above de- During
the rotation of the photosensitive drum, it is  scribed purpose. Since the
photosensitive member 3 uniformly charged to the positive or negative
polarity  is subjected to the whole exposure operation by the by a charger
18, and then the photosensitive drum Is  whole surface exposure device 19
before it is charged exposed to image light L at an exposure station 3a by
25  by the charging device in each image forming cycle an unshown image
exposure means (slit exposure or  in the repetitive image forming cycles,
and therefore, a laser beam scanning exposure or the like). By this,  the
surface of the photosensitive membercan be uni- an electrostatic latent
image Is formed corresponding  formly charged by the charging device 18.
After the to the light image projected onto the surface of the  image
forming operation, the charging device 18 is photosensitive drum.
30  stopped, and then the photosensitive member 3 is ro- The electrostatic
latent image is developed with  tated through one full turn
(post-rotation), during toner by a developing device 5, and the toner Image
which, the entire surface of the photosensitive mem- Is transferred onto a
transfer material S which has  ber Is exposed to the uniform light by the
whole sur- been transported from an unshown sheetfeeding sta-  face
exposure device 19, so that the entire surface of tion to between the
photosensitive member 3 and the  35  the photosensitive member is
electrically discharged, transfer device 13 In a timed relation with the
image  and only then the rotation of the photosensitive mem- formed on the
photosensitive member.             ber is stopped. The transfer material S
having received the im-  However, the provision of the whole surface ex-
age, is separated from the photosensitive member  posure device 19 makes
the apparatus bulky and surface and then is Introduced into an Image fixing
40  complicated. device where it Is subjected to an image fixing oper-
Further, when the charging is performed by a cor- ation, so that a copy is
produced and is discharged  ona discharging device, a high voltage such as
sev- outside the apparatus.                           eral KV has to be
applied to its wire electrode, and the The surface of the photosensitive
member 3 Is  discharging device itself becomes bulky since the dis- cleaned
by a cleaning device 6, so that the residual  45  tance must be maintained
large between the wire toner is removed to be prepared for the next image
electrode and the shield electrode to prevent leakage forming operation. As
for the charging device 18 for  to the shield electrode or the body of the
discharging charging the photosensitive member 3, a corona   device.
Additionally, the corona discharge produces charging device having a wire
electrode is widely  ozone which influences the apparatus or deteriorates
used.                                        50  the photosensitive member,
resulting In a blurred im- Such a corona charging device is used also for
age. pre-exposure, by which the surface of the photosen-  In view of the
above, it Is now considered that the sitive member 3 is uniformly
discharged before there-  corona discharger having the above described
prob- petitively usable photosensitive member Is uniformly  lems is not
used, but a contact type charging means charged prior to the image
exposure. After the Image  55  is used by which a charging member is
contacted to forming operation, a whole surface exposure step Is  the
photosensitive member to charge it. By doing so, required to remove the
remaining potential by expos-  the problem of the high voltage application
and the Ing the photosensitive member to uniform light,  problem of the
production of ozone can be solved. 2    



3                  EP 0 280 542 B1               4 The contact type
charging device is such that a con-  From a second aspect the invention
comprises a ductive member such as a conductive fiber brush or  method of
operating an image forming apparatus to a conductive and elastic roller is
contacted to the sur-  charge an image bearing member having a photosen-
face of the photosensitve member with a DC voltage  sitive layer, and
characterised in that it comprises the of the order of I KV or superimposed
DC voltage and   5   steps of supplying a first vibratory voltage to a
charg- AC voltage applied to the conductive member, by  Ing member in
contact with the image bearing mem- which the surface of the photosensitive
member is  ber in order to charge the said image bearing mem- charged to a
desired potential.                  ber, and supplying a second vibratory
voltage to the Where, however, the contact type charger is  charging member
to discharge the Image bearing used, the surface of the photosensitive
member is not  10  member, the magnitude of the absolute value of the
charged uniformly, but spot-like nonuniformity re-  centre of vibration of
the second vibratory voltage be- sults. The inventors have proposed in EPO
272072  ing less than of the first vibratory voltage. that a vibrating
voltage such as an alternating voltage  In order that the present invention
may be more having a peak-to-peak voltage which Is larger than  readily
understood embodiments thereof will now be twice the absolute value of the
charge starting vol-  15  described by way of example and with reference to
tage to the photosensitive member is applied to the  the accompanying
drawings, In which: charging member, whereby the photosensitive mem-
Figure 1 Is a sectional view of a laser beam printer ber is uniformly
charged. This application constitutes  according to an embodiment of the
present invention. prior artonlywhen considering novelty (Art. 54(3)(4)).
Figure 2 Is a schematic view further illustrating JP-A-56-146-157 discloses
an apparatus which  20  the embodiment of Figure 1. supplies an AC voltage
to a charger for carrying out  Figure 3 Is a schematic view of an apparatus
ac- corona discharge charging of a photosensitive    cording to another
embodiment included by way of drum. The apparatus also discloses the use of
a pos-  reference. itive and negative DC field, one of which Is used in the
Figure 4 is a schematic view illustrating an exam- charging and the other
in the discharging of a photo-  25  pie of a conventional apparatus.
sensitive drum, depending on whether or not a posi-  Figure 5 is a
schematic view illustrating an appa- tive or negative charge is required.
However, JP-A-  ratus according to a further embodiment of the pres-
58-146-157 does not disclose the use of a contact  ent invention. charging
member, or the use of a first vibratory vol-  Figures 6 and 7 are graphs
Illustrating vibration tage for charging and a second vibratory voltage for
30  of the charge potential of the photosensitive drum In discharging the
photosensitive drum, in which the ab-  the area where the charging roller
and the photosen- solute value of the centre of vibration of the second
sitive drum are cross to each other. vibratory voltage is less than that of
the first vibratory  Figure 8 Is a graph showing a relationship be-
voltage.                                         tween the potential of the
photosensitive drum prior The present invention is a further improvement
35  to the charging and that after the charging. where such a contact type
charging member is incor-  Figures 9 and 14 are graphs showing relation-
porated into an image forming apparatus. Thus the in-  ships between a
peak-to-peak voltage Vpp of the ap- vention is concerned with an image
forming appara-  plied voltage and the surface potential V of the pho- tus
comprising:                                  tosensitive member when an OPC
photosensitive a movable image bearing member having a   40  drum and an
amorphous silicon photosensitive drum photosensitive layer on which an
image can be repet-  Is used, respectively. itively formed;
Figures 10 and 13 are graphs showing relation- means for forming an image
on the member,  ships between a DC voltage [err] and the surface po- a
charging member for electrically charging  tential of the photosensitive
member V when an OPC the image bearing member; and               45
photosensitive drum and an amorphous silicon pho- voltage supply means for
supplying a voltage  tosensitive drum are used, respectively. to the
charging member.                             Figure 11 is a schematic view
illustrating a gap From a first aspect the Invention is characterised
between the photosensitive layer and the charging in that the charging
member contacts the movable Im-  roller. age bearing member and in that the
apparatus is op-  50  Figure 12 is a graph showing a relationship be-
erable in first and second modes in which the voltage  tween the Paschen's
curve and a gap voltage. supply means respectively supplies a first
vibratory voltage to the charging member to charge the Image  DETAILED
DESCRIPTION OF THE PREFERRED bearing memberand a
secondvibratoryvoltagetothe  EMBODIMENTS charging member to discharge the
Image bearing  55 member, the magnitude of the absolute value of the
Referring to Figure 1, there is shown an image second vibratory voltage
being less than that of the  forming apparatus (a laser beam printer)
according to first vibratory voltage.                         an embodiment
of the present invention. The Image 3    



5                   EP 0 280 542 B1                 6 forming apparatus
comprises a sheet feeding station  roller 10 disposed at a lower portion
inside the front A and a laser beam printing station B In combination.
plate 1A, a conveying roller 12 in rolling contact with First, the
structure of the printer station B will be  a left side of the feeding
roller 10, an image transfer described. The printer station B Is provided
with an  roller 13 disposed above the feeding roller 10 inside outer casing
1. The front side of the apparatus is   5   the front plate 1A, a couple of
image fixing rollers 15a shown in this Figure as the righthand side. The
outer  and 15b disposed at an upper portion inside the front casing 1
Includes a front plate 1A which is pivotable  plate 1A, a sheet guiding
plate 14 disposed between about a hinge I B disposed at a bottom portion,
so that  the transfer roller 13 and the fixing roller couple 15a the front
plate 1A may be opened as shown by chain  and 15b, a sheet material
discharging roller 16 dis- lines or closed as shown by solid lines In this
Figure.  10  posed at a sheet outlet side of the fixing roller couple When
the printer station B is serviced or when a proc-  I 5a and 15b and a tray
17 for receiving the sheet ma- ess cartridge 2 Is mounted Into or
dismounted from  terials discharged from the apparatus. the main assembly
of the printer, the front plate 1A is  When an image formation start signal
is inputted opened to allow wide access to the inside thereof.  into the
control system of the printer, the photosensi- The process cartridge 2 in
this embodiment in-  15  tive drum 3 Is rotated at a predetermined
peripheral cludes a cartridge housing 2a and contains therein a  speed in
the clockwise direction as indicated by an ar- photosensitive drum 3, a
charging roller4, a develop-  row. During the rotation, the periphery
thereof is uni- ing device 5 and a cleaner 6 as image forming proc-  formly
charged to a predetermined polarity, positive ess means. It is detachably
mountable into the printer  or negative by the charging roller 4. The
charging roll- casing 1 at a predetermined accommodating position   20  er
4 Is of a conductive material to which a predeter- when the front plate 1A
is opened as shown by chain  mined voltage Is applied. The photosensitive
drum 3 lines. The present Invention is conveniently usable  is charged by
the roller contacted thereto. The charg- when the process cartridge 2
contains at least a pho-  Ing roller 4 may be driven by the contact of the
pho- tosensitive drum 3 (an image bearing member) and a  tosensitive drum 3
or may be positively rotated in the charging roller4 (charging member).
However, one of  25  opposite directions. Also, the charging roller4 may be
the photosensitive drum 3 and the charging, roller 4  non-rotatable.
However, It is preferable that the may be substantially permanently fixed
in the main  charging roller 4 is positively rotated In the same per-
assembly of the apparatus. In any event, the present  ipheral direction and
at the same peripheral speed as Invention is applicable where the
developing device 5  the rotation of the photosensitive drum 3, or that the
or the cleaner 6 is not contained in the cartridge 2 or  30  charging
roller 4 follows the photosensitive drum 3. where another process means is
contained in the car-  This is because the friction between the roller and
the tridge. When the process cartridge 2 is mounted cor-  drum is smaller
than when there is a peripheral speed rectly at the predetermined position
in the printer,  difference therebetween, and therefore, the problem
mechanical and electrical couplings are established  of the wear and the
scraping or the drum of the roller by coupling members (notshown) between
the mech-  35  is reduced. anical driving systems and electrical circuit
systems  Then, the surface of the photosensitive drum 3 between the
cartridge side and the main assembly   having been uniformly charged is
exposed, at the ex- side.
posure station 3a, to the laser beam L bearing time The outer casing 1
contains a laser beam scanner  series picture element signals representing
image in- 7 disposed at a rear side therein, and the laser beam   40
formation to be printed produced by the laser beam scanner 7 includes a
semiconductor laser, a scanner  scanner 7, so that the photosensitive drum
3 surface motor 7a, a rotatable scanning mirror 7b such as a  Is subjected
to the main scan operation by the laser polygonal mirror, a lens system 7c
and others. The  beam L in the direction of the generating line of the
laser beam Lfrom the scanner 7 travels substantially  drum, by which an
electrostatic latent image of the horizontally through an exposure window
2b of the   45  Image information Is formed on the photosensitive cartridge
housing 2a of the cartridge mounted there-  drum 3 surface. in, the laser
beam L further travels between the       The electrostatic latent image
thus formed on the cleaner 6 and the developing device 5 disposed at up-
photosensitive drum 3 is sequentially developed with per and lower sides,
respectively. It reaches the left  a developer carried on a developing
sleeve (or roller) side of the photosensitive drum 3 at the exposure sta-
50  5a of the developing device 5 into a toner Image. The tion 3a. By the
rotation of the mirror 7b, the photosen-  developing device 5 Includes a
toner accommodating sitive drum 3 surface is scanned in the direction of
its  chamber 5b for accommodating the developer (to- generating line and is
exposed to the laser beam.  ner). In this embodiment, the latent image is
formed The apparatus further comprises a multi-feeding  by projecting a
laser beam spot L at the image area tray 8 which extends out of the front
plate 1A and   55   of the surface of the photosensitive drum 3 which has
which is inclined upwardly toward outside. A plurality  been uniformly
charged, so that the charge Is re- of sheet materials S can be set therein.
moved from the photosensitive drum 3. Therefore, The apparatus further
Includes a sheet feeding  the developing operation is a reversal
development 4    



7                   EP 0 280 542 B1                8 by which the developer
having the same polarity as  conveying roller 12, In the manner described
above. the polarity of the charge remained on the photosen-  Referring to
Figure 2, the apparatus of this em- sitive drum 3, so that the toner is
deposited at the por-  bodiment is schematically shown, In which the same
tion exposed to the laser beam.                    reference numerals are
assigned to the correspond- On the other hand, the topmost sheet of the   5
ing elements. sheets (transfer material) S accommodated in the      In this
embodiment, the photosensitive drum 3 is multi-feeding tray 8 is introduced
Into the printer by  made of OPC (organic photoconductor), but may be the
feeding roller 10 which is rotating in the direction  of amorphous silicon,
selenium ZnO or other photo- indicated by an arrow. The sheet is conveyed
into the  sensitive material. As described hereinbefore, the nip formed
between the feeding roller 10 and the con-  10  charging of the
photosensitive member is effected by veying roller 12 and is advanced at a
constant speed  the charging member contacted to the surface of the
substantially equal to the peripheral speed of the pho-  photosensitive
member. tosensitive drum into the contact area between the    The charging
roller 4 includes a core metal and a photosensitive drum 3 and the transfer
roller 13 con-  conductive rubber layer thereon. At least the surface
stituting a transfer station. The sheet S fed into the   15  of the
charging roller 4 is electrically conductive, and transfer station receives
the toner Image from the  the resistance is [err] ohm preferably. In this
em- surface of the photosensitive drum 3 during its pas-  bodiment a
conductive urethane rubber roller having sage between the photosensitive
drum 3 and the     the resistance [err] ohm is used. Here, the resistance
transferroller 13 by thefunction ofthe voltageofa po-  is the one from the
core metal to the roller surface per larity opposite to that of the toner
applied to the trans-  20   [err] of the roller surface area. As the
material of the fer roller 13 and the pressure between the transfer
roller, EDDM, NBR and CR are usable. The charging roller 13 and the
photosensitive drum 3. The applica-  roller4 is always press-contacted to
the surface of the tion of the voltage to the transfer roller 13 starts
when  photosensitive member 3 under a predetermined the leading edge of the
sheet S reaches the contact  pressure, for example, a line pressure of 0.01
- 0.2 portion (transfer portion) between the photosensitive   25  kg/cm. In
this embodiment, the charging roller 4 fol- drum 3 and the transfer roller
13. In this embodiment,  lows the rotation of the photosensitive member 3.
a transfer roller is employed as the transfer means,  A voltage application
source 21 for the charging however, a corona charger may be used In place
roller4 includes a DC source 22, an AC source 23 and thereof.
a switch 24. During the pre-rotation period in which The transfer sheet S
having passed through the   30  the photosensitive member 3 is rotated and
during transfer portion, is separated from the photosensitive  each of the
Image forming cycles, the switch 24 of the drum 3 surface, and is guided by
the guiding plate 14  voltage source 21 Is contacted to an Aside, by which
to the fixing roller couple 15a and 15b. Of the rollers  the charging
roller 4 is supplied with a vibrating vol- 15a and 15b, the roller 15a is
adapted to be contacted  tage which Is a combination of a DC voltage [err]
pro- to such a side of the transfer sheet as bears the trans-  35  vided by
the DC source 22 and an alternating voltage ferred image and is provided
with a halogen heater to  [err] provided by the alternating current source
23, so constitute a heating roller, whereas the roller 15b Is  that the
charging roller 4 is supplied with a superim- adapted to contact the back
side of the sheet material  posed DC voltage and AC voltage, [err]. Here,
and is made of an elastic material to constitute a  the vibrating voltage
Is a voltage which changes per- pressing roller. The sheet material now
having the   40  iodically with time. Here, "center of vibration" Is de-
transferred image is fixed while being passed     fined as [err] that is,
the middle of the max- through the nip between the rollers 15a and 15b, by
imum voltage and the minimum voltage in one period. which the toner image
is fixed on the surface of the  In this embodiment, the DC source produces
-700 V sheet material by heat and pressure into a permanent  DC voltage,
whereas the AC source produces an AC image. The sheet is then discharged
onto the tray 17  45  voltage [err] having a peak-to-peak voltage Vpp = by
the discharging roller 16 as a print or copy.   1500 Vand a frequency of
1000 Hz. The waveform of The surface of the photosensitive drum 3 after
the vibration is In the form of a sine curve. the toner image is
transferred Is subjected to the    It should be noted that in this
embodiment there cleaning operation by the cleaner 6 having the clean-  is
no whole surface exposure means for uniformly ing blade 6a, so that the
residual toner or other con-  50  discharging the surface of the
photosensitive drum 3. taminations are wiped out to be prepared for the
next  With this structure, it has been confirmed as a re- image forming
operation.                          suit of repetitive image forming
operations that while In this apparatus, a cassette 40 of the sheet feed-
the potential contrast of the previous electrostatic la- ing device A is
usable in place of the multi-feeding tray  tent image remains upstream of
the charging roller 4 8. When this is used, the topmost sheet material in
the  55   because of the non-existence of the whole surface cassette 40 is
picked up and advanced to the regis-  exposure means, the surface of the
photosensitive tration rollers 28 and 55 by the pickup roller 26 and is
member immediately downstream of the charging transported to between the
feeding roller 10 and the  roller4 is uniformly charged to [err] despite
the non- 5    



9                  EP 0 280 542 B1                10 uniformity of the
surface potential before the charg-  humid and high temperature conditions
([err] and ing roller 4; and therefore, no ghost image results  85%, for
example) and under low-humid and lowtem- from the previous electrostatic
latent image without  perature conditions ([err] and 10 %, for example).
the pre-exposure which has been required in the con-  Namely, [err]
ventional apparatus.                         5         Va: DC voltage
applied to the charging roller 4; The uniform potential Is achieved by the
feature   Vc: potential of the surface of the OPC photo- of the voltage
settings, a charge starting voltage VTH  sensitive drum; when only a DC
voltage is applied to the charging roll-  [err] charge starting voltage. er
and the peak-to-peak voltage Vpp of the AC vol-   The equation derives from
the Paschen's law. tage component satisfy [err]     to       Referring to
Figure 11 showing a model of micro- The charge starting voltage is
determined in the  scopic clearances between the surface of the photo-
following manner. Only DC component is applied to  sensitive drum and the
charging roller 4, the voltage the charging member contacted to the image
bearing  Vg across the microscopic gap Z between the OPC member
(photosensitive member) having a zero sur-  photosensitive layer 1 b and
the charging roller 4 is ex- face potential. The voltage of the DC
component Is  15  pressed by the following equation: gradually Increased.
The surface potentials of the      [err] photosensitive memberare plotted
with respect to the  [err]  applied voltage DC voltage applied thereto with
a predetermined In-  Vc:  surface potential of the photosensitive layer
crement of the voltage, for example, 100 volts. The  Z:   gap first point
of the voltage Is the one at which the sur-  20  La:  thickness of the
photosensitive layer face potential of the photosensitive member appears,
Ks:  dielectric constant of the photosensitive layer and about ten surface
potential are plotted at each  On the other hand, the air gap break-down
vol- 100 volt increment, for example. Using least square  tage Vb can be
expressed by a linear expression of approximation, a straight line Is drawn
from the plots.  the basis of the Paschen's law where the gap Z is The DC
voltage reading at which the straight line and,  25  more than 8 microns,
as follows. the line representing the zero surface potential Inter-     Vb
= 321 + 6.2 Z  (2) sect is taken as the charge starting voltage. Figures
The equations (1) and (2) are plotted on a graph 10 and 13 are the graphs
produced in the above-  In Figure 12 which shows air gap break-down voltage
described manner.                                orgapvoltage as afunction
of the gap Z. In the graph, The requirements of [err] I will be ex-  30
reference numeral 1 designates a Paschen's curve plained in detail.
which is convex-down, and reference numerals 2, 3 and 4 designate the gap
voltages Vg curves which are (1) When a DC voltage is applied to the
charging  convex-up with a parameter of Va-Vc. roller
The electric discharging action occurs when the 35  curves 2,3 or 4 crosses
the Paschen's curve 1. At the In this case, the photosensitive layer lb of
the  point of the discharge start, a discriminant of a quad- photosensitive
drum Includes a CGL (carrier generat-  ratic of Z given by Vg = Vb = 0,
that is, ing layer) of azo pigmentand CTL (carriertransferlay-  [err] er)
having a thickness of 19 microns and containing  That is, a mixture of
hydrazone and resin. The photosensitive  40   [err] layer is an OPC
(organic photoconductor) layer of a        [err] negative property. The OPC
drum is rotationally driv-  When the dielectric constant 3 of the OPC pho-
en, to the surface of which the charging roller 4 is con-  tosensitive
layer and the thickness of 19 microns of tacted. The charging roller 4 is
supplied with a DCvol-  the CTL layer are substituted Into the right side
of the tage [err] to effect the charging to the OPC photosen-  45  equation
(3), the following results: sitive drum In the dark. The surface potential
V of the         [err] OPC photosensitive drum 1 charged by the charging
This is generally the same as the equation ob- roller4 and the [err]
appiled to the charging  tained from experiments. roller 4 were measured.
Paschen's law related to a discharge in the gap. Figure 10 shows the
results of measurements.  50  Even In the charging using the charging
roller 4, the The charging action Involves a threshold concerning
production of a small amount of ozone is recognized the DC voltage [err]
applied. The charging effect   at a position very cose to the charging
portion (1/1 00 starts at approximately 560 V. The provided surface  -
1/1000 of the case of corona discharge), so that it is potential V by the
applied voltage higher than the  considered that the charging by the
charging roller in- charge starting voltage is linearwith respeatto the ap-
55  volves a discharge phenomena In one wayoranother. plied voltage as
shown In Figure 10. The property is  Figure 13 is a graph showing the
results of meas- substantially immune to ambient conditions, that is,
urements of the DC voltage applied to the charging generally the same
results are confirmed under high 6    



11                 EP0280542B1                    12 roller4 and the
surface potential of the photosensitive  graph (1)). drum after being
charged by the charging roller 4,   Even if the frequency of the AC voltage
and the when the photosensitive layer of the photosensitive  voltage level
[err] of the DC component of the applied drum is replaced by an amorphous
silicon photosen-  voltage are changed, the position of the inflection
sitive drum.                                 5   point a with respect to
Vp-p is constant, although the To minimize the Influence of the dark decay,
the  level-off point of the charged potential changes with experiments were
carried out without exposure to  the variation of [err] Also, the results
shown in Figures light prior to the charging step. The charging starts at
9 and 14 remain unchanged even when thefrequency [err] = approx. 440 V, and
with the highervoltage a lin-  of the applied voltage is changed to 500 Hz,
1000 Hz, ear relationship was confirmed like in the OPC pho-  10  1500 Hz
and 2000 Hz. tosensitive drum case as shown In Figure 10.         The
surface of the photosensitive drum charged When Ks = 12 and Ls = 20 microns
of an amor-  by the charging roller supplied by the superposed DC phous
silicon photosensitive drum are substituted for  component. Ks and Ls of
the equation (3). VTH = 432 V, which is  When the level of Vp-p Is small,
that is, when substantially the same as results of experiments.  15  there
is a linear relationship between Vp-p/2 and the When a DC voltage is
applied to a charging roller  charged potential (inclination is 1), a
spotty charging 4, the surface of the photosensitive member is   results
like when a DC voltage alone is applied to the charged with the properties
described above. When  charging roller 4. However, where the peak-to-peak
the electrostatic pattern resulted is visualized by a  voltage higher than
the inflection point a is applied, known developing method, a spotty
pattern results  20  the charged potential level Is constant, and the
resul- due to the spotty charging.                      tant visualized
image is uniform, that is, the charging For the purpose of eliminating the
non-uniform-  Is uniform. ness of the charging, the Inventors applied a
vibratory  That is, in order to obtain uniform charging, it is voltage
provided by a DC voltage and an AC voltage  preferable to apply between the
photosensitive mem- superposed therewith to the charging roller. As a re-
25  ber and the charging roller a vibratory voltage having suit, it has
been found that It is effective for elimina-  a peak-to-peak voltage which
is not less than twice tion of the non-uniformness to superpose to the DC
the absolute value of the charge starting voltage [err] voltage an AC
voltage having a certain level of peak-  when a DC voltage is applied
determined on the basis to-peak voltage.                                 of
the various properties or the like of the photosen- This will be explained
in detail.        30  sitive member which is a member to be charged. The
surface potential of the photosensitive member pro- (2) When a vibratory
voltage provided by         vided is dependent on the DC component of the
vol- superposed DC and AC voltage to the charging     tage applied. roller
The relationship among the uniformness of the 35 charging, the peak-to-peak
voltage Vp-p of the vibra- The OPC photosensitive drum and amorphous
tory voltage and the charge starting voltage [err] more silicon
photosensitive drum are the same as the ones  particularly, the uniform
charging is provided when used in paragraph (1).
[err] is exemplarily confirmed. This is theo- A vibratory voltage [err]
provided by super-  retically supported as follows. posing a DC voltage
[err] and an AC voltage [err] hav-  40  With respect to the relation
between the surface ing a peak-to-peak voltage Vp-p is applied to the
potential and the Vp-p change, the inflection point a charging roller4 to
contact-charge the amorphous sil-  Is considered to be a starting point
where the electric icon and OPC photosensitive drum, respectively. The
charge starts to transfer backfrom the photosensitive peak-to-peak voltage
and the charged potential of the  member to the charging roller under the
vibratory field surface of the photosensitive drum were measured.   45
between the photosensitive member and the charg- Figures 9 and 14 show the
results.           ing roller, provided by the vibratory voltage applica-
In the area of small Vp-p, the potential increases  tion. substantially
linearly proportionally with Vp-p. When  Figure 6 shows a waveform of the
applied voltage it is beyond a certain level, the potential levels are  to
the charging roller In the area where the charging substantially at the
[err] level of the DC component of  50  roller is close to the
photosensitive member (solid the applied voltage and becomes substantially
con-  line) and the surface potential of the photosensitive stant
irrespective of increase of Vp-p.          member (broken lines). For the
sake of simplicity, it The inflection point a with respect to Vp-p is ap-
is assumed that the vibratory voltage waveform is prox. 1100 V as shown In
Figure 9 In the case of OPC  such that it has a DC component [err] and an
AC com- photosensitive drum, and approx. 900 V in the case  55  ponentVp-p
ofa sine wave, the Vmax and Vmin of the of the amorphous silicon drum as
shown in Figure 14.  vibratory voltage being expressed as follows: These
are approximately twice the charge starting           Vmax   VDC + Vp - p/2
voltage VTH when the DC voltage is applied (para-            Vmin = [err] 7



13                 EP 0 280 542 B1                14 When the voltage of
Vmax is applied, the photo-  member is maintained. When the applied voltage
fur- sensitive member, by the equation Vc = Va - VTH, is  ther reduces,
approaching Vmin, the difference be- charged to the following surface
potential:      tween the applied voltage and the surface potential [err]
of the photosensitive member becomes larger than In the process of the
applied voltage to the charg-   5   VTH. Then, the back transition of the
charge from the ing roller relative to the surface potential approaching
photosensitive member to the charging roller occurs, the minimum Vmin, when
the potential difference be-  so that it approaches [err] When the applied
voltage comes beyond the charge starting voltage VTH, the  becomes Vmin,
and the difference between the ap- excessive charge on the photosensitive
member is  plied voltage and the surface potential of the photo-
transferred back to the charging roller.     10  sensitive member becomes
[err] the charge transition The fact that the transfer and the back
transfer of  does not occur. By repeating those actions, the sur- the
charge between the charging roller and the pho-  face potential of the
photosensitive member vibrates tosensitive roller are carried out under the
existence  in the waveform somewhat like a pulse wave as of the threshold
VTH, means that the transfer of the  shown by broken lines having an
amplitude of (Vpp/2 charge therebetween Is determined on the basis of  15
- VTH). Here, because of its definition the threshold the gap voltage, and
therefore, the charge transfer Is  voltage VTH Is the potential difference
in the closest directionally equivalent,                        portion
where the charge transition occurs, and is de- Forthis reason, in
orderthatthe backtransferoo-  pendent on the distance. More particularly,
the curs, the following Is to be satisfied:          threshold voltage
[err] required for the charge to tran- [err]                            20
sit Increases with a gap between the charging roller That is,
4 and the photosensitive member. This is supported [err]
by the Paschen's law shown in Figure 12 wherein the This agrees with the
above described experimental  air gap break-down voltage increases with the
dis- equation.                                        tance. Therefore, in
the structure wherein the dis- In other words, even if excessive charge is
de-  25  tance between the charging roller and the photosen- posited
locally on the photosensitive member to pro-  sitive member Increases
toward the downstream side vide a high potential, the back transition of
the charge  of the photosensitive member with respect to its per- makes the
potential uniform. On the contrary, even if  ipheral movement, the
amplitude of the surface po- no charge is deposited locally, the transition
of the  tential of the photosensitve member having vibrated charge makes
the potential uniform.          30  in the somewhat pulse-like waveform
having an am- By the formation of the vibratory electric field by  plitude
of [err] converges to zero with the in- the vibratory voltage between the
charging roller and  crease of the threshold voltage [err] which is caused
the photosensitive member, the charge transfers and  by the increase ofthe
distance. In the area where they transfers back therebetween, wherein the
charge  are spaced apart with a distance sufficient to sup- transfer is
depedent on the threshold [err] If it Is as-  35  press the transition or
back transition of the charge, sumed that the charge movement occurs when a
po-  the surface potential of the photosensitive member tential difference
not less than the threshold VTH is  surface Is substantially equal to the
DC voltage com- produced at a predetermined distance, In the area  ponent,
I.e. [err] Therefore, even if the potential con- where the charging roller
and the photosensitive  trast caused by the previous latent Image remains
on drum are close to each other, the charge potential of  40  the
photosensitive member, the surface of the photo- the photosensitive drum
vibrates In the manner   sensitive member is uniformly charged irrespective
shown In Figure 6 by broken line, which Is similar to  of the previous
potential, when charging the photo- a pulse wave. As seen from the Figure,
the amplitude  sensitive member by the charging roller. This will be is
[err]                               understood from Figure 8, if the
comparison is made In Figure 6, before the potential of the charging   45
between when the potential before the charging and roller 4 reaches from
[err] (applied DC voltage) to  the potential after the charging in the case
where the Vmax, the difference between the Initially applied vol-  OPC
photosensitive drum is charged by the charging tage to the charging roller
and the surface potential of  roller. the photosensitive member is larger
than VTH. There-  If, however, the charge starting voltage VTH and fore,
the transition of the charge occurs until the po-  50  the peak-to-peak
voltage Vpp of the AC component tential differences reaches VTH, so that
the surface  satisfy [err], when the applied voltage to the potential of
the photosensitive member increases. Af-  charging roller exceeds Vmax, as
shown In Figure 7, terthe voltage reachesVmax, the potential difference
the difference between the applied voltage and the between the applied
voltage and the surface potential  surface potential of the photosensitive
member does of the photosensitive member becomes smaller than  55  not
exceed the voltage [err] so that no charge transi- VTH, so that no charge
transition occurs between the  tion occurs. As a result the surface
potential of the charging roller 4 and the photosensitive member, and
photosensitive memberbecomes smallerthan the DC therefore, the surface
potential of the photosensitive  component voltage [err] Therefore, even if
It is at- 8    
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surface of the photosensitive  the photosensitive member does not reach 0 V
upon member to [err] the resulting surface potential be-  the discharging
operation and/or that a relatively comes smaller than that. From this
standpoint, [err]  small nonuniformity remains, Vpp < 21 VTH I Is satis-
[err] is preferable.                          factory. By way of
explanation, when the photosensitive   5  The photosensitive member
discharging opera- member is charged only by the DC voltage, the sur-  tion
continues for at least one full turn of the photo- face potential of the
photosensitive member reaches  sensitive member, so that the entire surface
of the -700 V when a DC voltage of -1200 to -1300 V is ap-  photosensitive
member 3 is electrically discharged. plied, but the uniformity of the
charge is not good.  Thereafter, the AC voltage is shut, and the rotation
of And, when the photosensitive member l is repeatedly  10  the
photosensitive member 3 is stopped. used, the potential contrast caused by
the previous  In this embodiment, the potential remaining on electrostatic
latent image remains with the result of  the photosensitive member is
attenuated before the ghost image produced.
apparatus Is stopped or it is put into stand-by state, On the other hand,
after the photosensitive mem-  after the Image forming operation using the
photo- ber 3 is repeatedly used for image formation, and the  15  sensitive
member is repeated. To do this, the voltage repeated image formations are
completed, It is de-  applied to the charging roller Is changed to a
vibrating sired that the surface of the photosensitive member  voltage
having a center of vibration equal to zero (a 3 is electrically discharged
to make it suitable for the  pure AC voltage). However, the level of the DC
vol- resting. To accomplish this, only an AC component is  tage component
may be changed from -700 V (image applied to the charging roller 4 with the
DC compo-  20  forming operation) to, for example, -100 V upon dis- nent
being zero. More particularly, after completion of  charging operation.
More particularly, during the the image forming operation, the switch 24 of
the  post-rotation period after the image forming opera- power source 21 is
switched to contact B and is main-  tion, the charging roller 4 Is supplied
with a super- tained, during the post-rotation which continues at  posed
voltage of a second DC voltage [err] least one full turn of the
photosensitive member. In  25  and a sine wave AC voltage VAC having the
peak-to- the system according to this embodiment wherein the  peak voltage
of Vpp of 1500 V and the frequency of charging member is contacted to the
image bearing  1000 Hz. In other words, the center of the vibrating member
to charge it, the voltage applied to the charg-  voltage Is changed from
-700 V to -100 V, and there- ing member is small, so that the switching is
easier  fore, the absolute value of the center of the vibrating than when a
corona discharging device requiring a   30  voltage is reduced upon the
photosensitive member high voltage Is used. By the switching, the voltage
ap-  discharging operation. plied to the charging roller 4 switches from
the super-  By doing so, the surface potential of the photo- posed AC and
DC voltage to an AC voltage [err] only.  sensitive member 3 reduces to -100
V in its entire sur- In other words, the center of the vibration changes
face. It has been confirmed that the same results are from [err] to zero,
in the photosensitive member dis-  35  provided when the frequency is 500
Hz, 1500 Hz and charging operation. When the DC component of the  2000 Hz.
The potential of -100 V is comparable to the applied voltage to the
charging roller 4 is zero, and  potential when the photosensitive member is
dis- only AC voltage component is supplied, the surface  charged by the
whole surface exposure. potential of the photosensitive member 3 becomes
Thereafter, all the voltage applications are stop- uniformly zero
substantially. It has been confirmed  40  ped, and the rotation of the
photosensitive member 3 that the surface of the photosensitive member is
dis-  Is stopped. Because ofthis post-rotation, the property charged
similarly when the frequency of the AC com-  of the photosensitive member
does not change even ponent is 500 Hz, 1000 Hz, 1500 Hz and 2000 Hz. As  if
they are kept rested. As will be understood from the described
hereinbefore, when the absolute value of  graph of Figure 9, it Is
preferable that [err] the charge starting voltage is not less than twice
the  45  is satisfied. It is also preferable that the AC voltage
peak-to-peak voltage of the vibrating voltage, the sur-  upon the
photosensitive member discharging opera- face potential of the
photosensitive member becomes  tion is the same as that upon the charging
operation. substantially equal to the voltage of the DC compo-  However, it
may be changed as long as [err] nent applied, and therefore, it Is
preferable that Vpp  Is satisfied. [err] is satisfied. This is understood
from the  50  In the above, the center of the vibratory voltage graph of
Figure 9 Illustrating the relationship between  after the Image formation
is set -100 V, but it may be Vpp and the surface potential of the
photosensitive  changed depending on the photosensitive members member. It
is desirable thattheACvoltagecomponent  used, so that the property of the
photosensitive mem- is not changed when the photosensitive member dis-  ber
does not change even if it is kept unused. Prefer- charging operation is
effected since then the struc-  55   ably, however, the potential is set
lower than the po- ture of the apparatus is simple. However, it may be
tential resulted when the photosensitive member is changed as long as [err]
is satisfied. How-  substantially discharged by exposure to strong light.
ever, if it is satisfactory that the surface potential of  Here, the
potential resulted by the strong exposure is 9    
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potential. When a photosensitive mem-  velopment wherein the portion of the
photosensitive ber having electric charge is exposed to light, the sur-
member corresponding to an image portion of an orig- face potential thereof
attenuates; and the surface po-  inal Is exposed to light after the
photosensitive mem- tential decreases with the intensity of the light; how-
ber is uniformly charged; and the charge of the ex- ever, the surface
potential does not change at a cer-   5   posed portion is removed; and a
developer charged tain point even if the intensity is increased; and this
to a polarity opposite to the polarity of the charge is is called the
saturated potential. For usual photosen-  deposited onto the charge
remaining portion, it is de- sitive members of various materials, there
would be  sirable that a charge does not remain in the non-im- no problem
if the absolute value of the center of the  age area. This is because if
the unnecessary portion vibrating voltage is not more than 100 V.    10
receives the developer by the remaining charge, the Referring to Figure 3,
another embodiment of the  load of the cleaning device or the like is
increased. present Invention will be described purely by way of  Also, when
the transfer material is jammed during an reference, wherein the
photosensitive member dis-  image forming operation, the apparatus stops
with charging during the post-rotation of the photosensi-  the charge
remaining on the photosensitive member. tive member 3 is effected by
switching the potential  15  If this occurs, it is desirable that the
photosensitive of the charging roller 4 to the ground potential. During
member is electrically discharged by at least one full- the pre-rotation of
the photosensitive member 3 and  turn of the photo-sensitive member before
the re- during the image forming cycle, the switch 24 of the  sumption of
the image formation, so as to dissipate source 21 is maintained at the
contact A, whereby the  the charge on the photosensitive member. This may
charging roller 4 is supplied with a superposed DC   20  be effected,
substantially simultaneously with the voltage and AC voltage [err] to
uniformly charge  main switch of the image forming apparatus being the
photosensitive member 3, as in Figure 2 embodi-  turned on. Also, in the
case of the regular develop- ment.
ment in the repeated image forming cycle, the electric During the
post-rotation for at least one full-turn  charge is retained on an area of
the photosensitive of the photosensitive memberafter the image forming   25
member between the first image and the second im- cycle terminates, the
switch 24 is switched to the con-  age, for example, the charge retaining
portion is de- tact B, that is, the grounded contact, and this is main-
veloped although it Is not desired. Therefore, it is pre- tained. By this,
the charging roller 4 is grounded. By  ferable to electrically discharge
the photosensitive the grounding, the surface potential remaining on the
member between adjacent images, in the case of the photosensitive 3 is
reduced by the charging roller 4,  30  regular development. similarly to
the case that only the AC voltage is ap-  In the foregoing embodiment, the
charging roller plied to the charging roller 4. The charging effect is  is
in contact with the photosensitive member to weaker than in the case where
the AC voltage is pos-  charge or discharge the photosensitive member.
itively applied. However, the entire surface of the pho-  However, it is
possible that a conductive rubber blade tosensitive member is
satisfactorily discharged by  35  used in place of the roller. The blade is
somewhat less setting the number of the post-rotations to be plural.
durable than the roller. However, the blade is advan- Generally speaking,
the photosensitive member 3 is  tageous from the standpoint of
manufacturing cost. supposed to rotate through plural turns after the im-
-  In the foregoing embodiment, a sine wave is used age forming operation
is completed and before the  for the waveform of the vibratory voltage, but
it may last transfer sheet S is fixed and discharged. During  40  be a
pulse wave, a triangular wave or rectangular this plural turns, the
photo-sensitive member dis-  wave. charging operation can be performed, by
which the    Also, the image forming process is not limited to
photosensitive member 3 is sufficiently uniformly dis-  a so-called Carlson
process employed in the forego- charged in its entire surface.
ing embodiments, but the present invention is appli- In this example, the
charging roller is grounded   45  cable to various processes known as
including a step upon the photosensitive member discharging opera-  of
uniformly charging the image bearing member. The tion. However, the
photosensitive member can be dis-  image exposure means may be of a type
wherein an charged by applying a DC voltage having a polarity  original
supporting platen is moved or an original sup- opposite to that of the
potential of the photosensitive  porting platen is fixed with an optical
system mov- member remaining charged. In this case, the resultant  50
able, and may be of LED array control type, a liquid surface potential of
the photosensitive member is  crystal array control system or other various
means. more or less non-uniform.                            As described in
the foregoing, according to the In the foregoing embodiments, the
photosensi-  present Invention, the charging means and charge re- tive
member discharging operation is performed dur-  moving means actionable on
the image bearing mem- ing the post-rotation of the photosensitive drum
(im-  55   ber can be one and the same member. When the pho- age bearing
member) after the image forming opera-  tosensitive member is to be
discharged, the charging tion is completed, but it may be performed during
the  member is supplied with a vibratory voltage having a pre-rotation. For
example, in the case of a regular de-  center of vibration which has an
absolute value small- 10    
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value of the center of the vibra-  4. Apparatus according to any one of the
preceding tory voltage atthe time ofthe charging operation. Pre-  claims
wherein the peak-to-peak voltage of each ferably, the discharging
vibratoryvoltage has a center  of the vibratory voltages supplied to
charging of vibration of zero volts (the ground potential) then,  member
(4) is not less than twice the absolute it Is not necessary to employ both
pre-discharging   5  value of the minimum magnitude of DC voltage means
conventionally used exclusively for the pre-  which, when applied to the
charging member (4) discharge and post-discharging means conventional-
would start to effect the charge on the image ly used exclusively for the
post-discharge. Because of  bearing member (3). the elimination of the
necessity for two charging members, the image forming apparatus of this
type  10  5. Apparatus according to any one of the preceding can be made
smaller, simpler and less expensive.    claims wherein the DC component of
the second Since the charging means Includes a charging     vibratory
voltage is zero. member supplied with a vibratory voltage contacted to the
Image bearing member, such a high voltage as  6. Apparatus according to any
one of the preceding has to be employed in a corona discharger for charg-
15  claims wherein the voltage supply means (21) in- ing and discharging
the Image bearing member is not  cludes means (22,23,24)forsupplying
selectively required, whereby the charging efficiency is in-    to the
charging member superimposed AC and creased, and the production of ozone is
decreased,  DC voltages as the first vibratory voltage for and the charging
and discharging becomes uniform    charging the Image bearing member, and
for sup- and stabilized.                             20      plying only
the AC voltage as the second vibrato- ry voltage so as to discharge the
image bearing member. Claims 7. Apparatus according to any one of the
preceding 1. An image forming apparatus comprising:   25      claims
comprising control means (24) for select- a movable image bearing member
(3) hav-     Ing in sequence said first vibratory voltage, then ing a
photosensitive layer on which an image can  said second vibratory voltage
and then stopping be repetitively formed;                         the
second vibratory voltage. means (4,5,7) for forming an image on the member
(3);                              30  8. Apparatus according to any one of
the preceding a charging member (4) for electrically     claims wherein the
first and second vibratory vol- charging the image bearing member (3); and
tages are of sine waveform. voltage supply means (21) for supplying a
voltage to the charging member, and           9. Apparatus according to any
one of the preceding characterised in that the charging member  35  claims,
wherein the charging member is a rotat- (4) contacts the Image bearing
member (3) and    able roller. in that the apparatus is operable In first
and sec- ond modes in which the voltage supply means   10. Apparatus
according to any one of the preceding (21) respectively supplies to the
charging mem-  claims, wherein the charging member includes a ber (4) a
first vibratory voltage having a centre of  40  surface layer of a
conductive rubber material. vibration so as to charge the image bearing
mem- ber (3) and a second vibratory voltage having a  11. Apparatus
according to any one of the preceding centre of vibration the absolute
magnitude of    claims, wherein the Image bearing member has which is less
than that of the first vibratory vol-  either an organic photoconductive
layer or an tage so as to discharge the image bearing mem-  45  amorphous
silicon photosensitive layer. ber (3). 12. Apparatus according to any one
of the preceding 2. Apparatus according to claim 1, wherein each of
claims, wherein the image bearing member is ro- the vibratory voltages is
formed by superimpos-  tatable, and the charging member is controllable ing
a DC voltage and an AC voltage, the absolute  so  to electrically discharge
the Image bearing mem- value of the DC voltage of the second vibratory  ber
during at least one rotation thereof after an voltage being smaller than
the absolute DC value  Image forming operation thereon. of the first
vibratory voltage. 13. An apparatus according to any preceding claim, 3.
Apparatus according to either claim I or claim 2   55  wherein the image
bearing member and the wherein the first and second vibratory voltages
charging member have surfaces which move so have a common AC voltage
component.             that a region of the image bearing member initial-
ly In contact with the charging member progres- 11    
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value of the center of the vibra-  4. Apparatus according to any one of the
preceding tory voltage atthe time of the charging operation. Pre-  claims
wherein the peak-to-peak voltage of each ferably, the discharging
vibratoryvoltage has a center  of the vibratory voltages supplied to
charging of vibration of zero volts (the ground potential) then,  member
(4) is not less than twice the absolute It is not necessary to employ both
pre-discharging   5  value of the minimum magnitude of DC voltage means
conventionally used exclusively for the pre-   which, when applied to the
charging member (4) discharge and post-discharging means conventional-
would start to effect the charge on the Image ly used exclusivelyforthe
post-discharge. Because of  bearing member (3). the elimination of the
necessity for two charging members, the image forming apparatus of this
type  10  5. Apparatus according to any one of the preceding can be made
smaller, simpler and less expensive.     claims wherein the DC component of
the second Since the charging means includes a charging     vibratory
voltage is zero. member supplied with a vibratory voltage contacted to the
image bearing member, such a high voltage as  6. Apparatus according to any
one of the preceding has to be employed in a corona discharger for charg-
15  claims wherein the voltage supply means (21) in- ing and discharging
the Image bearing member is not  cludes means (22,23,24) forsupplying
selectively required, whereby the charging efficiency is In-     to the
charging member superimposed AC and creased, and the production of ozone is
decreased,   DC voltages as the first vibratory voltage for and the
charging and discharging becomes uniform     charging the image bearing
member, and for supi and stabilized.                              20
plying only the AC voltage as the second vibrato- ry voltage so as to
discharge the image bearing member. Claims 7. Apparatus according to any
one of the preceding 1. An image forming apparatus comprising:    25
claims comprising control means (24) for select- a movable image bearing
member (3) hav-     ing in sequence said first vibratory voltage, then ing
a photosensitive layer on which an image can  said second vibratory voltage
and then stopping be repetitively formed;                          the
second vibratory voltage. means (4,5,7) for forming an image on the member
(3);                              30  8. Apparatus according to any one of
the preceding a charging member (4) for electrically      claims wherein
the first and second vibratory vol- charging the image bearing member (3);
and       tages are of sine waveform. voltage supply means (21) for
supplying a voltage to the charging member, and           9. Apparatus
according to any one of the preceding characterised in that the charging
member  35  claims, wherein the charging member is a rotat- (4) contacts
the image bearing member (3) and    able roller. in that the apparatus is
operable in first and sec- ond modes in which the voltage supply means
10. Apparatus according to any one of the preceding (21) respectively
supplies to the charging mem-  claims, wherein the charging member includes
a ber (4) a f irst vibratory voltage having a centre of  40  surface layer
of a conductive rubber material. vibration so as to charge the image
bearing mem- ber (3) and a second vibratory voltage having a  11. Apparatus
according to any one of the preceding centre of vibration the absolute
magnitude of    claims, wherein the Image bearing member has which is less
than that of the first vibratory vol-  either an organic photoconductive
layer or an tage so as to discharge the image bearing mom-  45  amorphous
silicon photosensitive layer. ber (3). 12. Apparatus according to any one
of the preceding 2. Apparatus according to claim 1, wherein each of
claims, wherein the image bearing member is ro- the vibratory voltages is
formed by superimpos-  tatable, and the charging member is controllable ing
a DC voltage and an AC voltage, the absolute  50  to electrically discharge
the image bearing mem- value of the DC voltage of the second vibratory
ber during at least one rotation thereof after an voltage being smaller
than the absolute DC value  image forming operation thereon. of the first
vibratory voltage. 13. An apparatus according to any preceding claim, 3.
Apparatusaccordingtoeither claim l or claim 2  55       wherein the image
bearing member and the wherein the first and second vibratory voltages
charging member have surfaces which move so have a common AC voltage
component.              that a region of the image bearing member initial-
ly in contact with the charging member progres- 11    
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the surface of the charging  21. A method of operating an image forming
appara- member In the downstream movement direction       tus to charge an
image bearing member having of the image bearing member so that after pass-
a photosensitive layer, and characterised in that ing the contact region a
point on the Image bear-  It comprises the steps of supplying a first
vibrato- ing member will remain close to the charge mem-   5  ry voltage
having a centre of vibration to a charg- berduring a plurality of the
cycles of the vibratory  ing member in contact with the image bearing
voltage.                                           member, and supplying to
the charging member a second vibratory voltage having a centre of vi- 14.
Apparatus according to any one of the preceding   bration the absolute
magnitude of it which is less claims, and comprising means (7) for forming
a   10  than thatofthefirstvibratory voltage so as to dis- latent image
corresponding to an Image for for-   charge the image bearing member.
mation on said image bearing member after said Image bearing member has
been charged, and     22. A method according to claim 21, wherein the first
means (5) for developing the latent image.        and second vibratory
voltages are each generat- 15      ed bysuperimposing a DC voltage and an
AC vol- 15. An apparatus according to any preceding claim,    tage, the
absolute value of the DC voltage of the wherein said image forming means
Includes ex-     second vibratory voltage being smaller than the posure
means (7) for exposing said Image bear-    absolute DC value of the first
vibratory voltage. ing member to image information light. 20 23. A method
according to claim 22, in which the AC 16. Apparatus according to claim 15,
and further       voltages of the first and second vibratory voltag-
comprising an image transfer device (13) for       es are the same.
transferring an Image from the image bearing member to a transfer material,
and wherein the  24. A method according to either of claims 21 or 22 image
bearing member is not exposed to light af-  25  wherein the peak-to-peak
voltage of each of the ter image transfer by said image transfer device
vibratory voltages supplied to charging member and before charging by the
charging member.       is not less than twice the minimum magnitude of the
DC voltage which, when applied to the charg- 17. An apparatus according to
claim 15, wherein said  ing member would start to effect the charge on
image bearing member is a photosensitive mem-  30  the image bearing
member. ber, and wherein an absolute value of the centre of vibration of
the second vibratory voltage is not  25. A method according to any one of
claims 21 to 24 more than the absolute value of the saturated po-  wherein
the first and second vibratory voltages tential of said photosensitive
member when it has  have a sine waveform. been charged and exposed to light
by said expos-  35 ure means.                                     26. A
method according to any one of claims 21 to 25 wherein the absolute value
of the centre of vibra- 18. An apparatus according to claim 15, further
com-  tion of the second vibratory voltage is not greater prising cleaning
means (6) for removing a resid-  than 100 volts. ual developer from said
image bearing member  40 (3), and wherein said charging member is dis-
posed between said cleaning means and said ex-  Patentanspiriche posure
means in the direction of movement of said image bearing member.
1. Bilderzeugungsgerit mit 45           elnem bewegbaren Bildtrigertell (3)
mit 19. An apparatus according to any preceding claim,    einer
lichtempfindlichen Schicht, auf der ein BuId wherein said charging member
and said image        wlederholt erzeugt warden kann, bearing member are
supported in a process car-          einer Einrichtung (4, 5, 7) zum
Erzeugen tridge apparatus (2) which is detachably mount-    elnes Bildes
auf dem Tell (3), able Into said image forming apparatus.   50
einem Ladeteil (4) zum elektrischen La- den des Bildtragerteils (3) und 20.
An apparatus according to any one of claims 1 to       einer
Spannungsspeiseelnrichtung (21) 19, wherein the image bearing member Is
rotat-    zum Speisen des Ladeteils mit elner Spannung, able, and the
charging member is controllable to   dadurch gekennzielchnet, dafg
electrically discharge the image bearing member  u5     das Ladeteil (4)
das Bildtrigerteil (3) be- during at least one rotation thereof prior to an
im-  rGhrt und daB age forming operation thereon.
das Geratin einerersten und einerzweiten Betrnebsart betrieben warden kann,
be! der die 12    
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11111111111111111 I!I! Spannungsspeiseeinrichtung (21) das Ladeteil
und diezweibt Wechselspannung esne Sinusform (4)jewelIs mit elnerersten
Wechselspannung mit   aufweisen. einem Schwingungs-Mitteipunkt spoist,
damit das Bildtragertell (3) aufgeladen wird, und mit el-  9. Gerat nach
elnem der vorangehenden Anspril- ner zweiten Wechasispannung  mit einem
5       che, dadurch gekennzolchnet, daB das Lade- Schwingungs-Mitteipunkt
speist, dessen Abso-      tell sine drehbare Walze !st. Iutwert geringer
ala der der erstan Wechaelspan- nung ist, damit das Bicdttrngerteil (3)
entladen  10. Gerat nach einem der vorangehenden AnsprG- wird.
che, dadurch gekennzeichnet, daft dis Lade- 10     tell sine
Oberflachenschicht aus einem ieitfahi- 2. Gerit nach Anspruch 1, dadurch
gokennzelch.       gen Gummimaterial enthait. net, dad Jede Wechaselpannung
durch Oberia- gern sines Gieichspannungsanteils und sines    11. Gerat nach
elnem der vorangehenden Ansprfl- Wechselspannungsantiils erzeugt wird,
wobel       che, dadurch gekennzelchnet, daB das BiIdtra- derAbsolutwertdes
GielchSpannungsantllis der  15  gerteil entweder sine Schicht aus
organischem zweiten Wechselspannung kisiner als der Abso-     Photoleiter
oder sine lichtempfindliche Schicht lutwert des Glelchspannungsanteils der
ersten     aus amorphem Silizlum aufweist. Wechselspannung Ist. 12. Gerat
nach einem der vorangehenden Ansprul- 3. Gerat nach Anspruch 1 oder2,
dadurch gekenn.  20  che, dadurch gekennzelchnet, daB das Bildtra-
zeichnot, daB die erste und die zwelst Wechsl-   gertell drehbar ist und
daB dis Ladetell gesteuert spannung eonen gemelnsamen Wecheselspan-
werden kann, damit das Blidtragertsil wahrend nungsantbil aufwelsen.
zumindest einer Drehung nach elnem Bilderzeu- gungsvorgang darauf
elektrisch entladen wird. 4. Gerat nach einem der vorangehenden AnsprfG-
25 chs, dadurch gekennzelchnet, daB die Spitze-   13. Gerat nach sinem der
vorangehenden Anspru- Spitze-Spannung jeder dem Ladeteil (4) zuge-
che, dadurch gekonnzeichnet, daB das Bildtra- fflhrtsn Wechselspannung
nicht weniger ale das    gerbtil und das Ladetell sich derart bewegende
Doppelbt des Absolutwertes des Mindestwertes      Oberflachen aufweisen,
daB sich sin Abschnitt der Gleichspannung betrigt, die bel Anlegen an   30
des BildtrAgertells, der anfanglich dis Ladeteil dis Ladeteil (4) die
Aufladung des Biidtragertells  berflhrt, Inzunehmendem MaBe von derOberfil-
(3) auslosen wurds.                               che des Ladeteils in der
stromab fihrenden Be- wegungsrichtung des Bildtrggerteils trennt, so 5.
Gerat nach elnem der vorangehenden AnsprO-        daB nach Passleren des
Berhrabschnitts sin che, dadurch gekennzeichnet, daf der Gleich-  35  Punkt
auf dem Bidtiragertell wahrend einer Viol- spannungsanteil der zweiten
Wecheselspannung      zahl von Perioden der Wechselspannung nahe Null Ist.
dem Ladetell verbleibt. 6. Gerat nach einem der vorangehenden Anspru-
14. Gerat nach sinem der vorangehenden Anspru- i)     che, dadurch
gekennzeichnet, daft die Span-  40    che, gekennzeichnetdurch sine
Einrichtung (7) nungespeisesinrichtung (21) sine Einrichtung      zum
Erzeugen sines Latentbildes, das einem (22, 23, 24) zum wahlweisen Spelsen
des Lade-     Bild zur Erzeugung auf dem Bildtragerteil ent- teiIs mit
aberlagerten Wechsel- und Glebchspan-   spricht, nachdem das Bildtragertell
aufgeladen nungsanteilen als erats Wechselspannung, da-      worden let,
und sine Einrichtung (5) zum Ent- mit dis Bildtragertell aufgeladen wird,
und zum   45  wickein des Latbntbildes. Speisen nur des
Wechselspannungsantebis ale zweitWechselepannung enthalt, damitdas Bild-
15. Gert nach einem der vorangehenden Anspru- tragerteil entladen wird.
che, dadurch gekennzeichnet, daf die Bilder- zeugungseinrichtung sine
Belichtungseinrich- 7. Gerat nach einem der vorangehenden Ansprul-  6o
tung (7) enthilt, damit dis Bilidtragerteil elnem che, gekennzelchnet durch
sine Steuereinrich-     Bildinformatlons-Ucht ausgesetzt wird. tung (24)
zum aufeinanderfoigenden Auswahlen der ersten Wechselspannung, dann der
zwelten   1  Gert nach Anspruch 15, gekennzeichnet durch Wechseelpannung
und dann zum Abschalten der       sine Bildulbertragungseinrichtung  (13)
zum zwelten Wechselspannung.                  55      Obertragen sines
Bildes von dem Biidtragerteil zu einem Obentrigungematerial, wobei dis
Bild- 8. Gerat nach einem der vorangehenden AnsprfG-       tragerteil nach
der Bildflbertragung durch die che, dadurch gekennzeichnet, daf die erste
Bildflbertragungseinrichtung und vor der Aufla- 13    25                 EP
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dung durch das Ladeteil keinem Lichtausgesetzt    ersten und zweiten
Wechselspannungen diesel- wird.
ben sind. 17. GeratnachAnspruch15,dadurch gokennzolch-      24. Verfahren
nach Anspruch 21 oder 22, dadurch net, dam das BildtrAgerteil en
lichtompfindliches   5  gekennzelochnet, daB die Spitze-Spitze-Span- Tell
bst und  daS  ein  Absolutwert des           nung jeder der dam Ladeteil
zugeffhrten Wech- Schwingungs-Mitteipunkts derzweiten Wechsel-
selspannung nicht gerlnger ala das Doppelte des spannung nicht gr6Ber ale
der Absolutwert des     Mindestwertes der Glelchapannung bt, die be!
Sattigungspotentlals  des  lichtempfindlichen     Anlegen an das Ladeteil
die Aufladung des Bild- Tells ist, wenn es aufgeladen und durch die Be-  10
trAgerteils auslsen wOrde. Iichtungseinrichtung bellchtst worden lst. 25
Verfahren nach elnem der Ansprrlche 21 bis 24, 18. GeritnachAnspruch 15,
gekennzolchnetdurch        dadurch gekennzelchnet, dam die erste und die
eine Reinigungsvorrichtung (6) zum Entfernen      zweite Wechselspannung
elne Sinusform auf- von restlichem Entwicldervon dem BildtrAgertil  15
weisen. (3), wobel das Ladeteil zwischen der Reinigungs- vorrichtung und
der Belchtungaeirnichtung In   26. Verfahren nach einem der AnsprOche 21
bis 25, Bewegungsrichtung des BildtragertelIs angeord-    dadurch
gekennzelchnet, daB der Absolutwert net Ist.
des Schwingungs-Mitteipunkts der zweitn 20      Wechselspannung nicht mehr
ala 100 V betragt. > 19. Gerat nach einem der vorangehenden Anspru- cho,
dadurch gekennzelohnet, dag das Lade- toil  und  das  Bildtragertell  in
elnem      Revendications Arbeitseinhelts-Gerat (2) befestigt sind, das ab-
nehmbar in das Biliderzeugungsgerat eingesetzt  25  1. Apparell de
formation d'images comportant: werden kann.
un 6e6ment mobile (3) porteur d'image ayant une couche photosensible sur
laquelle une 20. Gerat nach einem der AnsprOche I bis 19, din     image
pout etre form~e de facon rep6titive; durch gekonnzelchnet, dam  das
Bildtragerteil          des moyens (4, 5, 7) pour former une ima- drehbar
Ist und daB das Ladetell gestbuert wor-  3o  ge sur l'o6lment (3); den
kann, damit das Bildtragerteil wahrend zu-         un 6lement (4) de charge
destino A char- mindest einer Drehung vor elnem Bliderzeu-        ger
6lectriquement l'olment porteur d'image gungsvorgang darauf elektrisch
entladen wird.     (3) ; et des moyens (21) d'alimentation en tension 21.
Arbeitsverfahren slnes Bilderzeugungsgerates  35  destinos A fournir une
tension A I'element de zumAufladen eines Bildtragerteils miteinerlicht-
charge, et empfindlichen Schicht, dadurch gekennzoech-
caractoriso en ce quo l'olement de charge net, dam es die Schritte der
Spelsung eines La-   (4) eat en contact avec l'element porteur d'image
detbils, das das Bildtragerteil berOhrt, mit einer  (3), et en ce quo
l'appareil peut etre mis en oeu- ersten   Wechselspannung    mit  elnem
40       vre dans des premier et second modes dane les-
Schwingungs-Mittoipunkt und der Speisung des      quels los moyens (21)
d'alimentation en tension Ladeteils mit einer zweiten Wechselspannung
fournissent respectivement A l'elment (4) de mit elnem
Schwingungs-Mitteipunkt aufwelst,       charge une premlere tension
vibratoire ayant un dessen Absolutwert geringer als der der ersten
centre de vibration tel quo l'elment portbur Wechselspannung let, damit das
Bildtragertbil  46  d'image (3) eat chargA et uneseconde tension vi-
entladen wird.                                    bratolre ayant un centre
de vibration dont I'ampil- tude absolue est Inferleure A cello de la
premeire 22. Verfahren nach Anspruch 21, dadurch gekenn-      tension
vibratoire afin de docharger I'o6lment zelchnet, dam die orate und die
zweit Wechsel-   porteur d'image (3). spannung jewells durch Oberlagern
sines  co Gleich- und eines Wechselspannungsantbils er-  2. Appareil selon
la revendication 1, dans lequel zeugtwerden, wobel derAbsolutwertdes
Gleich-      chacune does tensions vibratoiree eat formee par
spannungsantells der zweltbn Wechselspan-        la super-position d'une
tension continue et d'une nung Ideinerals derAbsolutwertdes Gleichapan-
tension alternative, la valeur absolue de la ten- nungsanteils der ersatn
Wechselspannung ist.   cc  sion continue de la seconde tension vibratoire
etant inferieure a la valeur continue absolue de la 23. Verfahren nach
Anspruch 22, dadurch gekenn-      premibre tension vibratoire. zolchnet,
dam die Wechselspannungsantelle der 14    27                 EP 0 280 542
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revendication 1 ou la revendica-  12. Appareil selon 'une quelconque des
revendica- 



tion 2, dans lequel les premibre et secondo ton-  tions pr6c6dentes, dane
lequel l'el6ment porteur sions vibratoires ont une composante de tension
d'image pout tourner et I'element de charge pout alternative commune.
etre commande pour decharger electriquement 5      I'element portour
d'image pendant au moins une 4. Appareil selon I'une quelconque des
rovendica-    rotation de colul-ci apres une operation de forma- tions
precedentes, dans lequol la tension cret A  tion d'image offectueo sur lul.
crteb de chacuno des tensions vibratoires appli- quees a l'element de
charge (4) n'est pas Infe-  13. Appareil solon l'une quelconque des
revendica- rieure au double de la valeur absolue de l'ampli-  10  tions
precedentes, dans loquel l'element porteur tude minimale d'une tension
continue qui, lors-  d'imago et l'el6ment de charge ont des surfaces
qu'elle est appliqu6e A l'eiement de charge (4),  qul se deplacent de
manibre qu'une zone de 'ele- commencerait A appliquer la charge sur
l'elment  ment porteur d'lmage Initialement en contact porteur d'image (3).
avec l'element de charge se separe progressive- 15     ment de la surface
de l'element de charge dans 5. Appareil selon 'une quelconque des
revendica-     le sons de mouvement vers l'aval de l'element tions
precedentes, dens lequel la composanto     porteur d'image afin qu'apres
avoir franchi la continue de la seconde tension vibratoiro est nul-  zone
de contact, un point sur l'element porteur lo.
d'image reste proche de l'element de charge pen- 20     dant plusieurs des
cycles de la tension vibratoire. 6. Appareil selon l'une quelconque des
revendica- tions precedentes, dens loquel les moyens (21)  14. Apparell
selon l'une quelconque des revendica- d'allmentation en tension comprennent
des        tions precedentes, comportant des moyens (7) moyens (22, 23, 24)
destines A fournir selective-  destines A former une Image latento
correspon- ment A l'element de charge des tensions alterna-  25  dant A une
Image devant etre formee surledit ele- tive et continue superposees en tant
que premib-  ment porteur d'image aprbs que ledit element re tension
vibratoire pour charger l'el6ment por-  porteur d'image a ete charge, et
des moyens (5) tour d'image, et A fournir uniquement la tension  destinds a
devolopper l'image latente. alternative en tent que seconds tension
vibratoire afin de decharger l'element porteur d'image.  so  15. Appareil
solon l'une quelconque des revendica- tions precedentes, dans lequel
lesdits moyens de 7. Appareil selon l'une quelconque des revendica-
formation d'image comprennent des moyens tions precedentbs, comportant des
moyens de      d'exposition (7) destines A exposer ledit element commando
(24) destines a selectionner en se-     porteur d'image A de la lumire
contenant des in- quence ladibR premiere tension vibratoire puls la-  35
formations d'image. dito seconds tension vibratoire, puis A arrtebr la
seconds tension vibratolre.                   16 Apparell selon la
revendication 15, comportent en outre un dispositif (13) de report d'mage
des- 8. Appareil solon l'une quelconque des revendica-    tin6 A reporter
une image de l'element porteur tions precedentes, dens lequel les premlere
at  40  d'lmage sur un milieu de report, et dans lequel seconds tensions
vibratoires sont d'une forme    l'lIment porteur d'image n'est pas expose A
de d'onde sinusoddale.                              Ia lumiere apres ledit
report d'image par ledit dis- positif de report d'lmage et avant Is
chargement 9. Apparoil solon l'une quelconque des revendica-    par
l'element de charge. tions precedentbs, dans lequel l'element de char-  45
ge est un rouleau pouvant tourner.            17. Appareil solon la
revendlcation 15, dans lequel ledit element portburd'image estun el6ment
pho- 10. Appareil solon l'une quelconque des revendica-   tosensible, et
dans loquel une valeur absolue du tions precedentes, dens lequei l'element
de char-  contre de vibration de la secondo tension vibra- ge comprend une
couche de surface or( matibre  6o  toire n'est pas supe-rieure A la vaieur
absolue du du type caoutchouc conducteur.                   potentlol de
saturation dudit element photosensi- ble lorsqu'll a et charge et expose A
de la lumiere 11. Appareil solon l'une quelconque des revendica-   par
lesdits moyens d'expositon. tions precedentes, dans loquel l'element
portour d'image comporte soft une couche photoconduc-  55  18. Apparell
solon la revendlcation 15, comportant trice organique, soit une couche
photosensible    en outre des moyens de nettoyage (6) destines on siliclum
amorphe.                             A eliminer un developpatbur residuel
dudNt ele- ment portbur d'lmage (3), et dans lequel ledit ele- 15    29
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ment de charge est dispos6 entre lesdits moyens   nuso~dale. de nettoyage
et lesdits moyens d'exposition dans le sens du mouvement dudit 6l6ment
porteur     26 Proc6de solon l'une quelconque des revendica- d'image.
tions 21 A 25, dans loquel la valeur absolue du c      centre de vibration
de la secondo tension vibra- 19. Appareil solon l'une quelconque des
revendica-   toire n'est pas sup6rieure A 100 volts. tions pr6cfdentes,
dans lequel ledit 6lement de charge et ledit 6l6ment porteur d'lmage sont
sup- port6s dans un apparell (2) A cartouche de tral- toment qul pout Mtr
monte de fagon amovible  10 dans ledit appareil de formation d'images. 20.
Appareil solon l'une quelconque des revendica- tions I a 19, dans loquel
l'element porteur d'ma- go pout tourner ot l'element de charge pout etre
15 commande pour decharger 6lectriquement 1'e16- ment porteur d'lmage
durant au moins une rota- tion de celul-ci avant une operatlon de formation
d'image sur lul. 20 21. Procbd6 pour faire foncthonner un appareil de for-
mation d'lmages afin de charger un element por- tour d'image ayant une
couche photosensible, et caracterb6 en ce qu'il comprend lea Mtapes qui
consistent A fournir une premilre tension vibra-  25 toire, ayant un centre
de vibration, A un element de charge en contact avec l'element portbur
d'image; et A fournir A l'el6ment de charge une seconds tension vibratoire
ayant un centre de vi- bration et dont I'amplitude absolue ost inferleurO
30 A cello de la premiere tension vibratoire afin de d6charger l'element
porteur d'lmage. 22. Proc~dA solon la revendication 21, dans lequel les
premlere et seconds tensions vibratoires sont  36 g6nerees chacune par
superposition d'une ten- sion continue et d'une tension alternative, la va-
lour absolue de la tension continue de la seconde tension vibratoire etant
inf6rieure A la valeur continue absolue de la premlere tension vibratol-
40 re. 23. Procede solon la revendication 22, dane loquel lea tnsions
alternatives des premlere et secon- de tensions vibratoires sont 6gales.
45 24. Procede selon 'une des revendications 21 et 22, dane loquel la
tension crte A crteb de chacune des tensions vibratoires fournies A
'Ilement de charge n'est pas inferieure au double de l'ampli-  5o tude
minimalo de la tension continue qul, lors- qu'elle est appliquee A
l'element de charge, commenceralt A appliquer la charge sur l'el6ment
porteur d'image. 55 25. Procede selon 'une quelconque des revendlca- tions
21 A 24, dana loquel lea premlbre et secon- de tensions vibratoires ont une
forms d'onde si- 16    


