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Description

[0001] The invention relates to an image-forming ele-
ment comprising a hollow cylindrical drum body which
on an outer circumferential surface is provided with a
plurality of circumferentially extending electrodes which
are electrically insulated from one another, an electronic
control unit disposed inside of the drum body for ener-
gizing said electrodes, and contact means for electrically
connecting each of the electrodes individually to the con-
trol unit through the circumferential wall of the drum body.
The invention also relates to a method for manufacturing
such an image-forming element.

[0002] Animage-forming element of this type is usable
in a so-called directinduction printer the function principle
of which is described for example in EP-A1-0 247 699.
In such a printer, the electrodes on the surface of the
drum body are covered by a dielectric layer, and a rotat-
able sleeve is disposed along the drum body so that the
surfaces of the drum body and the sleeve form a gap
which extends at right angles to the electrodes of the
drum. A stationary magnetic knife is disposed inside of
the sleeve for generating a magnetic field in the gap. A
uniform layer of electrically conductive and magnetically
attractable toner powder is applied to the surface of the
sleeve. In an image-forming zone defined by the mag-
netic field in the gap, the toner powder is transferred onto
the surface of the drum, depending on the voltage applied
to the electrodes thereof. Thus, by rotating the drum body
and energizing the electrodes in accordance with image
information supplied to the control unit, a toner image is
formed on the surface of the drum. Alternatively, a uni-
form layer of toner powder may be applied to the surface
of the drum, and the toner powder may selectively be
removed from the drum in accordance with the energizing
pattern of the electrodes.

[0003] A conventional image-forming element and a
method of manufacturing the same are disclosed in EP-
A1-0 595 388. The electronic components of the control
unit and a pattern of electric conductors are provided on
a plate-like substrate. The conductors to be connected
to the electrodes of the drum terminate at a rectilinear
edge of the substrate, so that a terminal array is formed
in which the individual terminals, i.e. the ends of the con-
ductors, have the same pitch and the same width as the
electrodes on the drum. The substrate carrying the con-
ductor pattern and the electronic components is mounted
inside of the drum body such that the edge forming the
terminal aray is inserted through a longitudinal slot of the
drum body. The remaining free spaces in the slot are
filled with epoxy resin so that the terminals are insulated
from the drum body. The edge portion of the substrate
projecting out of the slot is etched away so that only the
ends of conductors are left, which will then slightly project
beyond the surface of the cylindrical drum. The surface
of the cylinder is then covered with an insulating layer
having a thickness equal to the length of the projecting
ends of the conductors. Then, the electrodes are formed
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on the insulating layer on the surface of the drum such
that each electrode will be in contact with the end of one
of the conductors.

[0004] It will be understood that the pitch of the elec-
trodes determines the resolution of the printer. For ex-
ample, in case of a printer with a resolution of 23,6 pixel
per mm (600 dpi), the pitch of the electrodes will be no
larger than approximately 40 wm. Since a sufficient in-
sulating gap must be provided between adjacent elec-
trodes, the width of each individual electrode will be as
small as approximately 20 pm.

[0005] With the conventional manufacturing method,
it is difficult and cumbersome to adjust the position of the
substrate in the slot of the drum body such that each
terminal will be correctly aligned with the associated elec-
trode. In addition, since the projecting ends of the con-
ductors forming the terminals for connection with the
electrodes must also have very small dimensions, it is
difficult to reproducibly manufacture an image-forming
element in which all electrodes, which may be several
thousands in number, are reliably and durably connected
to the control unit. Itis accordingly an object of the inven-
tion to provide an image-forming element which can eas-
ily and reproducibly be manufactured and has an im-
proved reliability and durability of the electrical connec-
tions between the individual electrodes and the control
unit, and to provide a method for manufacturing such an
image-forming element.

[0006] According to the invention, an image-forming
element having the features indicated in the preamble of
claim 1 is characterized in that said contact means are
arranged in a plurality of rows extending substantially in
axial direction of the body and in that each of the contact
means considered from the inner side of the wall of said
body has a dimension, seen in the axial direction of the
body, which is at least twice the corresponding dimension
of an electrode.

[0007] Since the contact means passing through the
circumferential wall of the cylindrical body, when consid-
ered from the inner side of the body and in the axial di-
rection thereof, have a dimension which is considerably
larger than the corresponding dimension of an electrode,
an accurate connection with the electronic components
of the control unit, disposed inside the cylindrical body,
can be achieved. On the other hand an accurate connec-
tion between each of the contact means and one of the
circumferentially extending printing electrodes can also
be achieved without having the requirement of an ex-
tremely accurate positioning of the contact means pass-
ing through the wall of the cylindrical body. Thus areliable
and durable image-forming element can be manufac-
tured without the requirement of an extreme accuracy in
the positioning of the contact means.

[0008] In a preferred embodiment, the through-holes
for contacting adjacent electrodes are staggered in cir-
cumferential direction of the drum, and each through-
hole has a smaller diameter at the outer circumferential
surface of the drum and a larger diameter at the inner
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surface of the drum body. This greatly facilitates the elec-
trical connection between the conductive material filled
in the through-holes and the terminals of the control unit,
because the positional tolerance of the control unit is de-
termined by the comparatively large diameter of the
through-holes at the inner surface of the drum body. This
arrangement may advantageously be employed also in
cases where the drum body is not made of metal but of
an electrically insulating material.

[0009] A method for manufacturing the image-forming
element is specified in claim 6.

[0010] The through-holes may be formed in the wall of
a drum body by means of a laser beam or an electron
beam. In order to provide the larger diameter of the
through-hole at the internal surface of the drum, it is pref-
erable to apply the beam, e.g. the laser beam, from inside
the drum. Then, the convergence of the laser beam may
be utilized to form the large diameter portion and the small
diameter portion of the through-hole in a single operation.
In an alternative embodiment, the large diameter portion
is formed as a blind bore in a first step, and the small
diameter portion of the through-hole is then formed from
inside or outside of the drum in a second step.

[0011] In another embodiment, the through-hole hav-
ing a large diameter is formed in a first step either from
inside or outside of the drum. The drum body which in
this embodiment consists of a metal, such as aluminium,
is then anodised in order to form an insulating surface
layer at the internal walls of the large diameter bores,
and these bores are filled with conductive material. Then,
a uniform layer of metal (e.g. aluminum) or an insulating
material (e.g. plastic such as epoxy resin) is applied over
the outer surface of the drum body, and the through-con-
tacts are completed in a second cycle of forming small
diameter through-holes (anodising in case the applied
layer consists of metal), and filling the holes with conduc-
tive material. In case, a metal layer is applied the ano-
dising process must be so controlled that the whole thick-
ness of the metal layer is made electrically insulating.
[0012] Itis also possible to form the plural rows of the
contact means (e.g. the through holes) in a separate sup-
port and thereafter to secure the support in an elongated
opening in the cylindrical wall. Alternately, each row of
contacts means can be formed on a separate support
element and a number of such support elements is than
secured in a corresponding elongated opening of the cy-
lindrical body.

[0013] If the inner diameter of the drum body is too
small for accommodating the beam source therein, the
drum body may be cut into at least two segments, be-
forehand, and the segments are then welded together
for example by means of electron beam welding, after
the through-holes or at least the large diameter portions
thereof have been formed.

[0014] In a further embodiment, the electrodes on the
outer surface of the drum body are formed by cutting
grooves into the outer surface of the drum or the plated
layer before the anodising step, and by filling these
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grooves with conductive material forming the electrodes
after the anodising step. In this case, the wall surfaces
of both the through-holes and the grooves can be made
electrically insulating in the same anodising step.
[0015] Preferred embodiments of the invention will
now be explained in conjunction with the accompanying
drawings, in which:

Fig. 1 is a schematic perspective view of an image-
forming element;

Fig. 2 is an enlarged view of a portion of the outer
circumferential surface of the image-forming ele-
ment;

Fig. 3 is a cross-sectional view of a surface portion
of the image-forming element;

Fig. 4 is a cross-sectional view of a portion of the
circumferential wall of the image-forming element at
a smaller scale than in Fig. 3;

Fig. 5 to 7 are cross-sectional views similar to Fig. 4
and illustrate three steps of a manufacturing process
for an image-forming element according to a modi-
fied embodiment; and

Fig. 8 is a cross-sectional view illustrating another
manufacturing process.

Figs. 9 to 12 are schematic, cross-sectional views
illustrating the manufacturing steps of another em-
bodiment for manufacturing an image-forming ele-
ment according to the invention.

Fig. 13 illustrates a particular embodiment of an im-
age forming process in which an image-forming el-
ement according to the invention can be used.

[0016] The image-forming element 10 shown in Fig. 1
comprises a hollow cylindrical drum body 12 made of
metal, preferably aluminum or an aluminum alloy. A plu-
rality of circumferentially extending electrodes 14 are
formed on the outer surface of the drum body 12. These
electrodes 14 are electrically insulated from one another
and from the drum body 12 and are covered by a thin
layer of dielectric material (not shown in Fig. 1). While
only a few electrodes 14 have been shown in Fig. 1 for
reasons of clarity, the electrodes 14 are in practice pro-
vided substantially over the whole length of the drum
body 12 and are arranged with a pitch of about 40 pm
for example, corresponding to the desired resolution of
the images to be formed.

[0017] A control unit 16 is shaped as an elongate body
and is mounted inside of the hollow drum body 12 such
that a terminal array 18 formed at a longitudinal edge of
the elongate body adjoins the internal wall surface of the
drum body. As is generally known in the art, the control
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unit 16 is arranged for individually applying a suitable
high voltage to each of the electrodes 14 in accordance
with the image information. For example, the control unit
16 may comprise a printed circuit board on which the
electronic components are mounted and which carries a
pattern of electrical conductors (not shown) which lead
to the terminal array 18. Each of the conductors is elec-
trically connected to a corresponding one of the elec-
trodes 14 by contact means which will be described in
detail hereinafter.

[0018] Asis shown in Fig. 2, the individual electrodes
14 are separated by insulating ridges 20 which, in the
present example, have a width of slightly less than 20
wm, so that there remains a width of a bit more than 20
wm for each electrode 14. Each electrode is electrically
connected to the associated conductor of the control unit
16 via a through-hole 22 which penetrates the wall of the
drum body 12 and is filled with an electrically conductive
material such as electrically conductive epoxy resin, sol-
der paste, electrically conductive polymers or the like.
Each through-hole 22 is composed of a small diameter
portion or hole 24 and a large diameter portion or hole
26. The small diameter hole 24 is open to the outer cir-
cumferential surface of the drum body, has a diameter
of approximately 20 um and is so arranged that it makes
contact with only one of the electrodes 14. The inner end
ofthe small diameter hole 24 is open to the large diameter
hole 26 which itself is open to the internal surface of the
wall of the drum body 12 and has a diameter which is
substantially larger than the pitch of the electrodes 14.
In order to provide a sufficient clearance between the
several large diameter holes 26, the through-holes 22
are staggered in circumferential direction of the drum in
six rows of which only three have been shown in Fig. 2.
[0019] When the control unit 16 is mounted inside the
drum body 12, it has to be so adjusted that each of its
conductors or terminals makes contact with the conduc-
tive material in only one of the large diameter holes 26.
Because of the comparatively large diameter of these
holes, the positional tolerance for the control unit is sig-
nificantly larger than the pitch of the electrodes 14.
[0020] Asis shown in Figs. 3 and 4, the electrodes 14
are formed as grooves separated by the ridges 20 and
filled with electrically conductive material 28. Fig. 3 also
shows the dielectric layer 30 covering the electrodes 14
and the ridges 20 as well as the electrically conductive
material 32 with which the small diameter portions 24
and the large diameter portions 26 of the through-holes
22 arefilled. The conductive materials 28, 32 forming the
electrodes 14 and filling the through-holes is electrically
insulated from the aluminum drum body 12 by an ano-
dised surface layer 34 (Al203) which is present at the
outer circumferential surface of the drum body and at the
internal walls of the through-holes.

[0021] Asisshownin Fig. 4, a so-called zebra-strip 36
is disposed at the inner wall surface of the drum body 12
in order to provide an electrical connection between the
conductive material 32 filled in the large diameter holes
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26 and the conductors of the control unit 16. This zebra-
strip 36 is made of a resilient material which is elastically
pressed between the internal wall of the drum body 12
and the terminal array 18 of the control unit 16 and is
composed of alternating layers 38 which are made elec-
trically conductive and insulating layers 40. Thus, if the
terminals of the control unit are arranged to overlap with
the holes 26, each conductor is safely connected with
the corresponding one of the holes 26 and accordingly
with the electrode 14 associated therewith. In the shown
embodiment, each hole 26 overlaps with three conduc-
tive layers 38 of the zebra-strip, so that an electrical con-
nection is assured via three parallel electrical paths. It
will be clear that a zebra strip with a higher pitch results
in more than three parallel electrical paths and thus en-
sures an even higher realiability. In order to keep the
adjacent electrodes 14 electrically separated from each
other, itis of course necessary to provide separate zebra-
strips 36 for each of the rows of through-holes 22 shown
in Fig. 2, or to provide multiple row zebra strips.

[0022] The zebra-strips 36 may be replaced by a ma-
terial which has an anisotropic electric conductivity such
as an electrically anisotropic laquer.

[0023] A reliable and efficient method for manufactur-
ing an image-forming element as described above will
now be explained in conjunction with Fig. 3 and 4.
[0024] At first, the hollow cylindrical drum body 12 is
formed as a one-piece member. The grooves 14 which
are to form the electrodes are then cut into the circum-
ferential surface of the drum body 12 for example by
means of a diamond chisel. Alternatively, these grooves
may be formed by means of a laser beam or an electron
beam. It should be noted, that, at this stage, the drum
body 12 has not yet been anodised so that the grooves
14 are formed in a metal surface which can be machined
more easily and more precisely than a metal oxide layer.
[0025] Inthe nextstep, the large diameter holes 26 are
cut into the wall of the drum body 12 from inside, for
example by means of a laser beam. The holes 26 are at
first formed as blind bores, and the smaller emitter holes
24 are then formed in a second step. The small diameter
holes 24 may also be formed with a laser beam, either
from inside or outside of the drum. If they are cut from
outside of the drum, the positional relationship between
the small diameter holes 24 and the grooves 14 can read-
ily be confirmed. In this case, it will also be possible to
form the small diameter holes 24 by punching or cutting
with a diamond chisel or the like, instead of using a laser
beam or an electron beam.

[0026] On the other hand, if the small diameter holes
24 are formed from inside of the drum, it is possible to
form the large diameter holes 26 and the small diameter
holes 24 in a single step, e.g. by means of a convergent
laser beam.

[0027] After the through-holes 22 including the small
diameter portions 24 and the large diameter portions 26
have been formed, the whole drum body 12 is anodised
according to known anodising techniques, so as to form
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the insulating metal oxide layer 32 on the whole surface
of the drum body, especially on the outer circumferential
surface forming the grooves 14 and the ridges 20 and on
the internal walls of the through-holes 22.

[0028] Inthe next step, the electrically conductive ma-
terial 28, 32 is filled into the grooves 14 and into the
through-holes 22 so as to complete the electrodes and
the electrical through-contacts.

[0029] Finally, the insulating dielectric layer 30, which
for example may be formed of AIN, Al,O5 or of SiOx as
described in EP-A-0 635 768, is formed over the elec-
trodes 14 and the ridges 20, and the control unit 16 is
mounted inside of the drum body to be connected to the
through-contacts via the zebra-strips 36.

[0030] Depending on the diameter of the drum body
12 and the dimensions of the tools used for forming the
large diameter holes 26, it may be necessary that the
drum body 12 is composed of two or more segments in
order to provide free access to the internal surface. In
this case, the large diameter holes 26 are formed by
means of a laser beam or electron beam in the individual
segments, and then the segments are joined and welded
together, preferably by electron beam welding, in order
to form the hollow cylindrical drum body 12. In the exam-
ple shown in Fig. 1, the drum body is composed of two
segments 12a joined together along weld seams 12b.
[0031] The outer surface of the drum body 12 is turned
in order to obtain an exact cylindrical shape, and then
the grooves 14 are cut. These steps are preferably per-
formed on a lathe.

[0032] The subsequent steps of the manufacturing
process may be the same as have been described above.
[0033] Alternatively, the drum body may be anodised
immediately after the grooves 14 have been cut, i.e. be-
fore the small diameter holes 24 have been formed. In
this case, the anodising process must be so controlled
that the insulating oxide layer penetrates into the alumi-
num body at least to the level of the outer ends of the
large diameter holes 26. The small diameter holes 24 are
then formed in the oxide layer by laser cutting, punching
or the like. Thus, when the conductive material 32 is filled
in, it is assured that this material is perfectly insulated
from the aluminum body 12.

[0034] A modified embodiment of animage-forming el-
ement and a processes for manufacturing the same will
now be described in conjunction with Fig. 5to 7.

[0035] The main difference to the manufacturing proc-
esses described above is that the large diameter hole 26
is at first formed through the entire wall thickness of the
drum body 12, as is shown in Fig. 5. The drum body 12
is then anodised to form an insulating layer 42 on the
outer circumferential surface of the drum body as well as
the insulating surface layer 34 on the internal walls of the
holes 26. The holes 26 are filled with the electrically con-
ductive material 32, as is shown in Fig. 6. Then, a layer
44 of metallic aluminum is disposed on the layer 42 on
the outer surface of the drum body, for example by vapour
deposition. Thereafter, the grooves 14 are cut into the
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layer 44, as is also shown in Fig. 6.

[0036] Thedrumbody 12isthen subjected to asecond
anodising step in which the whole thickness of the layer
44 is transformed into an electrically insulating metal ox-
ide. Finally, the small diameter holes 24 are formed
through the insulating layer 44 and are filled with electri-
cally conductive material to achieve the configuration
shown in Fig. 7.

[0037] In this embodiment, the same techniques as in
the previous embodiment may be used for forming the
large diameter holes 26 and the small diameter holes 24.
Thus, the drum body 12 may either be an integral hollow
cylindrical body from the outset or may be composed of
several segments welded together after the holes 26
have been formed.

[0038] According to a modification of the manufactur-
ing process, the large diameter holes 26 and the small
diameter holes 24 may be formed in the same way as
has been described in conjunction with Fig. 3 and 4, but
without forming the grooves 14 in the outer surface of
the drum body. If the drum body is composed of several
segments, these segments may be welded together ei-
ther before or after the small diameter holes 24 have
been formed. The drum body is then subjected to a first
anodising step, and the large diameter holes 26 and the
small diameter holes 24 are filled with conductive mate-
rial 32. Then, as is shown in Fig. 8, a continuous layer
46 of metallic aluminum is applied on the outer surface
of the drum body 12, thus covering the open ends of the
small diameter holes 24.

[0039] Subsequently, the grooves 14 are cut into the
layer 46, so that the outward ends of the small diameter
holes 24 are again exposed at the bottoms of the grooves.
The remaining parts of the layer 46 (i.e. the ridges 20)
are then made electrically insulating in a second anodis-
ing step, so that a configuration similar to that of Fig. 7
is achieved.

[0040] Finally, the grooves 14 are filled with conductive
material 28, and the dielectric layer 30 is applied as has
been described in conjunction with Fig. 3.

[0041] Figs. 9-12 show another embodiment of an im-
age-forming element of the invention. The hollow cylin-
drical body 12 is provided with a number (e.g. four) elon-
gated openings and in each such elongated opening a
support element 41 is secured. Each support element
41, as shown e.qg. in fig. 10 comprises an insulating sup-
port 42 (or a conductive support provided with an insu-
lating surface layer), on which a row of contact means
43 is carried. The contact means 43, in this embodiment
have a rectangular cross-section, but obviously may also
have a circular or otherwise shaped cross-section. The
length of the contact means, when considered in axial
direction of the cylindrical body 12 is about three to four
times the corresponding length of the electrodes 46 (Fig.
12) to be formed on the circumferential surface of the
body 12. Typically the electrodes 46 are 40 pm wide in
axial direction of body 12 and contact means 43 measure
150 wm. The support elements 41 are secured in the
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elongated opening of the body 12 with an insulating ad-
hesive such as an electrograde epoxy resin, and in such
a way that the element 41 projects about 50 to 100 wm
above the surface of the body 12. Alternately, the ele-
ments 41 can be secured in the elongated opening such
that the end of the element is positioned at the surface
of the drum body 12 but does not substantially protrude
from the surface. Subsequently the drum body 12 can
be etched away to such a depth that the elements 41
protrude about 50 to 100 wm above the surface. The
elements 41 are further so adjusted that the contact
means 43, considered in the peripheral direction of body
12 are staggered in the same manner as described here-
inbefore with reference to Fig. 2. The peripheral surface
of body 12 is subsequently coated with an insulating sur-
face layer 45 having a thickness such that the thickness
ofthe layer section covering the support element 41, after
the layer 45 is finished to achieve a cylindrical periphery,
amounts to about 100 wm. The image forming electrodes
46 are formed by forming (e.g. on a lathe or using a laser
beam) in the outer surface of the insulating layer 45 a
number of endless grooves 44 peripherally extending
parallel to one another. The grooves have a depth of
about 40 pm, but in the region where the electrode 46,
must be connected with contact means 43, the groove
44 is deepened until the conductive material forming the
contact means 43 is exposed. The grooves 44 are then
filled with electrically conductive material as described
herein before with reference to Figs. 3 and 4. Finally, the
peripheral surface of the layer 45 and electrodes 46 is
provided with a thin dielectric layer (not shown in the fig-
ures) having a thickness of approximately 1 wm and con-
sisting of silicon oxide as described in EP-A-0 635 768.
The contact means 43 are connected with a control unit
(not shown in the Figs. 9-12) for selectively energising
the electrodes 46 in the same manner as described be-
fore with reference to Fig. 4.

[0042] As mentioned before, the image-forming ele-
ment as disclosed herein is used in a so-called direct
induction printing process which is described in EP-A1-0
247 699 and even more in detail is disclosed in EP-A1-0
191 521. In such induction printing process, the image-
forming element moves through an imaging zone in
which a rotating conductive sleeve is arranged in close
proximity to the surface of the image-forming element. A
stationary magnetic system is arranged within the con-
ductive sleeve and creates a magnetic field in the gap
between the sleeve and the image-forming element.
Electrically conductive toner powder is supplied in the
gap, by the rotating sleeve or the moving image-forming
element. If no image is recorded, the conductive sleeve
and the electrodes of the image-forming element are held
atthe same potential, i.e. ground potential. By selectively
energizing the electrodes of the image-forming element
according to an image pattern to be recorded, a toner
powder image is formed on the dielectric surface of the
image-forming element as it leaves the imaging zone.
The recording potential, selectively applied to the elec-
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trodes, may be either positive or negative with respect
to the sleeve and has a magnitude such that a sufficient
amount of toner powder is attracted to the overlying sur-
face of the dielectric layer to form a toner image. Gener-
ally, to form a good quality toner image, the voltage dif-
ference between electrode and sleeve must amount be-
tween about 10 to about 60 Volts. In recording an image
it may occur that one or more electrodes which should
not be energised for image-formation, yet are slightly en-
ergised due to the energisation of one or two neighbour-
ing electrodes. As a result thereof, some toner particles
may be attracted to the dielectric surface overlying the
slightly energised electrode(s), resulting in un-sharp im-
ages or images with a stained background. This effect
may occur more frequently as the resolution of the elec-
trode-pattern on the image-forming element increases.
To prevent such toner deposition, the conductive sleeve
may be provided with a potential slightly differing from
ground potential and being approximately equal (in po-
larity and magnitude) to the potential acquired by an elec-
trode when its neighbour electrode(s) are energized. (A
comparable method of preventing such toner deposition
is described already in US 5 144 343).

To determine the potential that is preferred to be applied
to the conductive sleeve, the image-forming element, in
an area outside the area used for image recording, may
be provided with a measuring electrode as shown in fig.
13.the measuring electrode 51, ata point 52 mostremote
from the point 53 where the electrode is connected with
the energising means 54, is connected with a means 55
for measuring the potential at point 52 when neighbouring
electrodes are energised for image formation. The po-
tential measured at point 52, if desired after multiplication
with a factor between about 0.5 and 1, is supplied to the
conductive sleeve 56.

The method as described above can also be used if the
printing process is executed as described in EP-A-0718
721, whereinimages are recorded by alternately bringing
the image-forming electrodes to a positive and a negative
potential with respect to the sleeve.

If an image is recorded in the embodiment in which a
positive (or negative) potential is applied to the electrodes
when they are not involved in image-formation and
ground potential is applied if they are involved in image-
formation, the measuring electrode 51 is kept at the po-
tential that is applied to the electrodes when they are not
involved in image-formation and the sleeve 56 is brought
to the potential which is acquired by the measuring elec-
trode, when neighbouring electrodes are switched to
ground potential.

While only specific embodiments of the invention have
been described above, it will occur to a person skilled in
the art that the described examples may be modified in
various ways without departing from the scope of the
invention as defined in the appended claims. For exam-
ple, the control unit 16 may be divided into several blocks
angularly offset from one another and extending each
over a different part of the length of the drum body. The
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through-holes 22 will then be arranged in accordance
with this pattern.

Claims

1.

Image-forming element comprising:

- a hollow cylindrical drum body (12) having a
wall which outer circumferential surface sup-
ports a plurality of circumferentially extending
electrodes (14) which are electrically insulated
from one another and from the drum body,

- an electronic control unit (16) disposed inside
of the drum body (12) for energizing said elec-
trodes (14), and

- a plurality of contact means (22) for electrically
connecting each of the electrodes (14) individ-
ually to the control unit (16) said contact means
passing through the wall of said body (12)

characterized in that said contact means (22) are
arranged in a plurality of rows extending in the axial
direction of the body (12) and in that each of the
contact means (22) considered at the internal sur-
face of the wall of said cylindrical body (12), has a
dimension, considered in the axial direction of the
body (12), which is at least twice the width of an
electrode (14).

Image-forming element according to claim 1, char-
acterized in that each of said contact means (22)
comprises a through hole having a small diameter
outer portion (24) adjoining an associated one of the
electrodes (14) and a large diameter portion (26)
which has a diameter at least twice the width of an
electrode (14) and is open to the internal surface of
the cylindrical body (12), the through holes having
an insulating inner wall and being filled with electri-
cally conductive material (32).

Image forming element according to claim 2, wherein
the cylindrical body (12) consists of metal and char-
acterized in that the insulating inner wall of the
through holes is formed by an anodised surface layer
of the metal of said cylindrical body (12).

Image forming element according to claim 1 or 2,
wherein at least one continuous strip (36) with ani-
sotropic electrical conductivity is interposed between
the inner ends of the contact means (22) and a linear
array (18) of contact terminals of the control unit (16).

Image forming element according to claim 1, char-
acterized in that said rows of contact means (22)
are provided on one or more supports (41) which are
mounted in the circumferential wall of the cylindrical
body (12).
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11.

12.

6. A method of manufacturing an image-forming ele-

ment according to claim 1, comprising the steps of:

- forming a plurality of through-holes (22) in the
wall of a hollow cylindrical metal drum body (12)
or a segment (12a) thereof at positions corre-
sponding to a predetermined pattern of elec-
trodes (14),

- forming an anodised surface layer (34) at least
on the internal walls of the through-holes (22)
and

- filling the through-holes (22) with electrically
conductive material (32).

Method according to claim 6, wherein the through-
holes (22) or at least large diameter portions (26)
thereof are formed from the inner side of the drum
body (12) or segment (12a).

Method according to claim 7, wherein the through-
holes (22) or at least the large diameter portions (26)
thereof are formed in one or more segments (12a)
before these segments are welded together to form
the drum body (12).

Method according to any of the claim 6 to 8, wherein
the electrodes (14) are formed by cutting grooves
into the metal surface of the drum body (12) prior to
the anodising step and by filling these grooves with
electrically conductive material (28) after the anodis-
ing step.

Method according to any of the claims 6 to 8, com-
prising the steps of:

- forming large diameter holes (26) through the
entire thickness of the wall of the drum body (12)
or segment (12a),

- forming an anodised surface layer (34) at least
on the internal walls of the holes (26),

-filling the holes (26) with electrically conductive
material (32),

- applying a metal layer (44) on the outer surface
of the drum body (12), and

- forming small diameter holes (24) through the
applied metal layer (44) at positions respectively
coinciding with the positions of the large diam-
eter holes (26) and anodising the applied sur-
face layer (44) completely either before or after
the small diameter holes (24) have been formed.

Method according to claim 10, wherein grooves (14)
for forming the electrodes are cut into the applied
metal layer (44) before the same is anodised.

Method according to any of the claims 6 to 11, where-
in the through-holes (22) are formed by laser beam
cutting, electron beam cutting, punching or by com-
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bination of these techniques.

Patentanspriiche

1.

Bilderzeugungselement mit:

- einer hohlen zylindrischen Trommel (12), die
eine Wand hat, deren duf3ere Umfangsflache ei-
ne Vielzahl von in Umfangsrichtung verlaufen-
den Elektroden (14) tragt, die elektrisch vonein-
ander und von der Trommel isoliert sind,

- einer elektronischen Steuereinheit (16), die im
Inneren der Trommel (12) angeordnet ist und
dazu dient, die Elektroden (14) zu erregen, und
- einer Vielzahl von Kontaktmitteln (22) zum in-
dividuellen elektrischen Verbinden jeder der
Elektroden (14) mit der Steuereinheit (16), wo-
bei die Kontaktmittel duch die Wand der Trom-
mel (12) hindurchgehen, dadurch gekenn-
zeichnet, daB die Kontaktmittel (22) in mehre-
ren Reihen angeordnet sind, die sich in der axia-
len Richtung der Trommel (12) erstrecken, und
daR jedes der betreffenden Kontaktmittel (22)
an der inneren Oberflache der Wand der zylin-
drischen Trommel (12) eine Abmessung hat,
die, in der axialen Richtung der Trommel (12)
gesehen, wenigstens das Zweifache der Breite
einer Elektrode (14) betragt.

Bilderzeugungselement nach Anspruch 1, dadurch
gekennzeichnet, daB jedes der Kontaktmittel (22)
ein durchgehendes Loch aufweist, das einen Ab-
schnitt (24) mit kleinem Durchmesser, der sich an
eine zugehorige der Elektroden (14) anschlief3t, und
einen Abschnitt (26) aufweist, der einen Durchmes-
ser hat, der wenigstens das Zweifache der Breite der
Elektrode (14) betragt und der zur inneren Oberfla-
che der zylindrischen Trommel (12) offen ist, wobei
die durchgehenden Lécher eine isolierende Innen-
wand haben und mit elektrischem leitfahigem Mate-
rial (32) gefillt sind.

Bilderzeugungselement nach Anspruch 2, bei dem
die zylindrische Trommel (12) aus Metall besteht,
dadurch gekennzeichnet, daB die isolierende in-
nere Wand der durchgehenden Lécher durch eine
anodisierte Oberflachenschicht des Metalls der zy-
lindrischen Trommel (12) gebildet wird.

Bilderzeugungselement nach Anspruch 1 oder 2, bei
dem wenigstens ein durchgehender Streifen (36) mit
anisotroper elektrischer Leitfahigkeit zwischen den
inneren Enden der Kontaktmittel (22) und einer li-
nearen Anordnung (18) von Kontaktklemmen der
Steuereinheit (16) eingeflgt ist.

Bilderzeugungselement nach Anspruch 1, dadurch
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10.

gekennzeichnet, daB die Reihen der Kontaktmittel
(22) an einem oder mehreren Tragern (41) vorgese-
hen sind, die in der Umfangswand der zylindrischen
Trommel (12) montiert sind.

Verfahren zur Herstellung eines Bilderzeugungsele-
ments nach Anspruch 1, mitden folgenden Schritten:

- Herstellen einer Vielzahl von durchgehenden
Loéchern (22) in der Wand einer hohlen, zylindri-
schen metallenen Trommel (12) oder eines Seg-
ments (12a) derselben an Stellen, die einem vor-
bestimmten Muster von Elekiroden (14) ent-
sprechen,

- Herstellen einer anodisierten Oberflachen-
schicht (34) zumindest an den Innenwanden der
durchgehenden Lécher (22), und

- Fullen der durchgehenden Lécher (22) mit
elektrisch leitfahigem Material (32).

Verfahren nach Anspruch 6, bei dem die durchge-
henden Locher (22) oder zumindest deren Abschnit-
te (26) mit groRem Durchmesser von der Innenseite
der Trommel (12) oder des Segments (12a) her ge-
bildet werden.

Verfahren nach Anspruch 7, bei dem die durchge-
henden Loécher (22) oder zumindest deren Abschnit-
te (26) mit groRem Durchmesser in ein oder mehre-
ren Segmenten (12a) hergestellt werden, bevor die-
se Segmente zusammengeschweil’t werden, umdie
Trommel (12) zu bilden.

Verfahren nach einem der Anspriiche 6 bis 8, bei
dem die Elektroden (14) gebildet werden, indem vor
dem Anodisierungsschritt Nuten in die Metallober-
flache der Trommel (12) geschnitten werden und die-
se Nuten nach dem Anodisierungsschritt mit elek-
trisch leitfahigem Material (28) gefillt werden.

Verfahren nach einem der Anspriiche 6 bis 8, mit
den folgenden Schritten:

- Herstellen von Léchern (26) mit groRem Durch-
messer durch die gesamte Dicke der Wand der
Trommel oder des Segments (12a) hindurch,

- Herstellen einer anodisierten Oberflachen-
schicht (34) zumindest an den Innenwéanden der
Lécher (26),

- Flllen der Lécher (26) mit elektrisch leitfahi-
gem Material (32),

- Anbringen einer metallischen Schicht (44) an
der duflReren Oberflache der Trommel (12) und
- Herstellen von Lochern (24) mit kleinem Durch-
messer durch die aufgebrachte metallische
Schicht (44) hindurch an Stellen, die jeweils mit
den Positionen der Lécher (26) mit groflem
Durchmesser zusammenfallen, und vollstandi-
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ges Anodisieren der aufgebrachten Oberfla-
chenschicht (44) entweder vor oder nach der
Bildung der Locher (24) mit kleinem Durchmes-
ser.

Verfahren nach Anspruch 10, bei dem die Nuten
(14), die die Elektroden bilden sollen, in die aufge-
tragene Metallschicht (44) eingeschnitten werden,
bevor diese anodisiert wird.

Verfahren nach einem der Anspriiche 6 bis 11, bei
dem die durchgehenden Locher (22) durch Laser-
strahlschneiden, Elektronenstrahlschneiden, Stan-
zen oder eine Kombination dieser Techniken herge-
stellt werden.

Revendications

1.

Elément de formation d’images comprenant :

un corps de tambour cylindrique creux (12)
ayant une paroi dont la surface circonférentielle
extérieure supporte une pluralité d’électrodes
s’étendant de maniéere circonférentielle (14) qui
sontisolées électriquement les unes des autres
et du corps de tambour,

une unité de commande électronique (16) dis-
posée al'intérieur du corps de tambour (12) pour
exciter lesdites électrodes (14), et

une pluralit¢é de moyens de contact (22) pour
relier électriquement chacune des électrodes
(14) individuellement a l'unité de commande
(16) lesdits moyens de contact passant a travers
la paroi dudit corps (12)

caractérisé en ce que lesdits moyens de con-
tact (22) sont agencés en une pluralité de ran-
gées s’étendant dansladirection axiale du corps
(12) eten ce que chacun des moyens de contact
(22) considérés a la surface interne de la paroi
dudit corps cylindrique (12), posséde une di-
mension, considérée dans la direction axiale du
corps (12), qui est égale a au moins deux fois
la largeur d’'une électrode (14).

Elément de formation d'images selon la revendica-
tion 1, caractérisé en ce que chacun desdits
moyens de contact (22) comprend un trou traversant
ayant une partie extérieure de faible diamétre (24)
voisine d’'une électrode associée des électrodes (14)
et une partie de grand diameétre (26) qui posséde un
diameétre d’au moins deux fois la largeur d’'une élec-
trode (14) et est ouvert a la surface interne du corps
cylindrique (12), les trous traversants ayant une pa-
roi intérieure isolante et étant remplis d’'un matériau
électroconducteur (32).

Elément de formation d’'images selon la revendica-
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tion 2, dans lequel le corps cylindrique (12) est cons-
titué d’'un métal et est caractérisé en ce que la paroi
intérieure isolante des trous traversants est formée
par une couche de surface anodisée du métal dudit
corps cylindrique (12).

Elément de formation d'images selon la revendica-
tion 1 0ou 2, danslequel au moins une bande continue
(36) avec une conductivité électrique anisotrope est
intercalée entre les extrémités intérieures des
moyens de contact (22) et un réseau linéaire (18) de
bornes de contact de I'unité de commande (16).

Elément de formation d'images selon la revendica-
tion 1, caractérisé en ce que lesdites rangées des
moyens de contact (22) sont prévues sur un ou plu-
sieurs supports (41) qui sont montés dans la paroi
circonférentielle du corps cylindrique (12).

Procédé de fabrication d’'un élément de formation
d’'images selon la revendication 1, comprenant les
étapes consistant a :

former une pluralité de trous traversants (22)
dans la paroi d’'un corps de tambour métallique
cylindrique creux (12) ou un segment (12a) de
celui-ci a des positions correspondant a un motif
prédéterminé d’électrodes (14),

former une couche de surface anodisée (34) au
moins sur les parois internes des trous traver-
sants (22) et

remplir les trous traversants (22) avec un maté-
riau électroconducteur (32).

Procédé selon la revendication 6, dans lequel les
trous traversants (22) ou au moins leurs parties de
grand diameétre (26) sont formés a partir du c6té in-
térieur du corps de tambour (12) ou segment (12a).

Procédé selon la revendication 7, dans lequel les
trous traversants (22) ou au moins leurs parties de
grand diameétre (26) sont formés dans un ou plu-
sieurs segments (12a) avant que ces segments
soient soudés ensemble pour former le corps de
tambour (12).

Procédé selon I'une quelconque des revendications
6 a 8, dans lequel les électrodes (14) sont formées
en découpant des rainures dans la surface métalli-
que du corps de tambour (12) avant I'étape d’ano-
disation etenremplissant ces rainures d’un matériau
électroconducteur (28) aprés I'étape d’anodisation.

Procédé selon 'une quelconque des revendications
6 a 8, comprenant les étapes consistant a :

former des trous de grand diameétre (26) a tra-
vers I'épaisseur totale de la paroi du corps de
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tambour (12) ou segment (12a),
former une couche de surface anodisée (34) ou
au moins sur les parois internes des trous (26),
remplir les trous (26) d’'un matériau électrocon-
ducteur (32), 5
appliquer une couche de métal (44) sur la sur-
face extérieure du corps de tambour (12), et
former des trous de faible diamétre (24) atravers
la couche de métal appliquée (44) a des posi-
tions coincidant respectivement avec les posi- 10
tions des trous de grand diamétre (26) et ano-
diser la couche de surface appliquée (44) com-
pléetement avant ou aprés que les trous de faible
diameétre (24) aient été formés.
15
11. Procédé selon la revendication 10, dans lequel les
rainures (14) pour former les électrodes sont décou-
pées dans la couche de métal appliquée (44) avant
que celle-ci soit anodisée.
20
12. Procédé selon I'une quelconque des revendications
6 a 11, dans lequel les trous traversants (22) sont
formés par découpage par faisceau laser, découpa-
ge par bombardement électronique, pergcage par
poingonnage ou par une combinaison de ces tech- 25
niques.
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