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formed on a photoconductor surface providing the steps of applying a thin
viscous layer of electrically FIELD OF THE INVENTION
charged toner particles to an applicator roller prefer- ably by
electrically assisted separation thereof from The present invention relates
generally to imag-   5   a liquid toner suspension. A restricted passage is
de- ing systems and more particularly to liquid toner de-  fined between
the applicator roller and the photocon- velopment systems.
ductor surface approximately the thickness of the vis- cous layer and the
toner particles are transferred BACKGROUND OF THE INVENTION
from the applicator roller to the photoconductor sur- 10  face due to their
preferential adherence to the photo- Proposals for various types of
multicolor Imaging  conductor surface under the dominant influence of
apparatus and techniques appear in the patent liter-  the electric field of
the electrostatic latent image car- ature. There is described In Japanese
Patent docu-  ried by the photoconductive surface. ment 58002863 to
Kawamura an image recording de-      U.S. Patent 4,400,079 describes a
developing vice for use in a color printer which include nozzle  15  system
for an electrophotographic copier in which a heads which spray liquid
coloring toner onto electro-  roller having a conductive outer surface is
disposed static latent images on the side of a photosensitive  adjacent to
the imaging surface to form a gap. The drum and thus develop images
thereon. Asingle noz-  roller is driven at a peripheral linearvelocity
substan- zle is provided for each color and the nozzles recipro-  tially
greater than the velocity of movement of the im- cate along a nozzle guide.
Alternating current appa-  20  aging surface and is supplied with liquid
developer at ratus is disposed between the nozzle and the drum  a location
spaced from the gap to cause the roller to in order to spread out the
impingement area of the to-  Inject the developer into the gap. The roller
Is coupled ner on the drum.                                   to a source
of electrical potential. U.S. Patent4,690,539 describes transferappara-
U.S. Patent 4,342,823 describes a perforate de- tus in which
apluralityofllquid images are transferred   25  velopment electrode and a
method for developing from a photoconductive member to a copy sheet. The
electrostatic images directly on a final image bearing liquid images, which
include a liquid carrier having to-  sheet, formed of electrophotographic
material coated ner particles dispersed therein, are attracted from the
onto a substrate, by means of a perforate develop- photoconductive member
to an intermediate web. A   ment electrode and liquid toner, without
immersing substantial amount of the liquid carrier is removed   30  the
material in a bath of toner. The method comprises from the intermediate web
and the toner particles are  spraying liquid toner against pressure
reducing secured thereon. Thereafter, another liquid image  means adjacent
to the electrode to reduce and make having toner particles of a different
color from the to-  uniform the pressure of the flowing liquid toner and
ner particles of the first liquid image is attracted to the  flowing the
liquid toner uniformly over and through the Intermediate member. Once again
the liquid carrier  35  perforate development electrode and over the Image
material is removed from the web and the toner par-  side of the sheet
without contacting the side opposite tides of the second liquid image are
secured thereon.  the image side with the toner. Thereafter, all of the
toner particles are transferred  U.S. Patent 4,233,385 describes a method
of liq- from the intermediate member to the copy sheet, in  uid development
of charge images formed on a sur- image configuration.
40  face of a tape-like record carrier, for example by an U.S. Patent
3,900,003 describes a liquid develop-  electrostatic printer. The record
carrier is simultane- ing device for use in multicolor electrophotographic
ously sprayed with developerliquid in two flows which copying machines,
having a plurality of feed pipes for  are directed towards each other. As a
result two sep- supplying different liquid color developers to a devel-
arate, uniform and oppositely directed flow zones oping station, which feed
pipes are connected to a   45  meeting at one common turbulent flow zone
are ob- common developer supply surface. Valves are provid-  tained. Both
during pre-development and final devel- ed in the feed pipeswherein each
ofthevalves are ac-  opment the charge images are brought into contact
tuated by an electrical signal to supply only one se-  with a large
quantity of fresh developer liquid. lected liquid color developer to the
developing station  U.S. Patent 4,073,266 describes apparatus for at a
time. The liquid developing device is also provid-  50  developing a latent
electrostatic image on an electro- ed with a belt for removing residual
liquid developer  photographic copying material by means of a toner
remaining on an image bearing member after devel-  dispersion. An infeed
roller applies the toner disper- opment and with a plurality of blades for
scraping and  sion to the copying material and downstream thereof,
collecting the thus removed liquid developer, which  a distribution roller
acts on the surface of the copying are selected and actuated in
correspondence with a   55   material. Squeegee rollers downstream of the
distrib- selected color.                                    ution roller
effect removal of unused toner. Toner U.S. Patent 4,504,138 describes a
method and   which adheres to the distribution rollerduring applica-
apparatus for developing electrostatic latent Images  tion of voltage
thereto is sprayed off and recovered for 2   



3                  EP 0 575 322 B1                4 recycling, the spraying
agent being toner dispersion.  In a preferred embodiment of the invention
the U.S. Patent 3,405,683 describes apparatus for  developer electrode Is
situated generally below the the development of latent electrostatic images
on an  image bearing surface. electrophotographic material with a liquid
developer  In a preferred embodiment of the invention the which includes
means to feed the electrophotograph-   5   image bearing surface moves in a
given direction at ic material through a pair of rotatable nip rolls and
noz-  the development region and the developer electrode zle means adapted
to simultaneously spray the elec-  Is a rotating rollerspaced from the
image bearing sur- trostatic image and the nip roll which contacts the la-
face, wherein the developersurface moves In a direc- tent image.
tion opposite to the given direction at the develop- U. S. Patent 3,867,708
describes a liquid toner  10  ment region. system for developing an
electrostatic image on a    In a preferred embodiment of the invention the
substrate in which liquid toner is supplied to a devel-  apparatus is a
multi-color imaging system including oper roller along its length by means
of a header tube  apparatus for sequentially developing Images on the
disposed parallel to the developer roller and having a  image bearing
surface using a plurality of liquid to- plurality of feed holes along its
length.   15  ners each including carrier liquid and pigmented par- U.S.
Patent 4,522,484 describes a two stage de-  tides of a given color and
apparatus for sequentially velopment system. In the first stage a weak
latent im-  transferring a developed image of the given color age on a
photoconductoris developed by pumping liq-  from the image bearing surface
to a substrate. uid developer through a nozzle stated to be adapted  In a
preferred embodiment of the invention the to discharge the developer
between the photocon-  20  nozzle supplies a stream of liquid toner having
a com- ductor and a reverse roller. The roller is biased to a po-  ponent
of velocity toward the development region. In tential greater than that of
the background regions of  a preferred embodiment of the invention the
stream the weak Image and below that of the image regions  also has a
component of velocity parallel to the devel- of the weak image.
opment region. US-A- 3 910 231 describes an imaging apparatus  25  There Is
further provided, in a preferred embodi- with the features of the preamble
of claim 1.     ment of the invention, liquid toner imaging apparatus
including an image bearing surface, apparatus for de- SUMMARY OF THE
INVENTION                          veloping an image on the image bearing
surface us- ing a liquid toner including carrier liquid and pigment- It is
an object of the present invention to provide  30  ed particles, and
apparatus for transferring a devel- a simplified liquid toner development
system espe-  oped Image from the Image bearing surface toa sub- cially
adapted for multi-color electrophotographic im-  strate, wherein the
apparatus for developing includes aging systems.
a single developer electrode having a developer sur- There is therefor
provided, in a preferred embodi-  face portions of which sequentially come
into propinq- ment of the invention, liquid toner imaging apparatus  35
uty with the Image bearing surface and subsequently including an image
bearing surface, apparatus forde-  go out of propinquity therewith, each
portion forming veloping an image on the image bearing surface us-  a
development region during its propinquity, and a ing a liquid toner
including carrier liquid and pigment-  stationary nozzle for providing
liquid toner of a given ed particles, and apparatus for transferring a
devel-  color to the development region, wherein the nozzle oped image from
the image bearing surface to a sub-  40  is spaced atleast 8.4 mmfrom
anyother nozzle which strate, wherein the apparatus for developing includes
supplies liquid toner of the given color to the develop- a developer
electrode having a developer surface  ment region. portions of which
sequentially come into propinquity with the image bearing surface and
subsequently go  BRIEF DESCRIPTION OF THE DRAWINGS out of propinquity
therewith, each portion forming a   45 development region during its
propinquity, and a sta-  The present invention will be understood and ap-
tionary nozzle for providing liquid toner of a given col-  preciated more
fully from the following detailed de- or to the development region by
supplying liquid toner  scription, taken In conjunction with the drawings
In onto a portion of the developer electrode, wherein the  which: nozzle is
spaced at least 8.4 mm from any other noz-  50  Fig.  is a side, partial
sectional generalized illus- zle which supplies liquid tonerof the given
colorto the  tration of multi-color imaging apparatus con- development
region.                                  structed and operative in
accordance with a pre- In a preferred embodiment of the invention the
ferred embodiment of the present invention; nozzle supplies the liquid
toner to a portion of the de-  Fig. 2 is a partial perspective view of a
preferred veloper surface after It leaves the development re-  55
embodiment of the apparatus of Fig. 1; gion. In a preferred embodiment of
the invention only  Fig. 3 is a partial perspective view of a preferred a
single stationary nozzle is provided forsupplying liq-  embodiment of the
apparatus of Fig. 1; uid toner of a given color.
Fig. 4 is a partial perspective view of an alterna- 3  



5                   EP 0 575 322 B1                6 tive preferred
embodiment of the apparatus of  ferably associated with a pressure
roller24forsubse- Fig. 1;                                        quent
transfer of the image onto a further substrate Fig. 5 is a partial
perspective view of another pr-  25, such as paper, preferably by heat and
pressure. ferred embodimentof the apparatus of Fig. 1; and  A fuser 26 may
be associated with substrate 25, for Fig. 6 is a cross-sectional view of a
nozzle of the   5   fixing the image thereon, if further fixing is
required. invention.                                        Cleaning
station 22 may be any suitable cleaning station such as the resilient blade
shown in Fig. 1 or DETAILED DESCRIPTION OF PREFERRED                 that
described in U.S. Patent 4,439,035. EMBODIMENTS
In accordance with one embodiment of the inven- 10  tion, after development
of each image in a given sin- Reference is now made to Fig. 1 which
Illustrates  gle color, the single color image is transferred to in- a
multicolorelectrostatic imaging system constructed  termediate transfer
member 20. Subsequent images and operative in accordance with a preferred
embodi-  In different colors are sequentially transferred onto ment of the
present invention. As seen in Fig. 1 there  Intermediate transfer member
20. When all of the de- is provided an image bearing surface typically em-
15  sired images have been transferred to intermediate bodied In a rotating
photoconductive drum 10. Oper-  transfer member 20, the complete
multi-color image atively associated with photoconductive drum 10 is  is
transferred from transfer member 20 to substrate photoconductor charging
apparatus 11 and imaging  25. Pressure roller 24 therefore produces
operative apparatus 12, for example a laser scanner, for provid-
engagement between intermediate transfer member ing a desired latent image
on drum 10. The latent im-  20  20 and substrate 25 only when transfer of
the com- age normally includes image areas at a first electrical  posite
image to substrate 25 takes place. potential and background areas at
another electrical  Alternatively, each single color image is transfer-
potential.                                        red to the paper after
its formation. In this case the Also associated with photoconductive drum
10   paper is fed through the machine once for each color are a multicolor
liquid developing assembly 16, an ex-  25  or is held on a platen (not
shown) and contacted with cess liquid removal assembly 18, an intermediate
intermediate transfer member 20 during image trans- transfer member 20 and
a resilient scraper cleaning  fer. As a further alternative, the
intermediate transfer station 22.
member 20 is omitted and the developed single color Developing assembly 16
preferably includes a   images are transferred sequentially directly from
developer roller electrode 17 spaced from photocon-  30  drum 10 to
substrate 25. ductive drum 10 and typically rotating in the same
Reference is now made additionally to Figs. 2 and sense as drum 10 as
indicated by arrows 19. This ro-  3 which are perspective illustrations of
parts of the tation provides for the surface of drum 10 and roller
apparatus of Fig. 1. Fig. 2 includes photoconductive 17 to have opposite
velocities in their region of pro-  drum 10, developer electrode 17 and
multicolor sup- pinquity. Developing assembly also includes multicol-  35
ply assembly 14. Fig. 3 shows the lower portion of the or toner supply
assembly 14, for providing colored to-  apparatus including the arrangement
of a plurality of ner to develop latent images on photoconductive   liquid
toner reservoirs 40, 42,44 and 46 and associ- drum 10 and a plurality of
color specific toner clean-  ated apparatus. ing assemblies 32 for removal
of excess toner from    Multicolor toner supply assembly 14, receives
developer roller 17. Developing assembly 16 is de-  40  separate supplies
of colored toner from four different scribed hereinbelow in greater detail.
reservoirs 40,42,44 and 46, typically containing Yel- Photoconductive  drum
10, photoconductor      low, Magenta, Cyan and Black liquid toners respec-
charging apparatus 11 and Imaging apparatus 12    tively. Pumps 48 may be
provided at the entrances of may be any suitable drum, charging apparatus
and  respective supply conduits 56, for providing a desired imaging
apparatus such as are well known in the art.  45  amount of pressure to
feed the colored toner to mul- Excess liquid removal and image compacting
as-  ticolor supply assembly 14. sembly 18 typically includes a biased
squeegee roller  In  commonly  assigned  PCT  application 21 which is urged
against drum 10. Squeegee roller  PCT/NL90/00069, filed May 14, 1990,
(WO-A- 21 is preferably formed of resilient conductive poly-  90/14619,
published 29.11.90), a number of multicol- meric material, and charged to a
potential of several  50  or supply assemblies are described each of which
in- hundred to a few thousand volts with the same polar-  cludes a
plurality of jet nozzles for each color. In the ity as that of the charge
on the toner particles.  aforementioned PCT application the maximum spac-
Intermediate transfer member 20 may be any    ing between nozzles is 8.4
mm. The present inventors suitable intermediate transfer member such as
those  have found that surprisingly, for an effective imaging described in
U.S. Patent 4,999,677 and PCT publica-  55   width at least as large as
21.6 cm (8.5"), only one tion WO 91103006, and is arranged for
electrophoret-  properly designed stationary supply nozzle 57 is re- ic
transfer of the image thereto from the Image bear-  quired for each color.
ing surface. Intermediate transfer member 20 is pre-  The nozzles of the
present invention have an in- 4 



7                   EP 0 575 322 B1                 8 ternal diameter of
about 3 mm, representing an area  reservoirs. The black toner collection
assembly is al- about 9 times that of the nozzles of the jet assemblies
ways engaged, and any material which may have disclosed in the above
mentioned PCT application   passed the earlier cleaning assemblies is
removed PCTI/NL90/00069. Nozzles 57 are grouped together,   and added to
the black reservoir. In practice, little if one foreach color, and are
preferably axiallycentered   5   any material passes blade member 34 of a
given along developer electrode 17. The stream of liquid  cleaning
assembly. developer exiting from the nozzles impinges with a     It is seen
that the toner atthe developer interface relatively lowvelocity on
developer roller 17 before its  is removed from the development region
quickly after region of propinquity with photoconductive drum 10.  the flow
is interrupted. This allows for almost instant The velocity is high enough
toform an excess of liquid  10  change of developer color at development
region 59. toner at said point of propinquity which corresponds
Additionally developer roller 17 is well cleaned be- to a development
region 59. Surprisingly, it has been  tween colors, so that
cross-contamination between found that such a stream spreads along the
roller at  colors is practically non-existent the region of propinquity as
shown in Fig. 2, and pro-  The outer surfaces of the supply nozzles are ta-
vides even development of the latent image. Further-  15  pered at their
exit ends, as shown in Fig. 6, in order more, it has been found that the
use of a low liquid to-  to reduce the wall thickness at the output face of
the nervelocity improves the qualityof the imageformed.  extensions to a
minimum. It is believed that this re- The total rate of supply of liquid
toner is controlled to  duction reduces dripping of the liquid developer.
Ex- form a well defined sheet of liquid toner on developer  cept for the
configuration and orientation of the noz- roller 17, without overflowing
the sides of the roller.   20  zles, the toner supply system and cleaning
assem- Fig. 4 shows an alternative configuration of noz-  blies 32 of the
present Invention can Include any or all zles useful for wider imaging
areas or for systems in  of the features of the tonersupply systems and
clean- which the toner velocity is further reduced. In this  ing systems
described in the above referenced PCT case two sets of nozzles are used to
supply developer  application. liquid tothe developer
rollerfordevelopmentofthe la-  25  Developer roller 17 is typically
maintained at tent image. In general the nozzles for a particular col-
+200 Volts when the voltage of the image areas of the or are spaced at a
center-to-center distance greater  photoconductor 10 is approximately +1000
Volts and than 8.4 mm. In particular the preferred spacing is  the voltage
on the background areas of the photocon- greater than 25.4 mm (1 ") and
less than 203 mm (8").  ductor 10 is approximately +100 Volts. The above
vol- Alternatively the spacing can be greater than 250 mm   30  tages are
suitable for the use of negatively charged and less than 1000 mm.
toner and a selenium coated photoconductor drum. If It should be noted in
both Figs. 2 and 4 that the  it is desired to use a positively charged
toner or an- liquid toner preferably is supplied to the region of the
other type of photoconductor material, correspond- developer electrode
which is leaving the region of its  Ingly different voltages will be
appropriate. propinquity with the photoconductive drum 10.  35     An
alternative preferred supply assembly is The width of the stationary nozzle
is preferably  shown in Fig. 5. In this embodiment of the invention less
than 250 mm.                                  one supply nozzle 157 similar
in construction to the Returning now to Figs. I and 3, color specific to-
nozzles of Figs. 2 and 4 are provided near the ends ner cleaning assemblies
32 (except for the black as-  of the developer drum for each color and are
opera- sembly) are selectably brought into operative asso-  40  tive to
supply a stream of liquid toner onto developer ciation with developer
roller 17 only when toner of a  roller 17 near its center. Nozzles 157 are
oriented to color corresponding thereto is supplied to develop-  provide a
component of flow velocity In the direction ment region 59 thereon by
supply assembly 14. For  of development region 59, in order to provide
filling of clarity these cleaning assemblies are not shown in  the region
with liquid developer. As in the embodi- Figs 2 and 4. Examples of cleaning
assemblies useful  45   ments of Figs. 2 and 4, the velocity and amount of
to- In the present invention are shown in the above ref-  ner and the angle
of the nozzles with the developer erenced PCT application.
roller are adjusted to fill the development region with Each of cleaning
assemblies 32 includes a prefer-  toner without providing an excess which
would run ably resilient blade member 34. Associated with each  over the
ends of roller 17. of the cleaning assemblies 32 is a toner collection   50
An exemplary preferred tonerforuse in the inven- conduit 150 which serves
to collect the toner removed  tion is the tonerdescribed in Example 1 of
U.S. Patent by the cleaning assembly 32 from the developing    4,794,651.
For color toners the carbon black is re- electrode and thus to prevent
contamination by mix-  placed by color pigments as is known in the art.
Other ing of the various colors. Toner conduit 150 returns  liquid toners
as known in the art can also be used In the removed material to the
respective toner reservoir  55  the practice of the Invention. for
redispersion and reuse.                           Associated with each of
reservoirs 40,42,44 and As noted above, the toner collected by cleaning  46
are typically provided containers 66 of concentrat- assemblies 32 is
recycled to the corresponding toner  ed toner material. Container 66 is
preferably of a con- 
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described in U.S. Patent Application Serial  comprises: Number 07/570,777
entitled LIQUID TONER RE-                  a single stationary nozzle (57)
having a PLENISHMENT SYSTEM, (US-A- 5 083 165, pub-            width
substantially narrower than the given width fished 21.1.92).
of the developer electrode surface or a plurality In accordance with a
preferred embodiment of   5   of stationary nozzles (57, 157) having a
center to the invention, containers 66 contain toner concen-    center
spacing of greater than 8.4 mm operative trate and are operative to add
toner particles dis-    for providing liquid tonerof a given colorto the
de- persed in carrier liquid to their respective reservoirs  velopment
region (59) by supplying the liquid to- when these have a deficiency of
toner particles. Pre-  ner onto a portion of the developer electrode (17).
ferably an optical detector 132 in a respective reser-  10 voir measures
the optical density of the liquid toner  2. Liquid toner imaging apparatus
according to therein. When the density is below a first predeter-  claim 1
wherein the developer electrode (17) Isa mined level, motor96 is activated
by controller97 and  single developer electrode and wherein the displaces a
plunger inside container 88 to transfer a  means for development is
operative to substan- measured amount of toner concentrate from contain-
15  tially complete development of the image on the er 66 to its respective
toner reservoir thereby to In-  Image bearing surface (10) at the
development crease the toner particle concentration to the re-    region
(59). quired level. The optical density of each of the colored toner  3.
Apparatus according to claim 1 or claim 2 where- dispersions is preferably
separately measured by an   20  in: optical density measurement circuit
132. Exemplary          the means for developing (16) comprises forms of
such apparatus are shown in U.S Patents       means for sequentially
developing images on the 4,579,253 or 4,860,924. A signal responsive to the
image bearing surface (10) using a plurality of liq- density is fed into a
tonerdispenser control system 97  uid toners each including carrier liquid
and pig- which Is operative to activate the motor and to dis-  25  mented
particles of a given color, and pense a given amount of toner concentrate
from con-         the means for transferring (20) comprises tainers 66 into
the specific reservoir.                means for sequentially transferring
a developed Charge director is preferably included with the to-  image of
the given color from the image bearing ner concentrate in a proper amount.
surface (10) to a substrate (25). It will be appreciated by persons skilled
in the art  30 that the present invention is not limited to what has  4.
Apparatus according to any of the preceding been particularly shown and
described hereinabove.    claims wherein the width of said stationary noz-
Rather the scope of the present invention is defined  zle or nozzles (57,
157) is less than 250 mm. only by the claims which follow: 35  5. Apparatus
according to any of the preceding claims wherein the nozzle (57, 157) is
spaced Claims                                                more than 250
mm from any other nozzle which supplies liquid toner of the given color to
the de- 1. Liquid toner imaging apparatus comprising:         velopment
region (59). an image bearing surface (10);       40 means (16) for
developing an image on the  6. Apparatus according to any of the preceding
image bearing surface using a liquid toner includ-  claims and comprising
at least two stationary ing carrier liquid and pigmented particles; and
nozzles (57, 157) each spaced between about means (20) for transferring a
developed      250 to 1000 mm from the nearest other nozzle Image from the
Image bearing surface (10) to a   45  which supplies liquid toner of the
given color to substrate (25),                                    the
development region (59). wherein the means for developing com- prises:
7. Apparatus according to any of claims 1-5 wherein a developer electrode
(17) having a     only a single stationary nozzle (57) is provided for
movable developer electrode surface whereby   50   supplying liquid toner
of a given color. portions of the developer electrode surface se-
quentially come into propinquity with the image  8. Apparatus according to
any of the preceding bearing surface (10) and subsequently leave pro-
claims wherein the nozzle or nozzles (57) is/are pinquity therewith, each
portion forming a devel-  arranged to supply the liquid toner to a portion
of opment region (59) during its propinquity, the de-  55  the surface of
the developer electrode after it veloper electrode surface having a given
width in  leaves the development region. the direction perpendicular to its
motion; charac- 



terized In that said means for developing also  9. Apparatus according to
any of the preceding 6    9                   EP 0 575 322 B1
10 struction described in U.S. Patent Application Serial  comprises: Number
07/570,777 entitled LIQUID TONER RE-                 a single stationary
nozzle (57) having a PLENISHMENT SYSTEM, (US-A- 5 083 165, pub-
widthsubstantially narrower than the given width lished 21.1.92).
of the developer electrode surface or a plurality In accordance with a
preferred embodiment of   5   of stationary nozzles (57, 157) having a
center to the invention, containers 66 contain toner concen-    center
spacing of greater than 8.4 mm operative trate and are operative to add
toner particles dis-   for providing liquid tonerof a given colorto the de-
persed in carrier liquid to their respective reservoirs  velopment region
(59) by supplying the liquid to- when these have a deficiency of toner
particles. Pre-  ner onto a portion of the developer electrode (17).
ferably an optical detector 132 In a respective reser-  10 voir measures
the optical density of the liquid toner  2. Liquid toner imaging apparatus
according to therein. When the density is below a first predeter-  claim 1
wherein the developer electrode (17) is a mined level, motor 96 is
activated by controller 97 and  single developer electrode and wherein the
displaces a plunger inside container 66 to transfer a  means for
development is operative to substan- measured amount of toner concentrate
from contain-  15  tially complete development of the image on the er 66 to
its respective toner reservoir thereby to in-  image bearing surface (10)
at the development crease the toner particle concentration to the re-
region (59). quired level. The optical density of each of the colored toner
3. Apparatus according to claim 1 or claim 2 where- dispersions is
preferably separately measured by an   20  in: optical density measurement
circuit 132. Exemplary         the means for developing (16) comprises
forms of such apparatus are shown In U.S Patents      means forsequentially
developing images on the 4,579,253 or 4,860,924. A signal responsive to the
image bearing surface (10) using a plurality of liq- density is fed into
atonerdispensercontrol system 97  uid toners each including carrier liquid
and pig- which is operative to activate the motor and to dis-  25  mented
particles of a given color; and pense a given amount of toner concentrate
from con-         the means for transferring (20) comprises tainers 66 into
the specific reservoir.               means for sequentially transferring a
developed Charge director Is preferably included with the to-  Image of the
given color from the image bearing ner concentrate in a proper amount.
surface (10) to a substrate (25). It will be appreciated by persons skilled
in the art  30 that the present invention is not limited to what has  4.
Apparatus according to any of the preceding been particularly shown and
described hereinabove.    claims wherein the width of said stationary noz-
Rather the scope of the present invention Is defined  zle or nozzles (57,
157) is less than 250 mm. only by the claims which follow: 35  5. Apparatus
according to any of the preceding claims wherein the nozzle (57, 157) is
spaced Claims                                                more than 250
mm from any other nozzle which supplies liquid toner of the given color to
the de- 1. Liquid toner imaging apparatus comprising:         velopment
region (59). an image bearing surface (10);       40 means (16)
fordeveloping an image on the  6. Apparatus according to any of the
preceding image bearing surface using a liquid toner Includ-  claims and
comprising at least two stationary Ing carrier liquid and pigmented
particles; and    nozzles (57, 157) each spaced between about means (20)
for transferring a developed      250 to 1000 mm from the nearest other
nozzle image from the image bearing surface (10) to a   45  which supplies
liquid toner of the given color to substrate (25),
the development region (59). wherein the means for developing com- prises:
7. Apparatus according to any of claims 1-5 wherein a developer electrode
(17) having a     only a single stationary nozzle (57) is provided for
movable developer electrode surface whereby   50   supplying liquid toner
of a given color. portions of the developer electrode surface se-
quentially come Into propinquity with the image  8. Apparatus according to
any of the preceding bearing surface (10) and subsequently leave pro-
claims wherein the nozzle or nozzles (57) is/are pinquity therewith, each
portion forming a devel-  arranged to supply the liquid toner to a portion
of opment region (59) during its propinquity, the de-  55  the surface of
the developer electrode after it veloper electrode surface having a given
width in  leaves the development region. 



the direction perpendicular to its motion; charac- terized in that said
means for developing also  9. Apparatus according to any of the preceding 6
11                 EP 0 575 322 B1                 12 claims wherein the
developer electrode (17) is    Visizahl von stationfiren Dflsen (57, 157)
mit ei- situated generally below the image bearing sur-   nem
Mitten-zu-Mitten-Abstand von mehr als 8,4 face (10).
mm, die dafOr ausgeblidet sind, um  den Flissigtoner einer gegebenen Farbe
an die Ent- 10. Apparatus according to any of the preceding   5
wicidungszone (59) abzugeben und zwar durch claims wherein the image
bearing surface (10) is  ZufGhren des Flfsslgtoners auf elnen Abschnitt
arranged to move in a given direction at the de-  der Entwicider-Elektrode
(17). velopment region (59) and the developer elec- trode is a rotating
roller (17) spaced from the im-  2. Flissigtoner-Bilderzeugungsgerlt  nach
An- age bearing surface (10), wherein the developer  10  spruch 1, bei dem
die Entwickder-Elektrode (17) surface Is arranged to move in a direction
oppo-  aus einer elnzelnen Entwickier-Elektrode be- site to the given
direction at the development re-  steht und be! dem die Einrichtung zum
Ent- gion.                                             wickeln
dafOrausgebildet lot, um die Entwicidung des Bildes auf der das Bild
tragenden Fliche (10) 11. Apparatus according to any of the preceding   15
bei der Entwicikungszone (59) im wesentlichen claims wherein the nozzle or
nozzles (57) is/are  vollstindig zu entwickeln. operativeto supplyastream
of liquid tonerhaving a component of velocity toward the development  3.
Gerat nach Anspruch I oder 2, bei dem die Ein- region as it leaves the
nozzle.                   richtung zum Entwickeln (18) eine Vorrichtung 20
enthlit, um aufeinanderfolgend Bilder auf der 12. Apparatus according to
claim 11 wherein the       das Bild tragenden Flache (10) unter Verwen-
stream also has a component of velocity parallel  dung elner Vieizahl von
RFssigtonern zu ant- to the development region as it leaves the nozzle
wickeln, von denen jeder eine Trfgerfl~sslgkeit (157).
und pigmentlerte Teilchen einer gegebenen Far- 25      be enthilt, und 13.
Apparatus according to any of the preceding        bei dem die Einrichtung
zum Obertragen (20) el- claims wherein the nozzle (157) is placed near
ne Vorrichtung aufwebst, um aufeinanderfolgend one edge of the development
width.                ein entwickeltes Bild einergegebenen Farbe von der
das Bild tragenden Flache (10) auf ein Sub- 30     strat (25) zu
ubertragen. Patentansprnche 4. Gerat nach einem der vorhergehenden AnsprG-
1. FlfssIgtoner-Bilderzeugungsgerit mit               che, bei dem die
Weite der genannten stationfi- einer bildtragenden Flache (10),
ren DOse oder DMsen (57, 157) Ideiner ist als 250 einer Einrichtung (16)
zum Entwickeln eines Bil-  35  mm. des auf der bildtragenden Flache unter
Verwen- dung sines Flussigtoners, dern ine Trigerflfissig-  5. Gerat nach
irgendeinem dervorhergehenden An- keit und pigmentierte Teilchen enthilt,
und       sprache, bei dem die Duse (57,157) urn mehr als einerEinrichtung
(20) zum Obertragen eines ent-   250 mm von irgendeineranderen DOse
beabstan- wickelten Bildes von der bildtragenden Fliche   40  det ist, die
Flflssigtoner einer gegebenen Farbe (10) auf ein Substrat (25),
der Entwicklungszone (59) zufrlhrt wobei die Elnrichtung zum Entwickeln
foigendes enthfilt                                       6. Gerat nach
Irgendeinem dervorhergehenden An- sine Entwicider-Elektrode (17) mit elner
beweg-   spriche, mit wenigstens zwei stationiren Dulsen baren
Entwickler-Elektrodenfliche, wobel Ab-  45  (57, 157), die jewells zwischen
ca. 250 bis 1000 schnitte der Entwickler-Elektrodenflfiche aufein-  mm von
der am nichstliegenden anderen DMse anderfolgend in die Nahe zu der das
Bild tragen-  beabstandet sind, die Flflssigtoner einer gegebe- den Flache
(10) gelangen und anschlieSend die-    nen Farbe der Entwicklungszone (59)
zufflhrtt se NWih wieder verlassen, wobel jeder Abschnitt sine
Entwicldungszone (59) wihrendseiner Nah-  5o  7. Gerat nach Irgendalnem der
Anspruche I bis 5, position bildet und wobel die Entwickder-Elektro-  bel
dem lediglich eine stationare Duse (57) vor- denfliche elne gogebene Weite
in einerRlchtung    gesehen ist, um Flfssigtoner einer gegebenen senkrecht
zu ihrer Bewegung besItzt, dadurch      Farbe zuzufI`hren. gekennzeichnet,
daB die Einrichtung zum Ent- wickeln folgendes aufweist:               55
S. Gerat nach irgendeinem dervorhergehenden An- 



eine einzelne statlonare Duse (57) mit elnerWel-  sprfche, bel dem die DOse
odor DMsen (57) daflr te, die wesentlich anger ist als die gogebene Wei-
ausgebildet ist bzw. sind, um FiIssigtoner einem te der
Entwickier-Elektrodenfliche, oder eine     Abschnltt derOberflache
derEntwlckier-Elektro- 7    13                 EP 0 575 322 B1
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nachdem dieser die Entwick-       partie formant une region de
developpement (59) lungszone verlassen hat.
pendant qu'elle so trouve dans sa position de proximite, la surface
d'blectrode de d6veloppe- 9. Gerat nach Irgendeinem dervorhorgehenden An-
ment ayant une largeur donnee dans la direction sprflche, bei dem die
Entwicddungs-Eiektrode   5  perpendiculaire A son d6placement, caractrisb6
(17) allgemein untbrhalb der das Bild tragenden   en ce que ledit moyen de
d6veloppement FlAche (10) gelegen ist.                         comprend
aussi: un soul ajutage fix. (53) ayant une largeur 10. Gerat nach
irgendeinem dervorhergehenden An-     substantiellemnt plus troite que la
largeur don- sprOche, bei dam die das Biid tragende Flache   10  n6e de la
surface d'electrode de d6voloppement (10) dafOr ausgobildet Ist, um sich in
einer goge-  ou une pluralit6d'ajutages fixes (57,157) pr6sen- benen
Richtung bei der Entwicklungszone (59)      tant un espacement, de centre a
centre, plus zu bewegen und bei dem die Entwicider-Elektro-    grand que
8,4 mm et fonctionnant de maniere A de aus oiner rotierenden Roile (17)
besteht. die  fournirun toner liquid. d'une couleurdonnse a la von derdas
Bild tragenden Fiache (10) beabstan-  15  rigion de developpement (59) en
amenant la to- det bt, wobei die Entwiciderflache dafir ausge-   ner
liquide sur une partle de l'blectrode de dbve- bildet Ist, sich in eoner
Richtung entgegengesetzt  loppement (17). zu der gegebenen Rkchtung bel der
Entwick- lungszone zu bewegen.                         2. Appareil de
formation d'image A toner liquids se- 20     Ion la revendication 1, dans
lequel 'slectrode de 11. Gerat nach irgendelnem dervorhergehenden An-
dbveloppement (17) est une souls electrode de spruche, bel dem die DOse
oder DOsen (57) daffur  dbvoloppement et dans lequo le moyen de dbve-
ausgebildet ist bzw. ausgobildet sind, um eonen  loppement fonctionne de
maniere A achever Strom aus einem FlOssigentwicder mit elner Go-
substantiellement le devoloppement de l'image schwindigkeitskomponentb zur
Entwbckiungszo-  25  se trouvant sur la surface (10) de support dlma- ne
hin zuzufOhron, wenn dieser die DOse verlit.   go, au niveau de la rngion
de devoloppement (59). 12. Gerat nach Anspruch 11, be! dam der gonanntb
Strom such oine Geschwindlgkeitskomponente    3. Appareil solon la
revendication I ou 2 dans le- parallel zu der Entwickdungszone aufweist,
wenn   30  quel: dleser die DOse (157) verlIat.                        I
moyen  de  d~veloppement (16) comprend un moyen pour divelopper successi-
13. GeratnachirgendeinemdervorhergehendenAn-         vement des images se
trouvant sur la surface sprOche, beo dem die DOse (157) naher bel einer
(10) de support d'image en utilisant une pluralite Kantb der
Entwickiungsbrelte plaziert ist  35     de toners liquides comprenant
chacun un liquids porteur et des particules pigment6es d'une cou- leur
donnee; et Revendlcations                                            le
moyen de transfert (20) comprend un moyen pour transferer successivement de
la sur- 1. Apparell de formation d'image par toner liquid.  40  face (10)
de support d'image A un substrat (25) comprenant
une image ddveloppde ayant la couleur donnee. uno surface (10) de support
d'image; un moyen (16) pourdevelopperune Image    4. Appareil solon l'une
quelconque des revendica- se trouvant sur la surface de support d'lmage en
tions precdentes dans lequel la largeur du ou utilisant un toner liquide
comprenant un liquide  45  desdits ajutages fixes (57, 157) est inferieure
A portour et des partloules pigmentees; et          250 mm. un moyen (20)
pour transferer de la surfa- ce (10) de support d'image A un substrat (25)
une  5. Appareil solon l'une quelconque des revendica- image developpbe.
tions precedentes, dans lequel I'ajutage (57,157) apparell dans boquel le
moyen de develop-  5o  est espace de plus de 250 mm de tout autre aju-
pement comprend:                                 tage qui fournrit du toner
liquids de la couleur don- une 6lectrode de developpoment (17)         nee
A la rigion de developpement (59). comportant une surface mobile
d'electrode de 



dveoloppement, grace A quol des parties de la  6. Appareil selon l'une
quelconque des revendica- surface d'electrode de dhveloppement vbennent  66
tions precedentes et comprenant au moins deux successivement dans une
position de proximitA     ajutages fixes (57, 157) espaces chacun d'envi-
par rapport A la surface (10) de support d'image  ron 250 A 1000 mm de
l'autre ajutage Is plus pro- et, onsulte, s'loignent de cottb surface,
chaque  che qui fournit le toner liquido de la couleur don- 8    15
EP 0 575 322 B1                18   1 1||11| |||| 1| n6e A la r6gion de
developpement (59). 7. Apparell selon l'une quelconque des revendica- tions
1-5, dans lequel un seul ajutagofixe (57) oet utilise pour fournir le toner
liqulds d'une couleur   5 donn6e. 8. Apparell solon l'une quelconque des
revendica- tions prec6dentes, dans lequel le ou les ajutages (57) sont
disposes de manlire A fburnlr le toner  10 liquide A une partle de la
surface de l'electrode de d6veloppement apres son depart de la r6gion de
developpement. 9. Apparell selon l'une quelconque des revendica-  15 tions
pr6oedentes, dans lequel l'electrodo do de- veloppement (17) est sKu6e,
d'une fagon g6n6ra- le, en dessous de Ia surface (10) de support d'image.
20 10. Appareil selon lune quelconque des revendica- tions prhc6dentes,
dans lequel la surface (10) de support d'image oet disposee de maniere A se
d6placrdans une direction donn6e au niveau de ha r6glon de developpement
(59) et I'electrode de  25 d~veloppement eat un rouleau tournant (17) es-
pace de la surface (10) de support d'lmage, la surface de d6veloppement
etant dispos~e de ma- nibre A se deplacer dans une direction oppos"e a ia
direction donnee au niveau de la rftion de  3o developpement. 11. Appareil
selon l'une quolconque des revendica- tions pr6c6dentbs, dans lequel le ou
les ajuta- go(s) fonctionne(nt) de manibre A fournlr un cou-  3S rant de
toner liquids qui pr6sentb une composan- to de vibsso on direction de la
reglon de dbvelop- pement quand il quitte l'ajutage. 12. Appareil selon la
revendication 11, dans lequel le  40 courant prhsente aussi une composantb
de vites- se parallelo A la r6gbon de d6veloppement quand il quittb
'ajutage (157). 13. Apparell solon l'une quelconque des revendlca-  46
tions, dans lequel l'ajutage (157) est plac6 pres d'un des bords de la
largeur de developpement. 60 55 9    


