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complex mechanical apparatus requiring elaborate optics and toner transport
systems in the form of This invention relates to electrostatic printing. It
pumps and ancillary plumbing or toner powder relates more particularly to
method and means for   dispensers, cleaning brushes, etc. Also, the quality
printing thermodynamically or at an elevated term-   5   of the copies
produced by prior electrostatic and perature.
xerographic printing systems is still not as high as is desired,
particularly in the case of those printers Background of the Invention
capable of printing in color. Various prior art systems using capacitive
Hard copy printing may be accomplished in a   10   micro-cells are known
from JP-A-61-130 057, JP-A- variety of ways including offset techniques,
roto-  59-74 869, DE-A-3 202 202 and US-A-3 689 933. gravure methods,
photographic techniques, ink jet       Accordingly, it would be desirable
to provide a and thermographic printing. More recently, printing  printing
system or press which can print consis- techniques have been developed
which form an        tently very high quality copies in black and white or
image as a pattern of electrical charges on a re-  15  in color on ordinary
paper and do this economically ceptor or surface. Toner can then be applied
to     and at high speed. that surface for transfer to a paper sheet. Such
techniques include xerography in which a pho-       Summary of the
Invention tosensitive drum or plate is selectively discharged by exposure
to a light image, as well as ion print-  20  Accordingly, it is an object
of the present in- ing in which a stream  of ionically charged gas
vention to provide improved printing method and molecules from an ion
source is guided through a    means. control grid to a receptor surface to
create an ionic   Another object of the invention is to provide an charge
pattern on that surface. Some laser printers  electronic printing press
which can make color also write information on a photosensitive receptor
25   prints of unusually high quality in terms of resolu- surface by
selectively discharging that surface us-  tion, color intensity and range
and color registra- ing a scanning beam  of coherent light. Each of
tion. these printing methods has certain advantages           A further
object of the invention is to provide which suit specific markets. However,
none of them  electronic printing apparatus whose operating prin- are
capable of producing a print with the quality of  30  ciples permit
printing at a high rate of speed if a photographic print at a very low cost
per page    desired, limited primarily by the data rate of the and in a
short time, i.e., seconds, using a simple,  incoming data stream.
relatively inexpensive, variable data printer.          A further object of
the invention is to provide Xerographic printers probably come as close
apparatus of this type whose control over the color as any to satisfying
all of these desirable criteria.  35   density and resolution of the
resultant hard copy is The typical xerographic printer consists of an elec-
absolute and not dependent upon chemistry, at- trostatically chargable
drum, a charging station for  mospheric pressure, humidity and other
factors charging the drum, an exposing station at which an  which plague
many conventional electrographic electrostatic image is applied to the drum
surface,  printing systems. a toning station at which electroscopic powder
or  40   Another object of the invention is to produce liquid is applied to
the drum surface to develop or  hardcopy prints on ordinary paper whose
color render visible the electrostatic image thereon, a   rendition and
resolution equal those of photograph- transfer station where the toner
image is trans-    ic prints. ferred onto paper and a fusing station at
which the     Another object of the invention is to provide toner particles
are fused to the paper, while the   45  printing apparatus which can print
on metal, on drum is being readied for the next exposure at a    textiles,
and on a variety of other materials besides cleaning station. Invariably,
in electrostatic printers  paper. and copiers, the fusing station must be
off-line        It is another object to provide such apparatus because
conventional electrostatic drums cannot     which provides high quality
prints on plain or coat- tolerate heat. In other words, heat effects
adversely   50  ed paper at a relatively low cost per copy. the
photoconductive material of the drum, causing,      Another object is to
provide an electronic print- among other degradations, the loss of the
charge    er that allows positive control over the location and image on
the drum.                                  shape of each discrete
resolution element or dot in Also, because the different steps in the prior
the printed copy. xerographic processes are carried out at different  55
Still another object is to provide printing ap- stations, these printers
and copiers operate at rela-  paratus of this type which allows control
over the tively slow speeds and, thus, have relatively low   optical
density of each resolution element or dot in copying rates. Furthermore,
they constitute fairly  the printed copy. 2    



3                  EP 0 295 364 B1                     4 Yet another object
is to provide an improved         While my color printing apparatus is
similar to printing cylinder or drum for an electronic printer.  prior
color presses in that it employes a separate Another object is to provide
an electronic color  printing unit to print each color, it differs
drastically printer such as this which can print using thermo-   from
conventional presses in the makeup of these plastic or hot-melt inks.
5   printing units. More particularly, in each printing A further object is
to provide electronic printing  unit of my press, an electronic image is
applied to apparatus with an improved receptor surface for      a heated
dielectric printing member, preferably a acquiring an electronic image.
cylinder, whose outer surface is slightly ink repel- Yet another object is
to provide improvements    lant or otherwise conditioned to reject to some
in the development of images in an electronic  to  extent the ink used in
the press. The cylinder, printer.
which has a special design to be described in Still another object of the
invention is to pro-  detail later, is a thin-walled, lightweight,
heat-resis- vide an electronic printing method which produces    tant
dielectric tube having great strength and mini- one or more of the above
advantages.                 mal rotational inertia. It is preferably made
of sap- Other objects will, in part, be obvious and will,  15  phire [err]
The wall of the cylinder carries an in part, appear hereinafter.
array of tiny prefixed capacitor microcells or is- The invention as defined
in claim 1 accordingly  lands. Each cell consists of a tiny metallic
platelet comprises the sequence of steps, combination of      on the inner
surface of the cylinder wall plus the elements and arrangement of parts
which will be      dielectric cylinder material opposite the platelet that
exemplified in the following detailed description,   20   extends to the
cylinder outer surface. The platelets and the scope of the invention will
be indicated in  are deposited, by a microlithographic process, in the
claims.                                          rows along the length of
the cylinder and in col- Briefly a printing system  or press made in
umns around the inner circumference of the cyl- accordance with my
invention incorporates one or     inder. The cylinder outer surface
ordinarily shows more substantially identical modular printing units,  25
no cells and is perfectly smooth. the number of such units depending upon
the              During the recording of the electronic image on number of
color components desired for the prints.   the cylinder, the cylinder is
controlledly rotated, Thus, when printing in black and white, a single
using a high resolution angular encoder or clock such unit suffices. When
printing in four colors, four  track on the cylinder, either stepwise or
continu- printing units are used, with one unit printing each   30   ously
about its axis relative to a linear array of tiny color. The four units are
arranged in series and     electron sources or E-beam  emitters positioned
operated in synchronism  so that paper or other      inside the cylinder.
The array extends parallel to printing medium from a suitable supply is
guided     the cylinder axis and is positioned close to the from one unit
to the next. Each printing unit prints  inner surface of the cylinder wall
so that it can on the paper or other medium  a copy of the   35   deposit
negative charges or electrons on the ca- document being reproduced in the
color corre-        pacitor plates of the row of microcells opposite the
sponding to the ink dispensed by that unit. Each     emitter. Located
outside the cylinder at a recording printing unit after the first prints in
register with the  station directly opposite and parallel to the emitter
previous units so that the finished printed copy is a  array is an AC
corona source. This source has the four-color reproduction of the original
document.  40  capacity to direct positive charge carriers onto the In
certain applications, an office copier, only a  outside surface of the
cylinder in juxtaposition to single printing drum or surface is used to
create    the capacitor plates on the inside of the row of such multicolor
prints. In this type of printer to be  microcells that is between that
source and the described in more detail later, the drum or surface  emitter
array. Because of the AC characteristic of is shifted to fetch different
colorants from a source   45  the corona source, all of those positive
charge and to transfer them in succession onto the recep-   deposits are
neutralized which are not bound by ter sheet.
negative charges deposited on the inside of the Preferably, the inks used
in my printing press   cylinder by the emitter array. are highly
transparent, subtractive color inks; they     During printing, selected
electron emitters in usually have the primary colors cyan, yellow and   50
the emitter array are activated in accordance with magenta, plus black. The
resultant color reproduc-   the information content of an incoming data
stream tions are composed of these four different color ink  representing
the optical densities of color values of layers deposited one on top of the
other and hav-    successive resolution elements of a line-by-line- ing
various optical densities (thicknesses) in dif-  scanned original document
or image. If the original ferent parts of the print. This type of printing,
which  55  image is in black and white, the incoming data I have named
"congruent area printing" (CAP), is     represents grey scale values; if
the original image the type of printing sought for a long time by the   is
in color, the data represents the tonal densities graphics industry.
of a particular color component, i.e. red, green or 3    
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original document or the equivalent    band, rather than helically as in
some conventional subtractive color component, i.e. cyan, yellow or
plotters and printers. In other words, the cylinder magenta, for the image
to be printed. The selected  receives an electronic image while
continuously emitters respond by controlledly spraying tiny      moving
past the stationary emitters. beamlets of electrons onto the inside
capacitor   5     Thus, after a complete revolution of the cyl- plates of
the microcells opposite those emitters..  inder past the emitter array, a
pattern of electro- Thus, when the first row of microcells on the    static
fields exists at the cylinder outer surface cylinder is positioned directly
opposite the emitter  which is an electronic analog of the picture content
array, certain emitters are activated either simulta-  for a particular
color (i.e. color separation) in the neously or successively to deposit
electrons onto  10  original document or image being copied. It is the
microcell inner plates at coulombic, capacitive,  important to note that
the shape and locations of numerical values that correspond to the grey
scale  the tiny positively charged surface areas of the densities or color
values at corresponding locations  cylinder wall which comprise the
electronic image (resolution elements) in the original document be-  stored
on the cylinder are precisely defined by the ing reproduced. The deposition
of negative charges   15  shapes and the layout of the cells in the
microcell at each such electronically "imaged" microcell in   array. This
is in sharp contrast to those printers the first row of cells results in
the capture at the  described at the outset which rely on movable outside
surface of the cylinder opposite that cell of  optics, deflection fields
and the like to electrostati- an equal number of positive charges from the
AC     cally charge a receptor surface and which, there- corona source. The
positive charge domain or is-  20  fore, apply the image less accurately to
that sur- land on the outside of the cylinder at each cell is  face and are
plagued by raster deviations and essentially the same size as the
negatively charged  mislocations. microcell plate on the inside of the
cylinder, with     Of particular importance here also is the fact the
charge amounts being in numerical equilibrium.  that in my press the
incoming data stream posi- The closure of the field lines around the edges
of  25  tively controls the coulombic charge level depos- each imaged cell
produces a desired "spread"        ited at each microcell on the cylinder
to produce a which blanks out all gaps between adjacent          tiny
discrete electric field there whose strength is charged microcell areas.
Thus at each such im-      proportional to the optical density (in terms of
color aged cell, a discrete electrostatic field exists whose  saturation
and hue) desired for the picture element field strength represents the grey
scale density or  30  represented by that cell. Therefore, the image color
value at the corresponding location in the    stored on the cylinder can be
truly representative original document. Unimaged microcells, corre-      of
the color content in the original image. More- sponding to areas of the
original document where    over, that accurate electronic latent image will
re- the particular color is not present, acquire no     main on the
cylinder until deliberately erased. charge.
35       After part or all of an image is recorded on the After the
microcells in the first row on the     cylinder as aforesaid, the press
prints one or more cylinder are charged selectively as aforesaid, the
copies of that image onto paper or other media by cylinder is moved around,
with the aid of the en-   first inking the outer surface of the cylinder so
that coder or cylinder clock track, to the exact position  ink adheres to
that surface in accordance with the that locates the next row of microcells
directly   4o  field stength distribution thereon to form an ink between
the emitter array and the corona source.    pattern having an optical
density (thickness) dis- The emitters are thereupon activated selectively
tribution corresponding to that of the corresponding again in accordance
with incoming data represent-   color in original document, or any chosen
pseudo ing the optical density values for the second line of  or false
color, and then transferring that pattern to resolution elements in the
original document. This  45  the paper or other media. results in the
selective charging of the capacitor      The inking step is accomplished at
an inking microcells in the second row, both in terms of      station
adjacent to the cylinder which, as noted location and magnitude, to produce
localized elec-  above, is heat resistent. At that station there is a
trostatic fields in that row whose strengths cor-   preheated inking member
which extends the entire respond to the optical densities of the second
line   5o  length of the cylinder and which can be shifted into of
resolution elements in the original document that  engagement with the
cylinder surface. That mem- was scanned. The cylinder is then moved again
to    ber brings a special hot-melt ink into contact with position the
third row of capacitor cells opposite  the cylinder surface. This ink is a
two-component the emitter array and the picture information for the  ink
comprising a relatively low melting point ther- third line of resolution
elements in the original  55   moplastic carrier which supports a myriad of
higher document is recorded in flight electronically on that  melting
point, thermoplastic (or non-meltable), volt- third row of cells, and so
on, with the image grow-  age sensitive colorant particles dispersed in the
ing circumferentially around the cylinder as an axial  carrier. At the
inking station, the ink is heated 4    
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melt the carrier material, but not the  press. colorant particles, so that
ink that will contact the   After being inked, the cylinder surface is ad-
cylinder at each contiguous cell thereof exists on  vanced cell row-by-cell
row to a transfer station. the inking member as a coherent liquid film
filled  Before reaching that station, however, if the col- with a
suspension of solid colorant particles.  5   orant particles are of the
meltable type, the cyl- When the press is printing, the inking member
inder surface at these advancing cell rows is heat- is moved against the
cylinder so that the ink film  ed to a temperature high enough to melt the
par- contacts the surface of the printing cylinder. The  ticles deposited
on the cylinder surface opposite liquid carrier component of the ink does
not wet    those cells. Resultantly, the particles resident at that surface
because the surface is phobic to the   10  each such microcell coelesce on
the cylinder to ink as noted above. However, the still solid colorant  form
a single tiny spot or drop of liquid colorant. At particles dispersed in
that liquid, being voltage   a nip between the cylinder and a pressure
roller at sensitive or electroscopic, respond to the externally  the
transfer station, the colorant drops adhering to applied electric fields
which comprise the elec-    the cylinder surface opposite successive rows
of tronic image pattern present on the cylinder. Resul-  15  charged
microcells are transferred or offset to the tantly, as the cylinder is
rotated, the electronic  paper or other receptor medium. Upon contacting
image thereon approaches the inking station with a  that relatively cool
(room temperature) surface, the straight edge consisting of positively
charged cyl-  molten colorant is absorbed to some extent by the inder outer
surface areas (microcells). The posi-    paper and otherwise immediately
hardens and be- tively charged surface areas, which correspond to  20
comes fused to the paper or other medium as the the negative charge pattern
resident on the plate   melt solidifies. During the solidification process,
array at the inside of the cylinder, pick up nega-  which takes only
microseconds, the still-liquid sur- tively charged colorant particles from
the liquid ink  face of the ink droplet which contacts the warm carrier,
creating rows of discrete color deposits on  print cylinder increases its
cohesion as it cools and the cylinder surface areas opposite the charged
26  thus comes off the cylinder surface in its entirety microcells. Due to
the above-mentioned field        (100%). Thus, after a complete revolution
of the spread, there are no ink gaps between adjacent      cylinder
relative to the transfer station, the paper charged microcells. However,
the ink particles do   carries a permanent, high-quality copy of the elec-
not adhere to the cylinder surface areas corre-     tronic image stored on
the cylinder. sponding to uncharged, i.e. unimaged, microcells.  30   At
the transfer station, there is substantially In other words, the force of
the electrostatic attrac-  total transfer of colorant to the paper.
Therefore the tion of the colorant particles to charged cylinder  color
values of the actual print on the paper cor- surface areas overcomes the
slightly repellent      respond to the controlled-thickness ink deposits on
property of the surface. Consequently, at each im-  the cylinder.
Furthermore, being completely free of aged microcell, a localized toning
step is per-  35  ink, the cylinder surface does not even have to be formed
whereby those particles adhere to the cyl-   cleaned prior to printing the
next copy of the elec- inder surface at that cell and are carried along as
a  tronic image present on the cylinder during the stationery discrete
color deposit on the rotating   next revolution of the cylinder. Thus, in
my printing cylinder, while the still-liquid carrier is repelled by  unit
toner transfer, fusing and cleaning are carried that surface and remains on
the inking member, as   40  out at a single station, whereas a conventional
do the ink particles opposite uncharged areas of    xerographic copier
requires three separate stations the cylinder surface.
to perform these functions. Indeed, in one version The color pattern
acquired by the cylinder thus  of my printer capable of printing in three
colors, a consists of rows of tiny discrete color ink deposits  single
station performs the toner trasnfer, fusing or spots all of which have
essentially the same   45  and cleaning functions, whereas a conventional
xe- area and shape, but all of which are amplitude or   rographic color
copier requires at least nine such thickness-modulated by the electronic
image on      stations to print copies in three colors. the cylinder. This
feature is particularly important in  The serially arranged modular
printing units in view of the fact that the subtractive color inks used  my
electronic printing press produce the desired in my press are preferably
hot melt inks which   50  color components of the original document in
regis- result in minimal or no intermixing between the     ter on the same
sheet of paper. The units lay different-color overlapping ink layers that
contribute  successive, different-color ink layers congruently to the final
color at each resolution element of the  onto the paper to achieve
particular color hue and printed copy. Thus, by accurately controlling the
saturation values over the area of the print. As heights or thicknesses of
the colorant deposited at  55   discussed, these values can be controlled
exactly the various cells on the cylinder, my press obtains  to mirror the
color values at the corresponding precise control over the color values at
the cor-   locations in the original document or any artificial responding
locations in the copies printed by the   color rendition desired in a
particular application 5    



9                 EP 0 295 364 B1                     10 such as, for
example, in medicine to highlight a    inder. If, however, the image does
begin to de- particular organic defect. Resultantly, the finished  grade
over time, it can be refreshed without having copy leaving the press has
unusually high color     to actually re-record the image, as will be de-
and resolution qualities. Indeed, its color rendition  scribed in more
detail later. and resolution are comparable to those of a photo-   5
Images can be recorded on the print cylinders graphic print. Moreover, such
color control is ab-   of my press at a high rate. In fact, the recording
solute and not dependent upon ink chemistry, hu-    speed is limited only
by the data rate of the incom- midity, atmospheric pressure and other such
var-    ing digital data stream. The transfer of the inked ables that
affect conventional printing and copying  images from the cylinders to
paper or other record- apparatus described at the outset.             io
ing medium is also accomplished quite efficiently When it is desired to
erase the electronic im-   by my press so that for long press runs, the
speed age stored on the cylinder, the microcells are dis-  of the press can
be comparable to that of a con- charged by light from a U.V. lamp located
adjacent  ventional printing press. Because of this and the to the cylinder
whose sapphire material becomes     other advantages just described, the
press should conductive  in  the  presence  of such  short  15  find wide
application in the printing and graphics wavelength radiation.
industries. As will be seen, my press can operate in a single copy mode and
in a multiple copy mode. In    Brief Description of the Drawings the
former, during successive revolutions of the print cylinder, a succession
of images are recorded   20  For a fuller understanding of the nature and
electronically on the cylinder, the cylinder is inked  objects of this
invention, reference should be had to produce a corresponding succession of
ink pat-   to the following detailed description, taken in con- terns on
the cylinder and the ink patterns are      nection with the accompanying
drawings, in which: transferred to successive sheets of paper or other
Fig. 1 is a block diagram of a complete printing receptor medium. After
each print is made, the   25    system incorporating an electronic printing
ap- electronic image stored on the cylinder is erased      paratus or press
made in accordance with my and replaced by a new image. Thus the press
invention; records, inks, transfers and erases electronic im-     Fig. 2 is
an isometric view, with some parts ages continuously all at the same time.
This mode      broken away, of the press; of operation is particularly
useful for short press   3o  Fig. 3 is a similar view on a larger scale
showing rungs and when it is desired to produce collated      in greater
detail one modular printing unit of the copies of different images. It has
particular applica-  press. tion in a bindery, for example, to greatly
simplify    Fig. 4 is a sectional view on a still larger scale the printing
of books. In its other mode of opera-     taken along line 4-4 of Fig. 3;
tion, the press records an image on the cylinder  35   Fig. 5 is a
fragmentary isometric view on a very during one revolution of the cylinder
and then the     large scale showing a portion of the Fig. 3 cylinder is
rotated continuously, without the image    printing unit in more detail;
being erased, to reink the cylinder and transfer the   Fig. 6 is a
sectional view taken along lines 6-6 of same, but refreshed, ink pattern to
paper to print     Fig. 4; many copies of the same document. In other   40
Fig. 7 is a schematic diagram of the emitter words, the inking and transfer
steps are separated     control circuit in the Fig. 3 printing unit; from
the recording step and the image stored on        Figs. 8A and 8B are
diagrammatic views illus- the cylinder is not erased following the transfer
trating the operation of the Fig. 3 printing unit; step. This second mode
of operation is useful, for     Fig. 9 is an isometric view with parts
broken example, to make many prints of the same image,  45    away showing
the important parts of a desk top i.e. a long press run.
color printer incorporating my invention; and In both modes of operation,
the repeated ap-       Fig. 10 is a vertical sectional view of the Fig. 9
plication of the colorant to the cylinder and the      printer. heating of
the cylinder during the inking and trans- fer steps described above have no
appreciable  5o   Description of the Preferred Embodiments adverse effect
on the image stored electronically on the cylinder. Moreover, there is
mimimal charge      Referring to Fig. 1 of the drawings, color print-
leakage from the cylinder because of the high       ing apparatus
incorporating my invention and in- dielectric quality of that member.
Therefore, when  dicated generally at 10, is shown integrated into a the
press is printing in its latter mode, the informa-  55  complete color
graphic reproduction system. This tion content in the image stored on the
cylinder is  overall system includes a page composition section just as
high after making many copies as it was     12 which receives a stream or
streams of digital when the image was initially recorded on the cyl-
signals representing text and/or graphics. These 6    
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originate, for example, at a conven-   include an electronic
buffer/controller 24 which re- tional optical scanner in which case they
constitute  ceives the Record/Print Control Signals and Color a stream of
data representing the color values     Data from computer 14 and applies
those signals (saturation and hue) at successive resolution ele-  at the
appropriate times to a set of modular printing ments of a
line-by-line-scanned original document   5   units inside the housing.
Press 10, which is a four- or image. The signals could just as well be the
color press, has four such printing units 26c, 26y, ouptput of an
electronic camera such as the one    26m and 26b which print the
subtractive colors disclosed  in applicant's copending application    cyan,
yellow, magenta, as well as black, respec- Serial No. 872,891, filed June
11, 1986. Section 12,  tively. The four printing units are substantially
iden- under the control of an image processing and con-  10  tical.
Accordingly, we will describe in detail later trol computer 14, formats the
signals in accordance  only one of them, i.e. unit 26c. with operator
instructions applied to the system by   Each printing unit includes a drum
28 rotatively way of a terminal or workstation 16 and develops   mounted in
housing 22 and a backup or pressure signals representing equivalent
subtractive color  roller 32 also rotatively mounted in the housing and
values. Terminal 16 includes a keyboard 16a and a   16  movable into and
out of engagement with the drum CRT 16b. By proper key selection, the
operator     surface. The printing units are arranged in series can combine
the incoming signals so as to com-    with their drums and rollers parallel
to one another pose a page of copy which he can view on CRT       so that
sheet S enters the left-hand end of housing 16b. He can also perform color
correction, scaling,  22, is guided under the drum 28 and over the roller
cropping and other operations normally envolved in  20  32 of each printing
unit and exits housing 22 making color reproductions.
through the right-hand end thereof. When the operator is satisfied with the
page       In order to reproduce original color documents layout and its
color composition, he instructs com-  or images, electronic images
representing the red, puter 14 by way of keyboard 16a to send cyan,
green, and blue color components (i.e. separations) yellow, magenta and
black Color Data, as well as  25  of the original document or image, as
well as a Record/Print Control Signals to press 10. Press 10  separation
for white light, are recorded on the responds to these signals by printing
a picture or  drums 28 of the four printing units, respectively, image I in
black and white or in color on the web or  using the properly formatted
Color Data from com- sheet S conducted through the press. That sheet
puter 14 (Fig. 1). The deriving of such data from may be one of a
succession of individual sheets  3o  the original document is quite well
known. Suffice it fed from conventional paper feeder on part of a    to say
that the original document is scanned, line continuous web drawn from a
roll. While the sheet  by line, by a detection head having four color is
usually made of paper, it can be a fabric or a  channels. Three channels
have appropriate spectral plastic or even a metal sheet. As will be
described  filters to detect red, green, and blue light respec- in detail
later, press 10 is able to sense the color  35  tively reflected from the
scanned document. The content of the printed image I on sheet S for
fourth channel detects the grey level and color comparison with color
standards to produce Color   temperature of the light reflected from that
docu- Correction Signals. These signals are fed back to  ment so it can be
compared to the color and grey computer 14 which thereupon adjusted the
Color     level of sheet S to accomplish color correction via Data to press
10 to correct the color errors.  40  computer 14. The four analog signals
from the four Section 12, computer 14 and terminal 16 are     detectors are
digitized to provide four data streams more or less conventional units
customarily found  representing the red, green and blue color compo- in
pre-press systems used in the graphics industry.  nents of the scanned
original and its grey scale for They should have sufficient memory and
process-    white light. The four data streams are applied to ing
capabilities to condition, process and format the   45  computer 14 by way
of page composition section incoming text and graphic data and to rout the
data  12, merged with similar data representing other text to press 10 at a
data rate that enables the press to  and graphics and converted to
equivalent substra- produce prints at a high successive printing rate,
tive color values. Computer 14 thereupon delivers thus enabling the system
as a whole to perform     four data streams containing all the
self-calibration virtually "on-demand" printing. While the invention   50
adjustments for automated print quality control to is described here
primarily in terms of a high-    the buffer/controller 24 of press 10 which
routes speed four color press, as we shall see in connec-  the four streams
at the appropriate times to the tion with Figs. 9 and 10, the invention can
just as  four printing units 26 of the press. well be incorporated into a
small office copier for   Following the recording on the four drums 28
making single or multiple copies in black and white  55  of the patterns of
charges representing the picture or in color.
information In the original document, different-color Referring now to Fig.
2, the components of     thermoplastic electroscopic inks are applied to
the press 10, which are contained in a housing 22,     surfaces of the four
drums. Since press 10 Is 7    
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subtractive color congruent area      inder 72 can be rotated independently
of roll 42 in printing (CAP), the inks used have the colors, cyan,  at
least one direction, which in the Fig. 3 printing yellow, and magenta and
black. The electronic       unit, is the counterclockwise direction.
Accordingly, charge patterns on the four drums 28 control the    when roll
42 is rotated counterclockwise by motive deposits on the drum surfaces of
those inks so that   s   means 56 and clutches 78 are engaged, cylinder
when the drums are rotated in synchronism with      72 rotates with the
roll with no slippage. On the the paper sheet S pressed against the drum
sur-     other hand, when roll 42 is stationery in the posi- faces by the
respective pressure rollers 32, the    tion shown in Fig. 3, the clutches
78 are dis- color deposit patterns on the four drums are trans-  engaged,
cylinder 72 can be rotated counterclock- ferred to the paper sheet in
perfect register on top   10   wise relative to the roll. Desirably, a very
thin of each other, i.e. without screen angles and ro-   sleeve 77 of a
self-lubricating, dielectric material settes, so that the paper leaving
press 10 carries  such as TFF is interposed between roll 42 and very high
quality color reproductions of the original  cylinder 72 to electrically
isolate the cylinder from document or image.
the roll and to provide a bearing surface between Refer now to Fig. 3 which
shows the modular  15  the cylinder and roll. printing unit 26c (as well as
the other units) in       Also, in lieu of clutches 78, the roll 42 and
greater detail. As seen there, drum 28 is not a     cylinder 72 themselves
can be designed to achieve unitary member. Rather it comprises an inner
roll   this clutching action. More particularly, the steel of 42 made of a
mechanically stiff material such as    roll 42 and the sapphire of sleeve
72 have mar- steel whose thermal coefficient of expansion is  2o   kedly
different coefficients of thermal expansion, different from that of the
other sleeve. The diam-  i.e. 17 x [err] vs. 4.5 x [err] Therefore, the
eter and length of the roll depend on the size of the  diameters of the
roll and cylinder may be selected press. Typically the roll is in the order
of 8 inches  so that at room temperature, the cylinder is shrink- in
diameter and 40 inches long. The roll is more or  fitted to the roll and
rotates with the roll. Also, less solid except for the presence of a narrow
axial  25  cooling coils 81 (Fig. 4) may be incorporated into slot 46 at
the cylindrical surface of the roll, which  roll 42 to shrink the roll to a
lesser diameter so that slot extends substantially the entire length of the
the cylinder 72 can be rotated independently of the roll. Positioned in
slot 46 is an electron emitter  roll when that is necessary. array 48 to be
described in detail later in connec-     The cylinder 72, with its rotary
seals 76, is tion with Figs. 5 and 6.                       3o   designed
as a gas-tight enclosure to enable a Roll 42 is mounted for rotation with a
tubular  relatively high vacuum, e.g. 10-7 Torr, to be main- shaft 52 which
is journaled in the walls of housing  tained inside the cylinder in order
to optimize the 22 and rotated in synchronism with corresponding
performance of the emitter array 48 to be de- shafts in the other printing
units by suitable motive  scribed later. For this purpose, provision is
made means indicated generally at 56. Motive means 56   35  for coupling
the right-hand end of the tubular shaft comprises an electric motor 58
which drives the     52, by way of a rotary seal 79, to a vacuum pump input
shaft of an electric clutch 60, the output shaft  and small radial holes
(not shown) communicating of which is connected to a gear 62. Gear 62
drives  with the cylinder interior are provided in the shaft a timing chain
64 which engages a gear 66 at the    wall at locations just inside cylinder
and plates 74. end of shaft 52, as well as corresponding gears in  40
Cylinder 72 is rotated independently of roll 74 the other printing units
comprising press 10.       by a motor 82 which rotates a wheel 84 that is
in When an image is being recorded on drum 28,      non-slip driving
engagement with the surface of the motor 58 and  clutch  60  are controlled
by        cylinder at the right-hand end thereof. Means are
buffer/controller 24 to maintain drum roll 42 in a  provided for monitoring
the angular position of cyl- "home" position shown in Fig. 3. When the re-
45  inder 72 so that when roll 42 is fixed in its Fig. 3 corded image is
being printed out on sheet S, the   home position and motor 82 receives
drive signals motor 58 drives drum  28 counterclockwise as        from
buffer/controller 24, cylinder 72 is rotated shown by Arrow A.
counterclockwise relative to roll 74 through precise In addition to roll
42, drum 28 includes a cyl-  angular increments sensed by the monitoring
inder or sleeve 72 which encircles roll 42. Cylinder  50   means and
reflected in feedback signals applied to 72 is slightly longer than roll 42
and the opposite  the buffer/controller 24. The monitoring means can ends
of the cylinder are closed by a pair of end    be a simple angular encoder
associated with wheel plates 74 which are rotatively mounted to shaft 52
84. Alternatively, in those cases where optical de- by way of a pair of
rotary seals 76 and an adjacent  tection is desired, as shown in Fig. 3,
the surface pair of clutches 78. Clutches 78 may be one-way   ss  of the
cylinder adjacent to motor 82 may carry clutches, but more preferably they
are electric     position marks 86 corresponding to cylinder rota- clutches
operated   under  the  control  of        tion increments and an optical
encoder 88 may be buffer/controller 24. They are designed so that cyl-
positioned adjacent to cylinder 72 to detect these 8    
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develop corresponding angular posi-     plate or electrode 94a affixed to
the inner surface tion signals which are applied to buffer/controller  of
the cylinder wall. While the microcells 94 (i.e. 24. In any event, when an
image is being recorded   plates 94a) may have any one of a variety of on
the drum 28, buffer/controller 24 maintains a    shapes, the illustrated
cells are square, being in the count of the cylinder position signals so
that it   5   order of 35 micrometers on a side and they are "knows" the
exact angular position of cylinder 72  spaced 5 microns apart, yielding a
cell count in relative to a selected reference position, e.g. the  each row
of 250 cells per centimeter and usually a position illustrated in Fig. 3
that locates a reference  similar count in each column of cells. position
mark 86a directly opposite slot 46 in roll     The plate 94a in each cell
consists of a thin 42.                                            io
deposit or film of a suitable conductive metal such Referring now to Figs.
4 and 6, in contrast to   as chromium applied to the cylinder surface by
conventional printing cylinders, cylinder 72 is made  known means such as
vapor deposition or sputter- of a material which is hard, abrasion
resistant,    ing, with the aid of photolithography. Cells 94 may
dimensionally stable, has low thermal conductivity  also include similar
plates 94b on the outer surface and is an excellent electrical insulator.
The cylinder  15  of the cylinder congruently positioned opposite
specifically disclosed herein is made of sapphire   plates 94a. One such
plate 94b is shown in phan- [err] The cylinder may be drawn to that shape
tom  at the right side of Fig. 6. In Fig. 6, the from a melt using, for
example, a conventional FFG  thickness of plates 94a (and 94b) are
exaggerated process; alternatively, it may be formed from a     for clarity
of illustration. In reality, the plates consist monocrystalline sheet by
bending the sheet into a   20  of a very thin (e.g. 1.5 microns) metal
deposit on cylinder and welding the opposite butting edges of  film so that
plates 94b, particularly, do not materi- the sheet as described in
applicant's copending     ally detract from the inherent smoothness of the
application Serial No. 872,893, filed June 11, 1986,  cylinder surface. It
must be stressed, however, that which disclosure is incorporated by
reference here-  it suffices to place the cell plates only on the inside
in.                                            25  of the cylnder, because,
as we shall see, the elec- The sapphire material of cylinder 72 is quite
trical charge deposits on the outer surface of the hard and strong, having
a Moh's hardness of about   cylinder when recording an image on the
cylinder 9.0 and a tensile strength in the order of 355,000  will adopt the
nearly identical geometry and layout psi and a modular elasticity of [err]
psi. There-  of the inside plates 94a when, as here, the cylinder fore, the
cylinder 72 itself is quite strong and rigid  30   possesses a thin wail
and the outside charges and highly resistant to abrasion and wear by print
derive from an AC corona source. But even if paper surfaces. Yet it is
relatively lightweight so  plates 94b are present, cylinder outer surface
looks that a relatively low power motor 82 is all that is  plain and smooth
to the human eye when uninked, required to accelerate and rotate the
cylinder 72   but it replicates the charge pattern on plates 94a relative
to roll 42 when recording an image on the   35   when charged. drum 28. In
addition, sapphire has a very high          Due to the thinness of the
cylinder wall de- melting point exceeding 2000 ,C so that the heat-
scribed above, when the plates 94a and 94b (if ing of the cylinder which
takes place during the    present) of each  microcell 94 are oppositely
printing process to be described has no adverse     charged, there exists
an electric field through the effect on the cylinder. A cylinder 72 made by
the   40   dielectric material opposite plate 94a whose field process
disclosed in the above application can be   lines are contained so that
they do not distub made as a monocrystalline structure with a very
similar fields that may be present at adjacent thin, e.g. 4 mil, wall
thickness and with very few  microcells. Accordingly, cells 94 define
potential defects in its internal crystal lattice so that the  sites of
discrete localized electric fields which can cylinder has especially good
insulating properties.  45  have field strengths as high as [err] volts/cm
or Accordingly, when electrostatic charges are applied  more and have a
"reach" of as much as 10 to the cylinder surface during the recording pro-
microns from the outer surface of the cylinder. cess to be described, there
is very little leakage of   In order to further increase the electrical
isola- those charges from the cylinder over time.          tion of adjacent
cells 94, the inner plates 94a of the As shown in Figs. 4 and 6, the
cylindrical wall  so  cells can be placed at the bottoms of tiny shallow of
cylinder 72 carries a rectilinear array of identical  wells 96 etched into
the inner surface of cylinder capacitor microcells or islands shown
generally at  72. Typically each well is in the order to 20 94. A few of
these microcells94 are also indicated  microns deep so that the plate 94a
there is in- in Fig. 3 opposite roll slot 46. The microcells are  sulated
from adjacent plates 94a by a dielectric arranged in rows extending
substantially the entire  55   well wall 96a which, in the illustrated
cells, has a length of cylinder 72 and in columns extending      width of 5
microns. Also, as noted above, the drum around most, if not all, of the
circumference of the  28 usually includes a thin, electrically insulating
cylinder. Each microcell comprises a tiny capacitor  sleeve 77 between roll
42 and cylinder 72 to pre- 9    
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inadvertent discharge of cell plates 94a by  shaft; the other section 127b
is stationary. Since contact with roll 42.                              the
emitters are only in use during a recording Referring to Figs. 4 to 6, the
means for selec-  operation when drum roll 42 is stationary in its Fig.
tively charging or "imaging" the capacitor micro-  3 position, the
spring-loaded contacts in one con- cells 94 comprise the emitter array 48
in the roll   5   nector section need only be aligned and make slot 46 and
a source of positive charge carriers in  contact with the corresponding
contacts in the oth- the form of a corona wire 98, operating in the AC  er
connector section at this time. mode, mounted adjacent to cylinder 72 at a
record-    When the corona wire 98 is energized by AC ing station 99. The
corona wire 98 is arranged so  source 100 and cylinder 72 is sufficiently
thin as that when roll 42 is in its home position shown in  io  herein,
positive charge carriers are emitted by that Figs. 3 and 4, the wire is
located directly opposite  wire toward the cylinder. These positive charges
and parallel to the emitter array 48 in the roll slot  tend to collect on
the outer surface of the cylinder 46. The wire 98 is connected to an AC
source 100   (even if plates 94b are not present), but only at the (Fig. 6)
that provides about 5000 VAC and prefer-  locations of the microcells 94
whose plates 94a are ably the wire is equipped with a grounded electrical
15  receiving electrons from activated emitters 48a; see shield 98a to
stabilize the ion currents.          the right side of Fig. 6. This is
because positive The number of emitters '48a in the emitter      charges
deposited at unimaged microcells and be- array 48 corresponds to the number
of microcells   yond the imaged microcell areas on the outer sur- 94 in a
row on cylinder 72. As shown in Fig. 6. all  face of the cylinder are
neutralized when the AC- of the emitters have a common substrate or base
20  corona swings into its negative mode, thus leaving 110 consisting of
silicon (p-type). Thermally grown  positive charges only in the surface
areas defined on substrate 110 is a silicon dioxide film 112 which  by the
imaged and charged microcells. is in the order of 1.5 microns thick. A
counter-      With opposite charges present on microcell electrode or gate
film 114, made of a conductive   plate 94a and plate 94b (or its equivalent
plain metal such as molybdenum, is deposited on film   25  surface area on
the outside of the cylinder 72), a 112 and an array of holes 118 is
micromachined in  localized electrostatic field exists in the dielectric
films 112 and 114, each hole being at the center of  cylinder material
(i.e. [err] between those plates. an emitter 48a. Within each such hole, a
cone-     Due to the aforementioned defect-free nature of shaped molybdenum
electrode 120 is formed, the     cylinder 72, that field will persist for a
very long tips of each cone being centered in the corre-  30  time (i.e. a
year or more) unless the microcell is sponding hole and being in the plane
of the gate   discharged intentionally in order to erase the image film
114. The emitter array 48 and its mode of     recorded on the cylinder.
operation are described in detail in Field Emis-      Each time a row of
microcells 94 is positioned sion Cathode Array Development for
High-Current-   opposite emitters 48, selector circuit 122 in Density
Applications, C. A. Spindt et al, Applica-  35  buffer/controller 24
activates selected ones of the tions of Surface Science No. 16 (1983),
pages 268-  emitters 48a for selected time durations dependent 276.
upon the information content in the incoming data In the present apparatus,
the gate film 114 is  stream. The strengths of the charges that build up
connected to electrical ground. Also, the plates 94a  at the microcells 94
opposite those activated emit- in the row of microcells opposite array 48
are  40  ters depend upon the on-times of those emitters connected to a
source of positive voltage in the   48a. Upon completion of emitter
activation, local- order of 1200 volts by insulated wiper contacts 121
ized electrostatic fields are present at that row of projecting out from
array 48 which engage those    "imaged" microcells whose strengths are
repre- plates as shown in Figs. 5 and 6. It is a characteris  sentative of
the color values at corresponding loca- tic of this type of E-beam source
that when a   45  tions in the original document. particular electrode 120
in the emitter array is      Referring now to Fig. 8A, assume that the
pulsed negative, it will emit a tiny spurt or beamlet  partial row of
microcells 94 depicted there, cor- of electrons with a current density in
excess of   responding to a partial line of resolution elements 5A/cm2
toward the capacitor plate 94a opposite that  in the scanned original
document, is located op- electrode so as to deposit negative charge
carriers  50  posite emitter array 48. If the color of the first on that
plate as shown at the righthand side of Fig.  resolution element in the
original does not require 6. These pulses are applied to electrodes 120 by
the color cyan for its reproduction, the first emitter way of electrical
leads 120a which extend out of   48a in array 48 in the cyan printing unit
26c will not drum 28 to a selector circuit 122 in buffer/controller  be
activated by selector circuit 122. Accordingly, 24 (Fig. 1) through tabular
shaft 52. Since the shaft  55  the microcell 94 opposite that first emitter
will re- rotates during printing, a rotary connector 127 (Fig.  ceive no
charge ( i.e. not be imaged) and there will 3) is mounted to the left-hand
end of shaft 52; One  be no electric field present on the cylinder at that
section 127a of the connector rotates with the    location. On the other
hand, if the second resolu- 10    
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scanned original requires a    the flipflops. small amount of cyan in order
to reproduce the        Successive numbers in the digital data stream,
color at that point in the original document, selector  representing color
values at successive resolution circuit 122 will activate the second
emitter 48a in  elements in the scanned original document, load the array
for a short period of time so that the   5   successive counts in counter
134. The number for microcell 94 opposite that emitter acquires a      each
successive resolution element is loaded into charge, of say, 30 volts,
giving rise to an electro-  the counter by the record pulses TR, which
pulses static field at that location of, say, 30,000 V/cm.  are applied to
the counter's LOAD  ENABLE Similarly, if a larger amount of cyan is
required to  (LD/EN) terminal. Successive clock signals Tc, also reproduce
the color in the third resolution element  io  applied to the counter,
cause the counter to count of the scanned original, selector circuit 122
will  down from that number to zero, whereupon the activate the third
emitter 48a in the array for a still  counter emits a signal to the RESET
inputs of all longer period of time so that an even larger charge,
flipflops 128. Thus the output signals from register e.g. 1000 volts,
builds up on the third microcell 94  132, by setting flipflops 128 in
sequence, select the giving rise to a much more intense field at that  is
emitters 48a in the array one after the other for location of, say, 300,000
V/cm. The fourth cell 94  activation at any given time. Each selected
emitter may receive a very large charge of, say, 1000 volts  remains
activated for a time duration depending corresponding to a field strength
of 106 V/cm be-  upon the color value count loaded into counter 134. cause
the original calls for a maximum amount of   The larger that number, the
longer that emitter 48a cyan at that point.                           20
remains activated and the greater the charge buil- Thus, by controlledly
activating the emitters in  dup on the microcell 94 opposite that emitter.
array 48 each time a new row of microcells 94 is      The flipflops 128
include internal logic ele- positioned opposite the emitter array, an
electro-  ments which rule that if a flipflop 128 receives static charge
pattern is built up on the surface of  signals on both its SET and RESET
inputs at the the cylinder very quickly, e.g. in less than 5 ns,  25  same
time, the flipflop stays reset so that no output representing the optical
density distribution of a  signal is applied to the corresponding switch
126. particular color in the original document. In each  This occurs when
register selects a particular emit- printing unit of press 10, the control
of the charges  ter 48a for activation, but a zero count is loaded
deposited on cylinder 72 is fine enough to provide  into counter 134 at
that time denoting that that 32 steps or more of gray scale or color value
in 10   30  emitter should not emit electrons. Also, if a flipflop volt
increments at each microcell on the cylinder.  is already reset (i.e. not
selected for activation) It is obvious to the electronic engineer that any
when it receives a reset signal, it stays reset and one of a number of
selector circuit 122 designs    emits no signal to its corresponding switch
126. may be used to control the on-times of the succes-    Referring now to
Figs. 3 and 4, positioned sive emitters 48a in array 48 as just described
35  adjacent to drum 28 on the side thereof opposite either simultaneously
or successively. One such    recording station 99 is an inking station 142
at circuit design of the latter type which "scans" the  which a voltage
sensitive ink of the particular color emitters is illustrated in Fig. 7. As
shown there, the  being printed by printing unit 26c, i.e. cyan, is
emitters 48a, or more particularly their electrodes  applied to the surface
of the cylinder 72. As will be 120, are connected to a source of negative
voltage   40  seen presently, the ink adheres to the cylinder by way of a
set of separate switches 126. Switches  surface only at the locations of
microcells 94 which 126 are closed only when receiving signals from    have
been charged as aforesaid during the image the ONE outputs of a
corresponding set of flipflops  recording process at recording station 99.
As will 128.                                               be seen also,
the amount of the ink deposit at each Circuit 122 also includes a register
132 which   45  such  location varies in accordance with the provides
separate outputs to the SET inputs of the  strength  of the
color-value-representing  field flipflops 128. Register 132 receives record
pulses  strength at that location. TR and high frequency clock pulses Tc
from            At inking station 142 is a carriage 144 which
buffer/controller 24. The occurrance of a TR pulse  rotatively supports a
driven inking roller 146 whose indicates that detector 88 (Fig. 3) has
sensed that  50  surface is contacted by a solid bar 148 of a hot- cylinder
has been rotated to position a row of     melt or thermoplastic ink.
Carriage 144 is sup- microcells 94 opposited array 48 so that those cells
ported in the press housing 22 for movement to- are ready to be imaged by
the array. Each pulse    ward and away from drum 28 between an extended TR
causes register 132 to apply the clock pulses   position (shown in solid
lines in Fig. 4) wherein Tc, in order, to its output lines so as to set the
55  roller 146 contacts the surface of cylinder 72 and a flipflops 128 one
after the other. All of the flipflops  retracted position (shown in solid
lines in Fig. 3) in 128 are reset at the same time by a pulse from a
which the roller 146 is spaced from the cylinder. counter 134 that is
applied to the RESET inputs of  The carriage is moved between these two
positions 11    
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149  under the  control of         maintain the drum surface area at that
location at buffer/controller 24 so that it is extended when the  about
[err] which is well above the melting point printing unit is actually
printing hard copies of that  of the thermoplastic colorant particles 148a.
Suit- image.                                              able heat sensors
(not shown) are positioned close The ink in bar 148 is a two-component me-
5   to the drum surface above and below the inking dium. One suitable color
ink comprises a multiplic-  station 142 to monitor the surface temperatures
ity of thermoplastic electroscopic colloidal colorant  there and to turn
the heaters on and off as required particles 148a having a relatively high
melting point  to maintain the correct temperatures. Alternatively,
interspersed in a thermoplastic matrix or carrier   heat sensors can be
embedded in drum roll 42 as 148b having a lower melting point. One suitable
io  shown at 156 in Fig. 4 to provide such temperature two component ink of
this type has a carrier 148b   control. The leads from those sensors can
exit the consisting of a Fischer-Tropsch paraffin wax (Sasol  drum 28 via
connector 127 (Fig. 3). wax M) with a melting point of about [err] having
In press 10, it is also possible to use inks dispersed therein small (e.g.
1-5 microns) solid    whose colloidal colorant particles 148a do not melt
colorant particles 148a consisting of an epoxy resin   15  during their
use. If such inks are employed, then of having a melting point appreciably
higher than that  course, the heater 154 and controls therefor are not of
the wax and an appropriate dyestuff dispersed in  required. the resin. The
following are examples of such col-      As described above, the surface of
the drum orant particle compositions:                        cylinder 72 is
mildly inkophobic to an extent that cyan -       Neozapon blue 807, Color
Index   20  even if the ink film present at the surface of roller No.
74400, dispersed in Epon         146 is brought into contact with the
heated surface 1004 (Shell Chemical Corp.) -        of cylinder 72 as the
drum 28 is rotated, the ink melting point 95-105 C.              normally
does not wet or adhere to that surface. yellow -    Permanent yellow  GG02
diazo          However, when an electronic image is recorded on pigment,
Color Index No. 21105,  25  cylinder 72 as described above, the electric
fields dispersed in Epon 1004.              present at the charged
microcells in the cylinder magenta -   Helio Echtrosa E guinacridone
wall attract and hold the negatively charged elec- pigment, Color Index No.
73915,      troscopic colorant particles 148a to the cylinder dispersed in
Areldite 6097 (Ciba-    surface, despite the slightly non-wettable property
Geigy Ltd.) epoxy resin - melting   3o  of that surface. Resultantly, those
particles become point 125-132 C.                     deposited on the
surface at the charged microcells Appropriate heaters (not shown) are
provided     in the row between roller 146 and cylinder 72. in carriage 144
to maintain the colorant bar 148 at  Furthermore, the amount of such
deposit at each a temperature in the order of 20 0 C and the surface
microcell is proportional to the strength of the elec- of the inking roller
at a temperature of 75 C. At  35  tric field present at that microcell, and
as discussed these temperatures, the roller surface is sufficiently  above,
that field strength corresponds to a particu- hot to melt the ink carrier
component 148b only at  lar color value for that location in the original
docu- the edge of the ink bar in contact with the roller.  ment. Thus, when
the roller 146 is rotated, a film of ink is  Referring now to Figs. 4 and
6, when printing distributed over the surface of the roller, which film
40  an image recorded on cylinder 72, depending on consists of the still
solid, higher melting point,  the printing mode (i.e. single or multiple
copy), electroscopic colorant particles 148a dispersed in  either the
cylinder 72 alone or the entire drum 28 is the liquid ink carrier 148b.
rotated counterclockwise, with the inking carriage Positioned close to the
surface of drum 28       144 in its extended position, so that successive
(cylinder 72) above and below the ink station 142   45  rows of microcells
are advanced to roller 146. are radiant heaters 152 and 154. These heaters
Thus, the cylinder surface area at each charged extend the entire length of
drum  28 and they       microcell 94 in each row receives a deposit D of
include reflectors 152a and 154a, respectively,     colorant particles 148a
whose height or thickness is which direct the radiant heat from the heaters
to   proportional to the electrostatic field strength the drum 28. As
mentioned previously, the roll 42   50   present at the microcell. To
illustrate, the cylinder component of that drum is thermally conductive so
surface areas opposite the four microcells 94 in the that it can absorb
thermal energy from the heaters.  partial row depicted in Fig. 8A that
received the During printing, the heater 152 is controlled so as  charges
of 0, 30, 300 and 1000 volts, respectively, to maintain a temperature at
the surface of drum    during the recording process described above, ac- 28
above the inking station at about [err] which is  55  quire ink deposits D
at the inking station 142 above the melting point of the ink carrier compo-
whose thicknesses may be 0, 0.5 micron, 1.0 nent 148b. On the other hand,
the heater 154        microns, and 30 microns, respectively, as shown in
below the inking station is controlled so as to     phantom at D in that
figure. Thus, in printing unit 12    
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controls the charge applied to each       (room temperature) surface of
sheet S and encoun- cylinder microcell in at least 32 steps, the thick-
ter the pressure existing at the nip, the molten ness of the ink deposit D
at each cell can be       colorant at those spots penetrates the paper
fibers controlled to that same extent.                     and immediately
solidifies and fuses to the paper. As mentioned above, and as shown in Fig.
8A,   5   The adhesion of the ink colorant to the paper and some minimal
field spreading does occur at the      the increased cohesion of the
cooling colerant are edges of changed cells 94 and the "reach" of the
strong enough to overcome the electrical forces field lines E extends above
the cylinder surface.   tending to hold the ink colorant to the cylinder.
Therefore, color particles 148a do adhere to the    Therefore, all of the
colorant offsets to the paper cylinder surface between adjacent changed
micro-   10  sheet. This produces discrete cyan ink layers Lc cells 94 so
that, as seen in that figure, there are no  thereon whose shapes and areas
are essentially ink-less gaps between adjacent deposits D in the    the
same as those of the microcells 94 and whose ink pattern applied to
cylinder 72. But ink colorant  different thicknesses (i.e. optical
densities) repre- does not adhere to uncharged areas of the cyl-      sent
accurately the color values for the correspond- inder.
15  ing locations on the original image being copied. Referring now to Fig.
4, in the type of ink         Referring to Fig. 2, printing unit 26c (as
well as specifically described herein, the ink particles 148a  the other
printing units) include an optical sensor deposited on the charged
microcells 94 of cylinder  174 which detects print marks P printed
automati- 72 at the inking station 142 exist initially as solid  cally by
cylinder 72 in the margin of sheet S as particles. However, as the drum 28
is rotated coun-   20  shown in that figure, or in the image area I using
terclockwise, each row  of inked microcells is      fluorescent invisible
ink particles incorporated into moved opposite to the heater 154 and the
cylinder   a narrow section of ink bar 148. The signals from surface there
is heated to a temperature (i.e.      sensor 174 are compared with paper
position sig- [err] sufficient to melt those particles ( if they  nals
developed by a shaft encoder on roll 32 or by are the meltable type) so
that each discrete ink   25   detecting marginal clock marks M on the paper
deposit at a cell 94 becomes a tiny molten coher-   sheet S. The difference
signal resulting from the ent drop or spot of colorant that covers the
under-  comparison is then used in a conventional servo lying microcell
area to a thickness that represents a  arrangement to adjust the angular
position or phase color value at the corresponding location in the    of
cylinder 72 in that unit to automatically maintain original image.
Although, the colorant particles   30  congruency of the dots printed by
the successive 198a lose their individual charges when the coher-  printing
units in press 10. ent drop is formed, there are still residual inter-
Figs. 8A and 8B show graphically the relation- atomic forces (Van de Waals)
that bind the drop to  ship between the thickness of print layer Lc and the
cylinder surface at each charged microcell. If  the charge on the cylinder
area (microcell) which is the ink is of the type that has non-melting
colorant  35   printing that layer. Thus the sheet S leaving the particles,
those particles retain their charges while  printing unit 26c in Fig. 4
which prints the color resident on the cylinder and adhere mildly to that
cyan, carries a pattern of dot layers Lc which surface.
constitutes an accurate, high resolution rendition of As the drum  28
continues to rotate during       the entire cyan color contribution to the
finished printing, successive rows of microcells, inked to   40  four color
reproduction that will be printed by press various degrees of thickness,
are advanced to a     10. In other words, if sheet S is transparent, the
transfer station 172 at which they are brought into  printed pattern could
be used as a cyan color contact with the surface of paper sheet S guided
separation. Due to the transparency of the ink layer into the nip between
drum 28 and pressure roller   [err] the viewing light passes through the
layer until 32. Roller 32 is mounted in unit 26c for movement  45  it
strikes the sheet surface wherefrom it is reflected between an extended
position shown in solid lines   in a diffuse manner passing through the
colored ink in Fig. 4 wherein it engages cylinder 72 and a      layer [err]
a second time thus enhancing the ap- retracted position shown in phantom
in Fig. 3      parant color density of the observed print. wherein it is
spaced from the cylinder. It is moved    It is a distinct advantage of
print unit 26c that between these positions by a solenoid actuator 173   50
the unit achieves such complete transfer of the ink under the control of
buffer/controller 24. When the  deposited on cylinder 72 to sheet S at the
transfer press is operated in its single copy printing mode,  station 172.
It means that If so desired, the thic- the roller always contacts the
cylinder. On the other  knesses of the subtractive color transparant col-
hand, when the press Is printing in its multiple    orant layers on the
paper can truly be representa- copy mode, the roller is retracted during
recording   65  tive of the desired cyan color values for the cor- and
engages the cylinder during printing. In both   responding locations in the
original document. cases, as the different-thickness colorant spots at
Such complete ink transfer also assures that the each row of microcells
contact the relatively cool  surface of the cylinder 72 beyond transfer
station 13    
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devoid of ink particles. There-  posited on the surface of cylinder 72 at
those fore, there is no need to clean the surface of the  microcells that
are charged to thicknesses depen- cylinder prior to printing succeeding
copies.      dent upon the strengths of the localized electrical In certain
applications it may be desirable to  fields present at those cells. The
carrier component further assist the transfer of the colorant particles   5
148b of the ink remains as a liquid film on roller from the cylinder to the
paper at the transfer sta-  146, as do unused particles 148a. As the drum
tion 172 by removing the electric fields from each  surface leaves the
inking station and advances row of advancing microcells 94 just as they
reach  toward the transfer station 172, the ink particles the line of
transfer or by subjecting the particles to  148a on the surface of the
cylinder beyond that a stronger opposite field that actually propells them
10  station are heated sufficiently to melt them so that to the paper.
These field changes may be accom-    they form tiny coherent molten
colorant spots on plished by providing a line of wipers 238 (Fig. 10)  the
cylinder surface. Then, as each row of inked which contact the plates 94a
of the row of micro-  microcells passes through the transfer station 172,
cells at station 172 or by depositing a strong posi-  all of the colorant
spots thereon are transferred to tive static charge on the surface of sheet
S, re-  15  and fuse to the surface of sheet S as a print layer spectively.
Lc whose thickness varies from point to point in When the press 10 is
operated in its multiple-  correspondence with the cyan color contribution
at copy printing mode, i.e. for a long press run of a  the same points in
the original image. single image, computer 14 and buffer/controller 24
During a long press run with printing unit 26c are programmed to run
printing unit 26c through a   20  printing the same image recorded on
cylinder 72, recording cycle with the drum roll 42 being fixed in  that
image may begin to degrade because of the its home position illustrated in
Figs. 3 and 4 and  loss of, or lateral migration, of the positive "image"
pressure roller 32 and inking roller 46 being re-  charges on the outside
of the cylinder due to the tracted away from the surface of cylinder 72 as
repeated re-inking of that surface with negatively shown in solid lines in
Fig. 3. With cylinder 72   25  charged colorant particles 148a. The
illustrated disengaged from  roll 42 (i.e. by disengaging      printing
unit is able to refresh that electronic image clutches 76 or activating
cooling coils 81 to shrink  without having to re-record that image as
described roll 42), buffer/controller 24 controlledly drives the  above. To
do this, buffer/controller 24 energizes the cylinder drive motor 82, using
signals from the    corona wire 98 preferably during each revolution of
cylinder position sensor 88, to rotate cylinder 72   3o  the cylinder. The
wire thereupon directs positive counterclockwise to position successive
rows of    and negative charge carriers to the surface of the microcells 94
opposite the emitter array 48. When  cylinder 72. However, as discussed
above, only each cell row is in position as signalled by the   positive
charges will remain on the outer surface of sensor 88, the emitters 48a in
the emitter array are  the cylinder at each microcell 94 to balance the
selectively activated in sequence as described   35  undiminished negative
charges still present at the above or all at once, in accordance with the
incom-  interior plate 94a of that cell. Thus by the time the ing data
stream for the color cyan which had pre-  drum 28 has made a complete
revolution, the en- viously  been  loaded  into  shift registers  in  tire
image on the cylinder will have been refreshed. buffer/controller 24. Thus
discrete localized electro-  It is not even necessary to interrupt a press
run in static charges are built up row by row on the   40  order to perform
this refreshment step. surface of the cylinder so that by the time the
When the printing unit 26c is to print no further cylinder has made a
complete revolution, it carries  copies of the image recorded on its
cylinder 72, a complete electrostatic image of the entire cyan  that image
may be erased by turning on an ul- contribution in the original document.
traviolet lamp 177 positioned close to the cylinder Following completion of
that recording step, the   45  between the transfer station 172 and the
recording printing unit is switched to a printing cycle. For  station 99.
The short wavelength light from this this, controller 24 issues control
signals to sole-  lamp, directed to the cylinder by a reflector 177a, noids
173 and 149 to move the pressure roller 32   renders the sapphire material
of that cylinder con- and inking roller 146 into rolling engagement with
ductive thereby shortcircuiting the microcells 94 in cylinder 72. The
computer also engages clutches  50  the microcell row or rows opposite the
lamp. Thus, 78 (or expands roll 42 by deactivating coils 81) so  after at
least one complete revolution of drum 28, that cylinder 72 rotates in
unison with drum roll 42.  or at least cylinder 72, past lamp 177, the
entire Then, the controller issues a drive signal to clutch  image stored
on the cylinder will have been 60 thereby coupling shaft 52 to motor 58 so
that   erased. the entire drum 28 rotates in the counterclockwise   55
When press 10 is operated in its single image direction shown by arrow B in
Fig. 4. As the       print mode to produce automatically collated
successive rows of microcells pass through the     copies of a succession
of different documents, e.g. inking station 142, colorant particles 148a
are de-  pages of a book, printing unit 26c (as well as the 14    
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units of the press) records images on  condition directly to cutting and
binding apparatus, cylinder 72, inks the cylinder surface to produce a  so
that pamphlets, brochures and even books can corresponding ink pattern
thereon, transfers the ink  be printed very quickly and efficiently on a
demand pattern to paper and erases the electronic image   basis. on the
cylinder to ready the cylinder to receive the   5  As described at the
outset, the printing unit 26c next image, all at the same time. In this
printing  is one of four such units arranged in series. When mode,
buffer/controller 24 fixes roll 42 in its Figs. 3  the cyan component of
the original image is being and 4 position and controls solenoids 173 and
149  recorded on that unit's cylinder 72, the other print- to move pressure
roller 32 and inking roller 146   ing units are receiving the data
necessary to record into engagement with cylinder 72. The controller  io
on the cylinders of these units, electronic images also deactivates
clutches 78 (or cooling coils 81) so  corresponding to the yellow, magenta
and black that cylinder 72 rotates independently of roll 42.  components of
the original picture. All of the print- Then the controller issues drive
signals to motor  ing units 26 are operated in synchronism so that all 82,
with clutch 60 engaged, to rotate cylinder 72 to  of the units 26y, 26m and
26b lay down the re- position the first and subsequent rows of microcells
15  spective yellow, magenta and black colorant layers 94 opposite emitter
48.                            Ly, LM, LB shown in phantom in Fig. 8B in
exact When each row is in position at recording      register with layer Lc
to a thickness corresponding station 99, as signalled by sensor 88, the
emitters  exactly to the color value intended for that spot on in array 48
are activated in accordance with the  the sheet S. Furthermore, since the
colorant can be incoming color data stream stored temporarily in  20  a
thermoplastic material, there is little or no inter- buffer/controller 24
and applied at the appropriate  mixing of adjacent layers. This is
particularly true times to activate the emitters 48a. As the electronic
since the first layer Lc is fixed to the paper when image "grows" as an
axial band on the cylinder, as  the second liquid layer [err] is fused onto
it and also soon as the first row of imaged microcells 94 is   hardens
prior to the deposit of the third layer [err] rotated to the inking station
142, the electronic  25  and so forth. Accordingly, the light reflected
from image on the cylinder begins to be "developed". In  sheet S, after
being filtered by the various colorant other words, at that station, ink is
applied to suc-  layers, appears to the observer as a substantially cessive
rows of charged microcells 94 so that an   exact rendition of the color at
the corresponding ink pattern grows as an axial band on the cylinder,  spot
in the original document or of a chosen false even as successive rows of
image resolution ele-  3o  or pseudo color value selected on the previewing
ments are still being recorded on the cylinder at  terminal or monitor 16
(Fig. 1). station 99.                                           Although
the press operator can perform color Continued rotation of the cylinder
advances the  correction in the pre-press section of my system ink pattern
row-by-row to the transfer station where,  using terminal 16, there can
also be provision in row-by-row, the dot pattem is offset completely to  35
press 10 itself for color correction. More particu- the sheet S. while the
mid-portion of the electronic  larly, in the printing unit depicted in Fig.
3, columns image is still being inked at station 172 and the  of test
microcells [err] are provided at the left-hand trailing end portion of the
image is still being re-  end of cylinder 72. The outboard column of cells
corded on the cylinder at station 99. Further rota-  94T lie beyond the end
of the inking roller 146 so tion of the cylinder advances the cylinder
surface   4o  that they receive no colorant. The inboard micro- carrying
the beginning rows of the electronic image  cells [err] are positioned to
be inked by roller 146, past UV lamp 177 which completely erases those
but they still lie outside the image area J of the image rows. Thus, by the
timthe cylinder has made  copies being made by press 10. In other words,
one revolution, those portions of the cylinder sur-  when those microcells
receive ink, that ink is de- face are available to receive the beginning
rows of  45  posited as marks on the left-hand margin of the the next
document (page) to be recorded on the     printed copy. Actually, these
marks printed by cells cylinder at station 99. When those first row of
[err] can be the same as the position marks P microcells are positioned
opposite emitter array 48,  described above and depicted in Fig. 2.
controller 24 will have received and stored color     Located adjacent to
that end of the cylinder and control data for the second document so that
50  just beyond the inking station 142 is an electrom- the recording of the
beginning portion of that docu-  eter 180 which is positioned to detect the
electro- ment can commence at station 99, while the trailing  static
charges at the microcells 94T that pass by. end of the first document is
still being printed on  Also  positioned  at  that  location  is  a sheet S
at station 172. Such "endless" printing can  colorimitor/densitometor 182
which is arranged to generate a different print at least every two revolu-
55  monitor the color and density of the colorant de- tions of cylinder 72
at a copy time of about three  posited on microcells [err] At least two of
the seconds/page. Using my press, documents or         emitters 48a at the
lefthand end of array 48 op- pages can now be printed and fed in a collated
posite cells [err] are dedicated to color 15    
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calibration. When the printing unit is  shown) may be positioned at the
press output to operated in its recording mode, those emitters are  detect
the hues and densities of these colors. The activated in parallel so that
they emit the same   output values of these instruments may be com- number
of electrons to the microcells [err]   pared with standardized values
representing stan- opposite those emitters. As the cylinder 72 is rotat-
5   dard color scales to develop correction signals to ed, these test
emitters apply charges to the suc-   be utilized by computer 14 to correct
the data cessive test microcells corresponding to the 32    applied to the
various printing units to achieve the charge voltage increments that the
printing unit is  desired tonal densities and hues in the colors print-
able to apply to the microcells 94 on cylinder 72 to  ed by the press.
obtain the 32 steps of color density as described   10  My invention can
also be incorporated into a above. When the printing unit is subsequently
op-  small, compact desk-top printer capable of printing erated in its
printing mode, the test microcells [err]  color copies on ordinary 8-1/2 x
11 paper. Such a receive  colorant deposits  according  to  the     copier
is indicated generally at 202 in Figs. 9 and strengths of the fields
thereat, in up to 32 different  10. As seen there, that copier comprises a
dielec- thicknesses.                                  15  tric cylinder 204
having an array of capacitor During the operation of the printing unit, the
microcells 206 on its cylindrical surface. The cyl- charges on the
microcells [err] are detected by      inder is provided with endplates 208
to which axles electrometer 180 and the color hues and densities  210 are
connected for mounting the cylinder for are detected by detector 182. The
outputs from the  rotary movement within a housing indicated at 212. two
detectors are applied, via buffer/controller 24,  20   Circumferential
arrays of sprockets 214 are pro- as Color Sense Signals to computer 14. The
com-    vided at the opposite ends of the cylinder wall puter thereupon
processes the signals to develop   which sprockets are arranged to engage
in mar- corrected Color Data which is applied to the test  ginal sprocket
holes 216 in the paper S used by emitters to increase or decrease the
voltage to    copier 202. That paper is fed by a conventional which the
test microcells opposite those emitters  25  paper feeder to the nip
between cylinder 204 and a are charged in order to obtain the desired color
pressure roll 218 rotatively mounted in housing 212 values at the
microcells [err] From that information,  at a transfer station 217. the
computer determines the emitter on-times re-      Cylinder 204 can be
rotated in either direction quired to obtain those charges. These on-times
are  by a suitable stepper motor (not shown) under the reflected as counts
applied to counter 134 when   3o  control of controller 220 in housing 212.
Positioned the emitters 48a opposite the test microcells are  adjacent to
cylinder 204 at a recording station 222 being selected by register 132
(Fig. 7).          is an AC corona wire 224 similar to wire 98 de- There
are thus developed 32 numbers cor-        scribed above. Also located
adjacent to the cyl- responding to the desired 32 optical density values
inder at an inking station 226 is a multi-color inking for the particular
color, i.e. cyan. These color value   35   member shown generally 228 which
is rotatively numbers are stored in a look-up table in computer  mounted
via a shaft 228a to housing 212. That 14 and the table is updated from time
to time by  inking member carries a plurality, herein four, dif- similar
periodic testing of the test microcells [err]  ferent color ink bars 228b
similar to bar 148 de- and [err] The data stream for the printing unit 26c
scribed above. Preferably these bars are biased constituting a string of
numbers to be applied to  40  outward to some extent and have the four
colors counter 134 is first compared by computer 14 with  cyan, yellow,
magenta and black. The inking mem- the numbers in the look-up table and the
number    ber 228 can be rotated in at least one direction by from that
table closest to the particular input num-  a suitable motor (not shown)
under the control of ber is substituted for delivery to counter 134. In
controller 220 to assume different positions that this way, the system will
correct for color variations   45  place the edges of the four bars in
contact with the due to aging of the emitter array, different ink lots,
surface of cylinder 204. etc.
Located inside cylinder 204 are the printing It is even possible to monitor
the final colors  components described above required to record an printed
on sheet S by arranging one column of      electrostatic charge pattern on
the surface of cyl- inked test microcells [err] in each of the printing
5o  inder 204 at recording station 222 and to heat the units so that they
print in register and a second  ink applied to the surface of the cylinder
at station column of test microcells 94r so that they print out  226 and to
encourage transfer of the ink pattern to of register with those in the
other units. With this  paper sheet S at transfer station 217 and to erase
arrangement, printed copy leaving press 10 will    the electronic image on
the cylinder after such have in its margins outside the image area I a
color  55  transfer. These components include a linear elec- scale (i.e.
marks P) for each color printed by the  tron emitter array 232 opposite
corona wire 224 press as well as a scale of combined color values.  and a
thermal source 234 for heating the surface of Appropriate colorimeters and
densitometers (not    the cylinder upstream from the inking station 226 16
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high enough to maintain the ink   cylinder is rotated while an
electrostatic image is bar 228b edge in contact with the cylinder as a
written onto successive rows of microcells 206 at liquid film, as described
above. A heat reflector  recording station 222 as described above. When
234a extending around source 234 and close to the  the charged microcells
in those rows reach the inside surface of the cylinder heats the portion of
5   inking station 226, they pick up voltage sensitive the cylinder beyond
or downstream from inking      cyan colorant to form an ink pattern on the
cylinder station 226 to a higher temperature sufficient to  as described
above. As those inked cells reach melt thermoplastic colorant particles in
the ink so  transfer station 217, the colorant thereon, compris- that the
ink pattern on the surface of the cylinder is  ing the leading end portion
of the image to be in liquid form when being transferred to sheet S at  10
printed, is transferred to sheet S while succeeding station 217.
portions of the electrostatic pattern on the cylinder Also located in
cylinder 204 is a linear array of  are being inked and while the trailing
end portions wiper contacts 238 which are arranged to touch     of the
pattem to be printed are still being recorded and thereby discharge the
interior plates of the   on the cylinder at station 222. microcells 206
present at transfer station 217 to  15  After about 1-3/4 revolutions of
the cylinder facilitate the offsetting of the ink pattern to the  204, the
entire pattern comprising the cyan color sheet S at that station as
described above. These  component of the original image will have been
contacts are mounted to a rotary solenoid 239 so   printed on sheet S and
become fused thereto. that they can be moved into an out of engagement
When desirable, the contacts 238 may be rotated with the cell plates under
the control of controller  2o  into position against the interior plates of
the micro- 220. Finally, located beyond contacts 238 is a UV  cells at
station 217 to discharge those cells to lamp 240 for discharging the
microcells rotated    ensure complete ink transfer at that location. Also,
beyond the transfer station 217 so that that portion  the shielded lamp 240
remains illuminated so that of the cylinder is ready to receive a new
electro-  the microcells advancing past that lamp are dis- static image
before advancing to recording station   25  charged automatically so that
the cylinder surface 222, all as described above.
beyond the transfer station is ready to receive a All of the copier
components inside drum 204    new electrostatic image. are mounted to the
common bracket 242. Since it        Controller 220 now reverses the
rotation of is necessary to maintain emitter array 232 (as well  cylinder
204, while rotating the printing member as the other components inside
cylinder 204) fixed   3o  228 to position the next ink bar 228b, i.e.
yellow, with respect to corona wire 234, while permitting  against the
cylinder. As the cylinder rotates in cylinder 204 to be rotated, means are
provided for  reverse, it shifts the paper sheet S to the left to its
suspending those components in a fixed position    original position.
Although the printed side of the inside the cylinder. As shown in Fig. 10,
these    sheet contacts cylinder 204, the ink, being com- means consist of
sets of magnets 252 mounted to  35  pletely dry and fused to the sheet
surface, does bracket 242 at spaced apart locations along the    not offset
to the cylinder. Controller 220 then com- length of the cylinder. These
internal magnets 252  mences a second printing cycle to print the yellow
have opposite poles N and S located just inside the  component of the
original image on sheet S. For cylinder wall which are disposed directly
opposite  this, a new electrostatic image corresponding to poles of
opposite polarity S and N of exterior  40  that yellow component is
recorded on the cylinder magnets 254 mounted in the housing 212 outside
cell-row-by-cell-row at recording station 222 and the cylinder. Similar
sets of interior and exterior  those charged cells are inked at inking
station 226, magnets may be provided adjacent to the bottom     as before,
while succeeding portions of the original of the cylinder so that all of
the printer components  image are still being recorded at station 222. Con-
inside the cylinder are supported in a fixed position   45  tinued rotation
of the cylinder advances the inked relative to the printer components
outside the cyl-  microcells to the transfer station 217 where the inder,
thereby allowing the cylinder itself to be  yellow ink pattern is
transferred to sheet S. Since rotated freely on its shaft 210 in the gaps
between  the movement of the paper sheet is keyed directly the interior and
exterior magnets. Also since a high  to the motion of the cylinder by way
of the sprock- vacuum, i.e. 10-7 Torr, should be maintained in-  50  ets
214 and holes 216, the yellow image printed on side cylinder 204 for a
prolonged period (e.g. 5   sheet S is exactly in register with the
previously years), to minimize maintenance, highly efficient  printed cyan
image thereon. ferrofluid seals are provided at any joints between
Controller 220 then carries out a third printing the rotary and stationary
parts of the cylinder and  cycle by returning the cylinder to its original
loca- the components inside the cylinder.           55  tion and rotating
the inking member to position the When making color prints using copier
202, the  magenta color bar against the cylinder and execut- inking member
228 is rotated to position, say, the  ing another set of recording, inking
and transfering cyan color bar 228b against the cylinder. Then the
operations to print the magenta component of the 17    
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sheet S exactly in register with   2. Apparatus defined in claim 1,
characterized in the cyan and yellow components. If the color black
that said controlling means (122) control the is to be printed, a fourth
printing cycle is executed    on-time of said emitters (48a) in accordance
so that the resultant printed image or sheet S is a      with the incoming
data stream. four color reproduction of the original image, with   5 the
color content of each resolution element of the   3. The apparatus defined
in claim 1 or 2 wherein copy faithfully reproducing the color content of
the     said microcells (94) comprise a first set of original image, all as
described above in connec-        spaced-apart,  thin, electrically
conductive tion with press 10.                                      plates
(94a) affixed to the interior wall of said It will thus be seen that the
objects set forth  10  cylinder (72). above, among those made apparent from
the pre- ceding description, are efficiently attained, and    4. The
apparatus defined in claim 3 and further since certain changes may be made
in the above          including a second similar set of conductive
constructions and in the printing method described       plates (94a)
affixed to the outer wall of said above without departing from the scope of
the   15       cylinder (72), with each plate (94b) in the sec- invention
as defined by the claims, it is intended       ond set being located
directly opposite the that all matter contained in the above description or
corresponding plate (94a) in the first set of shown in the accompanying
drawings shall be in-          plates. terpreted as illustrative and not in
a limiting sense. 20   5.  The apparatus defined in claim 3 or 4 wherein
Claims                                                   the plates (94a)
in said first set of plates are recessed into the interior wall of the
cylinder 1. Printing apparatus responsive to an incoming          (72).
digital data stream for printing on a recording medium (S) an ink dot
pattern representing an   25  6. The apparatus according to any one of
claims original image, the apparatus including a hol-       1 to 5 wherein
said cylinder (72) is of sapphire. low, rotatably mounted thin walled
cylinder (72) of a dielectric material, a multiplicity of tiny,  7. The
apparatus according to any one of claims independently chargeable capacitor
microcells        1 to 6 wherein said activating means also (94) arranged
in columns around, and in rows   3o   include a positive charge source (98)
spaced along, said cylinder (72), means (24, 48, 98)        from the outer
surface of the cylinder (72), for for activating selected ones of the
microcells in    dispensing positive charge carriers which ad- accordance
with the incoming data stream, an         here to the cylinder (72) surface
only at those inking station (142) for applying a voltage sen-
microcells (94) which receive negative charges sitive ink to the surface of
the cylinder (72) and   35  from said emitters (48a). a transfer station
(172) for transferring an inked image on the cylinder (72) to recording me-
8  The apparatus according to any one of claims dium (S), characterized in
that the activating       1 to 7 wherein said ink is a thermoplastic ink
means comprise                                       which melts at a
selected temperature, and - an array (48) of tiny electron beam emit-  40
further including means for heating the ink ters (48a) mounted inside the
cylinder          deposited on the cylinder surface to maintain it (72)
parallel to the axis thereof and rela-    in a melted state until the inked
image is tively rotatable thereto so that, when the     transferred from
the cylinder to the recording array (48) and the cylinder (72) are rotat-
medium. ed  relatively, the emitters scan  the   45 microcells (94), and
9. The apparatus according to claim 8 wherein - means (122) for controlling
the amount of       the outer surface of the cylinder is mildly re- charges
emitted by the emitters (48a) in        pellent to said ink, and the ink is
a two-compo- accordance  with  the  incoming  data           nent ink
composed of an electrically neutral stream so as to deposit on the
microcells  so   thermoplastic carrier which melts at said se- (94)
selected  for activation, negative        lected temperature and which
contains a dis- electrical  charges  of  various  field         persion of
voltage-sensitive colorant particles. strengths that are proportional to
the print densities desired for the corre-      10. The apparatus defined
in claim 9 wherein said sponding dots in the pattern to be print-  55
colorant particles are thermoplastic particles ed.
which melt at a higher temperature than the selected temperature, and
including means for heating the colorant particles deposited on the 18    



33                 EP 0 295 364 B1                     34 original image on
sheet S exactly in register with   2. Apparatus defined in claim 1,
characterized in the cyan and yellow components. If the color black
that said controlling means (122) control the is to be printed, a fourth
printing cycle is executed    on-time of said emitters (48a) in accordance
so that the resultant printed image or sheet S is a      with the incoming
data stream. four color reproduction of the original image, with   5 the
color content of each resolution element of the  3. The apparatus defined
in claim 1 or 2 wherein copy faithfully reproducing the color content of
the     said microcells (94) comprise a first set of original image, all as
described above in connec-        spaced-apart,  thin, electrically
conductive tion with press 10.                                      plates
(94a) affixed to the interior wall of said It will thus be seen that the
objects set forth   10  cylinder (72). above, among those made apparent
from the pre- ceding description, are efficiently attained, and    4. The
apparatus defined in claim 3 and further since certain changes may be made
in the above          including a second similar set of conductive
constructions and in the printing method described       plates (94a)
affixed to the outer wall of said above without departing from the scope of
the   15       cylinder (72), with each plate (94b) in the sec- invention
as defined by the claims, it is intended       ond set being located
directly opposite the that all matter contained in the above description or
corresponding plate (94a) in the first set of shown in the accompanying
drawings shall be in-          plates. terpreted as illustrative and not in
a limiting sense. 20   5. The apparatus defined in claim 3 or 4 wherein
Claims                                                   the plates (94a)
in said first set of plates are recessed into the interior wall of the
cylinder 1. Printing apparatus responsive to an incoming          (72).
digital data stream for printing on a recording medium (S) an ink dot
pattern representing an   25   6. The apparatus according to any one of
claims original image, the apparatus including a hol-       1 to 5 wherein
said cylinder (72) is of sapphire. low, rotatably mounted thin walled
cylinder (72) of a dielectric material, a multiplicity of tiny,  7. The
apparatus according to any one of claims independently chargeable capacitor
microcells        1 to 6 wherein said activating means also (94) arranged
in columns around, and in rows   30    include a positive charge source
(98) spaced along, said cylinder (72), means (24, 48, 98)        from the
outer surface of the cylinder (72), for for activating selected ones of the
microcells in    dispensing positive charge carriers which ad- accordance
with the incoming data stream, an         here to the cylinder (72) surface
only at those inking station (142) for applying a voltage sen-
microcells (94) which receive negative charges sitive ink to the surface of
the cylinder (72) and   35  from said emitters (48a). a transfer station
(172) for transferring an inked image on the cylinder (72) to recording me-
8.  The apparatus according to any one of claims dium (S), characterized in
that the activating       1 to 7 wherein said ink is a thermoplastic ink
means comprise                                       which melts at a
selected temperature, and - an array (48) of tiny electron beam emit-  40
further including means for heating the ink ters (48a) mounted inside the
cylinder          deposited on the cylinder surface to maintain it (72)
parallel to the axis thereof and rela-    in a melted state until the inked
image is tively rotatable thereto so that, when the      transferred from
the cylinder to the recording array (48) and the cylinder (72) are rotat-
medium. ed  relatively, the emitters scan  the   45 microcells (94), and
9. The apparatus according to claim 8 wherein - means (122) for controlling
the amount of        the outer surface of the cylinder is mildly re-
charges emitted by the emitters (48a) in        pellent to said ink, and
the ink is a two-compo- accordance  with  the  incoming  data
nent ink composed of an electrically neutral stream so as to deposit on the
microcells  so   thermoplastic carrier which melts at said se- (94)
selected  for activation, negative         lected temperature and which
contains a dis- electrical  charges  of  various  field         persion of
voltage-sensitive colorant particles. strengths that are proportional to
the print densities desired for the corre-      10. The apparatus defined
in claim 9 wherein said sponding dots in the pattern to be print-  55
colorant particles are thermoplastic particles ed.
which melt at a higher temperature than the selected temperature, and
including means for heating the colorant particles deposited on the
cylinder to said higher temperature so that said        Punkte in dem  zu
druckenden Muster 



particles melt forming colorant droplets on said        proportional sind.
surface that define the inked image thereon. 2. Einrichtung nach Anspruch
1, dadurch gekenn- 11. The apparatus according to any of claims 1 to   5
zeichent, daB die genannten Steuermittel (122) 10 and further including
means (238) for re-       die Einschaltzeit der genannten Emitter (48a)
moving or changing the fields to which the ink     entsprechend dem
ankommenden Datenstrom on the cylinder (72) surface is subjected at the
steuern. transfer station (172) so that the ink is encour- aged to offset
the recording medium(s).   10  3. Einrichtung nach Anspruch 1 oder 2, bei
wel- cher die genannten Mikrozellen (94) eine erste 12. The apparatus
according to any one of claims       Gruppe von beabstandeten, dUnnen,
elektrisch 1 to 11 and including means (177) for dis-        leitffhigen
Platten (94a) umfassen, die an der charging microcells (94) on the cylinder
(72),     Innenwand des genannten Zylinders (72) befe- after transfer of
ink from those areas of the   15  stigt sind. cylinder to the recording
medium (S). 4. Einrichtung nach Anspruch 3, welche weiter PatentansprUche
einen zweiten entsprechenden Satz von leitff- higen Platten (94b) enthalt,
die an der AuBen- \Z!  1. Druckeinrichtung, welche auf einen ankom-   20
wand des genannten Zylinders (72) befestigt menden digitalen Datenstrom
anspricht, um         sind, wobei jede Platte (94b) in der zweiten auf ein
Aufzeichnungsmedium  (S) ein Farb-         Gruppe unmittelbar gegenOber der
entspre- punklmuster entsprechend einem Originalbild        chenden Platte
(94a) in der ersten Gruppe von aufzudrucken, wobei die Einrichtung einen
Platten gelegen ist. hohlen, drehbar gelagerten, dtnnwandigen Zy-  25
linder (72) aus dielektrischem  Material, eine  5. Einrichtung nach
Anspruch 3 oder 4, bei wel- Vielzahl winziger, unabhangig voneinander auf-
cher die Platten (94a) in der ersten Gruppe von ladbarer
Mikro-Kondensatorzellen (94), welche      Platten in der Innenwand des
Zylinders (72) in Spalten rundum  den genannten Zylinder
zurOckgesetzt angeordnet sind. (72) und in Reihen lings des Zylinders (72)
30 angeordnet sind, Mittel (24, 48, 98) zur Aktivie-  6. Einrichtung nach
einem der Ansprlche 1 bis 5, rung ausgewlhiter der Mikrozellen entspre-
bei welcher der genannte Zylinder (72) aus chend dem ankommenden
Datenstrom, eine             Saphir besteht. Einfarbstation (142) zum
Aufbringen einer spannungsempfindlichen Farbe auf die Ober-  35  7.
Einrichtung nach einem der AnsprOche 1 bis 6, flache des Zylinders (72) und
eine Obertra-        bei welcher die genannten Aktivierungsmittel
gungsstation (172) zur Obertragung des einge-      auBerdem eine Quelle
(98) positiver Ladung f~rbten Bildes auf dem Zylinder (72) auf das
enthalten, die Abstand von der AuBenflache Aufzeichnungsmedium (S) enthalt,
dadurch ge-       des Zylinder (72) hat, um positive Ladungstra-
kennzeichnet, daB die Aktivierungsmittel fol-  40  ger abzugeben, welche an
der Oberlache des gendes umfassen:
Zyinders (72) nur im Bereich derjenigen Mikro- - eine Reihe (48) von
winzigen Elektornen-       zellen (94) anhaften, welche negative Ladun-
strahlemittern  (48a), welche innerhalb       gen von den genannten
Emittern (48a) emp- des Zylinders (72) parallel zu dessen         fangen.
Achse und relativ zu ihm drehbar gehal-  45 tert sind, so daB, wenn die
Reihe (48)     8. Einrichtung nach einem der Ansprtche 1 bis 7, und der
Zylinder (72) relativ zueinander      bei welcher die genannte Farbe eine
thermo- gedreht werden, die Emitter die Mikrozel-     plastische Farbe ist,
welche bei einer bestimm- len (94) abtasten, und                       ten
Temperatur schmilzt, und welche weiter - Mittel (122) zur Steuerung der von
den   50    Mittel enthlit, um die auf der Zylinderoberfla- Emittern (48a)
abgegebenen Ladungs-           che abgelagerte Farbe zu erhitzen, um sie in
menge in Abhangigkeit von dem ankom-          einem geschmolzenen Zustand
zu halten, bis menden Datenstrom derart, daB auf die         das
eingefarbte Bild von dem Zylinder auf das Mikrozellen (94), die zur
Aktivierung aus-    Aufzeichnungsmedium Obertragen wird. gewhilt sind,
negative elektrische Ladun-  55 gen fir verschiedene Feldstarken abge-
9. Einrichtung nach Anspruch 8, bei welcher die lagert werden, welche zu
den gewUnsch-        AuBenfliche des Zylinders leicht gegenaber ten
Druckdichten  fOr entsprechende          der genannten Farbe abweisend ist
und die 19    37                EP 0 295 364 B1                    38    I
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Farbe einen Zweikomponentenfarbe ist, die               avec son axe et
relativement rotatifs par aus einem elektrisch neutralen thermoplasti-
rapport A celui-ci, ainsi quo si l'arrange- schen Triger zusammengesetzt
ist, welcher               ment susdit (48) et le cylindre (72) se bei der
genannten bestimmten Temperatur                trouvent en rotation
relative, les dmet- schmilzt und welcher eine Dispersion von   6
tours balayent les microcellules (94), at 's-w    spannungsempfindlichen
Farbpartikeln enthilt.        - des moyens (122) pour contr8ler la quantite
des charges emises par les 10. Einrichtung nach Anspruch 9, be! welcher die
dmetteurs (48a) en concordance avec le genannten Farbpartikel
thermoplastische Parti-         flux des donn'es entrant pour ainsi de- kel
sind, welche bei einer hoheren Temperatur  io       poser sur des
microcellules (94) sdlec- als der bestimmten Temperatur schmelzen,
tionn6es pour Otre activ6es des charges und welche Mittel zum Erhitzen der
auf dem              electriques negatives de variees intensi- Zylinder
abgelagerten Farbpartikel auf die go-         tWs de champ qui sont
proportionnelles nannto hohere Temperatur enthilt, so daB die
aux densitds d'imprimerie ddsirdes pour genannten Partikel schmelzen und
auf der go-  is       les points correspondants dans le dessin nannten
Oberfliche Farbtrdpfchen bilden, die            A etre imprime. darauf das
eingefilrbte Bild darstellen. 2. Appareil solon la revendication 1,
caractdris6 11. Einrichtung nach einem der AnsprOche 1 bis        par le
fait, quo ce moyen de contr8le (122) _,     10, welche weiter Mittel (238)
enthalt, um die  20  contr8le le temps de dure de fonctionnement Felder zu
beseitigen oder zu andern, denen         de ces emetteurs (48a) en
concordance avoc die Farbe auf der Oberfliche des Zylinders         le flux
des donnees entrant. (72) in der Obertragungsstation (172) ausge- setzt
ist, so daB das Absetzen der Farbe auf   3. Appareil selon les
revendications 1 ou 2, dans dem  Aufzeichnungsmedium  (S) beg~nstigt  25
loquel les microcellules (94) comprennent un wird.
premier jou de minces plaques (94a) electri- quement conductibles distantes
l'une de l'au- 12. Einrichtung nach einem der AnsprUche 1 bis        tre,
attachees A la paroi interieure de ce cylin- 11 mit Mitteln (177) zur
Entladung der Mikro-      dre (72). zellen (94) auf dem Zylinder (72) nach
dem   3o Obertragen der Farbe von don betreffenden      4. L'appareil selon
la revendication 3 et compre- Bereichen des Zylinders auf das Aufzeich-
nant en outre un deuxibme jeu pareil des pla- nungsmedium (S).
ques conductibles (94a) attachees A la paroi oxtdrieure de ce cylindre
(72), avec chaque Revendlcatlons                                35
plaque (94b) dans ce deuxibme jeu etant dis- posee diroctement opposee A la
plaque cor- 1. Appareil imprimant r6pondant sur un flux de
respondante (94a) du premier jou de plaques. donn6es numeriques entrant
pour imprimer un dessin de points d'encre repr~sentant une ima-  5.
L'appareil solon les revendications 3 ou 4, ge originale sur un moyon
d'enregistrement  40     dans loquel les plaques (94a) dans ce premier (5),
cat appareil comprenant un cylindre (72)     jeu de plaques sont reculees
dans le paroi d'un parol mince de mat6riel didlectrique mon-    intdrieur
du cylindre (72). te tournant, une pluralite de condensateurs mi-
crocellulaires (94) minimes chargeables ind6-  6. L'appareil selon l'une
quolconque des revendi- pendamment, dispos6s on colonnes autour, et  45
cations 1 A 5, dans lequel ce cylindre (72) est on lignes le long de ce
cylindre (72), des         fait de saphir. moyens (24, 48, 98) pour activer
des selection- n6es de ces microcellules en concordance       7. L'appareil
solon l'une quelconque des revendi- avec ce flux de donneos arrivant, une
station      cations 1 a 6, dans lequel ces moyons acti- d'encrage (142)
pour appliquer une encre sen-  so  vants comprennent aussi une source (98)
de sitive pour le voltage sur la surface du cylindre  charges positives
distancees de la surface ex- (72), at une station de transfert (172) pour
terieur du cylindre (72) pour d6charger des transferer une image encrde de
ce cylindre         porteurs de charges positives quo adhbrent A (72) au
moyen enregistrant (5), caracterise par   la surface du cylindre (72)
seulement A ces le fait quo ce moyen activant comprend .  56
microcellules (94) qui regoivent des charges - un arrangement (48)
d'emetteurs (48a)          ndgatives de ces dmetteurs (48a). minimes d'un
rayon d'electrons montes h l'interieur du cylindre (72) on parallble 20
39                 EP 0 295 364 B1                      40    1 |||IIIJ||
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* C   L   M   S * 8 L'appareil selon l'une quelconque des revendi- cations
1 a 7, dans loquel cette encre est une encre thermoplastique qui fuse a la
temperatu- re selectionnee, et en outre comprenant des moyens pour
rechauffer I'encre ddposde sur la   5 surface du cylindre pour la tenir
dans l'etat fuse jusque a ce que 'image encree soit trans- f6ree du
cylindre sur le moyen enregistrant. 9. L'appareil selon la revendication 8,
dans loquel   10 la surface exterieure du cylindre est 1egbre- ment
repoussant cette encre et l'encre est une encre a deux constituants
composee d'un sup- port electriquement neutre thermoplastique qui fuse a
cette temperature selectionnee e qui   15 contient une dispersion de
particules coloran- tes sensibles au voltage. 10. L'appareil selon la
revendication 9, dans loquel ces particules colorantes sont des particules
20 thermoplastiques qui fusent a une temperature plus haute que la
temperature selectionnee, et qui comprend en outre des moyens pour re-
chauffer les particules ddposdes sur le cylindre a une temperature plus
elevee, ainsi que ces   25 particules fusent en formant des gouttes colo-
rantes sur cette surface, qui definissent l'image encree sur elle. 11.
L'appareil selon 'une quelconque des revendi-  30 cations 1 & 10 et en
outre comprenant des moyens (238) pour eliminer ou 6changer les champs
auxquels l'encre sur la surface du cylindre (72) soit sujette & la station
(172) de transfert ainsi que l'encre soit encouragee  35 d'offset le/Wes
moyen(s) enregistrant(s). 12. L'appareil selon l'une quelconque des
revendi- cations 1 & 11 et comprenant des moyens (117) pour d6charger des
microcellules (94)   40 sur le cylindre (72) aprbs le transfert de I'encre
de ces zones du cylindre sur le moyen (5) enregistrant. 45 50 55 21    


