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Description

Field of the invention

[0001] The present invention relates to internal drum
recording apparatus.

Background of the invention

[0002] Drum image-setters, generally speaking, com-
prise a drum on which a photosensitive recording medi-
um is positioned, and beam generating means for gen-
erating a beam which is capable of recording an image
on the medium. The recorded medium is then used in
the printing process of the images previously recorded.
In external drum image-setters the photosensitive me-
dium is positioned in the outer surface of the drum. In
contrast, in internal drum image-setters, with which the
present invention is concerned, the medium is posi-
tioned on the internal surface of the drum.
[0003] Fig. 1 schematically illustrates a classical con-
figuration of an internal drum recording apparatus. It in-
cludes mainly the drum 1 that supports the recording
material 2, a guide beam 3 on which a carriage 4 is mov-
ing. The carriage 4 supports a deflecting rotating ele-
ment 5, shown as a cube reflector in the figure, although
other elements, such as a penta prism or a mirror, are
also possible. It also supports a focusing lens 6. The
light source assembly 7 is attached to the drum 1 or to
guide beam 3, and emits a collimate beam 8 in the di-
rection of the carriage 4.
[0004] It is well known that the direction of the colli-
mated beam determines to what extent the imaged line
will be a straight line.
[0005] When attempting to operate a multibeam inter-
nal drum scanner, two beams which are meant to record
two lines, when in close proximity, originated by two non-
parallel collimated beams will intersect if the non-paral-
lelism is too high. This problem is schematically shown
in Fig. 2, where the two beams from the source are in-
dicated by 8 and 8', and the resulting beams writing on
the photosensitive material, as 9 and 9', which image
lines 100 and 100'. In any case, the slightest departure
from parallelism in the collimated beams will result in
non-parallel imaged lines.
[0006] Internal drum image-setters which work with a
single imaging beam, tend to be limited in throughput
because of mechanical limitations. As the available data
rate increases with the increased performances of the
screen processors, the only way to take advantage of
this situation, when using a single imaging beam in an
internal drum configuration, is to increase the rotation
speed of the rotating deflecting element that directs the
light towards the light sensitive material. Increasing the
rotation speed, however, is also limited by the technol-
ogy available in the art.
[0007] Various schemes of internal drum image-set-
ters, operating with more than one simultaneously re-

cording beam, have been reported. Some are based on
the use of a rotating element that is equivalent to mirror
parallel to the rotation axis ( US 5,579,115). Others use
a derotation element which spins in synchronization of
the deflecting element, at half the speed, as described
in US 5,214,528. Others use two beams of different po-
larization (EP 483827). Another attempt to solve the
problem is described in US 5,764,381, in which the light
sources inside the drum rotate.
[0008] All the attempts made in the prior art to solve
this problem of internal drum recording apparatus have
significant drawbacks. They generally involve complex
solutions, and have limitations. For instance, providing
a mirror parallel to the drum axis results in apparatus
that is limited in scanning angle. Apparatus based on
derotation requires extremely accurate and stable me-
chanical adjustments. Apparatus using double polariza-
tion is limited to two beams. Apparatus using rotating
sources requires data transfer to the rotating sources,
which is complicated and expensive.
[0009] Thus, the art has so far failed to provide a sim-
ple and efficient solution to the aforementioned prob-
lems.
[0010] It is therefore an object of the invention to pro-
vide apparatus which overcomes the aforementioned
disadvantages of the prior art, and which permits to pro-
vide high throughputs of internal drum imaging appara-
tus.
[0011] It is another object of the invention to provide
apparatus based on the traditional internal drum
scheme.
[0012] It is a further object of the invention to provide
apparatus which, with minor modifications to an existing
system, allows updating from single to multibeam oper-
ation.
[0013] Other objects and advantages of the invention
will become apparent as the description proceeds.

Summary of the Invention

[0014] The invention provides a dispersing prism for
use as a deflecting element in a multi-beam, multi-wave-
length internal drum recording apparatus, comprising
two coupled transparent optical elements between
which a reflective surface is provided, said reflective sur-
face being inclined at about 45 degrees with respect to
the input beam, and wherein the input and/or output fac-
es of the prism are tilted with respect to the optical axis;
characterised in that the reflective surface has a reflec-
tion coefficient close to 1.
[0015] The deflecting element thus has dispersing
properties such that beams of different wavelengths will
leave it at slightly different angles.
[0016] In a preferred embodiment of the invention,
beams of different wavelengths are generated by laser
diodes. Preferably - but non limitatively - the laser diodes
are tunable laser diodes.
[0017] The apparatus of the invention preferably com-
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prises a beam combiner to combine the beams gener-
ated by light sources. According to a preferred embod-
iment of the invention the beam combiner is a beam
splitter. According to another preferred embodiment of
the invention the beam combiner is a dichroic beam
combiner. According to still another preferred embodi-
ment of the invention the beam combiner comprises an
optical fiber coupler.
[0018] According to a preferred embodiment of the in-
vention, the input or output face of the prism has a cy-
lindrical shape.
[0019] Preferably, the prism, the input face of which
has a cylindrical shape, is coupled to a lens having a
refractive index different from that of the dispersing
prism. Alternatively, the prism can be coupled to a
wedged prism. Illustrative and non-limitative examples
of suitable lenses include cylindrical lens and wedge cy-
lindrical lens.
[0020] There is herein described a method not in ac-
cordance with the invention.
[0021] There is herein described a method for oper-
ating with high throughput an internal drum recording
apparatus provided with a rotating deflecting element in
accordance with the invention, comprising providing two
or more simultaneously operable beams of different
wavelength, and bringing said two or more beams to a
common optical path before they reach said rotating de-
flecting element.

Brief Description of the Drawings

[0022] In the drawings:

Fig. 1 is a schematic illustration of a prior art internal
drum recording apparatus;

Fig. 2 is a schematic illustration of an internal drum
configuration operating with two beams and gener-
ating intersecting lines;

Fig. 3 shows a beam combining optics, based on
bulk optical elements;

Fig. 4 shows a beam combining optics, based on
optical fiber elements;

Fig. 5 is a layout of an optical system showing the
dispersing scheme, according to a preferred em-
bodiment of the invention;

Fig. 6 (A through D) shows the details of two dis-
persing prism constructions and two prism assem-
blies, according to various preferred embodiments
of the invention;

Fig. 7 schematically of the internal drum is a con-
figuration according to a preferred embodiment of
the invention;

Fig. 8A illustrates an alignment mask assembly;

Fig. 8B shows the alignment obtained by the align-
ment mask assembly of Fig. 8A;

Fig. 9 is a flow charge of a wavelength tuning pro-
cedure; and

Fig. 10 is a block diagram of a system according to
one embodiment of the invention.

Detailed Description of the Invention

[0023] The invention will now be described with refer-
ence to illustrative and non-limitative preferred embod-
iments thereof. Multiple sources operating at different
wavelengths are used to produce a combined beam that
is fed to the rotating deflecting element (5 of Fig. 1). The
center wavelengths of the sources will be designed by
λ1, λ2, ..... λn. In the following description, however, ref-
erence will be made to two sources only, for the sake of
simplicity, although, as will be apparent to the skilled
person, the invention is by no means limited to two
sources only, and a plurality of sources can be provided,
compatibly with space and cost considerations.
[0024] Figs. 3 and 4 schematically illustrate the meth-
od for obtaining the superposition of the multi-wave-
length beams, according to preferred embodiments of
the invention.
[0025] In one method bulk optical elements are used,
as shown in Fig. 3. Two laser sources, indicated by nu-
merals 10 and 11, are used. These two sources have
different wavelengths, as explained hereinbefore. The
light emitted by these sources is collimated using the
collimation lenses 12 and 13, respectively, and are then
fed into a beam combiner 14, to yield the combined
beams 24 and 25 parallel to each other. This beam com-
biner can be, e.g., a 50% / 50% beam splitter, in which
case 50% of the light power of both beam will be lost. A
dichroic beam combiner can also be used, in the case
the wavelengths are different enough to be resolved by
a dichroic coating. In such case, more than 80% of the
power of each source will reach the combined beam.
[0026] A preferred (but by no means only) way of pro-
ducing a combined beam is to use optical fiber compo-
nents, as shown in Fig.4. The light emitted at different
wavelengths by the light sources 15 and 16 is coupled
into the input ends 17 and 18 of an optical fiber coupler
19, through coupling lenses 20 and 21. As before, if a
standard fiber optics 50%/50% coupler is used, 50% of
the light power will be lost at the output end 22 of the
coupler. But if a WDM (Wavelength Division Multiplexer)
coupler is used, more than 80% of the power of each
beam coupled into the input ends of the coupler will
reach the output end.
[0027] The configuration of Fig. 4 is preferred, be-
cause at the output of the coupler the beams are per-
fectly superposed. As a result of this fact, the collimation
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lens 23 will form two collimated beams that are perfectly
parallel. In the case of Fig. 3, mechanical misalignment
can occur over time, and beams 24 and 25 will not stay
parallel to each other.
[0028] Fig.5 schematically shows how the beams are
separated by the deflecting rotating element. The colli-
mated beams 24 and 25 are emitted by the light source
assembly 26, which is built as explained above. The light
is then focused by a focusing lens 27, which, according
to this preferred embodiment of the invention, is posi-
tioned before the rotating deflecting element 28. In an-
other preferred embodiment of the invention, the focus-
ing lens 27 can be positioned after the deflecting ele-
ment 28, and rotate with it.
[0029] The deflecting element 28, according to a pre-
ferred embodiment of the invention, is built of a dispers-
ing prism. Its input facet is substantially perpendicular
to the axis of the beam leaving the focusing lens 27,
while the output facet is at an angle with respect to said
axis.
[0030] Fig. 6A illustrates details of the construction of
the dispersing prism according to a particular preferred
embodiment of the invention. This prism is basically a
cube reflector, in which the output facet OF is tilted with
respect to the optical axis. The deflector is built of glass,
in two parts, between which a reflective surface RS has
been deposited. This surface is inclined at 45 degrees,
with respect to the input beam. The output beam will
meet the output facet, which is at an angle of 90+ θ de-
grees with respect to the optical axis. This angle θ is
chosen so as to achieve the required spot separation in
the image plane, as a function of the wavelength differ-
ence between the sources, the dispersion properties of
the glass used to manufacture the rotating prism, and
the radius of the drum. The input or output faces, or both,
are tilted with respect to the optical axis.
[0031] The prism can be made in various manners,
which will be apparent to the skilled person. In order to
illustrate the construction of the cylindrical face prism,
and the resulting assembly, the following parameters
can be used: Material of the prism: Schott glass F2; An-
gle θ = 15°; Center wavelength separation of the diodes:
4nm; Tuning range of the diodes: ± 2 nm; Drum internal
diameter: 400 mm. Under these conditions, line spac-
ings between 6 and 16 microns can be achieved, corre-
sponding respectively to imaging resolutions from 140
to 60 lines per mm.
[0032] In some cases, depending on the convergence
of the beam entering the dispensing prism, the optical
aberrations produced by the dispersing prism may not
be compatible with the required imaging quality. Several
ways are used to compensate for this aberration. First,
as shown in Fig. 6B, the input face 120 of the dispersing
prism is given a cylindrical shape. The optical aberration
is further reduced when a cylindrical lens 122 is added
the dispersing prism, as shown in Fig 6C, lens 122 hav-
ing a refractive index different from the one of the dis-
persing prism.

[0033] The optical aberration is even further reduced
when a wedged cylindrical lens 124 (or a wedged cylin-
drical prism - not shown) is added to the dispersing
prism, as shown in Fig. 6D, lens 124 (or the wedged
prism) having, again, a refractive index different from the
one of the dispersing prism.
[0034] The radius of curvature of the cylinder surface
depends on the convergence of the light beam and the
characteristics of the glasses that are used. The optimal
radius that minimizes the aberrations can be determined
using conventional optical simulation software.
[0035] In all the above examples, the cylinder surfac-
es are shown on the input face of the deflecting prism.
In an equivalent way the cylinder surface can be on the
output face side of the deflecting prism.
[0036] According to the present invention the angular
separation of the beams is produced by the rotating el-
ement. As a consequence, and as can be seen in Fig.
7, the separated beams 29 and 30 will image parallel
lines, without intersecting. In particular, when optical fib-
ers elements are used, the beams will be in perfect su-
perposition, so that the distance between the two im-
aged lines will remain constant throughout the rotation
of the deflecting element 5.
[0037] Normally, it will be necessary to adjust the dis-
tance between the separate spots, and consequently
the distance between the imaged lines, according to the
required imaging resolution. This can be easily done by
tuning the wavelengths of the source.
[0038] In the same way, the distance between the im-
age lines can be varied according to the various imaging
resolutions.
[0039] From the practical point of view, tunable laser
diode systems can be used as tunable sources, al-
though other sources can also be employed, as will be
apparent to the skilled person. Such tunable laser di-
odes are commercially available, e.g. from SDL (U.S.
A.) and New Focus (U.S.A.).
[0040] Apparatus is used for the adjustment of the
separation of the imaged lines, through the tuning of the
sources wavelength. Said apparatus is based on a set
of light detectors and alignment masks, as shown in Fig.
8A. One such set is required for each resolution. The
mask 31 consists of a glass substrate on which a reflec-
tive layer has been deposited. The reflective layer is re-
moved over two parallel line segments, 32 and 32',
which are positioned one after the other, but with an
OFFSET. These lines have a width that is small com-
pared to the optical spot size used at the specific wave-
length. Since the laser spot has a Gaussian distribution,
a line width of the order of FWHM (full width, half max-
imum) of the spot size is acceptable.
[0041] The offset of the lines is set at the distance of
two adjacent lines at the specific resolution. The mask
is produced by photolithographic techniques, which
reach submicron accuracy. This is adequate, since the
resolution of imaging devices of this type is of the order
of 100 1/mm, corresponding to a necessary offset of 10
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µm.
[0042] A light detector, schematically shown in the fig-
ure and indicated by numeral 33, is located behind the
mask, and its electronics 34 is capable of detecting peak
signals. The mask and the detector are mounted in a
common housing which can be adjusted in rotation so
that the mask rotates in its place.
[0043] This assembly is mounted on the drum (1 of
Fig. 7), at a position accessible to the light beams, and
so that the mask is in the image plane, i.e. tangent to
the drum inner surface.
[0044] The described method is very sensitive and
can thus be used with relatively small differences in
wavelength. Typically, wavelength having a difference,
∆λ = 4 nm can be employed, as illustrative and non-lim-
itative wavelength being of the order of 633 nm.
[0045] The tuning procedure is performed as follows.
As a first step, the mask assembly is aligned with the
beam path (Step 1 in the flow charge of Fig. 9).
[0046] This is done by observing the signal seen by
the detector on an oscilloscope, as depicted in Fig. 8b.
One of the sources is operated continuously while the
rotating element 5 is rotated and the carriage 4 is moved
until the light beam crosses line 32, at which time the
carriage is stopped. If line 32 is at an angle with respect
to the beam path depicted by light spot 35 moving in the
direction of the arrow, one sees a signal which is shorter
than when alignment is obtained, and has less steep
leading and falling edges (signal (2) in Fig. 8B). If line
32 is aligned with the beam path depicted by light spot
35 moving in the direction of the arrow, one sees a quasi-
square signal (signal (1) in Fig. 8B). The mask assembly
will be adjusted in rotation to obtain the widest signal
and the steepest edges. This step is part of the machine
calibration, and is done once, at the assembly and final
testing of the machine.
[0047] The next sequence is used to actively set the
distance between the imaged lines, whenever this is
necessary. The description of the elements is made with
reference to Fig. 7. The rotating element 5 is operated
(Step 2, Fig. 9) and the first light source located in com-
bined light source assembly 7' is operated (Step 3, Fig.
9). The carriage 4 is then operated, while the signal at
the detector is monitored. The carriage 4 is moved back
and forth in a sequence (Step 4, Fig. 9) so as to detect
the maximum peak signal at the detector, on the first
mask line 32 of Fig. 8A (Step 5, Fig. 9). As the laser
beam has a Gaussian distribution, the maximum peak
signal will be observed when the light beam is centered
on the first mask line. It is known whether the line passes
through line 32 or 32', e.g. by moving the carriage in a
direction coming from the side of line 32, so that the first
signal detected corresponds to line 32.
[0048] The first light source is switched off, and the
second one is operated (Step 6, Fig. 9). The tuning
range of the second source is scanned (Step 7, Fig. 9),
so as to detect the maximum peak signal at the detector
(Step 8, Fig. 9), at the second line 32'. It is known that

the beam passes through line 32' by causing the spot
to scan the tuning range starting from the side of line
32', so that the first signal detected corresponds to line
32'. This completes the tuning procedure.
[0049] The rotating element 5 and sources 7' are then
operated according to the imaging sequence.
[0050] Fig. 10 schematically shows the operation of
the system at the block diagram level. The main control-
ler sets the wavelength of the sources according to the
imaging resolution requirement. This is done through
the wavelength tuning controller which tunes the wave-
lengths of source 1 and source 2, under monitoring of
the mask assembly. Once this procedure is performed,
the mechanical motions of the carriage and the rotating
element are operated through the motion controller. In
synchronization, the image data is sent to the data flow
controller, which sends the exposing information to
source 1 and source 2, through the screen processor
and serial-to-parallel interface.
[0051] While embodiments of the invention have been
described by way of illustration, it will be understood that
the invention can be carried out by persons skilled in the
art with many modifications, variations and adaptations,
without departing from the scope of the claims.

Claims

1. A dispersing prism (5) for use as a deflecting ele-
ment (28) in a multi-beam, multi-wavelength inter-
nal drum recording apparatus (1), comprising two
coupled transparent optical elements between
which a reflective surface (RS) is provided, said re-
flective surface (RS) being inclined at about 45 de-
grees with respect to the input beam, and wherein
the input and/or output faces (120, OF) of the prism
(5) are tilted with respect to the optical axis; char-
acterised in that the reflective surface (RS) has a
reflection coefficient close to 1.

2. A dispersing prism (5) according to claim 1, wherein
the input or output face (120, OF) of the prism (5)
has a cylindrical shape.

3. A prism assembly comprising a prism (5) according
to claim 2, which is coupled to a lens (122) having
a refractive index different from that of the dispers-
ing prism (5).

4. A prism assembly according to claim 3, wherein the
lens (122) is a cylindrical lens.

5. A prism assembly according to claim 3, wherein the
lens (122) is a wedge cylindrical lens.

6. A prism assembly comprising a prism (5) according
to claim 2 which is coupled to a wedged prism.
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Patentansprüche

1. Dispersives Prisma (5) zum Gebrauch als Ablen-
kelement (28) in einem Mehrstrahl-Mehrwellenlän-
gen-Innentrommel-Aufzeichnungsgerät (1), mit
zwei gekoppelten, transparenten optischen Ele-
menten zwischen denen eine reflektive Oberfläche
(RS) vorgesehen ist, die um ungefähr 45° gegen
den einfallenden Strahl geneigt ist, wobei die Ein-
fall- und/oder Ausfallflächen (120, OF) des Prismas
(5) in Bezug auf die optische Achse geneigt sind,
dadurch gekennzeichnet, dass die reflektive
Oberfläche (RS) einen Reflexionskoeffizienten
dicht bei 1 hat.

2. Dispersives Prisma (5) nach Anspruch 1, wobei die
Einfall- oder Ausfallfläche (120, OF) des Prismas
(5) eine zylindrische Gestalt hat.

3. Prismenanordnung, die ein Prisma (5) nach An-
spruch 2 umfasst, die an eine Linse (122) gekoppelt
ist, die einen Brechungsindex hat, der von dem des
dispersiven Prismas (5) verschieden ist.

4. Prismenanordnung nach Anspruch 3, bei der die
Linse (122) eine zylindrische Linse ist.

5. Prismenanordnung nach Anspruch 3, bei der die
Linse (122) eine keilförmige zylindrische Linse ist.

6. Prismenanordnung mit einem Prisma (5) nach An-
spruch 2, die an ein keilförmiges zylindrisches Pris-
ma angekoppelt ist.

Revendications

1. Prisme de dispersion (5) pour une utilisation com-
me élément de déviation (28) dans un appareil d'en-
registrement à tambour interne à plusieurs fais-
ceaux et plusieurs longueurs d'onde (1 ), compre-
nant deux éléments optiques transparents couplés
entre lesquels une surface de réflexion (RS) est
prévue, ladite surface de réflexion (RS) étant incli-
née d'environ 45° par rapport au faisceau d'entrée,
et dans lequel les faces d'entrée et/ou de sortie
(120, OF) du prisme (5) sont inclinées par rapport
à l'axe optique, caractérisé en ce que la surface
de réflexion (RS) possède un coefficient de ré-
flexion proche de 1.

2. Prisme de dispersion (5) selon la revendication 1,
dans lequel la face d'entrée ou de sortie (120, OF)
du prisme (5) présente une forme cylindrique.

3. Ensemble de prisme comprenant un prisme (5) se-
lon la revendication 2, couplé à une lentille (122)
possédant un indice de réfraction différent de celui

du prisme de dispersion (5).

4. Ensemble de prisme selon la revendication 3, dans
lequel la lentille (122) est une lentille cylindrique.

5. Ensemble de prisme selon la revendication 3, dans
lequel la lentille (122) est une lentille cylindrique en
coin.

6. Ensemble de prisme comprenant un prisme (5) se-
lon la revendication 2, couplé à un prisme en coin.
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