
EP 0 299 964 B1 Description BAGKGROUND OF THE INVENTION 5   Technical Field
This invention relates to scanners for creating successive sweeps of a spot
of electromagnetic radiation along the same linear scan path at high
frequency. Either the target at which the beam is directed is moved in a
direction perpendicular to the linear scan path or the scanned beam is
moved in such perpendicular direction, 10  in order to create a raster.
Background Art Scanners may be used to write, in which case information is
imposed on the beam usually prior to the cre- 15  ation of the successive
sweeps of the beam. Scanners may also be used for reading, in which case
the beam impinging on the target has a constant intensity and the light
reflected or transmitted by the target being read is monitored to create a
signal representative of the information on the scanned target. Rotating
scanners are known which include a device including a plurality of planar
mirrors disposed uniformlyaround a cylinder. The planes of the mirrors are
parallel to the axis of the cylinder and the radii through 20  the centers
of the mirrors are at uniform angular spacings around the axis. A motor
rotates the device at high speed. A stationary beam of light is directed at
the device which reflects the incident beam and creates suo- cessive sweeps
of the light beam each along the same linear path. Such a mirror-containing
device has been termed a polygon. In US-A-4 176 907 a correction of the
shape of a beam, reflected by a polygon, is achieved by means of prisms. 25
Scanners are also known in which a diffractive device is used instead of
the reflective device for deflecting the beam. Such a diffractive device
may include a disc of light-transmissive or reflective material on which
are created a plurality of identical facets. Each facet contains a
diffraction grating. The lines of the grating may be perpendicular to a
radius bisecting the facet or they may be parallel to such a radius. The
two types are termed "tangential" and "radial", respectively. The discs
bearing the diffractive facets have come to be termed holo- 30  gons. It is
known that in order to have high resolution of reading or writing
information on the target, the effective portion of the beam should have a
very small cross-sectional area upon impingement on the target. A focussing
lens may be placed between the rotating scanning device and the target in
order to focus the beam to a spot of the required small area. It is known
that the effective diameter of the spot is inversely proportional to the 35
diameter of the beam incident on the rotating device, i.e., the polygon or
the hologon, hence a small spot requires a large beam on the rotating
device. The beam is only useful for reading or writing an image when it is
wholly on a single facet of the hologon. When the beam is incident on two
facets, two diffracted beams are created and each one is truncated thereby
distorting the spots created on the target by these two beams. Also, one
diffracted beam sweeps the end portion 40  of a line and the other sweeps
the beginning portion of a new line. At such times the system is not useful
if writing an image because the same information would be written in two
locations. If the system is reading an image, different information,
gathered from different locations, would be read simultaneously. The duty
cycle of a scanning system is defined as the ratio of active scan time to
total scan time. Active scan time is defined as the time during which the
beam lies wholly within one facet of the hologon. Total scan time is the
time for 45  the beam to pass a similar point on each of two successive
facets. When designing scanning apparatus, a rela- tively small active scan
time can be compensated for by increasing the data rate. However, such
increase has its price and its limit. Evidently, the duty cycle of a
hologon increases as the chordal dimension of the beam, where it is
incident on the hologon, decreases. Thus, a high duty cycle practically
requires a small chordal dimension of the beam at the hologon whereas high
resolution requires that the beam have a large diameter 50  at the hologon.
There is often a desire to further increase the speed of writing or
reading. Thus, whether or not there is freedom to increase the information
density, there is a desire to increase the number of scan lines produced in
unit time. The number of scan lines produced in unit time is equal to the
number of facets passed through the beam in unit time. Such number of scan
lines is the product of the rotational speed of the hologon and the 55
number of facets on the hologon. Thus, the reading orwriting speed can be
increased by Increasing the number 



offacets on the hologon and by increasing the rotational speed of the
hologon. Each mannerof achieving higher speed has its problems. The
stresses on the hologon increase with increasing speed and the power needed
to drive the hologon increases rapidly with speed unless the undesirable
step of putting a vacuum around the 2    EP 0 299 964 B1 hologon is taken.
If the number of facets is increased while keeping the hologon diameter and
the beam shape constant, the complexity of making the hologon increases and
the duty cycle decreases. In order to maintain the same duty cycle with an
increased number of facets, the hologon diameter must be increased but such
diameter increase greatly increases the stresses on the hologon and the
power needed for the hologon drive. 5   It is known that the power needed
to drive a disc goes up approximately as the fifth power of the radius. The
chordal dimension of the beam where incident on the hologon could be
reduced in order to maintain the duty cycle but this would tend to
adversely affect resolution of the system because the light distribution in
the spot on the target is adversely affected. The shape and orientation of
the light spot on the target is also important. As stated above, for high
resol- 10  ution it must be small. However, it is advantageous that its
cross-sectional shape be non-circular, it being larger in a direction
transverse to the scan direction than it is in the scan direction. This is
because the act of reading or writing one pixel of information is not
instantaneous - it takes finite time. In that time the spot travels a
finite distance. Thus, to read or write a circular pixel with high
resolution the spot should be narrower in the direction of travel than it
is in the direction transverse thereto. 15     Thus, it will be recognized
that in creating a scanning apparatus there are many interrelated factors
which have to be considered, for example, reading or writing speed, speed
capability of the electronics in the read or write circuit, resolution,
motor power, hologon cost, whether to put the hologon in a vacuum, and duty
cycle. Many of these make conflicting demands on the shape and area of the
beam. It is an object of the present invention to provide a scanning
apparatus with high resolution, high speed 20  and acceptable motor power
requirements. DISCLOSURE OF THE INVENTION According to the present
invention as claimed, a scanning apparatus for providing a substantially
straight 25  line scan of a radiation spot with a selected shape and
orientation, includes a source of radiation with a wavelength [err] and a
radial hologon mounted for rotation about an axis. The hologon has at least
one pattern of parallel grating lines with pitch d. Also, it includes means
for forming radiation from the source into a colli- mated beam having an
oblong cross-sectional shape and fordirecting the bean onto the hologon at
a predeter- mined incident angle and with the long axis of the oblong
cross-sectional shape of the beam being radial of 30  the axis of rotation
of the hologon. A target station receives the scanned beam. Lens means
between the holo- gon and the target station focusses the beam to aspot at
the target station. Prismatic means between the holo- gon and the lens
means so modifies the cross-sectional shape of the beam that the spot at
the target station has the selected shape and orientation. The wavelength
of the radiation and the grating factor [err] (wherein n is the grating
order number) of the hologon are selected to produce a bow in the scanned
beam incident on the prismatic means approximately equal and opposite to
the bowing tendency imposed by the pris- matic means on the scanned beam
whereby the scan line at the imaging station is substantially straight 40
Preferably, the source of radiation produces coherent light and may be a
laser diode. However, the source of radiation might be incoherent, for
example, a tungsten source, and in such cases means would be provided to
render the light substantially coherent. Such means might take the form of
a narrow bend filter and a pinhole onto which light from the tungsten
source is focussed after passage through the filter. Such a scanning
apparatus is advantageous because the prismatic means enables the beam
cross-sectional 45  shape to be expanded in the direction perpendicular to
the scan direction. Such an ability allows the use of a beam
cross-sectional shape at the hologon which is long in a direction radially
of the hologon and narrow In the chordal direction. The ability to narrow
the beam shape in the chordal direction allows an increase in the 



duty cycle without increasing the motor speed and power whereby the reading
or writing speed may be increased without having to resort to higher speed
electronics in the writing or reading circuit The high duty 50  cycle is
achieved without reducing the number of facets and without increasing the
diameter of the hologon. Because the chordal dimension of the beam can be
reduced independently of the radial dimension, the cross- sectional area of
the beam at the hologon need not be reduced in a manner which would
adversely affect the distribution of the energy in the spot at the target.
55   BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic representation
of a side elevation of scanning apparatus, in accordance with the pre- sent
invention, for writing information on film; 3    EP 0 299 964 B1 Fig. 2 is
a schematic perspective view of a laser diode included in the apparatus
illustrated in Fig. 1 with the beam produced by the diode represented; Fig.
3 illustrates prismatic means included in the apparatus illustrated in Fig.
1; Fig. 4 illustrates a radial hologon included in the apparatus
illustrated in Fig. 1; 5      Fig. 5 illustrates further prismatic means
and a portion of the hologon included in the apparatus, and the ray path
through the hologon and the further prismatic means; Figs. 6a, b, c, and d
represent the cross-sectional shape and orientation of the beam at various
locations in the apparatus illustrated in Fig. 1; Fig. 7 represents the
diffraction caused by the hologon, and a portion of the path of the
scanning line. 10 BEST MODE OF CARRYING OUT THE INVENTION In order to
assist the understanding of the ensuing description, orthogonal X, Y and Z
axes are oriented as shown in Fig. 1. Thus, the plane of Fig. I is in the
XY plane. The overall direction of the light beam is in the 15  Y
direction. An indication of the orientation of the X, Y. Z axes is included
in most of the figures of the drawings to aid in the understanding of the
orientation of the components illustrated in each figure. The scanning
apparatus 20 illustrated in Fig. 1 includes a rigid base 22, extensive in
the Y direction and having its surface parallel to the YZ plane, on which
all of the optical components are mounted so that unwanted relative motion
of the components is avoided. 20      The apparatus 20 includes a source of
coherent radiation, in this embodiment, infrared light. In this embo-
diment the source is a laser diode 24, carried by a mount 26. Vernier
adjustment devices 28 enable the incli- nation of the axis 30 of the output
beam 29 to the Y axis to be adjusted (see Fig. 2). The diode 24 is so
mounted as to direct its output beam 29 to the left, as seen in Fig. 1, in
the Y direction. Modulating means are provided for modulating the output of
the laser diode 24 in accordance with infor- 25  mation contained in a
stream of electronic signals. Such modulating means are well known and are
neither illus- trated in the accompanying drawings nor described further
herein. The cross-sectional shapes and angles of divergence in orthogonal
directions of the beams emitted by dif- ferent laser diodes vary. In the
present embodiment, the diode 24 produces a divergent beam 29 (see Fig. 2)
which has an elliptical cross-section, the dimension in the Z direction
being greater than that in the X direction. 30  The beam 29 is incident on
a collimating lens system 32 which is carried by a mount 34 extending from
the base 22. The lens system 32 collimates the light beam but does not
alter its cross-sectional shape. Thus, the beam leaving the lens system has
at, for example,XZ plane 6a in Fig. 1, a cross-sectional shape as
illustrated in Fig. 6a. The ratio of the major and minor axes of the
cross-sectional shape of the beam at 6a is not as great as is 35   desired
for the beam when incident on the hologon. In other embodiments the beam
might have the desired shape; however, in the present embodiment it does
not. Therefore, anamorphic beam expansion means, in the present example,
prismatic means 36, are disposed in the path of the beam after the
collimating lens system 32. The prismatic means 36 are supported from the
base 22 by a mount 38. In the present embodiment, the 



prismatic means 36 includes two prisms (see also Fig. 3) disposed with the
apexes 41,43 of their wedge angles 40  parallel to theX axis. In this
disposition the prisms refractonly in theYZ plane. The prisms 40,42 are so
disposed as to enlarge the dimension of the beam in the Z direction and to
transmit it onwards parallel to the incident beam, i.e. in the Y direction,
as can be seen in Fig. 3. An advantage of having two prisms instead of one
is that the desired anamorphic beam expansion can be achieved with the
output beam substantially parallel to the incident beam. 45      The
collimating lens system 32 and the anamorphic beam expansion means together
form means forform- ing light from the source into a collimated beam having
an oblong cross-sectional shape. Instead of prismatic means, a cylindrical
lens system could be used as the anamorphic beam expansion means. The beam
emerging from the prismatic means 36 has (at plane 6b in Fig. 1) a
cross-sectional shape as 50  seen in Fig. 6b. The dimension in the X
direction is the same as that of the beam incident on the prismatic means
36 but the dimension in the Z direction has been increased. The beam is
next incident on a diffraction grating 44 supported by a mount 46 extending
from the base 22. The plane of the diffraction grating is parallel to the
plane of the hologon to be described. The grating lines are parallel to the
Z axis. The diffraction grating 44 has the same characteristics as those of
each facet of the holo- 55  gon. The purpose of the diffraction grating
will be described below. An effect of the grating 44 on the beam is to fold
it with its axis remaining in the XY plane. The cross-sectional shape of
the beam after diffraction by the grating remains as shown in Fig. 6b. The
beam is next incident on a hologon 48 carried by the shaft 50 of a motor
52. The motor 52 is supported 4    EP 0 299 964 B1 from the base 22 by a
support (not shown). The effect of the hologon on the beam will be
described in detail below. It will suffice, at present, to say that the
hologon diffracts the beam so that it again travels with a major vector
component in the Y direction but when the hologon is rotated it causes the
beam to scan, i.e., it gives it a sweeping component in the Z direction. 5
The beam is next incidenton second prismatic means 54, which is supported
from the base 22 by a support (not shown). The support for the prisms 56,
58 is described in detail in U.S. Patent Application Serial No. 848,427
filed on April 4, 1986 in the name of Richard Alan Stark and published as
wo 87/06 015. Reference is directed to that application for an
understanding of the mount. The prismatic means 54 includes, in the present
embodiment, two prisms 56,58 (see Fig. 5) disposed with the apexes (57, 59)
of their wedge angles parallel to 10  the Z axis. The prisms 56, 58 are so
disposed as to increase the dimension of the beam in the X direction. They
do not affect the dimension in the Z direction, but the ratio of the
dimensions is changed. The beam, after leaving the prism 58, has a shape
(at XZ plane 6c) as illustrated in fig. 6c and is directed generally
parallel to the Y axis. Advantages of two prisms instead of one are that
greater magnification can be obtained and the output beam may be parallel
to the incident beam which would not be the case with one prism. However,
embo- 15  diments of the present invention may be constructed in which the
prismatic means downstream of the hologon consists of a single prism or
more than two prisms. The scanning beam is incident upon a lens means 60
which serves to focus it onto a target in a plane 62 at a target station 64
which is mounted on the base 22. The beam impinges on the target in the
form of a spot having a shape as illustrated in Fig. 6d in which the major
dimension is now oriented parallel to the X axis. The 20  reversal of the
relative magnitudes of the dimensions in the X and Z directions is caused
by the focussing lens 60. The form of the target is not material to an
understanding of the present invention. For example, it may be of sheet or
continuous web form or a photosensitive drum. It is sensitive to the energy
in the radiation from the laser so that some form of image is formed on it.
The image may be, for example, electrostatic or exposed silver halide. In
this embodiment, the light-sensitive material is moved in the X direction,
i.e., perpendicular to the 25  scan direction (the Z direction) at a
controlled rate to create a raster pattern. In other embodiments, the
target material is kept stationary and the beam is deflected also in the
direction perpendicular to the scan direction, 



as, for example, by a mirror whose inclination to the incident beam is
changed in known manner. It is known that when the current to laser diode
is varied in order to modulate the output of the diode, the wavelength of
its emitted radiation varies. If the incident angle of the beam on the
hologon 48 is constant, vari- 30  ations in the wavelength will cause
variations in the angle of the diffracted beam. This causes artifacts in an
image being written by the beam. The diffraction grating 44 upstream of the
hologon reduces the undesirable effects of wavelength changes. In essence,
when the wavelength changes, the grating 44 causes the angle of incidence
on the hologon 48 to change such that with the changed wavelength the
diffracted angle remains constant 35     The above description is intended
to give a general understanding of the apparatus. The ensuing descrip- tion
will go into greater detail. The hologon 48 is a multi-facet hologon, as
may be seen in Fig. 4. In the present example, there are sigh- teen
identical facets 66. Each facet 66 contains a diffraction grating 68. The
lines of the grating in each facet are parallel to the radius which bisects
the facet. While some grating pattern lines are shown in Fig. 4, it will 40
be recognized that they are both incomplete and merely representative. The
actual number of lines per mm is 2162 in the present embodiment wherein the
wavelength of the electromagnetic radiation emitted by the laser diode is
0.830 x [err] mm. The diffraction gratings 68 are formed in a photographic
layer 70, formerly photosen- sitive, carried by a transparent glass support
72 (see Fig. 5). A broken line ellipse 74 represents the shape and
orientation of the beam as it is incident on the hologon 45  48. It will be
observed that the beam is incident substantially contiguous with the
periphery of the disk. This maximizes the duty cycle because the ratio of
the chordal dimension of the facet measured through the ellipse 74 to the
dimension of the ellipse in the same chordal sense, is a maximum if the
ellipse is as radially far out as possible. The ellipse 74 is shown in the
middle of a facet 66 and in this disposition its major axis is parallel to
the 50  grating lines in the facet. In this disposition, the diffracted
beam is parallel to the Y axis and has no component in the Z axis. As the
hologon 48 rotates, from the position illustrated in Fig. 4, the grating
lines become prog- ressively inclined to the major axis of the ellipse.
This progressive inclination causes the diffracted beam to have a
progressively increasing component in the Z direction. Assuming that the
beam is incident on the holo- gon behind the shaft 50 (as seen in Fig. 1)
and the hologon is rotated clockwise as seen in Fig. 4 and as looked 55
down upon from above in Fig. 1, the beam will have a Z axis component
directed into the plane of the paper bearing Fig. 1. As the hologon
continues to rotate, that Z axis component will increase. Eventually, a
portion of the beam will be incident on the next adjacent facet and that
portion of the beam will be diffracted with a maximum Z axis component
directed out of the paper bearing Fig. 1 and, at the same time, the portion
of the    EP 0 299 964 B1 beam still on the previous facet has a maximum
component in the Z direction into the paper. Continued rotation of the
hologon causes the portion of the beam on the previous facet to diminish to
zero. Such continued rotation also causes the Z axis component out of the
paper to diminish eventually to zero (i.e., by the time the beam is again
on the center of the facet) and subsequently to become a progressively
increasing Z axis component 5   into the paper. Thus, the beam downstream
of the hologon repetitively scans as successive facets intercept it. There
is no flyback, as there is in television scanning, but there is a time when
there are two output beams from the hologon. The apparatus, when used for
image creation, is not useful for writing during the time when there are
two beams coming from the hologon and because of this, signaling means are
provided for signaling the start and, possibly, the finish of the useful
portion of each scan line. These signaling means are well known 10  and are
not illustrated or described in detail herein. Suffice it to say that they
include two sensors positioned to be impinged upon by the scanning beam
just after the first beam has ceased and just before the second beam starts
again, respectively. The start sensor signals the laser modulating
circuitry to initiate modulation of the laser diode output and, if
provided, the finish sensor could cause cessation of the modulation of the
laser diode output During the time the diode is not modulated the incoming
information is temporarily stored, if the 15  information is being supplied
continuously in real time. If the information is being drawn from memory
then it 



is drawn from memory only during the scanning of the useful portion of each
scan line. The beam leaving the hologon has a cross-sectional area much
largerthan that desired forthe spot of light impinging on the target The
lens system 60 reduces the area of the beam to its desired value on the
target and maintains focus of the spot on the planar target as the spot
scans. It is commonly called a [err] lens. Such a 20  lens system is known
and further description will not be given herein. While the desired
cross-sectional area of the beam on the target can be achieved by
appropriate selection of the [err] lens system 60, its shape cannot.
Therefore, the prismatic means 54 is included to perform the desired change
of XZ dimension ratio on the beam before it enters the lens system. It must
be recognized that the lens means 60, in effect, transposes the X.Z
dimension ratio of the beam. For example, an XZ dimension ratio 25  of 1:2
of the beam entering the lens system would appear as an XZ dimension ratio
of 2:1 at the target. Thus, if one wishes to increase the X Z dimension
ratio at the target, one decreases the XZ dimension ratio between the
hologon 48 and the lens system 60. As an example, it is desired to have an
X:Z dimension ratio of the spot on the target of 1.4:1 (Fig. 6d). Thus, the
X:Z dimension ratio at plane 6c, i.e. the input to the lens system, should
be 1:1.4. However, the X:Z dimen- 30  sion ratio of the beam leaving the
hologon is 1:4 in order to maximize the duty cycle. The prismatic means 54
changes the beam ratio from 1:4 to 1:1 A which is achieved by an expansion
in the X direction. Thus, the pris- matic means 54 performs an advantageous
role in achieving the desired shape of the spot on the target 64. Without
it there would have to be a compromise between optimizing spot shape on the
target and optimizing duty cycle of the hologon. However, the prismatic
means 54 has an undesirable effect in that it creates an X 35  component in
the beam which is dependent upon the instantaneous angular displacement of
the beam axis from the Y axis. in other words, the prismatic means tends to
put a bow in the path of the spot on the target. Such bow is undesirable if
the apparatus is writing an image and the information in each scan line is
information drawn from a straight line in the original. The effect is
deemed retrogressive and undesirable because it is poss- ible to design a
system in which the beam from the hologon scans a substantially straight
line. 40     According to the present invention as claimed, the beam
leaving the hologon is intentionally bowed in a sense opposite to the bow
created by the prismatic means and, so far as is possible, with a magnitude
equal to the bow created by the prismatic means so that the path of the
spot is as straight as possible. In order to understand how the path of the
scanning line downstream of the hologon may have a desired bow, reference
is now made to Fig. 7 which represents the diffraction caused by the
hologon, and the path of 45  the scanning line. Because the plane of the
hologon is inclined to the XZ plane, a different system of orthogonal axes
is established for this analysis. A, B and C are orthogonal axes. The
hologon lies in the AB plane. 50     The input beam 80 lies in the AC plane
and is inclined at angle [err] to the C axis. y is the incident angle.
[err] is the instantaneous angle of rotation of the hologon from a
condition in which the input beam is incident and centered upon a radius
bisecting the facet. 82 is the axis oftheoutput beam when* = 0 and it is in
the AC plane. It is termed the reference axis following the hologon and
corresponds to mid-scan location of the beam. It is inclined at angle [err]
to the C axis. 55     A' and B' are orthogonal to C'; B' being parallel to
B. 84 is the axis of the instantaneous output beam. It is inclined at [err]
to the A'C' plane and at [err] to the C'B' plane. Os is termed the in-track
scan angle. 6    EP 0 299 964 B1 [err] is termed the cross-track angle, and
defines the instantaneous displacement of the spot on the target from a
straight line scan. Thus, [err] is a measure of the bow of the spot path.
86 is the scan trajectory and is the path actually followed by the spot. 



The two scan components [err] and [err] shown in Figure 7 are described by
the expressions 5 [err] n is the grating order number (the first
diffraction order is used, therefore n = +1) 35 [err] is the wavelength of
the radiation emitted by the diode d is the pitch of the diffraction
grating It is known that for minimum sensitivity of the system to wobble of
the hologon, the angles [err] and [err] should be equal. Therefore, the
textbook grating relationship [err] becomes 45 [err] so and hence [err] 55
By introducing this condition for minimum wobble sensitivity into the
general scan trajectory equation. above, it is found that the two scan
components [err] and [err] can be expressed as functions only of the
grating factor G and the hologon rotation angle [err] because 7    EP 0 299
964 B1 [err] 15 The above analysis shows that a desired trajectory of the
output beam can be approximated to by an appropriate choice of the grating
factor G which, essentially, means by an appropriate choice of [err]  As
the range of radiation sources available is limited, practically, the
selection of an appropriate grating factor comes down 20  to a selection of
the appropriate grating pitch. Standard optical analyses may be used for
designing the prisms needed to create the desired spot shape from the shape
of the beam at the hologon. The bow created by the prismatic means is
determined and the value of [err] necessary to create a compensating bow is
then determined. Thus, a laser diode with a known 25 wavelength having been
selected, the grating pitch d is defined and a hologon is made with that
pitch d. With the grating factor G having been now determined the incident
and diffracted angles are calculated from [err] and the system is set up
with this value of incident and diffracted angle at the hologon. In one
specific embodiment of the present invention there are the following values
for the various par- 35 ameters: Hologon Number of facets            18 40
grating pitch               0.4624 [err] beam input (and output) angle
63.82 diameter                   10.4 cms. 45 50 55 8    



EP 0 299 964 B1 Prism 56 refractive  index
1.7098 apex angle                                   [err] incident angle at
mid scan                   59 14' Prism 58 10                 refractive
index                             1.7098 apex angle
30 incident angle at mid scan                   [err] 14' 15 aspect ratio
of beam on the hologon   4:1 shape of spot on the target
elliptical (1:1:4) 20 Mid scan is when the beam is output from the hologon
with no component in a plane containing the axis of rotation of the hologon
and the point of incidence of the beam on the hologon. Itwill be recognized
that the prismatic means between the hologon and the [err]  lens would
provide the same beam shaping role if they were rotated, as a unit, through
[err] about an axis parallel to the Y axis. However, 25 in this case the
bow created by the prismatic means would be in the opposite sense. Thus, to
counteract that bow the hologon would be so designed as to create a bow in
the opposite sense. The pitch of the diffraction grating would be different
and the incidence angle of the beam in the hologon would be different. In
the embodiment specifically described above, the two prisms 56 and 58 are
identical. Embodiments may be constructed in which the prisms are not
identical. 30     In the above description, mention has been made of the
shape and size of the spot on the target. Those skilled in the art know
that the intensity profile of the light energy in the beam where incident
on the hologon is gaussian. Also, if it is assured that there is no
significant truncation of the beam, then the spot on the target also has a
gaussian profile. The desired size of the spot may vary for different
purposes. If beam expanding prismatic means are inserted between a
tangential hologon and a [err] lens, beam expansion may be achieved 35  but
it is at the costof deflection sensitivity. In otherwords,
angularmagnification is the inverse of beam expan- sion. Reduced deflection
sensitivity would require a longer focal length fO lens to achieve a
desired length of scan line. If the same spot diameter on the target is to
be achieved, a larger beam diameter at the hologon would be required. This
negates the advantage of the prismatic means between the hologon and the
[err] lens. Beam shaping along the path of the beam to optimize performance
while not achievable with a tangential holo- 40 gon is achievable with a
radial hologon. While in the embodiments specifically described above the
light source is coherent, it is to be understood that in either embodiments
of the invention wherein a less stringent performance is acceptable, the
source need not be as coherent as a laser diode. for example, light from a
tungsten source passed through a narrow band filter and focussed through a
pinhole whereby substantially coherent light is created, would be
acceptable. 45 INDUSTRIAL APPLICABILITY Amongst the industrial uses for
scanning apparatus in accordance with the present invention is in a device
for writing images or photosensitive material, e.g. photographic film. The
image is supplied to the scanning so apparatus as a stream of electronic
information. Claims 55      1. Scanning apparatus for providing a
substantially straight line scan of a radiation spot with a selected oblong
shape and orientation comprising: a source (24) of radiation having a
wavelength [err]; a radial hologon (48) mounted forrotation about an axis
and having at least one pattern of parallel grating 9   



EP 0 299964 B1 Prism 56 refractive  index                            1.7098
apex  angle                                  [err] 5 incident  angle at mid
scan                  [err] 14' Prism 58 10                  refractive
index                            1.7098 apex  angle
[err] incident angle  at mid scan                  [err] 14' 15 aspect
ratio of beam on the hologon   4:1 shape of spot on the target
elliptical (1:1:4) 20 Mid scan is when the beam is output from the hologon
with no component in a plane containing the axis of rotation of the hologon
and the point of incidence of the beam on the hologon. It will be
recognized that the prismatic means between the hologon and the [err] lens
would provide the same beam shaping role if they were rotated, as a unit,
through 180 about an axis parallel to the Y axis. However, 25 in this case
the bow created by the prismatic means would be in the opposite sense.
Thus, to counteract that bow the hologon would be so designed as to create
a bow in the opposite sense. The pitch of the diffraction grating would be
different and the incidence angle of the beam in the hologon would be
different. In the embodiment specifically described above, the two prisms
56 and 58 are identical. Embodiments may be constructed in which the prisms
are not identical. 30     In the above description, mention has been made
of the shape and size of the spot on the target. Those skilled in the art
know that the intensity profile of the light energy in the beam where
incident on the hologon is gaussian. Also, if it is assured that there is
no significant truncation of the beam, then the spot on the target also has
a gaussian profile. The desired size of the spot may vary for different
purposes. If beam expanding prismatic means are inserted between a
tangential hologon and a [err] lens, beam expansion may be achieved 35 but
it is at the cost of deflection sensitivity. In other words, angular
magnification is the inverse of beam expan- sion. Reduced deflection
sensitivity would require a longer focal length [err] lens to achieve a
desired length of scan line. If the same spot diameter on the target is to
be achieved, a larger beam diameter at the hologon would be required. This
negates the advantage of the prismatic means between the hologon and the
[err] lens. Beam shaping along the path of the beam to optimize performance
while not achievable with a tangential holo- 40 gon is achievable with a
radial hologon. While in the embodiments specifically described above the
light source is coherent, it is to be understood that in eitherembodiments
of the invention wherein a less stringent performance is acceptable, the
source need not be as coherent as a laser diode. for example, light from a
tungsten source passed through a narrow band filter and focussed through a
pinhole whereby substantially coherent light is created, would be
acceptable. 45 INDUSTRIAL APPLICABILITY Amongst the industrial uses for
scanning apparatus in accordance with the present invention is in a device
for writing images or photosensitive material, e.g. photographic film. The
image is supplied to the scanning 50   apparatus as a stream of electronic
information. Claims 55      1. Scanning apparatus for providing a
substantially straight line scan of a radiation spot with a selected oblong
shape and orientation comprising: a source (24) of radiation having a
wavelength [err]; a radial hologon (48) mounted for rotation about an axis
and having atleastone pattemof parallel grating 9 



EP 0 299 964 B1 lines with a pitch d; means (36) for forming radiation from
said source into a collimated beam having an oblong cross-sec- tional shape
and for directing said beam onto the hologon at a predetermined incident
angle and with the long axis of the oblong cross-sectional shape of the
beam, where incident on the hologon, being radial of the axis 5   of
rotation of the hologon; a target station (64) for receiving the scanned
beam and; lens means (60) between the hologon and the target station
forfocusing the beam to a spot at the target station characterized by;
prismatic means (54) between the hologon (48) and the lens means (60) for
so modifying the cross-sec- 10 tional shape of the beam that the spot at
the target station has the selected oblong shape and orientation; and the
wavelength of the radiation and the grating factor 15
[err] (wherein n is the grating order number) of the hologon being selected
to produce a bow in the scanned beam between the hologon and the prismatic
means approximately equal and opposite to the bowing tendency imposed by
the prismatic means on the scanned beam whereby the scan line at the
imaging station is sub- 20 stantially straight. 2. Scanning apparatus as
claimed in claim 1, characterized in that the source of radiation produces
cohe- rent light and is a laser diode. 3. Scanning apparatus as claimed in
claim 1, characterized in that the source of radiation produces incohe-
rent light and means are provided for rendering light from the source
substantially coherent. 25     4. Scanning apparatus as claimed in claim 3,
characterized in that said means for rendering light from the source
substantially coherent includes a narrow band filter, a pinhole and means
for focusing light passed by the filter onto the pinhole. 5. Scanning
apparatus as claimed in claim 1, 2, 3, or 4, characterized in that said
means for forming light from said source into a collimated beam having an
oblong cross-sectional shape includes a collimating lens 30 system (32). 6.
Scanning apparatus as claimed in claim 1, 2, 3 or 4, characterized in that
said means for forming light from said source into a collimated beam having
an oblong cross-sectional shape includes an anamorphic sys- tem (36). 7.
Scanning apparatus as claimed in claim 6, characterized in that said
anamorphic system includes pris- 35  matic means (36). 8. Scanning
apparatus as claimed in claim 7, characterized in that said prismatic means
(36) included in said anamorphic system includes two prisms (40,42) so
disposed that the output beam is parallel to the input beam and the output
beam has a predetermined oblong cross-sectional shape. 9. Scanning
apparatus as claimed in claim 1, 2,3 or4, characterized in thatthe angles
of the beam incident 40  upon and diffracted by the hologon, to the
hologon, are substantially the same. 10. Scanning apparatus as claimed in
claim 1, 2, 3 or 4, characterized in that said prismatic means (54) between
the hologon (48) and the said lens means (60) includes two prisms (56,58)
so disposed that the beam passes through the prisms is succession. 11.
Scanning apparatus as claimed in claim 10, characterized in that the source
of coherent light emits at 45  a wavelength of 830 nm; the frequency of the
grating lines in each facet of the hologon is 2162 lines per mm; the
incident and diffracted angles of the beam at the hologon are equal; each
of said two prisms encountered by said beam having a first face at which
the beam enters the res- pective prism and a second face at which it leaves
the prism, each said first face being disposed at an angle so of [err] 14'
to the incident beam when the beam is output from the hologon with no
component in a plane con- taining the axis of rotation of the hologon and
the point of incidence of the beam on the hologon; and 



the apex angles of said first and second prisms being [err]. 55
Patentanspriche 1. Abtastvorrichtung, die einen Strahlungspunrit mit einer
ausgewihiten lAnglichen Form und Ausrichtung im wesentlichen geradlinig
abtastet und die 10    EEP 0299 964 B1 eine Strahlenquelle (24) mit einr
Wellenlinge A umfalt, ainen radialen Strahlenbeuger (48), der um line Achse
drehbar ist und mindestensein Muster aus paral- lelen Rasteriinien mit
elner Teilung d besitzt, sine Einrichtung (36), die die Strahlen dir Quelle
in einen koilimierten Strahl mit einer im Querschnitt 5   langlichen Form
umwandelt und den Strahl in einem vorbestimmten Einfallswinkel auf den
Strahienbeuger lenkt, wobei die Langsachse des im Querschnitt finglichen
Strahis bei dessen Auftreffen auf den Strahlenbeu- ger radial zur Drehachse
des Strahlenbeugers veriauft, eine Dielstation (64), die den abgetasteten
Strahl empfingt, und line Unse (60), die zwischen dem Strahlenbeugerund
derZieistation angeordnet ist und den Strahl auf 10  eonen Punkt an
derZielstation fokussiert, dadurch gekennzeichnet, daB zwischen dem
Strahlenbeuger (48) und der Linse (60) ein Prisms (54) vorgesehon lst, das
don Quer- schnftt des Strahis so verindert, daB der Punkt an der
Zielstation die ausgewihite lingliche Form und Aus- richtung hat und daB
die Wellenlinge der Strahlen und der Rasterfaktor ro- (n ist dabei die
Ordnungszahl des Rasters) des Strahlenbeugers so gewihitsind, dalB in
demAbtastatrahl zwischen dem Strahlenbeugerund dem Pnsma sine Kriimmung
erzeugt wird, die etwa der beim Abtaststrahl durch das Prisma
hervorgenifenen Krimmung gleich und dieser entgegengesetzt ist, wodurch die
Abtastlinie an der Zieistation im wesentlichen geradlinig veriauft. 2.
Abtastvonrichtung nach Anspruch 1, dadurch gekennzeichnet, daB die
Strahlenquelle koharentes Licht 20  erzeugt und sine Laserdiode lst. 3.
Abtastvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB die
Strahlenquelle inkohirentes Licht erzeugt und daB Mittel vorgesehen sind,
die das von der Strahlenquelle abgegebene Licht im wesentlichen koharent
machen. 4. Abtastvorrichtung nach Anspruch 3, dadurch gekennzeichnit, daB
die Mittel, die das von der Strahlen- 25  quelle abgeqebene Licht im
wesentlichen kohirent machen, sin Schmalbandfilter, sine Lochblende und
sine Einrichtung umfassen, die das vom Filter durchgelassene Licht auf die
Lochblende fokussiert. S. Abtastvonichtung nach Anspruch 1, 2i 3 oder 4,
dadurch gekennzeichnet, daB die Mittel, die das von der Strahlenquelle
abgegebene Licht in einen kollimierten Strahl mit linglichem Querschnitt
umwandeln, sine Kollimatorlinse (32) umfassen. 30      6. Abtastvonichtung
nach Anspruch 1, 2, 3 oder 4, dadurch gekennzeichnet, daB die Mittel, die
das von der Strahlenquelle abgegebene Uicht in einen koltlmierten Strahl
mit langlichem Querschnitt umwandeln, sin anamorphes System (36) umfassen.
7. Abtastvorrichtung nach Anspruch 6, dadurch gekennzeichnet, daB das
anamorphe System sin Prisms (36) besitzt. ss      8. Ablastvorrichtung nach
Anspruch 7, dadurch gekennzeichnet, daB des in anamorphen System enthal-
tene Prisma (36) zwei Prismen (40,42) umfat, die so angeordnetsind, daB der
Ausgangsstrahl parallel zum Eingangsstrahl veulauft und der Ausgangsstrahl
einen vorbestimmten linglichen Querschnitt hat. 9. Abtastvorrichtung nach
Anspruch 1 2, 3 oder 4, dadurch gekennzeichnet, daB% die Winkel des auf den
Strahlenbauger aultreffenden und vom Strahlenbeuger gebeugten Strahis im
wesendichen glisch sind. o0      10. Abtastvonrichtung nach Ahspruch 1, 2,
3 oder 4, dadurch gekennzeichnet, daB das Prisma (54) zwi- schen dem
Strahlenbeuger (48) und der Unse (60) zwei Prismen (56, 58) umrfalt, die so
angeordnet sind, daB der Strahl nacheinander durch die Prismen fillt. I1.
Abtastvorrichtung nach Anspruch 10, dadurch gekennzeichnit, daB 



die Quells koharenten Lichts Licht mit einer Wellenlange von 830 nm
abstrahit, 45        die Frequenz der Rasterlinien in jeder Facette des
Uchtbeugers 2162 Unien pro mm betigt, die Winkel des auf den Strahlenbeuger
auftreffenden und von diesem gebeugten Strah glebch sind, jedes der beiden
Prismen, auf die der Strahl auftrifft sine erste Flache besitzt, durch die
der Strahl in dasjeweilige Prisms eintritt, und sine zweite Flachs, durch
die derStrahl austrfl wobeijeweils die erste Flache in sinem Winkel von 590
141 zum auftreffenden Strahl verlauft wenn der Strahl aus dem
Strahlenbeuger ohne 5o  Teilstrahl in einer Ebene austritt, in derdie
Drehachse des Strahlenbeugers sowie derAuftreffpunktdes Strahls auf den
Strahlenbeuger liegen und die brechenden Winkel des ersten und zweiten
Prismas 30e betragen. ws   Revendications 1. Dispositif de balayage pour
balayer une ligne sensiblement droite au moyen d'un point de rayonnement
pr6sentant une forms oblongue et une orientation d6tennin6es, comprenant: *
*r                           I 1111111~~~~~~~~~~~~~1111111111 11i111 11 IN1
EP 0 299 964 B1 une source de rayonnement (24) ayant une longueur d'onde.A;
un d6flecteurholographique (48) monte en rotation autourd'un axe et
pr6sentantau moins un motif cons-- titu6 de lignes de r6seaux paralleles
dispos6es selon un pas: d; un moyen (36) pour former, a partir du
rayonnement provenant de ladit source, un faisceau parallele 6   ayant une
section de forme oblongue ot pour diriger ledit faisceau sur le d6flecteur
holographique salon un angle dIncidence pred6termine, l'axe longitudinal de
la coupe oblongue du faisceau, au niveau du point d'inci- dence sur le
d6flecteur holographique 6tant radial a l'axe de rotation du d6flecteur
holographique; un post. de formation d'image (64) pour recevoir le faisceau
balay6 et; une lentille (60) dispos6e entre le detIecteur holographique le
poste de formation d'image pour focaliser 1o le faisceau en un point au
posts de formation d'image, caractrise en ce qu'il comprend un agencement
de prismes (54) dispos6 entre le d6flecteur holographique (48) et la
lentille (60) de fagon a modifier la forme de la section du faisceau de
telle sorts qu'au niveau du postb de formation d'image, le faisceau alt la
forme oblon- guo et l'orentation souhait6es et en ce quo la longueur d'onde
du rayonnement ainsi quo le facthur de r6seau n d (ou n est l'ordre du
r6seau) du d6flecteur holographique sont choisis pour produire une courbure
du faisceau 20  balaye, entre le dispositif holographique et l'agencement
de prismes, egale approximativement, at opposie a la courbure induite par
I'agencement de prismes sur le faisceau, permettant ainsi A la ligne de
balayage, au niveau du post. de formation d'inage, d'etre sensiblement
droite. 2. Dispositif de balayage solon la revendication 1, caracteris6 en
co quo la source de rayonnement produit une lumiere coh6rente et eat
constituee d'une diode laser. 25      3. Dispositif de balayage solon la
revendication 1, caracterise en ce quo la source de rayonnement produit une
lumiere Incoherent et en ce quo des moyens sont prevus pour rendre
sensiblement coh6rente la lumiere provenant de la source. 4. Dispositif de
balayage selon la revendication 3, caractense en ce quo lesdits moyens pour
rendre la lumiere coherente comprend un filtre A bands etroite, un trou et
des moyens pour focalbser la lumiere ayant 30  traverse le filtre sur le
trou. 5. Dispositif de balayage solon la revendication 1, 2, 3 ou 4,
caract6ese en ce que lesdits moyens pour transformer la lumiere provenant
de ladite source en un faisceau parallile ayant une section de forms
oblongue comprend un systeme de lentilles (32). 6. Dispositif de balayage
soln la revendication 1, 2. 3 ou 4, caract6rise en ce quo lesdits moyens
pour 3s  transformer la lumiers provonant de ladito source en un faisceau
parallile ayant une section de forms oblongue comprend un systeme
anamorphique (36). 7. Dispositif de balayage solon la revendication 6,
caract6risi en ce quo ledit systeme anamorphique 



comprend un dispositif a prsmes (36). 8. Dispositif de balayage solon la
revendication 7, caracterise en co quo ledit dispositif A pnsmes (36) for-
4o  mant ledit systeme anamorphique comprend deux prismes (40,42) disposds
do tells sorts quo Is faisceau de sortie soit parallele au faisceau
d'entree et en co quo le faisceau de sortie pr6sentb une section de forne
oblon- gus pr6dtebrmin6e. 9. Dispositif de balayage solon la revendication
1, Z 3 ou 4, caract6ris6 en ce que l'angle d'incidence du falsceau sur le
d6flectbur holographique et I'angle du faisceau diffracte par le d6flecteur
holographique sont, 46  par rapport au deflecteur holographique,
sensiblement les mimes. 10. Dispositlf de balayage solon la revendication
1, 2, 3 ou 4, caracteris6 en ce quejedit agencement de prismes (54) entre
le dispositif holographique (48) et la lentille (60) comprend deux prismes
(56, 58) disposes de tells sorts quo le faisceau passe successivement au
travers de chacun des prismes. 11. Dispositif de balayage solon la
revendication 10, caracterise en ce quo: 50       la source de rayonnement
emet A une longueur d'onde de 830 nm; la frequence des lignes de r6seaux de
chaque facette du dispositif holobgraphique est de 2162 Iignes/mm; les
angles d'incidence et de diffraction du faisceau, au niveau du deflectsur
holographiquo sont egaux; chacun des deux pribmes rencontre par
boditfalsceau comports une premiere face par laquelle lefais- s5
ceau-entre et une seconds face par laqudlle Is faiscau quitte le prisme,
chocune desdites premibres faces etantdisposee solon un angle de 59 14'
parrapport au bhisceau incident lorque le faisceau sort du dispositf
holographique sans composante dans un plan contenant l'axe de rotation du
dispositif holographique ainsi quo le point dincidence du baisceau sur le
dispositif holographique; et 12    EP 0 29 964 B1 les angles de pointo
desdits premier et second prismes sont de 30 5 10 20 26 30 35 40 45 50 55


