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HIGH DUTY CYCLE SYNCHRONIZED
MULTI-LINE SCANNER

BACKGROUND

1. Field of the Invention

This invention relates to line scanners and methods for
scanning multiple synchronized scan lines using scanners
having high duty cycles that conserve illumination source
energy.

2. Description of Related Art

Many devices such as printers, inspection devices, and
medical equipment contain line scanners. For example, a
typical laser printer contains a line scanner that scans a
digitally modulated laser beam to form an image on a media
such as paper, film, or plates, and in the medical industry, a
line scanner in an X-ray machine scans an X-ray beam
through a patient or sample to form lines of an image. A
typical line scanner includes a scanning element such as a
polygon mirror or a holographic disc on which an input
beam from a laser or other light source is incident. The
scanning element redirects the input beam, for example, by
reflection or diffraction, to project a scan beam. Movement
such as rotation or oscillation of the scanning element moves
or scans the scan beam along a scan line in an image area.
Line scanners often include pre-scan and post-scan optical
systems that adjust the focus or collimation of the input and
scan beams as well the linearity of the scan line and the
uniformity of scan rate.

An important property of a line scanner is the duty cycle
which is defined by the ratio of the time that the scan beam
is imaging to the total operating time. Generally, a line
scanner has a periodic motion that includes a dead time
during which the line scanner is not directing the scan beam
toward the image area. Thus, duty cycles for line scanners
are generally less than 100% and typically range from about
20% to 70%. The duty cycle of a line scanner can limit the
useful output illumination per unit of input power from a
laser or other light source. Accordingly, a low duty cycle line
scanner requires either a higher power light source, more
efficient optics, or a slower scan rate to provide a fixed
amount of useful illuminating energy density. Accordingly,
line scanners having high duty cycles are sought.

Another important property of line scanners is the imag-
ing area or scan line length. Conventionally, creating long
scan lines to cover a large imaging area requires either a
large line scanner or multiple smaller line scanners operated
in series. Using multiple line scanners (or scan heads) to
create a long scan line has a number of advantages including
the ability to design smaller or more compact systems with
less expensive scanning heads. However, multiple-head sys-
tems often require elaborate and expensive line-connecting
optics or electronics to control the relative positions of the
scan lines from the various scan heads and to synchronize
the independently operating scan heads. This is due in part
to the lack of synchronization of the motion of the light
sources and the scanning optics in the multiple scan heads.
U.S. Pat. No. 5,654,817 describes a system employing
multiple scan heads for large area imaging. Line scanners
that are compact and do not require expensive line connect-
ing optics or electronics are desired.

SUMMARY

In accordance with an embodiment of the invention, a
high duty scanner has a single compact scan head capable of
creating multiple synchronized scan lines. The scan lines are
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easily connected because a single scanning element provides
a common reference for the multiple scan lines and in some
embodiments because a common light source is oriented
relative to each input beam so that motion of the light source
manifests itself in each scan line in both the same direction
and magnitude to provide synchronization. One embodiment
of the invention redirects an input beam to increase the duty
cycle of a scanner. In particular, pre-scan optics move an
input beam from a first area for incidence on a scanning
element to a second area for incidence on a scanning
element. In alternate embodiments, the first and second arcas
contain portions of a single scanning element or alterna-
tively portions of two separate scanning elements. Moving
the input beam from the first to the second area occurs when
the scanning beam reaches the end of a scan line but the
scanning element has not positioned another facet in the first
area for the start of another scan line. Upon movement of the
input beam, the second facet immediately directs the scan
beam into the image area for another scan line or for an
extension of a scan line originated from the first facet.
Moving the input beam thus can increase the duty cycle by
increasing the time during which the scan beam is in the
image area. The scan line length increases when second
facet extends a scan line the first facet previously started.

Alternatively, multiple input beams either derived from a
common light source and beam splitters or from multiple
light sources, are directed to multiple separated areas on a
single scanning element to generate multiple synchronized
scan lines. Timing of the multiple scan lines depends on the
relative positions of the incident areas of the multiple input
beams so that scan lines can be simultaneously or sequen-
tially scan.

The synchronized scan lines can be used separately in
applications such as color laser printing or can be aligned for
formation of a single extended scan line. Whether simulta-
neous input beams or alternating input beams are used, a
single scanning element and/or light source simplifies align-
ment of multiple scan lines for formation of an extended
scan line because many variations of the scanning element
and light source are common to all of the scan lines that
constitute the extended scan line.

In one embodiment of the invention a scanner includes a
scanning element such as a holographic disc or a polygon
mirror and an illumination system that directs a first input
beam to a first area and a second input beam to a second area.
The first and second areas are separated from each other and
situated so that portions of the scanning element move
through the first and second areas during a scanning opera-
tion. First and second scan beams respectively originate
from deflections of the first and second input beam by
portions of the scanning element in the first and second
areas. The input beams encountering the scanning element
are oriented so that motion of both scan beams are synchro-
nized for a given light source motion, and thus motion of the
light source does not affect synchronization or alignment of
the scan beams. Post-scan optics direct the first and second
scan beams to illuminate first and second scan lines which
can be used separately or aligned for joining that forms of an
extended scan line. When the scan lines are aligned, a beam
detector assembly can be positioned between the scanning
element and an image plane in which the extended scan line
is formed and in a gap between a path of the first scan beam
to the end of the first scan line and a path of the second scan
beam to the start of the second scan line. In one embodiment,
the detector assembly is mounted on the back of a mirror
having a first mirrored section positioned to reflect the first
scan beam, a second mirrored section positioned to reflect
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the second scan beam, and a transparent section between the
first and second mirrored sections.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a top view of a line scanner including a
holographic disc as a scanning element that forms multiple
scan lines in accordance with an embodiment of the inven-
tion.

FIGS. 1B and 1C show side views of portions of the line
scanner of FIG. 1A.

FIG. 2 shows an optional mirror and sensor system for
aligning scan lines in the line scanner of FIG. 1A.

FIG. 3 shows a top view of a line scanner including a
polygon mirror as a scanning element that forms multiple
scan lines in accordance with an embodiment of the inven-
tion.

FIGS. 4A and 4B respectively show a top view and a side
view of a line scanner using a single light source and a beam
splitter to provide multiple input beams in accordance with
an embodiment of the invention.

FIG. 5 illustrates a scanner in accordance with an embodi-
ment of the invention that uses a single scanning element to
scan two scan lines.

FIG. 6 illustrates a scanner in accordance with an embodi-
ment of the invention that uses a single scanning element to
scan three scan lines.

FIG. 7 illustrates a scanner in accordance with an embodi-
ment of the invention that uses a single scanning element
and two simultaneous beams with path switching to an four
scan lines.

FIG. 8 illustrates a scanner in accordance with an embodi-
ment of the invention that causes a single scan element with
multiple light sources to generate multiple synchronized
scan lines.

Use of the same reference symbols in different figures
indicates similar or identical items.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In accordance with an embodiment of the invention, a
high duty cycle scanner uses a single scanning element such
as a polygon mirror or holographic disc, to create multiple
synchronized scan lines. The synchronized scan lines are
easily connected to create an extended scan lines of greater
length because the multiple scan lines have common char-
acteristics that arise from the common scanning element and
the common orientation of the light source. The scanner can
switch an input beam from one area containing a portion of
the scanning element to another area during a “dead zone”
when a scan beam would not be directed into the image area.
As used herein, the dead zone is defined as the period of time
between the end of one scan line and the start of the next
scan line, and the downtime is defined as the time during
which the laser beam is performing no useful function.
Redirecting the input beam from one area to another can
place a scan beam back in the image area and thus reduce the
downtime of the scanner. The incident areas could contain
portions of the same scanning element or correspond to and
contain portions of different scanning elements. By deflect-
ing the input beam from a first area to a second area during
the dead zone of the first area and back to the first area
during the dead zone of the second area, a scanner can
exhibit a duty cycle of greater than 90%.

If the input beam switches to an area containing another
facet of the same scanning element, the two scan lines are
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synchronized. In addition, if the same light source generates
the input beams to multiple areas, the motion of each scan
line due to pointing error of the light source is synchronized.
Synchronized scanning and light source pointing allow for
better in-scan and cross-scan control of where scan lines
connect. Thus, less costly correction techniques can align
the multiple scan lines.

FIGS. 1A and 1B respectively show a top view and a side
view of a line scanner 100. Line scanner 100 includes a light
source 110, path selection optics 120, pre-scan optics, a
scanning element 140, and post-scan optics. Light source
110 generates an input beam such as a laser beam which path
selection optics 120 and the pre-scan optics direct onto
scanning element 140 with proper input beam orientation. In
the specific embodiment shown in FIG. 1B, light source 110
includes a laser 112, beam shaping elements 114 and 116,
and an acousto-optic modulator (AOM) 118 that digitally
modulates the input beam’s intensity. Such light sources are
well known for line scanners used in laser printers. An
alternative embodiment of the invention uses laser diode
light sources that can be modulated internally, eliminating
the need for the AOM 118. An alternative embodiment of the
invention uses a light source other than lasers, for example,
an LED (light emitting diode) or an x-ray source and
eliminates AOM 118 if modulation of the input beam is not
required. Beam shaping elements 114 and 116 are selected
as required to provide a beam profile for the application of
line scanner 100.

Path selection optics 120 switch the input beam back and
forth between two paths, path A and path B. In the embodi-
ment shown, path selection optics 120 include an adjustable
deflector 122 and a fixed deflector 124 having two facets
124A and 124B. Adjustable deflector 122 can be a piezo-
electrically driven deflector mirror, acousto-optical deflector
(AOD) or any device that allows control over the exit angle
of a light beam. Fixed deflector 124 is a prism, a pair of
mirrors oriented at a 90° angle, or any device that deflects a
beam along sufficiently separated paths. In operation, deflec-
tor mirror 122 deflects the beam from source 110 onto one
or the other of facets 124A and 124B of defector 124. From
facet 124 A, the beam reflects to an adjustable deflector 126A
and along path A. From facet 124B, the beam reflects to an
adjustable deflector 126B and along path B. FIG. 1C illus-
trates how path A and path B are widely separated, e.g., in
opposite directions. Light source 110 and path selection
optics 120 are oriented so that movement of or changes in
light source 110 or path selection optics 120 causes syn-
chronized movement of path A and path B at the image
plane. In particular, the images of light source 110 formed
from beams along path A and path B should have the same
orientation, for example, both upright or both inverted. In
scanner embodiments employing a common light source for
multiple beams, optics that synchronize movement of the
scan beams reduce the effects of pointing error because
movement of the light source causes matching changes in all
of the scan beams.

A control circuit (not shown) periodically switches the
orientation of adjustable deflector 122 from a configuration
directing the input beam along path A to a configuration
directing the input beam along path B. As described further
below, the orientation of adjustable deflector 122 for the two
configurations is selected to align a scan line generated when
the beam is incident scanning element 140 from path A with
a scan line produced when the beam is incident on scanning
element 140 from path B. Deflector 122 selects a path A or
B by positioning the beam on facet 124A or 124B and
positions the beam on the selected facet for alignment along
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