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Multiple beam laser printer.

@ A thermal printer is disclosed in which a
plurality of lasers are used to generate a image
on a receiver in a multi-line mode of operation.
Each of the lasers has its output light directed
through a separate optical fiber. Output ends of
the optical fibers are closely and accurately
spaced in a grooved array support. All output
beams from the optical fibers are simul-
taneously scanned across receiver as each of
the beams is individually modulated in accord-
ance with image formation data. An image is
formed with a plurality of image lines being
generated substantially simultaneously. The
printer has a faster operating speed than prior
art laser thermal printers. Additionally, the print-
er is less expensive because it employs a less
complex optical system than the prior art prin-
ters.

MODULATING
SYSTEM

Jouve, 18, rue Saint-Denis, 75001 PARIS
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Field of the Invention

The invention relates to printers and, in particular,
to printers in which images are generated on a line-
by-line basis.

Background of the Invention

Various printers use modulated laser beams to
produce images on receivers or printing media. In one
type of printer known as a laser thermal printer, a dye-
donor sheet is interposed between a laser source of
energy and a receiver. A modulated laser beam is
scanned across the dye-donor sheet and causes a
transfer of dye from the dye-donor sheet to selected
portions of the receiver to produce an image thereon.
An example of such a printer is described in U.S. Pa-
tent Application Serial No. 457,593 (S. Sarraf, filed
December 27, 1990) entitled "Thermal Printer", which
is assigned to the assignee of the present patent ap-
plication.

Prior art printers typically employ a single laser to
perform image generation. This usually requires that
such a printer produce images with a series of single-
line scans. When these single laser printers are used
to produce high resolution images (e.g., 2000 dots per
inch and greater) their speed of operation is quite
slow. The production of a single image can take as
long as several minutes.

Additionally, laser printers which act as thermal
printers require application of substantial amounts of
concentrated energy at small and well defined spots
on a dye-donor sheet. This requires the use of rela-
tively high power lasers and complex optical systems
to focus output beams of the lasers at desired points.

It is desirable to use laser thermal printers which
generate high resolution images in a typical office
setting. Such machines can be coupled with small
personal computers as an efficient image generating
system for desk-top publishing of transparencies or
other forms of presentation media. Such machines
have heretofore been impractical for business office
use because of their relatively slow operational speed
and their relatively high cost resulting from complex
optics required by these machines.

It is desirable therefore to produce a high resolu-
tion laser thermal printer that operates at high speeds
and is relatively low in cost.

Summary of the Invention

The present invention is directed to a thermal
printer in which a plurality of lasers are used to gen-
erate an image on a receiver in a multi-line mode of
operation. Each of the lasers has its output light di-
rected through a separate optical fiber. Output ends
of the optical fibers are closely and accurately spaced
in a grooved array support. All output beams from the
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optical fibers are simultaneously scanned across a
receiver as each of the beams is individually modulat-
ed in accordance with image formation data. An im-
age is formed with a plurality of image lines being
generated substantially simultaneously.

Viewed from one aspect, the present invention is
directed to a printer for progressively producing an im-
age on a receiver on a line-by-line basis with modu-
lated laser beams. The printer comprises a plurality of
independently operable lasers, and a plurality of opt-
ical fibers, having input and output ends. Each input
end of an optical fiber is optically coupled to one of
the lasers. Each output end of the optical fibers is
positioned in an array in which the optical fibers are
spaced a predetermined distance from each other.
Means are provided for deflecting output beams from
all of the optical fibers simultaneously to scan the out-
put beams across a surface of the receiver whereby
a plurality of lines of an image are produced simulta-
neously.

Viewed from another aspect, the invention is di-
rected to a printer for progressively producing an im-
age on a receiver on a multiple line basis with modu-
lated laser beams. The printer comprises a plurality of
independently operable lasere. The lasers are
spaced from each other such that the lasers are ther-
mally independent of each other. An optical fiber hav-
ing input and output ends is optically coupled to each
of the , lasers at the input end of the optical fiber.
Each output end of the optical fibers is positioned in
an array in which the optical fibers are spaced a pre-
determined distance from each other. Means are pro-
vided for deflecting output beams from all of the opt-
ical fibers simultaneously to scan the output beams
across a surface of the receiver whereby a plurality of
lines of an image are produced simultaneously.

The invention will be better understood from the
following detailed description taken in consideration
with the accompanying drawings and claims.

Brief Description of the Drawings

FIG. 1 shows, symbolically, a perspective view of
a thermal printer in accordance with the prior art;
FIG. 2 shows, symbolically, a perspective view of
a thermal printer in accordance with the present
invention; and

FIG. 3 shows an elevational view of an array sup-
port portion of the thermal printer of FIG. 2 taken
along a dashed lines 3-3 of FIG. 2.

The drawings are not necessarily to scale.

Detailed Description

Referring now to FIG. 1, there is shown a symbol-
ic perspective view of a prior art thermal printer 20.
The printer 20 comprises a diode laser 22, a first col-
limating lens 24, a cylindrical lens 26, a second colli-
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mating lens 28, a stationary mirror 30, a beam-
deflecting galvanometer 32, an F-Theta lens 34 and
a translating stage 36. The printer 20 produces an im-
age on areceiver 38 which is supported on the trans-
lating stage 36. In the case illustrated in FIG. 1, the
receiver 38 is a transparency or slide in 35 mm format.

In operation, the printer 20 produces a desired
image on the receiver 38 by transferring dote of dye
onto the receiver from an overlying dye-donor sheet
(not shown for purposes of clarity). A transfer of a dot
of dye to the receiver 38 occurs when a concentrated
beam 40 of laser light heats a localized portion of the
dye-donor sheet. This localized heating causes a
sublimation of a dot of dye on the sheet and a transfer
of the dye onto the receiver 38 in the manner descri-
bed in the above-mentioned U.S. Patent Application
Serial No. 457,593, which is incorporated herein by
reference.

The beam 40 is produced by the laser 22. An out-
put light level of the laser 22 is modulated in accor-
dance with image data that is fed to the printer 20
from an image source (not shown) in a well-known
manner.

A complex combination of optical and scanning
devices is needed to transfer modulated light from the
laser 22 to a desired localized spot on the receiver 38.
The first collimating lens 24 collimates a diverging
output beam 42 from the laser diode 22. An emerging
beam 44 from the collimating lens 24 has an elliptical
cross section. Abeam with an elliptical cross section
is not suitable for producing a high resolution image.
Consequently, the beam 44 is converted into a beam
46 with a circular cross section by passing through
the cylindrical lens 26. The cylindrical lens 26, how-
ever, introduces a divergence into the beam 46.
Therefore, it is necessary to pass the beam 46
through a second collimating lens 28 to produce a col-
limated beam 48 with a circular cross section.

The beam 48 is then reflected by the stationary
mirror 30 and scanned by the galvanometer 32
across the F-Theta lens 34. The F-Theta lens 34 fo-
cuses the beam 48 along a focal plane that is coinci-
dent with a plane of the dye-donor sheet. This fo-
cused beam is shown as the beam 40.

Referring now to FIG. 2, there is shown a thermal
printer 50 in accordance with the present invention.
The printer 50 comprises a plurality of laser diodes 52,
a plurality of optical fibers 54, an optical-fiber array
support member 56 with a cover plate 57, a collimat-
ing lens 58, a stationary mirror 60, a beam scanning
galvanometer 62, an F-Theta lens 64, and a translat-
ing stage 66 for supporting a receiver 68. The array
support member 56 includes a pivotal member 76, a
fixed member 78, and a clamp 80 which are shown in
more detail in FIG. 3.

Each of the lasers 52 is optically coupled to a sep-
arate one of the optical fibers 54 at aninputend of the
fiber 54. Output ends of the fibers 54 are held in the
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array support member 56 at a predetermined dis-
tance from each other. Output light beams 72 (shown
by dashed lines) from each of the optical fibers 54
pass through the collimating lens 568 and emerge as
collimated beams 74.

The collimated beams 74 are reflected by the sta-
tionary mirror 60 and scanned by the galvanometer
62 across the F-Theta lens 64. The F-Theta lens 64
focuses the beams 74 along a focal plane that is co-
incident with a plane of the dye-donor sheet (not
shown for purposes of clarity) which overlies the re-
ceiver 68. These focused beams are shown as the
beams 70.

In operation, the printer 50 produces a desired
image on the receiver 68 by transferring dots of dye
onto the receiver 68 from the overlying dye-donor
sheet. Transfer of dots of dye occurs when concen-
trated beams 70 of laser-produced light heat localized
portions of the dye-donor sheet and cause a sublima-
tion of dots of dye on the sheet in the manner descri-
bed in the above mentioned U.S. Patent Application
Serial No. 457,593.

An output light level of each of the lasers 52 is
modulated in accordance with image data that is fed
to the printer 50 from a conventional image source
(not shown). Various types of well-known modulating
systems can be employed. In a preferred embodi-
ment of the present invention, a modulating system
(not shown) assigns image data to various channels.
Each channel is associated with one of the lasere 52.
In this manner, a portion of the image is produced by
each of the lasers 52. A modulating system of this
type is described in detail in U.S. Patent Application
Serial No. 451,655 (S. H. Baek et al.), entitled "Ther-
mal Printers, which is assigned to the assignee of the
present patent application and is incorporated herein
by reference.

The printer 50 has substantial advantages over
the printer 20 of FIG. 1. Specifically, the printer 50 is
faster and simpler. The printer 50 generates a plurality
of lines of an image substantially simultaneously. Ad-
ditionally, the printer 50 has fewer optical elements
than the printer 20 of FIG. 1 and therefore has a lower
cost.

Referring now to FIG. 3, there is shown an en-
larged end view of the array support member 56 of
FIG. 2 with the cover plate 57 removed for purposes
of clarity. This end view helps clarify the means by
which the printer 50 produces images in a multi-line
mode (as compared to the printer 20 of FIG. 1 which
operates in a single line mode). The optical fibers 54
are aligned at an angle A. This is because the array
support member 56 is held by the pivotal member 76.
The pivotal member 76 is supported on the fixed
member 78 and is held in a desired angular position
by the clamp 80. A micrometer adjuster 82 sets the
angular position of the pivotal member 76.

As the angle A is varied, a horizontal spacing d
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between centerlines of the optical fibers 54 is corre-
spondingly varied. When the angle A is made smalll,
the distance d is also made small. It is important that
the distance d be kept small when it is desired to pro-
duce a high resolution image, i.e., 2000 dots per inch
or greater.

Referring back now to FIG. 2, it can be seen that
the beams 70 are scanned vertically relative to the re-
ceiver 68. The beams 70 are displaced horizontally
from each other by the distance d of FIG. 3, i.e., the
horizontal spacing of the output ends of the optical
fibers 54. Thus, as the beams 70 are scanned verti-
cally across the receiver 68, a plurality of parallel im-
age lines are produced.

Each of the beams 70 has a different vertical pos-
ition relative to the receiver at any given moment. The
channel oriented modulating described in the above
mentioned U.S. Patent Application No. 451,655 com-
pensates for these variations in vertical position of
the beams 70. Modulating data to each of the lasers
52 is delivered with a different predetermined time
delay. Each time delay for a particular one of the
beams 70 corresponds to a time needed for that par-
ticular beam to reach a reference spot on the receiver
68. Thus each of the beams 70 produces a desired
portion of the image at a desired vertical location on
the receiver 68.

An image is produced on the receiver 68 as a col-
lection of pixels. In a preferred embodiment of the
present invention, the receiver is a 35 mm slide. The
length and width of the elide are not always exactly
the same. Consequently, the pixels which make up
the image on the transparency are not square. The
pixels have essentially the same aspect ratio as a
35mm slide, i.e., 1:1.25.

The printer 50 is designed to produce an image
with a nominal resolution of 4000 dots per inch. The
modulating system produces discrete changes in light
level at a rate that corresponds to 4000 changes per
inch in the vertical direction. The horizontal spacing
d between the beams 70 must therefore produce
4000/1.25 or 3200 beams per inch. In other words,
the distance d between the centerlines of the optical
fibers 54 of FIG. 3 must 10 microns or less in order to
achieve a nominal image resolution of 4000 dots per
inch.

In a preferred embodiment of the present inven-
tion, the optical fiber support member 56 and the opt-
ical fibers 54 are arranged in an array of the type de-
scribed in U.S. Patent No. 4,911,526 (Hsu et al.),
which patent is assigned to the assignee of the pres-
ent application and is incorporated herein by refer-
ence. In this preferred embodiment, the optical fibers
are positioned in grooves which are 20 microns apart.
The fiber support member is positioned so that the
angle A is sufficient to provide a horizontal spacing
between the optical fibers of 10 microns.

In one embodiment of the printer 50, it is desir-
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able to produce a controlled amount of overlap of the
dots in the image. This effect is readily achieved by
changing the angle A to produce a desired amount of
overlap.

The printer 50 is shown in FIGS. 2 and 3 (for pur-
poses of clarity) with only four lasers 52 and four opt-
ical fibers 54. In a preferred embodiment of the pres-
ent invention, the printer has up to about thirty five
lasers 52 and a corresponding number of optical fib-
ers 54. It has been found that a collimating lens such
as an Olympus AV8414 with a focal length of 8.42
mm, N.A. 0.14 and a 700 micron radius field of view
on its focal plane is suitable for use in the preferred
embodiment of the present invention.

With the above described combination of optical
fibers 54 and collimating lens 58, it is possible to si-
multaneously collimate all of the thirty five beams 72
of FIG. 2. Similarly, itis possible to scan all of the thir-
ty five collimated beams 74 simultaneously. This re-
sults in a greatly improved speed of operation of the
printer 50. Relative to the single line mode of opera-
tion of the printer 20 of FIG. 1, the printer 50 has a
speed increase of up to 35 times. This is because thir-
ty five lines of an image are produced with each vert-
ical scan.

Each of the lasers 52 is a separate unit which is
separately modulated. This arrangement results in
image quality that is equal to that obtainable with sin-
gle laser printers. This is not necessarily the case with
some prior art printers that use laser diode arrays as
a light source for generating images in a multi-line
mode. When laser diode arrays are used in a printer,
there is thermal cross-talk between the lasers. In
other words, the closely spaced lasers in the array
are effected by heat generated by adjacent lasers in
the array. This thermal cross-talk reduces image
quality.

Some laser-diode-array printers employ complex
compensating schemes to reduce the adverse ef-
fects of thermal cross-talk. In the printer 50, the las-
ers 52 are spaced a substantial distance from each
other and are therefore thermally independent. Con-
sequently, complex compensation schemes such as
those used in laser-diode-array printers are not re-
quired in the printer 50.

It is, of course, possible to employ the inventive
principles of the present invention to build the printer
50 with a smaller or greater number of lasers 52. A
printer 50 with a smaller number of lasers 52 can be
made at a relatively low cost, but will operate at a rel-
atively lower speed. Conversely, the printer 50 with a
large number of lasers 52 is more expensive to build,
but it can operate at a higher speed. It can be seen
that the present invention accommodates any num-
ber of desirable design balances between cost of the
printer 50 and speed of its operation. This is a very de-
sirable design feature for a printer intended for use in
office settings.
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It should be noted that the beams 72 emerging
form the output ends of the optical fibers 54 are cir-
cular in cross section. This is because the optical fib-
ers 54 are optically coupled to their respective laser
52. In this arrangement, light from the lasers 52 does
not take on an elliptical cross-section, as is the case
in the prior art printer 20 of FIG. 1. Because the
beams 72 have a circular cross section, there is no
need for the cylindrical lens 26 and the second colli-
mating lens 28 of the prior art printer 20.

Additionally, the printer 50 is particularly useful
applications in which the dye-donor sheet contains
dyes which require high energy levels for transfer. In
these applications the optical fibers must be multi-
mode fibers to assure a sufficient amount of energy
transfer from the lasers 52 to the dye-donor sheet.
Multi-mode fibers produce some divergence of the
beams 72. But, because the output ends of the optical
fibers 54 are so closely spaced, a single collimating
lens 58 is sufficient to perform all of the required col-
limating functions for the printer 50.

In other words, the inventive printer 50 is made
simpler than the prior art printer 20 in that a less com-
plex optical system can be used. In the context of prin-
ters for desk-top applications, elimination of multiple
lens produces substantial improvement in cost sav-
ings and in size reduction. These reductions in com-
plexity are particularly noteworthy when it is realized
that the resultant printer operates at speeds up to
thirty five times greater than the prior art printers.

In addition to being simpler and faster than prior
art single-laser thermal printers, the printer 50 has a
wider range of application than the printer 20 of FIG.
1. For example, the printer 50 is useful in producing
images with silver halide systems. This is because a
laser coupled to a small diameter optical fiber (such
as the combination of the laser 52 and the optical fib-
er 54) results in a filtering phenomenon related to
spontaneous emission. This filtering effect produces
a particularly high contrast ratio for the laser-pro-
duced beams 70. In printers such as the prior-art prin-
ter 20 of FIG. 1, the contrast ratio of the beam 40 of
FIG. 1 is typically limited to 30 to 1, i.e., the maximum
light level of the beam 40 is no more than 30 times
greater than the minimum light level of the beam 40.
A 30 to 1 contrast ratio is sufficient for thermal print-
ing with dye-donor sheets which have dyes that sub-
lime at a well-defined threshold energy level. How-
ever, a 30 to 1 contrast ratio is not sufficient to pro-
duce a high quality in a silver halide system. In a silver
halide system, a typical image requires a contrast ra-
tio of 100 to 1 or greater.

It has been found that the printer 50 is capable of
producing the beams 70 with a contrast ratio of 300
to 1. Thus the printer 50 is readily capable of produc-
ing images in a silver halide system.

It is to be appreciated and understood that the
specific embodiments of the invention are merely , il-
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lustrative of the general principles of the invention.
Various modifications may be made by those skilled
in the art which are consistent with the principles set
forth. For example, the inventive printer may be used
to produce images on opaque and large sized receiv-
ers. Furthermore, the inventive printer may be oper-
ated with rotating prisms and various other forms of
scanning devices instead of the beam scanning gal-
vanometer shown above.

Claims

1. Aprinter for progressively producing an image on
a receiver on a line-by-line basis with modulated
laser beams comprising:

a plurality of independently modulated las-
ers;

a plurality of optical fibers having input and
output ends;

each input end of an optical fiber being
optically coupled to one of the lasers;

each output end of the optical fibers being
positioned in an array in which the optical fibers
are spaced a predetermined distance from each
other; and

means for deflecting the output beams
from all of the optical fibers simultaneously to
scan the output beams across a surface of the re-
ceiver whereby a plurality of lines of an image are
produced substantially simultaneously.

2. The printer of claim 1 which further comprises a
collimating lens positioned between the output
ends of the optical fibers and the means for de-
flecting the output beams.

3. The printer of claim 1 wherein the lasers are
spaced from each other such that there is essen-
tially no thermal cross-talk between the lasers.

4. The printer of claim 1 wherein the contrast ratio
of the output beams is about 100 to 1 or greater.

5. The printer of claim 1 which further comprises
means for adjusting spacing between the output
beams.

6. The printer of claim 5 wherein the means for ad-
justing spacing of the output beams comprises:
an array support member for supporting
output ends of the optical fibers in a linear array
with a predetermined spacing; and
means for changing an angle of orientation
of the linear array relative to the receiver.

7. The printer of claim 6 wherein the position of the
output beams can be adjusted to produce a de-
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sired amount of overlap with each other.

The printer of claim 2 wherein the collimating lens
is a single lens and has a field of view large
enough to collimate all of the output beams.

The printer of claim 8 wherein the number of las-
ers is about thirty or more.

The printer of claim 8 wherein the optical fibers
are spaced with a center-to-center distance of
about 20 microns or less.

A printer for progressively producing an image on
areceiver on a multiple line basis with modulated
laser beams comprising:

a plurality of independently operable las-
ers, the lasers being spaced from each other
such that they are essentially thermally indepen-
dent of each other;

a plurality of optical fibers having input and
output ends;

each input end of an optical fiber being
optically coupled to one of the lasers;

each output end of the optical fibers being
positioned in an array in which the optical fibers
are spaced a predetermined distance from each
other; and

means for deflecting output beams from all
of the optical fibers simultaneously to scan the
output beams across a surface of the receiver
whereby a plurality of lines of an image are pro-
duced substantially simultaneously.

The printer of claim 11 which further comprises a
collimating lens positioned between the output
ends of the optical fibers and the means for de-
flecting the output beams.

The printer of claim 12 wherein the collimating
lens is a single lens and has a field of view large
enough to collimate all of the output beams.

The printer of claim 12 wherein the number of las-
ers is about thirty or more.

The printer of claim 12 wherein the optical fibers
are spaced with a center-to-center distance of
about 20 microns or less.
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