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been made to develop low cost color separation tech- niques for color
scanners and video cameras. Background of the invention
Solid-state, photodiode arrays with integral color filters have been
commercialized by Hitachi, Toshiba, A. Field of Invention
5   Sony and RCA. These devices employ a two-dimen- sional array of
photodiodes on a single silicon sub- The present invention pertains
generallyto optics  strate. The array is coated with a gelatin layer, into
and more specifically to a multi-channel fibre optic  which color dyes are
selectively impregnated, using communication system which utilizes color
separa-  standard masking techniques. Each photodiode is, tors and color
combiners.                     10  thus, given an integral color filter,
e.g., red, green or blue, according to a color pattern which is repeated B.
Description Of The Background                  throughout the array. The
same technology has been applied to one-dimensional photodiode array
sensors Color imagers include color video cameras and  for line scanners.
The latter devices have been com- colorscannersforcommercial printing.
Colorimagers  15  mercialized by Toshiba and Fairchild. transform color
pictures into machine readable data.  A prior art color imager using
photodiode arrays This is accomplished by dividing a color image into  is
shown in Figure 1. The single linear photodiode ar- many small portions
called pixels. The color imager  ray 23 has individual organic dye filters
impregnated separates light from each pixel into red, blueor green  over
each photodiode in a repetitive red, blue and light. Numbers assigned to
each pixel of the color im-  20  green pattern. Colorseparation, the
breaking down of age represent the red, blue, and green light. A fast,  a
color image into red, blue and green light, is ach- high resolution,
accurate color imagerwould enhance  ieved by focusing the light beam on the
array, as the usefulness of computers and automate numerous  shown in
Figure 1. One red, green and blue photo- tasks. For example, computers can
print and display  diode grouping 25 provides information to one color
color Images. However, the lack of fast, accurate, and   25  pixel. This
prior art technique has several disadvan- high-resolution means for
transferring color images  tages. Since three photodiodes supply
information to into a computer limits the use of this capability. In the
one pixel, the pixel resolution is reduced to one-third. early prior art,
discrete optical components, such as  For accurate color imaging, the
luminance detail and beamsplitters and color filters, separate the color
chroma of a given color pixel from the original image components of an
image. Dichroic beamsplitters  30   must be resolved by three optically
coincidental pho- have been widely used due to the combined functions
tosensor elements. However, the prior art photodiode of these devices as
both beamsplitters and filters. Di-  arrays do not have color-coincidence.
The red light is chroic beamsplitters employ selected multilayer di-
detected from one location, green from another, and electric interference
optical filter coatings, herein-  blue from a third location. In addition,
two-thirds ofthe after referred to as dichroic coatings. Typically, color
35  light incident on each photodiode is lost by filter ab- separation Is
achieved by placing two discrete dichro-  sorption (e.g., a red filter
absorbs green and blue ic beamsplitters in the optical pathway between the
spectral bands). In order to increase the resolution, projection lens of
the imager and its photosensors.  the array 23 must be lengthened or the
photodiode The first dichroic beamsplitter reflects a first spectral  area
must be decreased. However, eitherof these ap- band (e.g., green) tothe
first photosensorwhiletrans-  40   proaches to increase the resolution will
proportio- mitting the remaining spectral bands to the second di-  nately
decrease scan speed. Also, the dye filters have chroic beamsplitter. The
second dichroic beamsplitter  less color band purity than dichroic filters.
The prior reflects a second band (e.g., red) to a second photo-  art
approach desaturates color sensitivity and is sensor while transmitting the
remaining spectral   otherwie spectrally Inaccurate. band (e.g., blue) to
the third photosensor. The disad-  45  Another prior art color imager using
photodiode vantage of this approach is that the respective dichro-  arrays
has a rotating colorwheel composed of colored ic beamsplitters and
photosensors must be precisely  filter segments. The lens focuses a line
image of the aligned; otherwise, the color components will not  original
object on a linear photodiode array. The rotat- have the proper optical
coincidence. The costly align-  ing color wheel filters the projected line
image in a re- ment process limits the use of this prior art-color sep-  50
peating color sequence, e.g., red, green, blue. The arator.
Dichroicbeamsplitters (dichroic prism), aswell  signal for each color
component of a given line image as other prior art techniques of color
scanning are de-  is stored digitally until all three color components
scribed more fully in a Japanese article entitled "Im-  have been detected.
The signals are then reordered age Scanners," OEP November 1986, pp. 18-22.
As    in memory to assign three color values to each pixel disclosed
therein, the dichroic prism requires each  55  in the line image. sensor to
be placed on a different plane.             The color wheel color
separation technique has With the advent of low-cost, solid-state photo-
the advantages of utilizing the full resolution of the diode array
photosensors, various attempts have    photodiode array as well as
utilizing dichroic filters. 2    
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several disadvantages. The scan    arators set forth above. A color
combiner, as defined speed is one-third of the integral sensor/filter scan
herein, comprises an optical device for taking individ- speed, since only
one of three colors is detected at a  ual color components and spatially
and spectrally time. Also, further speed reduction results from tran-
combining each of the individual beams into a single sitions between filter
segments during rotation of the   5   optical beam wherein each of the
individual color wheel. When the color wheel and scan line are con-
component beams have coincident optical axes. The tinuously driven, as
opposed to synchronously "step-  prior art does not disclose any device
that is capable ped, the effective resolution of the photodiode array  of
combining individual spectral beams, as described, is diminished in the
scan direction by the movement  in a simple and easy manner. of the scan
line through the color cycle of the color  10 wheel. Another disadvantage
is the size of the color  Summary of the Invention wheel which limits
device extensibility. Page-width contact or "traversing head" type scanner
embodi-      This present patent application relates to work ments become
impossible or unwieldy. Further, this  developed out of our earlier
European Patent Appli- priorartdevice is burdenedwith a large moving mech-
15  cation 87104776.7 (EP-A-0240000), and the reader anism and the control
of this mechanism.           is referred to this earlier application for
background The Sharp Corporation of Japan has introduced  information. It
relates to colour separators employed a third prior art color separation
technique for color  with linear array photosensors. document scanning. The
Sharp scanner employs a         IEE Reprint series 3,1980, Peter Peregrinus
Ltd., single photodiode array with three sequentially-fired   20
Stevenage GB, "progress in optical communication", colored fluorescent
lamps (e.g., red, green, blue), as  page 201, 4.1.5, S. Sugimoto et al:
"High-speed dig- the imaging light source. The sequence of signals ob-
ital signal transmission experiments by optical-wave- tained by the
photodlode array is directly analogous  length-division multiplexing"
discloses an optical fib- to the color wheel color separator. That is, the
input  er transmission system comprising transmitters, an to the photodiode
array is a sequential input of the   25  optical multiplexer, an
optical-fiber line, an optical de- red, green and blue components of a
given original  multiplexer and receivers. The transmitters are dou- line
image. Likewise, the photodiode signals for each  ble epitaxial silicon
avalanche photodiodes of a dou- color component are digitally stored and
reordered in  ble abrupt junction planar type. The multiplexer is a memory
at the end of each color cycle.             small-size, double-lens type.
The demultiplexer is a Like the color wheel color separator, the tri-col-
30  prism type including an input objective lens to culmin- ored lamp
approach provides imaging means that util-  ate the input beam, a CD S
prism of an angle of 45 ize the full resolution of the photodiode array.
Several  degrees to separate the culminated beam and angle, shortcomings,
however, limit the speed and color in-  according to the wavelength, an
output lens to con- tegrity of the imager. In order to obtain correct color
verge the CD S output beams and output fibers to separation, the light
output from each lamp should be   35  guide them to the receiver. This
article does not dis- extinguised before the firing of the next lamp in se-
close the use of parallel dichroic layers for separating quence; blended
lamp output produces undersaturat-  a combined optical beam into spectrally
and spatially ed color detection. Scanning speed, as a result, is lim-
separated component beams nor does it disclose the ited by the persistence
time of the phosphors utilized  use of parallel dichroic layers to combine
spectrally in each fluorescent lamp or the ability to dynamically  40
separated component beams into a single combined subtract out the signal
produced by the decaying light  beam. output of a previouslyfired lamp.
Color integrity is fur-  The present invention comprises a multiple chan-
ther limited by the selection of phosphors having per-  nel fiber optic
communication device as specified in sistence values sufficiently low to
meet commercial  claim 1 hereinafter that is capable of transmitting scan
speed specifications. Typically, external ab-  45  multiple channels on a
single fiber optic by using a sorption filtering of the lamps is required
to obtain the  plurality of optical beams having different spectral desired
spectral characteristics or each lamp output.  ranges that are combined for
transmission through As with the color wheel color separator, when the  the
fiber optic and are separated after transmission scan line is continuously
driven, as is desirable for  through the fiber optic. scan speed, the
effective resolution of the photodiode   50 An advantage of the present
invention is that the array is diminished in the scan direction by the
move-  spectral separator and combiner optical components ment of the can
line through the color cycle of the se-  are compact, inexpensive and easy
to manufacture. quentially-fired lamps. Thesize and bulkof the optical
Anotheradvantage of the present invention is that the system comprising the
three lamps likewise restricts  optical components produce colorcoincidence
within device extensibility toward "contact" or "traversing   55   a pixel.
That is, each portion of a pixel generates all head" type scanner
applications.                   three color components so as to provide
exact color Color combiner devices suffer from many of the  convergence and
line acuity. The invention also pro- same disadvantages and limitations as
the color sep-  vides accurate spectral and spatial separation as well 3



5                   EP 0 325 366 B1                  6 as accurate spectral
and spatial combination.           Figure 11 is a schematic isometric view
of both a The optical combiner and optical separator com-  color imaging
and a color projection device. ponents used in the present invention are
also ex-      Figure 12 is a schematic side view of a color im- tremely
efficient in comparison to conventional filtra-  aging device. tion
techniques since dichroic reflective layers are   5  Figure 13 is a
schematic plan view illustrating used. Essentially all of the incident
light striking the  three matrices of photo detectors. components is
transmitted with very little absorption.  Figure 14 is a schematic side
view of an electron- A conventional filter typically absorbs two spectral
iccolorfilterdevice. bands to transmit one. Since essentially all of the
visi-  Figure 15 is a schematic side view of a multiple ble light is
utilized, maximum speed is achievable for  10  channel fiber optic
communication device according a given optical system.
to the invention. Additionally, the optical components of the pres-
Figure 16 is a schematic representation of the ent invention do not require
costly optical alignment,  use of three color lasers as an optical source.
The dichroic coatings are precisely separated by        Figure 17 is a
schematic side view of another em- glass plates and/or precise separator
devices in the   15  bodiment of the multiple channel fiber optic commu-
manufacturing process. This separation is deter-    nication device. mined
by considering the refractive indices of the substances used in the optical
separatorand combin-  Detailed Description of the Invention er components
as well as the angles of incidence to provide a very precise alignment. The
optical separa-  20  Figure 2 is a schematic diagram showing a cut tor and
combiner components provide equal optical   away view of the optical
component 100 employed as path lengths for each of the individual beams
with  a trichromatic beamsplitter device. As shown in Fig- minimal
alignment problems.                         ure 18, an input beam 102 is
focused by a lens 104 Also, since the present invention uses substan-
which is held bya lens holder 106 capable of focusing tially parallel,
spatially separated, spectral beams for  25  the lens very precisely on the
detector surface of the both the combinerand separatoroptical components,
three line CCD array 108. Input beam 102 impinges a single object and image
plane are employed in ac-  upon the optical surfaces of the optical
separator 100 cordance with the present invention.                and is
separated into three predetermined colors to form three optical beams
having predetermined spec- Brief Description of the Drawings
30  tral ranges that are carefully selected by the dichroic layers placed
on the optical surfaces of the optical Figure 1 is a prior art color
sensor.            separator 100. As shown on Figure 2, the firstdichroic
Figure 2 is a schematic cut-away view of the tri-  layer device 110 is
disposed such that the angle of in- chromatic beamsplitter mounted with
focusing optics  cidence of the optical axes of input beam 102 is ap- and a
three line CCD photodiode array.         35   proximately 22.5 degrees.
Input beam 102 is then Figure 3 is a schematic diagram illustrating one
split into three spatially and spectrally separated embodiment of the
optical component that can func-  beams that are transmitted to a second
dichroic layer tion either as a color separator or a color combiner.
device 112 which is also disposed at approximately Figure 4 illustrates
another embodiment of the   22.5 degrees to the optical axes of each of the
spa- optical component that can comprise either an optical  40  tially and
spectrally separated optical beams. The separator or an optical combiner.
second dichroic layer device 112 is normally con- Figure 5 shows another
embodiment of the opti-   structed In the same manneras the first dichroic
layer cal component that can comprise either an optical   device 110 so
that the three separate optical beams separator or optical combiner.
that are transmitted from the second dichroic layer Figure 6 Illustrates
the manner in which the plate  45  device have equal optical path lengths
to a predeter- separation and angle of incidence can be varied In the
mined image plane. As shown in Figure 2, the detec- optical component that
can comprise either the color  tor device 108 is disposed on the image
plane that is separator or color combiner.
substantially normal to the optical axis of input beam Figure 7 is a
schematic side view of a color prin-  102. Each of the three spatially and
spectrally sepa- ter.                                           50  rated
optical beams is focused on a separate line de- Figure 8 is a schematic
plan view of a three line  tector array on detector 108 so that a line scan
of, for liquid crystal display (LCD) shutter device.        example, a
document, results in each of the colors Figure 9 is a schematic side view
of a color pro-  from the line scan being detected simultaneously on
jection device.                                     the detector surface of
detector 108 as a result of the Figure 10 is a schematic plan view
illustrating   55   equal optical path lengths of each of the individual
three matrices of a liquid crystal display (LCD) shut-  spectrally
separated beams. The dichroic layer devic- ter. Alternatively, Figure 10
can schematically repre-  es 110 and 112 are precisely held in the
Positions il- sent three matrices of light emitting diodes.       lustrated
by a mounting device 114 that includes arm 4    
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structures 116, 118 and 120 that extend be-  chroic layer device as long as
the glass plate has an tween two side portions. The support structure 114
Is  air equivalent path length of the air gap. open in the central portions
to allow light to be trans-  As illustrated in both Figures 2 and 3, the
angle mitted to the optical component 100 and subsequent-  of incidence is
approximately 22.5 degrees for each lytodetector108. Detector 108 isalso
precisely locat-   5   of the dichroic layer devices. The low angle of
inci- ed In the mounting device 114 bywayof interfacesur-  dence and the
very small plate size that is used In faces 122 and 124. Signals derived
from detector 108  many applications results in minimal astigmatism so are
fed directly to circuitboard 126via connectors 128  that more expensive
optical prisms can be eliminated and 130 that comprise a plurality of
connectors.   without noticeable degradation of optical quality. Figure 3
illustrates an alternative manner in  10  Figure 4 illustrates an optical
component 168 that which the optical component can be constructed and  can
be constructed in an alternative manner. Optical utilized. As shown in
Figure 3, the optical component  component 168 can comprise first and
second dichro- 132 can be used to separate an input beam 134 into
iclayerdevices 170 and 172, thatcan be used for eith- three separate
spatially and spectrally separated  er spectrally and spatially combining
or separating beams 136, 138 and 140. Alternatively, the optical  15
optical beams. As shown, dichroic layer device 170 component 132 can be
used to combine three spatial-  has a substantially transparent optical
support me- ly and spectrally separated input beams 142, 144,  dium 174
that has dichroic layers 176 and 178 dis- and 146, into a single combined
output beam 148 that  posed on two substantiallyflat sides. The
substantial- spectrally and spatially combines each of the input  ly
optically transparent support medium 174 is attach- beams such that each
optical axes of the input beams   20  ed to a substrate 180 having either a
totally reflective 142, 144 and 146, are coincident as shown by output
surface 182, ora surface coated with anotherdichroic beam 148. Of course,
all of the optical devices illu-  layer to provide a specified spectral
range to be re- strated and described herein can be used in this man-
flected from surface 166 byway of an optical glue 184 ner as an optical
combiner as long as the optical axes  that is capable of transmitting
substantially all optical of each of the spatially and spectrally beams is
25  radiation. The optical glue, such as previously dis- aligned properly
with the optical component, such as  closed above, can have an index of
refraction that optical component 132.                             closely
matches the optically transparentsupport me- Figure 3 also illustrates the
manner in which each  dium 174 to prevent a change in the angle of refrac-
of the dichroic layer devices 150 and 152 can be con-  tion within the
dichroic layer device 170. As men- structed. As illustrated In Figure 3,
dichroic layer de-  30  tioned previously, the optical transparent
supportme- vices 150 comprises a substantially transparent opt-  dium 174,
for many applications, must be very thin to ical support medium 154 that is
coated on both sides  produce the desired spacing between the beams. with
dichroic layers 156 and 158. The substantially  Coating of the dichroic
layers 176 and 178 on the transparent optical support medium 154 is
supported  glass plates 174 may result in a bending or warpage by spacers
160 and 162, that are attached to a sub-  35  of the optical transparent
support medium 174. How- strate device 164 having either a totally
reflectivesur-  ever, substrate 180 has sufficient thickness to pre- face
166, or a surface coated with another dichroic  vent warpage and has a
substantially flat reflective layer to provide a specified spectral range
to be re-  surface 182 to which the optical transparent support flected
from surface 166. The space between the    medium 174 can be attached by
way of the optically surface 166 and the dichroic layer 158 can comprise
40  transparent glue 184. Proper attachment of the opti- an airgap orcan
befilled with an opticallytransparent  cal transparent support medium 174
to the substan- medium orcan be evacuated, depending upon the ap-
tiallyflat reflective surface 182 can provide sufficient plication of the
optical component 132. As shown in  supportto maintain a substantiallyflat
surfaceon opt- Figure 3, the optically transparent support medium  ical
transparent support medium 174. Of course, the 154 can comprise a glass
plate that has a higher re-  45  thinner the glue layer is between optical
transparent fractive index in the surrounding air, causing the indi-
support medium 174 and the substantially flat reflec- vidual optical beams
to be refracted at different an-  tive surface 182, the stiffer the glue
line becomes gles. Since the optical surfaces are reversed in di-  which,
in turn, further restricts relative movement. To chroic layer device 152,
the optical path lengths are  provide even additional support, a glass
plate with a adjusted so that they are equal in length to a plane   50
thin layer of adhesive on both sides can be used in that is substantially
normal to the optical axes of each  place of the optical glue 184. Again,
dichroic layer de- of the Individual beams. Of course, the same is true
vice 172 would typically be constructed in the same whether the optical
component 132 is being used as  manner as dichroic layer device 170 to
simplify the a color separator or color combiner. The difference in
overall optical component 168. the refractive index of the glass plate
versus the air  55  Figure 5 illustrates an alternative manner of con- gap
does not cause a change in optical path lengths  structing a dichroic layer
device 186. Again, Figure 5 due to the fact that the surfaces from which
the   illustrates that the dichroic layer device 186 can be beams are
reflected is reversed on the subsequent di-  used either as a beam splitter
or a beam combiner. 5    



9                   EP 0 325 366 B1                 10 Additionally, only
one composite dichroic component  can also be different to change the index
of refraction 186 is illustrated, although additional composite di-  as
well as the path length of the optical beams within chroic component
devices can certainly be utilized to  the dichroic layer devices to provide
an additional equalize optical path lengths and direct the optical  manner
of adjusting the optical component 224 of the beams to different locations.
5   present invention. For the purposes of simplicity, Fig- Figure 5 also
illustrates that a plurality of optical  ure 6, as well as other drawings
disclosed herein, transparent support media 188, 190, 192, 194, and  have
been drawn without the angles of refraction il- 196, can be used to either
separate or combine a plur-  lustrated. ality of beams. Of course, any
number of beams can     Figure 7 is a schematic side view of a color imag-
be combined or separated using the techniques of the   10  ing device 230
that generates a color image on a re- present invention. As shown in Figure
5, each of the  cording medium 232 located on an image plane. As optically
transparent support medium 188, 190, 192,  illustrated in Figure 7, an
Illumination source 234 pro- 194, and 196, have dichroic layers
198,200,202,204,  vides a source of white light which is filtered by
filters and 206, disposed on its front layer. Spacers 208,  236 to provide
three separate color beams that have 210, 212, 214, 216, 218, 220 and 222,
support and   15  predetermined spectral ranges and function as three
separate each of the optically transparent support  separate sources of
illumination. The color filters 236 media 188, 190, 192, 194, and 196.
Where large sep-  are located adjacent to a liquid crystal display (LCD)
aration of the individual spectral beams occurs or is  device 238 that is
further illustrated in Figure 8. desired, the dichroic layer device 186
illustrated in  Referring to Figure 8, the liquid crystal display de-
Figure 5 is ideally suited. The spacing provided by  20  vice 238 has three
linear arrays 240,242,244 of liquid spacers 208, 210, 212, 214, 216, 218,
220 and 222,  crystal display shutters that are capable of transmit- can be
varied to account for the increased thickness  ting light on a continuously
variable gray scale from such as the increased glass thickness of each of
the  essentially a total throughput level to approximately optical
transparent support media 188,190,192, 194,  opaque in response to an
electrical control signal. A and 196, as the beam Is transmitted through
the di-  25  resolution of approximately 1000 elements per inch chroic
layer device 186 to insure proper alignment of  can be obtained in LCD
arrays, such as illustrated in each of the individual spectral beams. Of
course, opt-  Figure 8. As a means of comparison, fine grain film ical
glues, angles of incidence, plate thicknesses, use  may typically have a
range of resolution of 600 to 800 of prisms and other techniques, such as
described  line pairs per inch. Hence, a very high resolution can herein,
can be used in any of the devices shown, to  30  be obtained using LCD
shutters. LCD shutters are reduce the effects of astigmatism and prevent
other  available through several manufacturers including possible problems.
Of course, it should be understood  Epson Corporation and Sharp Corporation
in Japan. that any manner of supporting and separating sub-      Referring
again to Figure 7, the three optical stantially parallel dichroic planes
can be used in ad-  beams 246, 248, and 250, that are transmitted from
dition to the glass plates, glue layers, spacers, etc.,  35   LCD shutter
238 have been adjusted in intensity to disclosed herein. The method of
support and separa-  represent the color intensity of a single line of
infor- tion of a plurality of dichroic planes is secondary to  mation to be
recorded on recording medium 232 in ac- the primary invention disclosed
herein which com-  cordance with the image information provided by the
prises the use of a plurality of dichroic planes dis-  control signal.
Optical beams 246,248, and 250, are posed at an angle to the optical beams
for either spa-  40  directed through optical component 252, which can
tially and spectrally combining or separating the  comprise any of the
optical components disclosed beams. Additionally, the last optical
transparent sup-  herein, and are focused by lens 254 onto the record- port
medium 196 can be replaced with a totally reflec-  ing media 232. As
illustrated, the three separate lines tive surface as described above.
of information provided by each of the line matrices Figure 6 illustrates
other implementations of the   45  240,242 and 244 (Figure 8), is combined
into a single optical component 224. As illustrated in Figure 6, the  beam
having coincident optical axes such that each spacing of the dichroic layer
devices 226 and 228 can  pixel element comprises a combination of the three
be changed as well as the angles of impingement,   primary colors from each
of the optical beams 246, Theta One and Theta Two of the optical beams with
248 and 250. This results in very high convergence the dichroic layers
devices 226 and 228, respectively.  50  and line acuity that is not
possible using other tech- Additionally, the total included angle theta
three can  niques. For example, one method that has been con- also be
varied to direct the optical beams to a prede-  templated for recording
documents in this manner termined plane. It is possible to maintain equal
optical  utilizes a CRT color monitor that is focused on a re- path lengths
as well as vary the spacing between the  cording documentwith each of the
colors sequentially optical axes of each of the individual spectral beams
55  exposed on the recording media. Not only does this by varying both the
angle of impingement and the  technique require three separate exposures of
the re- plate thicknesses. As mentioned previously, the ma-  cording media,
which is expensive and time consum- terials utilized in the dichroic layers
devices 226, 228  ing, line acuity and convergence are extremely low 6    



11                  EP 0 325 366 B1                 12 because of the triad
of colors that are required in CRT  though, only the three primary colors
are necessary color monitors.                                    to provide
a full color display. Each LCD mattix dis- The recording media 232 of
Figure 7 can com-   play is capable of transmitting a pre-determined prise
a wide range of recording media. For example,  amount of radiation of each
spectral band at each the present invention could be used for presentation
5   spatial location of each individual matrix element in a graphics by
using a special color exposure paper   continuously variable fashion that
is controlled by the available from Mead Company. The Mead paper is
image control signal 274. The LCD matrices act as coated such that, when it
is exposed to light, it  light shutters and are deposited using
photolithogra- changes chemically. The paper is then run through a  phy
deposition precision that allows for very high re- roller which crushes the
chemically altered coating to  10  solution images. Additionally, they can
be deposited produce a color print. Additionally, recording medium  on a
monolithic substrate which allows the matrices 232 can comprise
photographic film or any other re-  to be aligned with the optical beams
very easily, pro- cording medium capable of recording optical radia-  vides
a very uniform electrical responsivity across tion, including non-visible
radiation. Rollers 256 func-  each matrix, as well as between different
colors (dif- tion to advance the recording medium 232 and can be   15
ferent matrices), and is easy and inexpensive to man- driven continuously
or in a step fashion using a step-  ufacture. The three two-dimensional
beams are pre- ping motor to correspond to the manner in which the  cisely
combined in the optical component 260 so that control signal is applied to
LCD shutter device 238. Al-  each of the optical beams 274, 276 and 278,
has an ternatively, LCD shutter device 238 can comprise   equal optical
path length. The single spectrally and three arrays of light emitting
diodes (LEDs) that pro-  20  spatially combined beam 280 is then focused by
lens duce three different spectra of light in response to a  282 on a
projection screen 284 which can be de- control signal. In that case, the
illumination source  signedforviewing eitherfromthefrontorbacksides. 234
and filters 236 can be eliminated.             Lens 282 is schematic in
nature and most likely will Figure 9 is a schematic side view of a
projection  comprise at least a two element lens for projection device
using the optical component 260. As illustrat-  25  onto screen 284. ed in
Figure 9, the optical component 260 is con-     An advantage of the
projection device illustrated structed in a mannersimilarto optical
component 186  in Figure 9 is that each pixel element is a super-im-
Illustrated in Figure 5 but can comprise any of the im-  position of each
of the three colors. In other words, plementations of the optical
component. As men-    each pixel is a colorcomposite of all three colors.
This tioned previously, the spacing between the glass  30  differs
significantly from typical color CRT screens plates can be adjusted for the
refraction produced in  wherein each pixel is a separate color that the eye
the glass plates. For example, if the angle of inci-  optically integrates
into a single combined color pixel. dence is 22.5 degrees, as schematically
illustrated in  A much sharper image is produced since there is a Figure
25, the angle of the beam within the glass plate  convergence of all three
colors in each pixel element. changes to approximately 14.61 degrees
forglass. To   35   Furthermore, typical color CRT screens require a
account for added glass thickness, each of the     shadow mask to separate
each individual color pixel. spacers must provide additional space for
subse-   Since the present invention has complete color con- quently deeper
layers in the optical component 260.  vergence of each pixel, shadow masks
are not nec- Of course, the advantage of the spaced plate optical  essary
and much greater picture clarity can be ob- component 260, illustrated in
Figure 9, and optical  40  tained. Most importantly, the projection device
of the component 186, illustrated in Figure 1, is that as long  present
invention does not produce the harmful X- as the glass plates are thick
enough to provide an opt-  rays that are produced by CRTs. ically flat
surface without warpage, the spacers pro-  Alternatively, the device of
Figure 9 can be used vide automatic alignment of the glass plates to an ac-
as a projection device for projecting an image on a re- curacy of
approximately two microns.          45  cording medium. In other words,
projection screen Figure 9 Illustrates a two-dimensional projection  284
can comprise a recording medium rather than a device in which an optical
source 262 produces white  projection screen so that Images can be recorded
in light that is filtered by colorfilters 264 which each pro-  both
dimensions simultaneously rather than in a sin- ject a different spectral
range of frequencies. Each of  gle dimension in a serial fashion such as is
illustrated these filters 264 has a two dimensional surface that  50  in
Figure 7. Moreover, the LCD matrix 266 can be re- overlays the LCD matrixes
266. LCD matrixes 266    placed by a series of light emitting diode
matrixes are also illustrated in Figure 10. LCD matrixes 266  such that the
filters 264 and illumination source 262 comprise three individual matrix
arrays 268, 270 and  can be eliminated. In this case, each LED matrix 268,
272, which are individually controlled by a control sig-  270 and 272,
would produce a different spectral nal schematically illustrated by
contacts 274, to pro-  55  range of frequencies. vide an imageforeach
separate colorof the three pri-   Figure 11 is a schematic isometric view
of an im- mary colors. Of course, any number of matrixes can  plementation
of the optical component 286 employed be used to provide any number of
colors desired, al-  as a two dimensional color optical component system 7
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employed, for example, in a color cam-  LCD shutters 346, 348, and 350,
have an intensity era. As illustrated in Figure 11, lens 288 focuses an
that is adjusted by the electrical control signal that image from an object
plane 290 through an aperture  controls the opacity of the LCD shutter
devices. device 292 that determines the field of view of the col-  These
beams are then precisely combined by speo- or camera device illustrated in
Figure 11. The image   5   tral combiner 352 and focused by lens 354 to
produce from the object plane 290 is focused onto an image  the single
combined output beam 336 that is both spa- plane on which three matrixes of
detectors 294, 296,  tially and spectrally combined and adjusted in speo-
and 298, are disposed to detect the Individual color  tral content in
accordance with the electronic control beams that are separated by optical
component 286.  signal. Again, any number of color beams can be pro-
Optical component 286 is shown constructed as a   10  duced in the device
illustrated in Figure 14 together prism 310 having optical spacer plates
300,302,304,  with a corresponding number of shutter devices to and 306
attached thereto. Of course, any of the opti-  provide additional control
of the spectral content of cal component devices disclosed herein can be
used  output beam 336. Also, anytype of shutter device can in place of
optical component 286, illustrated in Fig-  be used in place of the LCD
shutters 346, 348, and ure 11, depending upon the precision and expense  15
350. Additionally, the individual spectral beams can desired.
Aclearadvantage of the implementation illu-  be produced in any desired
manner and it is not nec- strated in Figure 11 is that each of the detector
ma-  essary that the beamsplitter 342 be employed. trixes 294, 296, and
298, can be located in the same  Figure 15 comprises a schematic side view
of a plane and adjacent to each other so that they can be  multiple channel
fiber optic communication device constructed on a monolithic substrate.
This elimin-  20  360 according to the invention. Fiber optic communi- ates
many alignment problems that are associated  cation devices allow
transmission of high bandwidth with standard prior art dichroic prism
devices and pro-  information across a fiber optic such as fiber optic
vides a uniform output so that each color intensity  362. This allows for
high frequency modulation of an need not be individually adjusted for each
use or dur-  optical source such as laser diode. Laser diodes can ing the
course of use of the camera. Because each of  25  be switched in the
megahertz frequency range. How- the matrixes of detectors 294, 296, and
298, are lo-  ever, the demodulated signal at the receiving end cated on
the same substrate, nearly uniform temper-  constitutes a single station
signal since only one car- ature gradient provides for nearly identical
variations  rier frequency is transmitted through the fiber optic. in
output intensity of the signals from the detectors.  The present invention,
as disclosed in Figure 15, Figure 12 comprises a schematic side view of a
30  overcomes these disadvantages and limitations by color camera device,
such as illustrated in Figure 11,  providing multiple carrier signals in
the form of plural- that uses the spaced plate implementation, such as  ity
of spatially and spectrally separated beams that illustrated in Figure 5
and Figure 9, for the optical  have been combined into a single combined
beam. As component 312. As illustrated in Figure 12, an aper-  illustrated
in Figure 15, an optical generator 364 con- ture device 314 restricts the
field of view of an image   35  tains a plurality of individual and
spatially separated that is focused by lens 316 onto the three matrix de-
optical generators 366, 368, and 370, each having a tector 318, 320, and
322. Optical components 312  different spectral range. Each of the
individual optical split the single optical beam 324 into three separate
generators 366,368, and 370, is modulated separate- color beams 326, 328,
and 330, having equal optical  ly by a separate communication signal via
electrical path lengths, in the manner described previously.  40
connectors schematically illustrated as connectors Figure 13 illustrates
the three matrix detector  372. The optical component 374 of the present
inven- 318, 320, and 322 that are mounted on a monolithic  tion is aligned
to combine the individual beams pro- substrate 332 to provide a uniform
color output signal.  duced by optical generators 366, 368, and 370, into
Figure 14 illustrates an electronic colored filter  a single combined beam
376. The single combined device for filtering an input optical beam 334
pro-  45  beam is then focused by way of lens 378 into a beam duced by an
illumination source 336 that is Imaged  380 onto the end of a fiber optic
362 for transmission through a pinhole or line aperture 351 in an aperture
to a remote location. plate 338 to form a filtered output optical beam 336.
At the remote location, as illustrated in Figure 15, Input optical beam 334
is focused by lens 340 through  the combined spectral beam is transmitted
as shown the spectral beam splitter 342 onto an aperture plane  50  at 382
from fiber optic 362 and focused by lens 384 344 on which a number of
aperture devices, such as  through the optical component 386 of the present
in- LCD shutters 346,348, and 350, are disposed to vary  vention onto a
plurality of photo detectors 388, 390, the throughput of light in response
to an electrical  and 392. The optical component 386 spatially and control
signal. LCD shutters 346, 348, and 350, can  spectrally separates the
combined beam 382 into its comprise either single pinhole apertures or can
com-  55  spectral components that are individually focused on prise a
linear array depending upon whether aperture  photo detectors 388, 390, and
392. Alignment of the 351 comprises a pinhole aperture or a line aperture.
optical component 386 and selection of the dichroic The resultant beams
that are projected through the  filter layers allows for accurate
separation of each of 8    
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that is produced by optical gen-  of lens 420. Because the optical path
lengths of each erators 366, 368, and 370, onto photo detectors 388,  of
the individual beams is not critical, due to the fact 390, 392.
that each spectral beam comprises an individual car- The device of Figure
15 allows fortransmission of  rier band, it is not essential that both
composite di- multiple channels on a single fiber optic 362 by virtue   5
chroic devices 422 and 424 be employed to separate of the ability to
spatially combine a plurality of individ-  the combined beam 414. Hence,
only a single com- ual beams having different spectral ranges for trans-
posite dichroic device, such as dichroic device 424, is mission across
fiber optic 362 and subsequently sep-  necessary in accordance with the
invention illustrat- arate the optical beam into its spectral components
ed in Figure 17. at the receiving end. In this manner, the present in-  10
The present invention therefore employs both an vention provides the
ability to transmit multiple carrier  optical separator device as well as
an optical combin- bands on a single fiber optic. Of course, as many   er
device which can be employed in a number of spectral bands as desired can
be transmitted and the  unique implementations. The composite dichroic lay-
present invention is ideally suited for transmitting  er devices can be
employed in a number of different multiple spectral bands since the
dichroic layers can   15  ways with a wide range of variables to produce
the de- be designed as notch filters to reflect and transmit  sired results
and optical quality. The present inven- very narrow spectral bands.
Additionally, the optical  tion is capable of inexpensively combining or
separat- signal can be generated by any desired optical source  ing
individual substantially parallel spectral beams including the aperture
device 344 illustrated in the  which eliminates many of the problems
involved with electronic filter disclosed In Figure 14. Also, the opt-  20
alignment of components. Additionally, construction ical source 364 can
comprise a series of line genera-  techniques of the optical component are
greatly sim- tors or a matrix of generators that can be focused by  plified
over prior art devices, such as dichrolc prisms, lens 378 onto an array of
fiberoptic cables to facilitate  allowing for an optical component capable
of produc- transmission over multiple fiberoptic cables in a sim-  Ing
comparable or better optical quality at only afrac- ple and easy manner.
25  tion of the cost of dichroic prisms. Figure 16 schematically
illustrates the use of mul-  The foregoing description of the invention has
tiple laser sources 394, 396 and 398, which can com-  been presented for
purposes of illustration and de- prise solid state lasers or gaseous lasers
depending  scription. It is not intended to be exhaustive orto limit upon
the application of the optical source. As illustrat-  the invention to
precise form disclosed, and other ed in Figure 16, laser 394 is capable of
generating a   30   modifications and variations may be possible in light
red beam 400 while laser 396 generates a blue beam  of the above teachings.
The embodimentwas chosen 402 and laser 398 generates a green beam 404.
and described in order to best explain the principles Again, as many
different optical sources can be used  of the invention and its practical
application to there- as desired to produce as many beams as required.
by enable others skilled in the art to best utilize the Laser sources can
be used in any of the applications   35  invention in various embodiments
and various modi- of the present Invention illustrated herein. For exam-
fications as are suited to the particular use contem- ple, gaseous lasers
may be required to produce suf-  plated. It is intended that the appended
claims be con- ficient power for transmission over extended distanc-
strued to include other alternative embodiments of es over a fiber optic
362, as illustrated in Figure 15.  the invention except insofar as limited
by the prior art. Additionally, it may be advantageous to use gaseous   40
lasers in the various projection systems, such as the projection system
illustrated in Figure 9, to produce  Claims sufficient illumination of the
projection source. Also, color holographic projection or recording may be
im-  1. A multiple channel fiber optic communication de- plemented using
lasers.                        45      vice (360) comprising: Figure 17
shows an alternative implementation of         optical generator means
(384) for generat- the device illustrated in Figure 15. As illustrated in
Ing a plurality of optical beams such that each of Figure 33, an optical
generator 406 capable of gener-  said optical beams has a predetermined
spectral ating a plurality of spectral beams is combined into a  range;
single beam 408 by lens 410. Lens 410 combines the   50      means for
individually varying the intensi- individual spectral beams into the single
combined     ty (372, 366, 368, 370) of each of said plurality of beam 408
and focuses the single combined beam 408      optical beams such that each
of said plurality of on the end of fiber optic 412. The invention is then
im-  optical beams is a separate communication chan- plemented in
substantially the same manner as de-      nel in said multiple channel
fiber optic communi- scribed in Figure 15 at the receiving end to spatially
55  cation device; separate the combined beam 414 by way of optical
spectral combinermeans (374) forspatial- component 416. Each of the
individual spectral         ly and spectrally combining said plurality of
opti- beams is focused onto a photo detector 418 by way      cal beams into
a single combined beam wherein 9    
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these spectral bands that is produced by optical gen-  of lens 420. Because
the optical path lengths of each erators 366, 368, and 370, onto photo
detectors 388,  of the individual beams is not critical, due to the fact
390, 392.                                          that each spectral beam
comprises an individual car- The device of Figure 15 allows fortransmission
of  rier band, it is not essential that both composite di- multiple
channels on a single fiber optic 362 by virtue   5   chroic devices 422 and
424 be employed to separate of the ability to spatially combine a plurality
of individ-  the combined beam 414. Hence, only a single com- ual beams
having different spectral ranges for trans-  posits dichroic device, such
as dichroic device 424, Is mission across fiber optic 362 and subsequently
sep-  necessary In accordance with the invention illustrat- arate the
optical beam into Its spectral components  ed in Figure 17. at the
receiving end. In this manner, the present in-  10  The present invention
therefore employs both an vention provides the abilitytotransmitmultiple
carrier  optical separator device as well as an optical combin- bands on a
single fiber optic. Of course, as many  er device which can be employed in
a number of spectral bands as desired can be transmitted and the  unique
implementations. The composite dichroic lay- present Invention is ideally
suited for transmitting  er devices can be employed in a number of
different multiple spectral bands since the dichroic layers can   15  ways
with a wide range of variables to produce the de- be designed as notch
filters to reflect and transmit  sired results and optical quality. The
present inven- very narrow spectral bands. Additionally, the optical  tion
is capable of inexpensively combining or separat- signal can be generated
by any desired optical source  ing individual substantially parallel
spectral beams Including the aperture device 344 illustrated in the  which
eliminates many of the problems involved with electronic filter disclosed
in Figure 14. Also, the opt-  20  alignment of components. Additionally,
construction ical source 364 can comprise a series of line genera-
techniques of the optical component are greatly sim- tors or a matrix of
generators that can be focused by  plified over prior art devices, such as
dichroic prisms, lens 378 onto an array offiberoptic cables to facilitate
allowing for an optical component capable of produc- transmission over
multiple fiber optic cables in a sim-  ing comparable or better optical
quality at only a frac- ple and easy manner.                          25
tion of the cost of dichroic prisms. Figure 16 schematically illustrates
the use of mul-  The foregoing description of the invention has tiple laser
sources 394,396 and 398, which can com-  been presented for purposes of
illustration and de- prise solid state lasers or gaseous lasers depending
scription. It is not intended to be exhaustive orto limit upon the
application of the optical source. As illustrat-  the invention to precise
form disclosed, and other ed in Figure 16, laser 394 is capable of
generating a   30  modifications and variations may be possible in light
red beam 400 while laser 396 generates a blue beam  of the above teachings.
The embodimentwas chosen 402 and laser 398 generates a green beam 404.
and described in order to best explain the principles Again, as many
different optical sources can be used  of the invention and its practical
application to there- as desired to produce as many beams as required.   by
enable others skilled in the art to best utilize the Laser sources can be
used in any of the applications   35  invention in various embodiments and
various modi- of the present invention illustrated herein. For exam-
fications as are suited to the particular use contem- ple, gaseous lasers
may be required to produce suf-  plated. It is intended thatthe appended
claims be con- ficient power for transmission over extended distanc-
strued to include other alternative embodiments of es over a fiber optic
362, as illustrated in Figure 15.  the invention except insofar as limited
by the prior art. Additionally, it may be advantageous to use gaseous   40
lasers in the various projection systems, such as the projection system
illustrated in Figure 9, to produce  Claims sufficient illumination of the
projection source. Also, color holographic projection or recording may be
im-  1. A multiple channel fiber optic communication de- plemented using
lasers.                       45      vice (360) comprising: Figure 17
shows an alternative implementation of        optical generator means (384)
for generat- the device illustrated in Figure 15. As illustrated in  ing a
plurality of optical beams such that each of Figure 33, an optical
generator 406 capable of gener-  said optical beams has a predetermined
spectral ating a plurality of spectral beams is combined into a  range;
single beam 408 by lens 410. Lens 410 combines the   50     means for
individually varying the intensi- individual spectral beams into the single
combined    ty (372,366, 368, 370) of each of said plurality of beam 408
and focuses the single combined beam 408     optical beams such that each
of said plurality of on the end offiberoptic412. The invention is then im-
optical beams Is a separate communication chan- plemented in substantially
the same manner as de-     nel in said multiple channel fiber optic
communi- scribed in Figure 15 at the receiving end to spatially  55  cation
device; separate the combined beam 414 by way of optical
spectralcombinermeans(374)forspatial- component 416. Each of the Individual
spectral        ly and spectrally combining said plurality of opti- beams
Is focused onto a photo detector 418 by way     cal beams into a single
combined beam wherein 9    
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* said spectral combiner means comprises dichro-     einer spektralen
Kombinatorelnrichtung (374) ic layer means having a predetermined spatial
zum raumlichen und spektralen Kombinberen der separation for reflecting
said plurality of optical  Mehrzahl von optischen Strahlen in einen einzel-
beams to cause said plurality of optical beams to  nen kombinierten Strahl,
wobei die spektrale be spatially and spectrally superimposed to form    5
Kombinatoreinrichtung   eine   dichroitische said single combined beam;
Schichteinrichtung umfaBt, die eine vorbestimm- fiber optic transmission
means (362) for     te raumliche Trennung zum Reflektberen der transmitting
said single combined beam;            Mehrzahl von optischen Strahlen
aufwelst, um spectral separatormeans (386) forspatial-    zu bewirken, daB
sich die Mehrzahl von opti- ly and spectrally separating said single
combined   10 schen Strahlen rumillch und spektral Oberlagert, beam that
has been transmitted through said fib-   um den einzelnen kombinierten
Strahl zu bilden; er optic transmission means (382) to obtain said   einer
Faseroptikibertragungseinrichtung (362) plurality of optical beams by
reflecting said plur-  zum Senden des einzelnen kombinierten Strahis; ality
of optical beams from a plurality of spatially  elner spektralen
Separatoreinrichtung (386) zum separated and substantially parallel
dichroic lay-  15  raumlichen und spektralen Trennen des einzel- ers;
nen kombinlertan Strahls, der durch die Faserop- detector means (388, 390,
392) aligned       tikiibertragungseinrichtung  (382) Obertragen with each
of said plurality of optical beams for   wurde, um die Mehrzahl von
optischen Strahlen sensing variations in intensity of each of said plur-
durch Reflektieren der Mehrzahl von optischen ality of optical beams.
20      Strahlen an elner Mehrzahl von raumlich ge- trennten und im
wesentlichen parallelen dichroi- -   2. The multiple channel fiber optic
communication      tischen Schichten zu erhalten; device of claim 1 wherein
said spectral combiner   einer Erfassungseinrichtung (388, 390, 392), die
means (374) comprises a lens (410).                mit jeder der Mehrzahl
von optischen Strahlen 25      ausgerichtetist, um Veranderungen der
Intensitit 3. The multiple channel fiber optic communication     jades der
Mehrzahl von optischen Strahlen zu er- device of claim 1 wherein said means
for individ-  fassen. ually varying (372, 366, 368, 370) comprises liq- uid
crystal display shutter means for varying the  2. Das
Mehrkanalfaseroptikkommunikationsgerat intensity of each of said plurality
of optical beams   30  nach Anspruch 1, be! dem die spektrale Kombi-
individually.                                      natoreinrichtung (374)
ine Linse (410) umfalt. 4. The multiple channel fiber optic communication
3. Das Mehrkanalfaseroptikkommunikationsgerit device of claim 1 wherein
said optical generator   nach Anspruch 1, beidem die Einrichtung zum In-
means (364) comprises solid state lasers.  35      dividuellen Verindern
(372, 366, 368, 370) eine Flissigkristallanzeigeblendeneinrichtung   urn-
5. The multiple channel fiber optic communication     fat um die
lntensitatjedes der Mehrzahl von op- device of claim 4 wherein said means
for individ-  tischen Strahlen einzeln zu verindern. ually varying (372,
366, 368,370) the intensity of said plurality of optical means comprises
control  40  4. Das Mehrkanalfaseroptikkommunikationsgerit signal means
(372) for varying the intensity of    nach Anspruch 1, bei dem die optische
Genera- said solid state lasers.                          toreinrichtung
(364) Festk6rperlaser umfaL 5. Das Mehrkanalfaseroptikkommunikationsgerit
Patentanspruche                              45      nach Anspruch 4, bei
dem die Einrichtung zum in- dividuellen Verandern (372,366,368,370) der In-
1. Ein  Mehrkanalfaseroptikkommunikationsgerat        tensitat der Mehrzahl
von optischen Strahlen ei- (360), mit:
ne Steuerungssignaleinrichtung (372) umfaSt, elner optischen
Generatoreinrichtung (384) zum     um die Intensitit der Festkorperlaser zu
veran- Erzeugen einerMehrzahl von optischen Strahlen   co  dern. derart,
daB jeder der optischen Strahlen eanen vorbestimmten spektralen Berelch
aufweist; elner Einrichtung zum individuellen Verandern   Rovendications
der Intensitit (372, 366, 368, 370) jades der Mehrzahl der optischen
Strahlen derart, dao je-  5s   1. Un dispositif de communication (360) A
fibre op- der der Mehrzahl der optischen Strahlen ein ge-    tique A canaux
multiples comprenant: trennter Kommunikationskanal In dem Mehrka-
un moyen gen6rateur optique (384) pour nalfaseroptikkommunikationsgerat
ist;              engendrer une serie de faisceaux optiques tels 10    19
EP 0 325 366 B1                 20   *     C    L    M    S     * que
chacun desdits faisceaux optiques presente     (372, 386, 368 370) de
l'intensit6 de ladite serie 



une plage spectrale predhtermlvnee;                de moyens optiques
comprend un moyen (372) un moyen de modificatWon ind dduelle do      de
signaux de commando pour modifier l'intensi- l'intensite (372. 366, 388,
370) de chacun des     te desdits laser d'etat solids. falsceaux optiques
de ladite serie d'une maniere   5 telle quo chaque faisceau optique de
ladite serie eat un canal de communication separee dans le- dit dispositif
de communication & fibre optique a canaux multiples; un moyen
combinateurspectral (374) pour  10 combiner spatialement et spectralement
en un faisceau combine unique ladite serie de fals- ceaux optiques, ledit
moyen combinateur spec- tral comprenant un moyen de couches dichroi- ques A
separation spatiale preddtenminee pour  i5 reflechir ladite serle de
faisceaux optiques de maniere a amener les faisceaux optiques de la- dite
serie a etre superposes spatialement et spectralement afin de former ledit
faisceau combine unique;                            20 un moyen de
transmission (362) a fibre optique pour transmettre ledit faisceau combine
unique; un moyen separateur spectral (386) pour separer spatialement et
spectralement ledit fals-  25 ceau combine unique qui a AtA transmis a
travers ledit moyen de transmission (382) A fibre optique de maniere a
obtenir ladite serie de faisceaux op- tiques en reflechissant ladite serie.
de faisceaux optiques A partir d'une serie de couches dichroi-  3o ques
spatialement separees et sensiblement pa- ralleles; des moyens d6tectburs
(388, 390,392) all- gnes avec chacun desdits faisceaux optiques de la serie
pour captor des variations dMintensite de   35 chacun des faisceaux
optiques de ladit srise. 2. Le dispositif de communication a fibre optique
a canaux multiples selon la revendicatlon I dans lequel le moyen
combinateur spectral (374)  4o comprend une lentille (410). 3. Le
dispositif de communication A fibre optique A canaux multiples solon la
revendication I dans lequel ledit moyen de modification individuelle  45
(372,366,368,370) comprend un moyen obtura- tour du type affichage A
cristaux liquides pour modifier individuellement l'intensit de chacun
desdits faisceaux optiques de ladite serie. 50 4. Le dispositif de
communication A fibre optique a canaux multiples solon la revendication 1
dans lequel ledit moyen generateur optique (364) comprend des laser d'etat
solide. 55 5. Le dispositif de communication A fibre optique a canaux
multiples solon la revendication 4 dans loquel ledit moyen de modification
individuelle    


