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[57] _ ABSTRACT

A template to form the characters to be written is
placed between the light source and the record carrier.
The template 1s formed as a light-switching mask the
switching elements of which can be controlled by a
character generator. The switching elements may be
arranged separately beside each other or in matrix form
In accordance with the fact whether the characters are
to be written per line or per page. Printing in color is
also possible. The optical printer combines the functions
of a printer, a picture memory and a display.

4 Claims, 4 Drawing Figures
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1

OPTICAL PRINTER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The 1nvention relates to an optical printer having a
light source and a template arranged between the light
source and a photosensitive record carrier to form the
characters to be printed.

It 1s an object of the invention to provide an optical
printer in which neither moving parts or deflectable
rays nor high control voltages are necessary and the
construction of which has been kept simple.

For that purpose, the printer according to the inven-
tion is characterized in that the template is formed as a
light-switching mask in integrated thin-film technique
and having light-switching elements which can be con-
trolled electronically by a character generator in such
manner as to be transparent at will to the light radiated
by the light source.

A preferred embodiment is characterized in that the
light-switching mask consists of magneto-optical mem-
ory layers of predominantly iron-garnet with vapor-
deposited conductor track structures and resistive ele-
ments for electronically switching according to a ther-
momagnetic method.

Such an integrated light modulation matrix is dis-
closed in German Offenlegungsschrift No. 26 06 596. It
consists of a regular pattern of light-switching elements
which via vapor-deposited conductor tracks and resis-
tive layers are switched purely electronically. With
high integration density, line-shaped light-switching
components having more than one thousand elements
can be constructed.

Embodiments of the invention will now be described
in greater detail with reference to the accompanying
drawings, in which:

F1G. 115 a longitudinal sectional view of a part of an
optical printer embodying the invention.

FIG. 2 1s a cross-sectional view of the same part,
taken through the line 11—11 of FIG. 1,

F1G. 3 shows the principle circuit diagram for con-
trolling the light-switching elements of the printer
shown 1n FIG. 1, and

FIG. 4 1s a schematic view showing a part of another
embodiment of an optical printer embodying the inven-
tion.

The optical printer shown in principle in FIG. 1 com-
prises a housing 2 in the lower part 2a of which a slot-
shaped aperture 4 is provided which covers the full
width of the housing 2. The upper part of the housing 2
1s detachable so that the components accommodated
inside the housing are easily accessible.

A line-shaped line source 1, for example an elongate
tubular lamp, 1s fixedly arranged in the housing 2 and its
light 1s guided via a cylinder lens 3 into the slot-shaped
aperture 4 of the housing 2 by a reflecting face of a
prism 5. The slot-shaped aperture 4 is covered on its
outside by a light-switching mask. The light switching
mask consists of a support substrate 6 having a bismuth-
doped iron garnet layer. An electrical conductor 7 is
vapor-deposited on the iron garnet layer. On the con-
ductor 7 resistive layers 8 are provided on the individ-
ual raster points. A further electrical conductor 9 is
vapor-deposited on each resistive layer 8. The common
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conductor 7 1s led out and connected to a connection
terminal a. The individual electrical conductors 9 have
their own connections bl to bn. A detailed description
of such a light-switching mask is to be found in the
above-mentioned German Offenlegungsschrift No. 26
06 596.

As shown in FIG. 2, the light-switching elements 7 to
9 are arranged beside each other in a row transverse to
the direction of transport of the record carrier 12.

The thermal energy necessary to switch each of the
light-switching elements 7 to 9 is generated by supply-
ing a short current pulse to the electrodes 7 and 9. The
thermal energy generated by the current pulse in the
resistive layer 8 is dissipated via the substrate 6. Switch-
ing a light-swiiching element in the generated magnetic
field can be carried out in less than one microsecond.
The supply of a current pulse is carried out, as shown in
FIG. 3, by a character generator 18 the pulse of which
are first applied to a shift register 10. After setting said
shift register 10 in accordance with the raster points of
a line to be written, the associated driver stages 11 are
activated in known manner, not shown, which stages

- themselves again switch the corresponding light-
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switching elements via the connections bl to bn. The

common electrode 7 1s connected to earth potential via
the connection terminal a.

In such optical printers it is also possible to use the

- magneto-optical components for a colored display by a

suitable use of the spectral properties of the light-
switching elements, as described, for example, in Ger-
man Offenlegungsschrift No. 27 54 222.

In both recording methods, a grey scale reproduction
can be built up digitally with light-integrating recording
materials, for example photographic or dry silver paper,
by multiple exposure of a line with each time varied
light-dark distribution. Because the light-switching ele-
ments can operate at very high speed—100,000 switch-
ings are possible per switching element per second, so
that in parallel driving of 1,000 elements 100 Mbit/-
second can be displayed—high resolving powers of the
grey scale can be obtained.

The use of integrated modulation matrices of high
resolving power as a light-switching mask in addition
enable further improvements of the optical printing
technique. For example, an optical printer can be built
up with a light-switching mask having approximately
2,000<2,000 light-switching elements, which printer
may be used without mechanically movable compo-
nents for the exposure of a full sheet of a photosensitive
stationary record carrier. F1G. 4 shows such a printer in
a simplified form. In this printer a light mask is used
having a large number of matrix-like arranged light-
switching elements the structural construction of which
and the circuit technological control may be derived,
for example, from FIGS. 7 and 8 of the German Offen-
legungsschrift No. 26 06 596. Over said light-switching
mask a uniformly i1lluminated plate 13 for the constant
illumination of all light-switching elements is provided.
In this device, electric conductors 7 are provided for
each line of the raster and electrical conductors 9 are
provided for each column of the raster, the conductors
7 and 9, respectively, extending mutually in parallel and
the conductors 7 being provided cross-wise with re-
spect to the conductors 9. The control of the light-
switching elements 1s done in a manner corresponding
to that of the control of the apparatus FIG. 3.

For printing a full page, for example, of the format
DIN A 4, the picture data provided by the character
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generator are first stored in the light switching mask, in
which the information is supplied at high speed. The
record carrier 12 may then be exposed for any period of
time by switching on the light source because the char-
acters to be displayed for the full page remain stored in
the light-switching mask. The connection of the mag-
netic memory technique with an optical printer thus
permits the combination of the functions of a character
memory and the writing in a single apparatus. In the
case of multiple exposure in integrated record carriers,
a grey scale may also be built up as described above for
the line printer. |

Since the dimensions of the light-switching mask 1n
most of the cases do not correspond to the dimensions
of the page to be written, an optical element 16 is pro-
vided between the light switching mask and the record
carrier 12 so that a magnification or reduction in size of
the stored picture display is carried out. In the case of
DIN A 4 sheet formats a magnification will usually be
necessary while for printing according to the facsimile
method a reduction 1s desired.

In the device shown in FIG. 4 an extra beam splitter
14 (semi-permeable mirror) i1s furthermore provided
between the light-switching mask and the optical ele-
ment 16, so that the picture radiated by the light-switch-
ing mask is also produced on a screen 17 with the imnter-
position of an optical element 15 so that the page to be
written can already be read optically during printing.
So a single apparatus combines the functions of printer,
picture memory and display. Such apparatus with com-
bined display prove to be suitable especially for the data
technology.

The record carriers 12 exposed by the optical printer
are then to be developed and fixed in known manner
which is not shown. In addition to the use of photosensi-
tive record carriers, the optical printer described for
generating light dot patterns may also be combined
with optical-electrostatically operating writing meth-

ods. For example, the light modulation component of

the light-switching elements may be connected to a
known writing method with a selenium drum so that
any number of copies of the written lines and pages,
respectively, can be obtained.

An important application for the optical printer de-
scribed in addition to the data technology is in the field
of the X-ray picture production. Especially in connec-
tion with X-ray picture scanners in which the picture
information is generated electronically, such optical

printers are of great importance for the manufacture of

a “hard copy.”

The advantages of the optical printer according to
the invention as compared with the known optical
printer with laser beam or according to the *“flying
spot” method reside in the very cheap and simple expo-
sure arrangements. Because the light modulation com-
ponent of the light-switching elements 1s built up ac-
cording to an integrated thin-film technique corre-
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sponding to semi-conductor technology, the costs of ss

production are low. A further advantage 1s that the
character raster is fixed geometrically so that no drift in
the line-shaped exposure can occur. As a result of this a
high printing quality 1s produced.
What 1s claimed 1s:
1. An optical printer which comprises:
a light source,
a photosensitive record carrier disposed 1n spaced
relation to said light source,
means for forming characters in situ, said means in-
cluding a character generator, said means being
responsive to electronic signals from said character
generator, said character generator being disposed
between said light source and said photosensitive
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record carrier, said means for forming including a
template which is a light switching mask including
means for selectively varying the light transmission
through each of a plurality of points, the number of
said points being sufficient to provide a high resolu-
tion,

said means for selectively varying the light transmis-

sion including integrated thin-film technology light
switching elements and means for controlling said
switching elements electronically with a character
generator. J

[ 2. An optical printer as claimed in claim 1 wherein
said light switching mask comprises magneto-optical
memory layers of predominating iron garnet, vapor-
deposited conductor track structures and resistive ele-
ments. |}

[3. An optical printer as claimed 1n claim 1 or 2
further including a housing and wherein said light
switching mask 1s placed on the lower side of said hous-
ing and covers a slot-shaped aperture therein and the
light produced in the housing by the light source i1s
concentrated optically on the full length of said aper-
ture.

[4. An optical printer as claimed 1n claim 1 or 2
wherein said light switching mask consists of matrix-
shaped light switching elements the number of which
corresponds to the number of possible character raster
points of a full page, a uniform flat light source disposed
above said light switching elements and an optical ele-
ment to adapt to the writing surface of the record car-
rier 1s disposed beneath the light switching elements
between said elements and said record carrier.]

3. An optical printer which comprises:

a light source,

a photosensitive record carrier disposed in spaced rela-

tion to said light source,

means for forming characters in situ, said means being

responsive to electronic signals from an associated
character generator, said means for forming being
disposed between said light source and said photosen-
sitive record carrier, said means for forming including
a template which is a light switching mask including
means selectively varying the light transmission
through each of a plurality of points, the number of
said points being sufficient to provide a high resolu-
tion,

said means for selectively varying the light transmission

including integrated thin-film technology light switch-
ing elements and means for controlling said switching
elements electronically with the associated character
generator.

6. An optical printer as claimed in claim 5 wherein said
light switching mask comprises magneto-optical memory
layers of predominately iron garnet, vapor-deposited con-
ductor track structures and resistive elements.

7. An optical printer as claimed in claim 5 or 6 further
including a housing and wherein said light switching mask
is placed on the lower side of said housing and covers a
slot-shaped aperture therein and the light produced in the
housing by the light source is concentrated optically on the

full length of said aperture.

8. An optical printer as claimed in claim 5 or 6 wherein
said light switching mask consists of matrix-shaped light
switching elements the number of which corresponds to the
number of possible character raster points of a full page, a
uniform flat light source disposed above said light switch-
ing elements and an optical element to adapt to the writing
surface of the record carrier disposed beneath the light
switching elements between said elements and said record

carrier. ‘
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