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Description

This invention relates to thermal imaging sys-
tems and in particular to a multilayer thermal imag-
ing device having a print surface adapted for devel-
oping thermally sensitive paper or effecting thermal
transfer of a colourant, toner or other image for-
ming material.

In the market of medium to high quality colour
hard copy derived from digital image information,
thermal transfer printing is a leading technology,
especially when using sublimation dye media. The
main strengths of the technology lie in the reliabil-
ity of the machines and their modest cost com-
pared to photographic, electrophotographic or elec-
trostatic printers. However, in terms of quality only
the best and most expensive thermal printers ap-
proach photo-quality and for throughput and cost
per copy all technologies trail behind elec-
trophotography.

At present digital imaging of such materials is
performed by thermal styli printheads. To provide a
reasonable image quality, a high density of heat
generating resistors is required which must be both
accurately sized and of uniform resistance. To
achieve this, several highly accurate microlithog-
raphic fabrication stages are required. The require-
ment that all the resistive elements must be func-
tional and of uniform resistance at this level of
fabrication complexity leads to a low yield and the
cost of the thermal styli printhead is high. Applica-
tions requiring a higher resolution than 400 dots
per inch (d.p.i.) are therefore not addressed by
current thermal printing technology. Furthermore,
only one of these high cost devices can ec-
onomically be incorporated into a printing device.
This causes serious disadvantages for full colour
printing in which 3 or 4 colour separations must
then be printed sequentially, which slows the
throughput. Also the donor ribbon is printed in 3 or
4 sequential colours (cyan, magenta, yellow and
optionally black) requiring the receptor paper to be
re-registered for each colour on the single prin-
thead. Each of the 3 or 4 colour ribbon donor
sections is not normally re-usable and so the cost
of a colour print is constant and high.

Therefore there is a need for a thermal imaging
assembly having improved resolution and cost effi-
ciency for multi-coloured printing.

IEEE Electron Device Letters, Vol. EDL3, P.254
(1982), Applied Physics Letters, Vol. 42, P.484
(1983), U.S. Patent Nos. 4,052,208 and 4,397,930,
British Patent No. 2004077, French Patent No.
2402897, German Patent No. 2740835 and Japa-
nese Patent No. 61010064 disclose thermoelec-
trographic processes having a thermal imaging de-
vice comprising a ftrilayer element of a photocon-
ductor interposed between two electrodes, at least
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one electrode being substantially transparent. The
second electrode or the photoconductor is ther-
mally deformable or heat disintegrating such that
following primary exposure to the image to be
recorded and concomitant Joule heating arising
from current flow in the conductive path, a perma-
nent image comprising pits or holes is produced
which is read for optical data storage.

U.S. Patent No. 4,277,145, and European Pat-
ent No. 12651 disclose an imaging assembly hav-
ing a thermal imaging device of multilayer format in
which a reflective second electrode is in intimate
association with a liquid crystal layer. Isotropic
change in the liquid crystal caused by Joule heat-
ing as the thermal imaging device is scanned and
its subsequent cooling scatters light to produce an
image for display.

German Patent No. 2904793 discloses an im-
aging assembly having a thermal imaging device
comprising a support, an electrically conductive
layer and a recording layer containing an oxidisable
or reducible compound. A photoconductor with a
conductive backing is brought into contact with the
recording medium and upon light exposure, a cur-
rent caused to flow through the recording medium
produces a chemical reaction. The assembly is
then heated at 130°C for 30 seconds to give a
positive image of continuous tone.

U.S. Patent No. 4,470,055 discloses a ther-
moelectrographic device having an ink transferral
drum comprising a transparent substrate, a trans-
parent electrode and a photoconductor. An ink,
being solid at room temperature and having heat-
fusing and semiconductive properties is coated
onto the drum and paper brought into contact with
the ink. With a voltage applied between the ink
layer and the transparent electrode, illumination
from within the drum causes the photoconductor to
switch to a low resistance state and the Joule
heating in the ink layer causes fusion and transfer-
ral of ink to the paper.

Japanese Patent No. 61244563 discloses a
thermal imaging device comprising a transparent
substrate, a transparent electrode, a photoconduc-
for, a resistive heat generating layer and a further
electrode. The device is addressed by a laser
through the ftransparent substrate and electrode
and in the light struck areas, the photoconductor
switches to a low resistance state causing a large
electric field to develop in the resistive layer. The
Joule heating effect in this layer is then used fo
develop thermally sensitive paper.

The thermal image assembly incorporating
such a thermal imaging device has a relatively low
resolution (approximately 100 d.p.i.(4 dots per
mm)).

A magneto-optic device is disclosed in the
Journal of Applied Physics, Vol. 48 P.366 (1977),



3 EP 0 413 569 B1 4

comprising a non-magnetic garnet substrate bear-
ing on one surface a ferrimagnetic garnet film, on
which is deposited a first transparent electrode
layer, followed by a photoconductor layer and a
second transparent electrode layer. When a voltage
is applied across the electrodes and the device is
laser-exposed, sufficient joule heating occurs to
bring about magneto-optical switching of the fer-
rimagnetic garnet layer. The device is useful for
optical data storage.

Japanese Patent Application No. 63-159063
discloses a thermal imaging device comprising an
amorphous silicon photoconductor sandwiched be-
tween two electrodes, at least one of which is
transparent while the other bears a further wear-
resistant coating. When a voltage is applied across
the electrodes, and the device is illuminated by a
laser diode through the transparent electrode, suffi-
cient heat is generated via Joule heating o image
thermally-sensitive paper held in contact with the
wear-resistant layer. The performance quoted for
this device includes a writing speed of 1072
sec/mm, and a conductivity of 107> S/cm for illu-
mination by a 5mW laser diode emitting at 780nm.
Much higher writing speeds (e.g., by two orders of
magnitude) are necessary for such a device to
have practical applications. Much higher sensitivi-
ties are required, especially if more energy-de-
manding imaging media, such as dye-sublimation
media, are to be employed.

U.S. Patent Application No. 4,638,372, Euro-
pean Patent Application No. 138221A, German Pat-
ent Application No. 3737449A1 and Japanese Pat-
ent Application No. 60085675A disclose thermal
imaging assemblies having multiple printheads of
the thermal stylus type for multi-colour thermal
transfer printing but these devices have proven to
be economically unfeasible.

There has now been found a thermal imaging
device having a simplicity of structure and fabrica-
tion and having a particular utility to a thermal
imaging assembly having improved resolution
and/or multi-colour imaging capability when com-
pared to conventional electrothermographic print-
ers.

According to one aspect of the present inven-
tion there is provided a thermal imaging device
having a print surface adapted to provide localised
heating to a medium comprising a thermally ac-
tivatable component of an imaging forming system,
the device comprising the following sequential lay-
ers:

(a) a transparent or semi-transparent electrically

conductive layer,

(b) a photoconductive layer which when illumi-

nated by radiation of 633nm wavelength and

intensity of 4.0 x 105 W/m? has a conductivity of
at least 0.01 S/cm and a photosensitive ratio of
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at least 1 x 103,

(¢) an electrically conductive layer in electrical

contact with the photoconductive layer (b) and in

contact with:

(d) an abrasion-resistant wear layer, or,

(e) a layer comprising said thermally activatable

component of an image forming system;

wherein the layers are constructed and ar-
ranged such that when a voltage potential is ap-
plied across layers (a) and (c) and the device is
exposed through layer (a), the exposed areas of
layer (b) become conductive enhancing current
flow and generating heat in layer (b) at points
corresponding to the exposed areas and causing
localised heating at the adjacent areas of the print
surface sufficient to thermally activate said compo-
nent of an image forming system, the device not
containing ferrimagnetic garnet materials.

Transparent or semi-transparent electrically
conductive layer (a) may comprise any suitable
material known to the art of electronic imaging,
having a transparency commensurate with the ex-
posing power sufficient to generate the required
photocurrent, typically at least 70%, and providing
an electrical contact with the photoconductive layer
(b). Conductive layer (a) may comprise an ultra-thin
metal layer, e.g., silver, gold, copper etc., with a
thickness less than the wavelength of the exposure
source, but preferably comprises indium oxide, tin
oxide, cadmium indium oxide, cadmium fin oxide
or indium tin oxide and in a most preferred em-
bodiment comprises an indium tin oxide layer, typi-
cally having greater than 90% transparency and a
sheet resistance of from 5 to 200 ohms/square with
a typical value of about 30 ohms/square. The thick-
ness of conductive layer (a) is selected allowing for
composition, surface roughness, conductivity and
transparency considerations, and is typically 0.3um
but may be 0.1um or less. The upper limit is
governed by ftransparency, but is generally no
greater than 1.0um.

Photoconductive layer (b) may comprise any
material known to the art of photoconductors hav-
ing a high sensitivity and good thermal stability.
Suitable photoconductive media having high sen-
sitivity possess a conductivity of at least 0.01 S/cm,
more preferably 0.1 to 10 S/cm and a photosen-
sitive ratio of at least 1 x 103, preferably at least 1
x 10° when illuminated by radiation of 633 nm
wavelength and intensity of 4.0 x 10° W/m? mea-
sured under steady state. The photosensitive ratio
is the ratio of the illuminated conductivity of a
thermal imaging device to the dark conductivity. In
an alternative embodiment the photoconductive
layer when illuminated by white light of 10° W/m?
intensity exhibits a conductivity of at least 3 x 10™°
S/cm. Suitable photoconductive media showing
thermal stability survive repeated cycling to high
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temperatures (e.g., 400° C) without decomposition
or change in properties. The photoconductive layer
typically has a thickness of 6.0um but may be from
1.0 to 20.0um. Thin layers give the best resolution,
but run the risk of coating defects such as pin-
holes. Preferred materials are selected from cad-
mium sulphide, cadmium selenide, cadmium tellu-
ride, gallium arsenide, lead sulphide, lead selenide,
zinc oxide or mixtures thereof. As it is essential
that the photoconductive layer has a combination
of high illuminated conductivity and fast response
time, especially for digital imaging using thermal
transfer colourants, it is highly preferred that the
photoconductor is doped with copper in an amount
up to 500 p.p.m. Generally, the amount of copper
dopant will not be more than 180 p.p.m, typically
no more than 80 p.p.m. Other dopants acting as
compensating acceptors may also be used, e.g.,
silver, oxygen etc. In a most preferred embodiment
the photoconductive layer comprises cadmium sul-
phide doped with copper in an amount up to 80
p.p-m.

Electrically conductive layer (¢) may comprise
any material forming substantially an electrical con-
tact with photoconductive layer (b) but preferably
comprises an aluminium or titanium layer. Conduc-
tive layer (c) typically has a thickness of 0.5um but
may be from 0.1 to 1.0um. In a preferred embodi-
ment electrically conductive layer (c) comprises a
fitanium electrode having a sheet resistivity of ap-
proximately 2 ohms/sq. or less.

In situations where the device is used in con-
junction with a separate imaging medium, such as
a thermally-activated dye donor ribbon, it is highly
desirable that an abrasion or wear-resistant layer
(d) be formed on the external surface of conductive
layer (c) to reduce wear resulting from the contact
of thermal imaging media. The wear-resistant layer
may also impart friction reducing properties. In
situations where a thermally-activated component
of an imaging system is coated directly onto the
devices, a wear resistant layer may not be neces-
sary. Preferred materials suitable for use in a wear
resistant layer comprise alumina, silicon nitride,
aluminium nitride, fitanium nitride, boron nitride,
silicon carbide, silicon oxide, diamond or a dia-
mond-like material or a polymer film which may
optionally be crosslinked, e.g., polyimide. In a most
preferred embodiment the wear resistant layer
comprises titanium nitride and typically has a thick-
ness of 0.5um. Generally, the thickness of the
wear-resistant layer may be from 0.1 to 10um, with
a typical value of from 0.1 to 1.0um.

The print surface adapted for the provision of
localised heating to a thermally-activatable compo-
nent of an imaging system, such as thermally sen-
sitive paper or a colourant fransfer medium, prefer-
ably comprises conductive layer (c) or conductive
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layer (c) in combination with wear resistant layer
(d). However, the print surface may comprise any
layer of one or more materials having good thermal
properties for efficient conductance of heat gen-
erated in layer (b) to the selected thermographic
medium.

Photoconductive layer (b) is in electrical con-
tact with conductive layer (c) such that free elec-
tron flow occurs upon exposure of the thermal
imaging device and photoactivation of layer (b).
Layers (b) and (c) complete a path of low resistivity
unlike the devices of the prior art, for example,
Japanese Patent No. 61244563 which discloses a
thermal imaging device having an additional heat
generating layer of high resistivity interposed be-
tween a photoconductor and an electrode.

The functional nucleus of the thermal imaging
device comprises the ftrilayer element of (a) to (c)
and layer(s) (d) and/or (e), but the nucleus is pref-
erably constructed upon a support substrate for
practical purposes. In a preferred embodiment the
component layers are sequentially deposited upon
a support substrate by r.f. magnetron sputtering
under operating conditions known to the art,
wherein the substrate may comprise a flexible or
non-flexible material but preferably is glass, e.g.,
borosilicate glass. The parameters for material suit-
ability are (i) high transparency and (ii) a high
tolerance to rapid heating and cooling, e.g., the
trilayer (a) to (c) may reach temperatures of up to
400° C. The thickness of the substrate is generally
greater than 1.0 mm. The ftrilayer is deposited onto
the surface of the substrate in the order: (a), (b), (¢)
and optional wear resistant layer (d). Following the
deposition of layer (a), thermal annealing, e.g., at
300°C, has been found to affect the growth of
layer (b) in a manner which may result in a benefi-
cial modification of conductivity to that layer.

In order to prevent heat generated by layer (b)
from flowing in the reverse direction and being
dissipated too quickly into the support substrate, it
may be beneficial to have a thin thermally resistant
layer between the substrate and electrically con-
ductive layer (a). The layer must be fransparent
and should be less thermally conductive than the
base but not totally insulating, in order to direct
heat into layers (b) and (c). Suitable materials in-
clude polyimide, lead oxide and flint glasses con-
faining lead, typically at a thickness of 1.0um.

The voltage potential connected across layers
(2) and (c) depends on the thickness and make-up
of layer (b) and the intensity and dwell time of the
exposing source, but is generally from 2 to 40V,
more usually 5 to 30V with typical values of about
11 to 17V. By modulating the voltage applied
across layers (a) and (c) it is possible to modulate
the density of transferred colourant as per continu-
ous tone printing or it is possible to modulate the
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size of a transferred colourant pixel as per halftone
printing.

When the frilayer element (a) to (¢) and op-
tional thermal and wear resistant layers are con-
structed on a fransparent substrate, the imaging
device in one embodiment may be constructed as
a substantially rectangular prism. In a second em-
bodiment the glass substrate may be constructed
as a hollow cylinder, wherein layers are deposited
on the external surface of the cylinder.

The thermographic image recording medium
may comprise any of the thermographic materials
known fo the art but the format of the thermal
imaging device will influence choice. The image
recording medium may comprise a thermally sen-
sitive paper held under pressure in intimate contact
with the thermal imaging device or a colourant
transfer medium such as a ribbon or sheet either
impregnated with or having on its surface a ther-
mally transferable colourant, e.g., a wax, ink or dye,
or any material capable of modifying a receptor
surface, held in intimate association with the ther-
mal imaging device and a colourant receiving sub-
strate.

Alternatively, the colourant fransfer medium
may constitute an integral component of the ther-
mal imaging device or it may comprise a tem-
porary layer or coating applied to the print surface
of the device, for example, in one embodiment a
disposable thermal imaging device, which is pe-
riodically replaced, may be achieved by coating a
colourant transfer layer on electrically conductive
layer (¢). In a further embodiment the colourant
transfer medium may be coated onto the thermal
imaging device as an ink, paste or jelly.

Both colourant transfer layer and colourant re-
ceiving substrate may be contained in an integral
construction comprising a device in which the im-
agewise exposed thermal imaging device is peeled
apart to separate the substrate and desired image
from the remainder of the device.

The thermal imaging devices of the prior art
utilising thermally transferable colourants are un-
able to provide very high resolution printing and
they are not able to provide a cost effective meth-
od of multi-colour printing. One reason for this lies
in the construction of the printhead, typically a line
of micro-resistors at a density of 125 to 400 d.p.i.
(5 to 16 dots per mm) and of length 10 to 30cm.
These miniature heating elements and their inter-
connects are formed on an alumina substrate by
microlithographic techniques. The requirements
that all elements must be functional and of uniform
resistance at this level of fabrication complexity
results in low yield and high device costs. The
resolution of these devices is limited to 400 d.p.i.
(16 dots per mm). The thermal imaging devices of
the present invention having a simplicity of struc-

10

15

20

25

30

35

40

45

50

55

ture and fabrication result in lower production costs
and can readily achieve resolutions well in excess
of 400 d.p.i. The dimensions of the printheads of
the invention are not limited and can readily cover
areas of many square centimetres.

Furthermore, the devices of the invention pos-
sess additional means of controlling the amount of
energy delivered at the print surface compared fo
devices of prior art. With devices comprising resis-
tive elements, the only variables are the magnitude
and duration of the current flow. In the devices of
the invention, the variables include the intensity
and duration of the light exposure and also the
magnitude and duration of the voltage applied
across layers (a) and (c), so that the energy deliv-
ered to the print surface may be more readily
controlled.

The devices of the invention are therefore well
suited for continuous tone imaging using the so
called dye-diffusion-transfer media. This involves a
donor material comprising one or more dyes dis-
persed molecularly in a suitable binder, such that
the dye(s) diffuse to a receptor surface under the
action of heat, the amount fransferred varying with
the thermal energy supplied. The devices of the
invention may also be used advantageously with so
called mass-transfer media, i.e., imaging media
which involves the thermal transfer of dyes or pig-
ments along with a waxy binder. With this type of
media, it is impossible to achieve gradations of
colour within a fransferred pixel; below a given
energy threshold no transfer takes place, while at
higher energies, complete fransfer takes place.
However, when these materials are imaged by de-
vices in accordance with the invention, it is un-
expectedly found that the size of the transferred
pixel may be controlled by varying the voltage
applied across layers (a) and (c). By this means, it
is possible to simulate grey scales via generation
of half-tones, as is commonly practised in conven-
tional (lithographic) printing. This capability repre-
sents a significant advantage that is not available
using thermal printers of the prior art.

The thermal imaging devices of the present
invention have a particular utility in a thermal imag-
ing assembly comprising one or more of the ther-
mal imaging devices and means for the imagewise
exposure of said devices. The choice of said im-
agewise exposure means is selected in response
to the function of the thermal imaging assembly,
i.e., very high resolution printing or a more cost
efficient mono or multi-colour printing process.

For high resolution imaging one or more scan-
ning lasers may provide exposure means. Laser
scanners can achieve very high resolutions com-
pared with 300 to 400 d.p.i. thermal printheads of
the prior art and so such an imaging assembly can
potentially offer very high resolution thermal print-
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ing, although limitations may be encountered with
the thermal media.

When the thermal imaging device of the inven-
tion is addressed by a scanning laser, it is desir-
able that the dwell-time of the laser per pixel
should be as short as possible in order to reduce
the total scanning time and increase throughput.
Since a fixed amount of energy per pixel is re-
quired to develop the imaging media, shorter dwell-
times necessitate greater temperature gradients
between the heat-generating source (photoconduc-
tor layer (b)) and the heat receiving layer (the
imaging media). This may necessitate an unrea-
sonably large temperature rise in the photoconduc-
tor.

One method of alleviating this situation is to
arrange for the device to be heated above ambient
temperature independently of exposure by the
scanning laser, provided that such heating is in-
sufficient, by itself, to cause thermal development
of the imaging media. This may be done by a
variety of methods, e.g., external heating of the
device, or passing an electric current along either
or both of electrodes (a) and (c) so as to produce
resistive heating, but the preferred method is to
subject the imaging device to uniform, diffuse, low-
level illumination. This generates a small photocur-
rent in layer (b) with concomitant resistive heating,
thus raising the temperature by the required
amount. This method has an additional advantage
in that the response time (the time between onset
of laser exposure and attainment of peak photocur-
rent) is reduced, by virtue of the background
photocurrent being present, so that more efficient
use is made of each laser pulse. Uniform illumina-
tion can be provided by any suitable light source,
such as a tungsten filament lamp, preferably com-
prising means to control illumination intensity, e.g.,
in response to measurement of the background
photocurrent flowing in the imaging device.

An alternative method would be to use one or
more laser spots preceding the writing laser spot.
Such preceding laser spots cause both carrier gen-
eration and pre-warming of the pixel to be written.
In order to provide the correct degree of pre-
warming efc., the intensity of the laser spot (or
spots) on pixels n + 1, n + 2, would have to be
modulated, commensurate with the voltage being
written on pixel n. This could be achieved, for
example, by modifying the image data by a suit-
able reference or 'look up' table. The basic effect
of this technique is to elongate the exposure time
per pixel at faster scanning rates thereby alleviating
the temperature rise in the heat generating layer
discussed earlier in this section.

The situation that a large temperature rise may
be required in the photoconductor at scanning
rates of the laser spot, necessary for adequate
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throughput can also be alleviated by use of the well
known behaviour of photoconductors;

la P?

in which:

| is the photocurrent density, P is the light
power per unit volume and is a number usually in
the range 0.5 < y < 1.

This relationship implies that if the intensity per
pixel were reduced, e.g., by increasing the area of
coverage of the illuminating source, the current per
pixel would not decrease in direct proportion to the
intensity, but less gradually, i.e., current is gen-
erated more efficiently over a large area for a given
power of illumination.

Therefore, because the total current drawn in
the thermal imaging device increases as the illumi-
nated area increases, so too does the total power
consumption drawn in the thermal imaging device
for a given light source. Hence the time taken to
write an image would be reduced compared to that
taken to write the same image using a single laser
spot. This effect can be utilised, for example, by
illuminating the thermal imaging device through a
negative of the required image, and using the gen-
erated thermal image to transfer the colourants.

For digital imaging purposes, the effect may be
used most advantageously with thermal imaging
devices of the invention in which at least one of
layers (a) and (c) is in the form of a pattern of
discrete electrodes, each of which is connected fo
an independently-modulated voltage supply. For
example, one such embodiment could be a device
comprising an array of n electrode lines (a) and/or
electrode lines (c), addressed by a laser line ar-
ranged perpendicular to the array of n electrode
lines of the thermal imaging device and which is at
least as long as the n-line array is wide. The laser
line would then scan in the direction of the elec-
trode lines, each of which is then varied in voltage,
or duration of voltage in accordance with electronic
image data. In this way n lines of an image are
written simultaneously. The spacing of the elec-
trode lines and the width of the laser line will define
the resolution of the thermal imaging device.

Different patterns of discrete electrodes are
possible for different applications. Thermal imaging
devices wherein layer (a) and/or layer (c) is in the
form of an array of discrete electrodes may be
fabricated by a combination of known techniques of
vapour deposition and microlithography. Although
this adds to the complexity of the fabrication pro-
cess, it remains simpler than the fabrication of
conventional thermal styli printheads.

Mathematical modelling predicts that, using the
above technique it should be possible to write an
array of, say, 100 lines of image in approximately 3
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fo 5 times the time taken to write a single line by
single-spot scanning, i.e., a 20 to 30 fold increase
in throughput. In practice, it is surprisingly found
that the equivalent of over 100 lines can be written
in the same time as a single line, giving even
greater increases in throughput.

For lower resolution imaging, the thermal imag-
ing device may be exposed by one or more elec-
troluminescent devices such as light emitting di-
odes or conventional lamps, e.g., filament, halogen,
sodium or neon bulbs. For spatial modulation of the
exposure means, the imaging assembly may incor-
porate a liquid crystal shutter (LCS) array.

Liquid crystal shutters currently have line den-
sities similar to thermal printheads at around 300
d.p.i. (12 dots per mm), but are much cheaper to
fabricate. For this reason several may be incor-
porated into a printer without increasing the cost
substantially. The resolution of this printhead sys-
tem is now limited by the LCS. The completed
thermal imaging assembly is much less expensive
because no microlithographic stages are required
for the thermal imaging device and similarly con-
struction of LCS using known techniques is rela-
tively simple and of low expense.

As a result of the increase in cost efficiency a
plurality of thermal imaging devices of the present
invention, typically 3 or 4 devices corresponding to
the colours cyan, yellow, magenta and optionally
black may be incorporated into a multi-colour ther-
mal imaging assembly. Each colour is printed by
its own thermal imaging device. Each imaging de-
vice may be exposed by a single means for expo-
sure or each imaging device may be associated
with its own exposure means.

Prior art multi-colour printers, because of their
cost, have utilised only a single printhead to trans-
fer the 3 or 4 dye pigments sequentially, i.e., a
single colourant donor medium having the 3 or 4
colours printed in series. This is not a desirable
format for coated media because of production
difficulties and expense in coating such materials.
The format is also undesirable when printing an
image because the complete 3 or 4 colour section
of the ribbon is consumed in printing, no matter
how little of each colour is required, resulting in a
high cost per copy. Similarly, because each colour
is printed in sequence the paper must be re-
registered mechanically and the time to print a
page becomes lengthy.

In the multi-colour imaging assembly of the
present invention, each thermal imaging device
may be associated with a donor medium of dif-
ferent uniform colourant. Therefore, the time to
produce a print may be reduced, the cost of pro-
ducing a coloured print is reduced as the colour is
only printed when required and the colourant donor
medium may be constructed in the simpler format
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of continuous coloured ribbon leading to more
favourable manufacturing costs.

Thermal imaging assemblies incorporating one
or more devices of the invention are thus of signifi-
cant use in forming images via thermally sensitive
media where a light image of the original is avail-
able. This light image could be a continuous or
analogue type of image, but is more commonly a
digital image, stored for example on a memory
device and to be read but by a computerised
system as is the case for many electronic printing
machines such as thermal printers, laser printers,
ink jet printers etc. The system would control the
exposure and address system, i.e., the laser or
liquid crystal shutter or the voltage applied across
layers (a) and (c) efc.,, and a thermally printed
image obtained by passing the thermally sensitive
media over, and in intimate thermal contact with
the thermal imaging device(s).

The image recording medium may be exposed
in a single dimension or in two dimensions in an
image wise fashion. Registration of the image re-
cording medium may be electronic or mechanical.

The invention will now be described with refer-
ence fo the accompanying drawings in which:

Figure 1 is a section through a basic embodi-
ment of a thermal imaging device according fo
the present invention,

Figure 2 is a section through a thermal imaging
device of the present invention comprising an
integral colourant transfer layer,

Figure 3 is a section through a thermal imaging
device of the present invention having integral
colourant fransfer layer and colourant receiving
substrate and a peel apart construction,

Figure 4 is a section through a thermal imaging
device of the present invention having a drum
format and inking station for application of col-
ourant,

Figure 5 is a graphical illustration of the effect
that modulating the applied voltage has on
transferred dye density, and

Figure 6 is a graphical illustration of the effect
that a thermally resistive layer has on dye trans-
fer.

Referring to Figure 1, a thermal imaging device
comprising a ftransparent glass substrate (1) sup-
porting; thin thermally resistant layer (2), transpar-
ent or semi-transparent electrically conductive layer
(3), highly sensitive photoconductive layer (4), elec-
trically conductive layer (5) and abrasion/wear re-
sistant layer (6) forming the print surface. Electrical
power supply (11) is connected across electrically
conductive layers (3) and (5). During use the de-
vice is brought into intimate association with a
colourant transfer medium, for example, a ribbon
(not shown) coated or impregnated with a col-
ourant, e.g., dye, wax or ink, and a colourant re-
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ceiving substrate and held under pressure o se-
cure the imaging process. Alternatively the device
may be contacted with a thermally sensitive paper.

The 'sandwich' structure of device, colourant
medium and substrate (or device and thermally
sensitive paper) is then illuminated by either a low
power laser or a liquid crystal shutter (LCS) in a
thermal imaging assembly. If the illuminated con-
ductance of the photoconductive layer is large
enough, then several watts of power may be dis-
sipated in the illuminated region in the form of
Joule heating. This "thermal spot" may be used fo
transfer dyes as in thermal transfer printing. The
device is basically an amplifying interface, convert-
ing a light source of milliwatts or less into a thermal
spot of up to a few watts. The illumination deter-
mines when and where to write the spot and can
also modulate the transmitted power, but it is the
external supply that provides the power.

Referring to Figure 2, a thermal imaging device
is illustrated having a transparent flexible substrate
(1) supporting; transparent or semi-transparent
electrically conductive layer (3), highly sensitive
photoconductive layer (4), electrically conductive
layer (5) and colourant containing layer (7). Col-
ourant may comprise an ink, wax or dye which can
be transferred to a colourant receiving substrate
(not shown) under the action of heating. The em-
bodiment shown effectively provides an integral
thermal imaging device and colourant transfer me-
dium and is suitable for use in a thermal imaging
assembly having a disposable thermal imaging de-
vice. Once colourant layer (7) has been depleted, a
new thermal imaging device may be inserted into
the imaging apparatus and the old thermal imaging
device discarded or returned for recoating. The
device has a voltage potential applied across layers
(3) and (5) via voltage supply (11) and, in intimate
association with a colourant receiving substrate, is
exposed to an image forming light source. As per
the device of Figure 1, passage of light through
layers (1) to (4) causes thermal transfer of col-
ourant to the colourant receiving substrate.

Referring to Figure 3, a thermal imaging device
is illustrated having a flexible colourant receiving
substrate (9) to act as the image receptor and
supporting; a receptor/release layer (8) to aid sepa-
ration during the peel apart of developed substrate,
a colourant containing layer (7) which under the
action of heating allows fransfer of colourant e.g.
ink, wax or dye to the receptor/release layer (8), an
electrically conductive layer (5), a highly sensitive
photoconductive layer (4) and a fransparent or
semi-transparent electrically conductive layer (3).

Electrically conductive layers (3) and (5) are
connected to voltage supply (11). Image wise ex-
posure of the device in thermal imaging apparatus
causes the ftransfer of colourants to re-
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lease/receptor layer (8) by the process described
for the device of Figure 1. The colourant receiving
substrate may, subsequent to exposure be peeled
apart from the remainder of the printhead aided by
release layer (8). The embodiment shown is suit-
able for a disposable imaging assembly.

Referring to Figure 4, a thermal imaging device
is illustrated having a fransparent base substrate
(1) comprising a rigid material shaped as a hollow
drum, which supports; a transparent or semi-trans-
parent electrically conductive layer (3), a highly
sensitive photoconductive layer (4) and electrically
conductive layer (5). Electrical power supply (11) is
connected across electrically conductive layers (3)
and (5). An inking station (10) is provided making
contact with the drum, such that electrode layer (5)
upon rotation of the drum is coated with a layer of
colourant containing medium. In the present em-
bodiment the colourant containing medium is a
paste or jelly impregnated with ink. A colourant
receiving substrate (not shown) is brought into con-
tact with the inked drum and the photoconductive
layer (4) exposed through electrically conductive
layer (3) by a light source internal to the drum.
Joule Heating as described in the device of Figure
1 causes colourant to be transferred to the col-
ourant receiving substrate. A further station re-
moves the ink after image fransference (not
shown).

The invention will now be described with refer-
ence o the following non-limiting Examples.

EXAMPLE 1

A thermal imaging device was constructed on a
borosilicate glass microscope slide as follows. A
90% indium oxide 10% tin oxide, 8 inch (20 cm)
diameter target was r.f. magnetron sputtered at
200W for 30 minutes in an argon atmosphere at 7
microns of mercury pressure, such that an indium
tin oxide (1.T.O.) layer was deposited onto the glass
microscope slide. During deposition of the L.T.O.
layer the glass slide was kept at a temperature of
210 £ 10°C. The L.T.O. layer was approximately
300 nm thick and exhibited a sheet resistance of
approximately 30 ohms/square and greater than
90% light transparency. The temperature of the
microscope slide (and I.T.O. layer) was then raised
to 230°C. A total of 84 mm of finely divided
copper wire of 0.1mm diameter was then distrib-
uted evenly on six circular cadmium sulphide pel-
lets of 1.25cm diameter and 1Tmm thickness, which
were symmetrically positioned on an 8 inch (20
cm) diameter cadmium sulphide target. This target
was bonded to a copper backing plate and the
combined target r.f. magnetron sputtered at 500W
for 54 minutes in an argon atmosphere at 7
microns of mercury pressure such that a copper
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doped CdS (CdS:Cu) layer was formed on the
I.T.O. layer on the glass microscope slide. This
resulted in an approximately 6um thick CdS layer
doped with approximately 137ppm of copper.

The glass slide and I.T.0. and CdS:Cu layers
were allowed to cool below 100°C before an alu-
minium layer was deposited on the CdS:Cu layer
by r.f. magnetron sputtering an 8 inch (20cm) di-
ameter target at 200W for 20 minutes in an argon
atmosphere at 7 microns of mercury pressure. This
resulted in an aluminium electrode that exhibited a
sheet resistivity of better than 2 ohms/square. Fi-
nally an alumina film was deposited onto the alu-
minium electrode with the substrate temperature
still below 100 ° C, by r.f. magnetron sputtering an 8
inch (20cm) diameter alumina target at 300 W for
60 minutes in an argon atmosphere at 7 microns of
mercury pressure.

When a power supply was connected between
the I.T.O. and aluminium electrodes and the ther-
mal imaging device illuminated by a 3mW HeNe
laser operating at 633 nm wavelength and focussed
to approximately 30 um spot size, the conductivity
of the device was measured to be 0.16 S/cm. The
photosensitive ratio of the device, that is the ratio
of the illuminated conductivity to the dark con-
ductivity was approximately 10°.

A Mitsubishi TLP OHP-11 mass transfer donor
sheet and paper with a poly(ethylene-co-acrylic
acid) receptor coating were pressed into intimate
contact with the imaging device by a silicone rub-
ber roller in order to allow transfer of the donor wax
to the receptor coating. In such a mass fransfer
system the wax is either transferred or not, de-
pending on whether the wax melting point is
reached. There is no gradation of colour density
within a given dot or pixel. A 820 nm wavelength,
2.5mW laser diode was focussed to 23 um at the
1/e? points, then scanned across the thermal imag-
ing device and modulated on and off with a 50%
duty cycle. With 11.9V applied between the I.T.O.
and aluminium electrodes, several rows of approxi-
mately 35 um to 40 um diameter dots were writ-
ten. In a thermal imaging assembly this dot size
would correspond to an addressability of approxi-
mately 800 d.p.i. (dots per inch) or alternatively as
the 5% dot in a 150 line screen halftone printing
process. As the best resolution currently available
in a conventional thermal printhead is 400 d.p.i. this
example demonstrates the higher resolution capa-
bility of the thermal imaging devices of the present
invention.

EXAMPLE 2

A thermal imaging device was constructed as
described in Example 1 except for the copper
doped cadmium sulphide layer. This was prepared
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using a different cadmium sulphide target which
was not bonded to a backing plate. 60 mm of finely
divided copper wire (0.1mm diameter) were uni-
formly distributed on the 8 inch (20cm) diameter
cadmium sulphide target and this target was r.f.
magnetron sputtered at 300W for 90 minutes. The
glass slide and I.T.O. layer were maintained at a
temperature of 170 £ 10°C. This resulted in a
copper doped cadmium sulphide layer of approxi-
mately 6 um thickness and containing approxi-
mately 50 ppm of copper. The thermal imaging
device exhibited an illuminated conductivity of 1.12
S/cm when addressed by the 3mW HeNe laser
operating at 633 nm wavelength, and also exhibited
a photosensitive ratio of approximately 1.8 x 10°.

Using the same laser and scanning system
described in Example 1, Hitachi VY-8100 thermal
transfer donor sheet and receptor paper system for
printing from video was pressed into intimate con-
tact with the thermal imaging device. This particular
media utilises a sublimation dye which transfers
more readily with increasing temperature. Thus
within a given dot or pixel it is possible to have a
gradation of colour density depending upon the
temperature and hence upon the power fransmit-
ted. With 17V applied between the indium tin oxide
and aluminium electrodes, several rows of approxi-
mately 40 um dots were written, which exhibited a
colour density of 0.90. This density was continu-
ously variable between 0 and 0.9 with the applied
voltage. Thus the example demonstrates both the
high resolution and the grey scale capability of the
thermal imaging device obtained by modulating the
voltage.

EXAMPLE 3

A thermal imaging device was constructed as
described in Example 2 except that the cadmium
sulphide layer was doped with approximately 42
ppm of copper. This thermal imaging device exhib-
ited an illuminated conductivity of 0.2 S/cm and a
photosensitive ratio of approximaiely 3.3 x 10°,
when illuminated by a 3mW HeNe laser of 633 nm
wavelength, and focussed to approximately 30 wm.
With 19V applied between the I.T.O. and aluminium
electrodes, the 30 um HeNe laser spot was applied
o the thermal imaging device for 2ms by a shutter.
The thermal imaging device was then moved ap-
proximately 100 um horizontally by an x-y manipu-
lator and the exposure repeated. A row of such
exposures was made. This caused a row of dots to
be transferred from a donor layer containing a
sublimable dye to paper having a VYNS resin
coating as a receptor. The transferred dots were
less than 24 um in diameter, corresponding fo an
addressability of over 1000 d.p.i., again demon-
strating the high resolution capability of the device.



17 EP 0 413 569 B1 18

EXAMPLE 4

A thermal imaging device was constructed as
described in Example 2 except that the cadmium
sulphide layer was doped with approximately 33
ppm of copper. This thermal imaging device exhib-
ited an illuminated conductance of 0.4 S/cm with a
photosensitive ratio of approximately 4 x 10°, when
illuminated by the 3mW 30 um spot size, 633 nm
wavelength, HeNe laser. Using also the same ther-
mal fransfer media described in Example 1, and
the exposure system described in Example 3, 12V
was applied between the LT.O. and aluminium
electrodes and a row of dots were transferred as
described in Example 3 except that the thermal
imaging device was moved approximately 250 um
for each exposure. At the end of a row the thermal
imaging device was moved approximately 250 um
vertically. The voltage to the electrodes was in-
creased by 1V and a further row of dots trans-
ferred. This was continued in 1V increments until a
row of dots had been written by application of 16V
o the electrodes. The result of this experiment was
that 5 rows of dots had been transferred that in-
creased in size from approximately 40 um diam-
eter for the 12V application to approximately 180
um diameter for the 16V application. Thus the
thermal imaging device may modulate dot size by
modulation of the applied voltage. Such a variation
in dot size would be useful, for example, in a
halftone printing system.

EXAMPLE 5

A thermal imaging device was constructed as
described in Example 2, but omitting the alumina
wear layer. A solution of cyan dye was coated onto
the thermal imaging device to a dry thickness of
approximately 2 um. This was accomplished by
dissolving 1 g of dye A in 20g of acetone.

N(coHs);
M DYE A
' Cl
(@]

This was added to 30g of a mixture of; 10g of
ethyl cellulose, 80g of toluene and 20g ethanol,
and coated at 25 um wet thickness, thus leaving a
dry layer of cyan dye in an ethyl cellulose binder.
Paper, coated with poly(vinylidene chloride-vinyl
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acetate)copolymer (VYNS) resin as the receptor
layer, was held in contact with the dye layer under
pressure from a neoprene rubber roller. 12.5V was
then applied between the |.T.O. and aluminium
electrodes, and using the 3mW, 30 um spot size,
633 nm wavelength HeNe laser a row of exposures
were made as described in Example 3. The ther-
mal imaging device was then raised approximately
100 um and a further row of exposures were made
with the voltage still at 12.5V but with a neutral
density filter inserted in the laser beam's path. This
process was repeated for several rows of dots and
it was found that the optical density of the frans-
ferred dots varied in a continuous manner from
over 1.0 down to zero as the density of the inter-
posed filter was progressively increased to 1.0. It
was also found that the dot diameter varied from
35 um for the most optically dense dots to under
20 um for the least dense dots. Thus the density of
transferred dye and the dot size may be continu-
ously variable with laser intensity.

EXAMPLE 6

A thermal imaging device was constructed as
described in Example 1 except that the cadmium
sulphide layer was deposited by using an 8 inch
(20cm) diameter cadmium sulphide target that was
doped with 175 ppm of copper and was bonded to
a copper backing plate. This target was r.f. mag-
netron sputtered at 500W for 54 minutes whilst the
glass microscope slide and I.T.O. layer were main-
tained at a temperature of 285 = 10°C. The top
electrode of aluminium and wear layer of alumina
were deposited as described in Example 1. Using
the 3mW, 30 um spot size, 633 nm HeNe laser,
the illuminated conductivity of the thermal imaging
device was approximately 0.8 S/cm and the pho-
tosensitive ratio was approximately 4.4 x 108. This
device was illuminated by means of a Casio LCS
300 liquid crystal shutter. The illumination to the
shutter was provided by a 150W tungsten halogen
lamp source and transmitted by means of Pilking-
ton Glass Co. 60mm x 1mm linear fibre optic array.

A Mitsubishi TLP OHP-11 cyan donor sheet
and transparency receptor were pressed by means
of a sprung copper plate to the thermal imaging
device and a voltage of 21V was applied between
the I.T.O. and aluminium electrodes for 1.15 sec-
onds while the shutter was fransmitting light in the
on condition.

It was found that 2 rows of dots had been
transferred to the receptor sheet, corresponding to
the pixels in the shutter. At a pulse length of 1.2
seconds the rows of dots were better defined, and
at 1.25 seconds the rows of dots had started fo
merge. With the liquid crystal shutter in the off
condition and 21V applied to the electrodes, no
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transfer of material occurred whatsoever at these
pulse durations.

Thus the thermal imaging device may be use-
fully addressed by a liquid crystal shutter, for the
purpose of forming a thermally derived image.

EXAMPLE 7

A thermal imaging device was constructed as
described in Example 6, except for the top alumin-
ium electrode and alumina wear resistant layer. In
this example the top electrode was titanium, depos-
ited by r.f. magnetron sputtering an 8 inch titanium
target at 500W for 20 minutes in an argon at-
mosphere at 10um of mercury pressure. The sub-
strate temperature was initially at ambient tempera-
ture but was subsequently allowed to increase dur-
ing deposition. This resulted in the deposition of a
fitanium layer of approximately 500 nm thickness
upon the cadmium sulphide/copper layer. The ar-
gon pressure was then reduced to 9um of mercury
before introduction of nitrogen to the sputtering
chamber until a total pressure of 10um of mercury
was again obtained, i.e., a 10% nitrogen 90% ar-
gon atmosphere. The fitanium target was r.f. mag-
netron sputtered in this atmosphere for one hour
with 600W applied to the target and 100W fo the
substrate. This resulted in a titanium nitride layer
upon the thermal imaging device which was ap-
proximately 150 nm thick.

The abrasion resistance of the fitanium nitride
wear layer was demonstrated by means of an
oscillating arm wear tester. In this test, a 5mm
diameter ceramic ball was placed in contact with
the wear resistant (titanium nitride) layer on the
thermal imaging device and subjected to a down-
ward force of 60 gm wt. An oscillating mechanical
arm then caused the ball to run back and forth
across the layer. When a groove had been worn in
the imaging device a light detection system caused
the arm to stop. The number of passes was re-
corded on a mechanical counter. It was found that
less than 10 passes were required to wear through
a thermal imaging device having only an aluminium
top electrode and no wear layer. An average of 20
passes were required to wear through an imaging
device having only a titanium top electrode and no
wear layer. However, it was found that over 1,000
passes were required to wear through the thermal
imaging device containing a fitanium nitride abra-
sion resistant layer as described in this Example.

EXAMPLE 8

A thermal imaging device was constructed as
described in Example 6. This device was then
addressed by a helium-neon laser operating at 633
nm wavelength. The laser exhibited a power of
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2mW at the thermal imaging device, focused fo
15um at the 1/e? points and scanned by the device
at 0.6m/s in an otherwise dark room.

When Misubishi TLP OHP-11 thermal transfer
media was brought into contact with the thermal
imaging device, lines of approximately 100um
width were transferred when 12V was applied be-
tween the electrodes of the thermal imaging de-
vice.

This same device was then illuminated by a
tungsten filament, white light source and the inten-
sity of illumination adjusted to obtain a device
conductivity of approximately 5uS/cm. This cor-
responded to a background power dissipation of
approximately 1W/sq.cm and had the effect of gen-
erating carriers in the photoconductor and raising
the device temperature somewhat above ambient.
When the previously described laser spot was
scanned over the thermal imaging device it was
found that 100um wide lines of the Mitsubishi TLP
OHP-11 thermal transfer media were transferred at
a faster scanning speed of 6m/s with the same 12V
applied between the electrodes of the thermal im-
aging device, thus illustrating the advantage of us-
ing background illumination to increase the speed
of writing of the thermal imaging device.

EXAMPLE 9

A thermal imaging device was constructed on a
borosilicate glass microscope slide as follows.

A 90% indium oxide 10% tin oxide, 8 inch (20
cm) diameter target was r.f. sputtered at 400W for
30 minutes in 1.5 x 1073% oxygen/99.9985% argon
atmosphere, at a total pressure of 7 microns of
mercury, such that an indium tin oxide (I.T.O.) layer
was deposited onto the glass microscope slide.
During the deposition of the L.T.O. layer the glass
slide was maintained at a temperature of 160 *
10°C. The I.T.O. layer was approximately 450 nm
thick and exhibited a sheet resistivity of approxi-
mately 30 ohms/square and greater than 90% light
transparency at visible and near infrared
wavelengths. The temperature of the microscope
slide (and I.T.O. layer) was then raised to 305 =
15°C. A cadmium sulphide sputtering target con-
taining 100 p.p.m. copper and measuring 8 inches
(20 cm) in diameter was bonded to a copper back-
ing plate and r.f. magnetron sputtered at 300W for
90 minutes in an atmosphere of 99.6% argon 0.4%
hydrogen sulphide at a pressure of 7 microns of
mercury, such that a copper doped CdS (CdS:Cu)
layer was formed on the I.T.O. layer on the glass
microscope slide. This resulted in an approximately
6um thick CdS:Cu layer.

The glass slide, I.T.O. and CdS:Cu layers were
allowed to cool below 150°C and a portion of the
CdS:Cu layer masked before a titanium layer was
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deposited on the CdS:Cu layer by r.f. magnetron
sputtering an 8 inch diameter titanium farget at
300W for 60 minutes, resulting in a film that was
approximately 0.5 um thick. The sputtering cham-
ber was then evacuated and 10% nitrogen/90%
argon gas introduced into the sputtering chamber
at a total pressure of 10 microns of mercury. The
fitanium target was sputtered at 600W with a bias
of 100W on the substrate electrode for 60 minutes.
This resulted in a titanium nitride layer which was
approximately 0.15 um thick and exhibited a sheet
resistivity of approximately 1 ohm/square. Part of
the exposed portion of the cadmium sulphide was
etched through to the I.T.O. layer using concen-
trated nitric acid and two electrical contacts made,
one to the titanium nitride and one to the exposed
I.T.O. layer. The resulting thermal imaging device
exhibited a conductivity of 0.98 S/cm when ad-
dressed by a 3mW He-Ne laser operating at
633nm wavelength and exhibited a photosensitive
ratio of approximately 1.5 x 10°.

A laser scanning system consisting of a gal-
vanometer driven mirror and a lens providing a
focussed 633nm He-Ne laser spot of 25um diam-
eter at the 1/6® points which scanned over the
thermal imaging device at a speed of 2.5cm/sec. A
suitable voltage was applied to the thermal imaging
device which was then exposed to a series of laser
scan lines spaced at 42um (600 d.p.i.) whilst sub-
limation dye donor and receptor sheets, commer-
cially available from the Dai Nippon Printing Com-
pany, were held in intimate thermal contact with the
fitanium nitride layer of the thermal imaging device.
This resulted in an area of dye transferred to the
receptor sheet, the reflected optical density of
which was continuously variable with the voltage,
see Figure 5. Thus, it was demonstrated that the
transferred dye may exhibit a gradation of colour
density dependent upon the voltage applied to the
thermal imaging device, i.e., the thermal imaging
device can act as a continuous tone type imaging
device when addressing such media. A further se-
ries of laser scan lines were made at a line separa-
tion of 80um and the resulting written lines ob-
served to be approximately 40um wide indicating
that about 600 d.p.i. was the most suitable addres-
sability for the system. When a different lens was
inserted in the path of the laser beam to create a
15um diameter He-Ne laser spot at the 1/e? points,
the lines were approximately 30um wide indicating
that an addressability of about 800 to 1000 d.p.i.
would be suitable, thereby explicitly demonstrating
the high resolution capability of the thermal imag-
ing device.
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EXAMPLE 10

A thermal imaging device was constructed on a
borosilicate glass microscope slide as follows. The
glass slide was cleaned and dipped in a solution
containing 1 drop of 'Glymo' (Glycidyloxypropyl-
tfrimethoxy silane commercially available from
Dynamit Nobel (UK) Ltd.) to 75 cl of isopropyl
alcohol. A solution of 50% polyimide PIQ13 (com-
mercially available from the Hitachi Chemical Com-
pany Ltd.) in N-methyl-2-pyrollidone was spin coat-
ed on the glass slide at 3000 r.p.m. The glass slide
had been previously masked so that the coating
covered only half of the glass slide. The coated
slide was then baked at 100°C for 1 hour, then at
200°C for 1 hour, and finally at 350°C for 1 hour
and then left to cool.

Thermal imaging devices were deposited on
both the uncoated and polyimide coated portions of
the slide in the manner described in Example 9,
except that the cadmium sulphide layer was depos-
ited in a sputtering gas atmosphere of 99.5% argon
0.5% hydrogen sulphide, i.e., a slight increase in
sulphur content. The thermal imaging devices were
addressed by the exposure system described in
Example 9 and the transferred dye density mea-
sured as a function of the applied voltage, for the
device deposited on polyimide and for the device
deposited directly upon the glass substrate. The
performance comparison is presented graphically
in Figure 6, where it can be seen that the frans-
ferred dye was denser at a given voltage for the
thermal imaging devices deposited upon the
polyimide layer. It was also found that the frans-
ferred dye density would decrease at a given prin-
thead voltage with increased scanning speed of the
laser spot, because of the reduced energy supplied
per pixel. Therefore the density voltage characteris-
tics of a thermal imaging device deposited upon a
glass substrate could be achieved at a faster scan
rate by a similar device deposited upon a
polyimide coated glass substrate. Hence the use of
a polyimide coated substrate reduces the time tak-
en to write an image by a given thermal device.

EXAMPLE 11

A thermal imaging device was constructed on a
borosilicate glass substrate measuring 100mm by
15mm and 1mm thick.

The device was fabricated in the same manner
as described in Example 9 except that a mask was
interposed between the titanium target and the CdS
layer in intimate contact with the CdS layer. This
mask was designed so that a titanium electrode
was deposited on the Cds layer that was 92mm
long and 2mm wide. Titanium and titanium nitride
was then deposited on this area as described in
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Example 9. Away from this electrode, part of the
cadmium sulphide layer was removed along the full
length of the substrate by immersing the part to be
removed in concentrated nitric acid in order to
expose the L.T.O. layer underneath.

A printer was constructed that contained a
housing for the above described thermal imaging
device and made two electrical contacts to the
thermal imaging device; one fo the fitanium nitride
electrode and one fo the full length of the indium
tin oxide layer. Facility was made to allow sublima-
tion dye donor ribbon and receptor papers, com-
mercially available from the Dai Nippon Printing
Company, to be placed in intimate contact with the
thermal imaging device. A rubber roller (95mm in
length and 25mm in diameter) was pressed onto
the imaging media to ensure good thermal contact
between the imaging media and the thermal imag-
ing device (a pressure of approximately 0.7kg/cm?).
A 3mW He-Ne laser spot of diameter 25um at the
1/e? points was focussed on the CdS layer and
caused to scan 86mm along it directly under both
the titanium/itanium nitride electrical contact and
the area of rubber roller pressure on the imaging
media. As the laser beam scanned the imaging
device at a rate of 1.3cm/second, the voltage be-
fween the elecirodes was varied between 4.25v
and 10v such that pixels of continuously variable,
reflected image density, between 0 and 1.3 were
written in accordance with image data supplied
from a computer memory. Each pixel was written
every 3.2ms corresponding to a pixel width 42um.
After this line of 2048 pixels had been written, the
rubber roller was rotated by a stepper motor to
move the donor and receptor sheets a distance of
42um. The laser then re-scanned the same portion
of the imaging device and a further line of new
image data was written. This was repeated 2000
times to produce single colour image separation of
2048 x 2000 pixels (8.6cm x 8.4cm). The receptor
was then rewound, re-registered and the donor
sheet replaced by a donor sheet of the next colour
separation and written in the same manner as
described for the first separation. This was re-
peated for a third separation to generate a full
colour image of 600 d.p.i. resolution in continuous
tone.

EXAMPLE 12

A thermal imaging device was constructed on a
borosilicate glass microscope slide in the manner
described in Example 9 except that the cadmium
sulphide layer was deposited in a sputtering gas
atmosphere of 99.5% argon 0.5% hydrogen sul-
phide. This thermal imaging device was then ex-
posed to the laser scanning system described in
Example 9 except that a different lens was used
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providing a 60um diameter spot at the 1/e? points,
and was focussed on the cadmium sulphide layer.
A potential of 8V was applied to the thermal imag-
ing device which was then exposed to a series of
laser scan lines, scanning at 2.7cm/sec and at a
spacing of 42um. This caused a transfer of dye, of
density 0.34, from sublimation dye donor ribbon to
the receptor sheet, both of which are commercially
available from Dai Nippon Printing Company, which
had again been held in intimate thermal contact
with the thermal imaging device.

The experiment was repeated with a cylindrical
lens positioned in the laser scanning system to
cause the 60um diameter laser spot to become a
laser line of 5mm length and approximately 60um
wide. The cylindrical lens was orientated so that
deflection of the mirror caused the laser line fo
scan in a direction perpendicular to its 5mm length.
This line was scanned at 2.7 cm/second with only
one pass of the line across the thermal imaging
device. Holding the sublimation dye fransfer media
in intimate thermal contact with the thermal imag-
ing device, to which a potential of 35v was applied,
a 5mm wide transfer of dye was effected, of den-
sity 0.32.

From this example it is clear that a similar
density of dye can be fransferred over a much
larger area in the same time, by using a laser line
instead of a single spot. For example if the
titanium/titanium nitride electrode were patterned
so that there were 119 electrode lines in a 5mm
wide interval, i.e., a 42um spacing between elec-
trode centres, then it would be possible using a
5mm long laser line, oriented perpendicular to the
electrodes, to scan along each electrode simulta-
neously and to write a given image in a much
reduced time compared to the time of writing the
same image using a single laser spot. Indeed the
speed of writing was far higher than had been
anticipated.

"GLYMO™" (Dynamit Nobel (UK) Ltd.) is a regis-
tered trade name.

Claims

1. A thermal imaging device having a print sur-
face adapted to provide localised heating to a
medium comprising a thermally activatable
component of an imaging forming system, the
device comprising the following sequential lay-
ers:

(2) a transparent or semi-transparent elec-
trically conductive layer,

(b) a photoconductive layer which when illu-
minated by radiation of 633nm wavelength
and intensity of 4.0 x 10° W/m? has a
conductivity of at least 0.01 S/cm and a
photosensitive ratio of at least 1 x 103,
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(¢) an electrically conductive layer in elec-

trical contact with the photoconductive layer

(b) and in contact with:

(d) an abrasion-resistant wear layer, or,

(e) a layer comprising said thermally ac-

tivatable component of an image forming

system;

wherein the layers are constructed and

arranged such that when a voltage potential is
applied across layers (a) and (c) and the de-
vice is exposed through layer (a), the exposed
areas of layer (b) become conductive enhanc-
ing current flow and generating heat in layer
(b) at points corresponding to the exposed
areas and causing localised heating at the ad-
jacent areas of the print surface sufficient to
thermally activate said component of an image
forming system, the device not containing fer-
rimagnetic garnet materials.

A device as claimed in Claim 1 in which:

conductive layer (a) comprises indium ox-
ide, tin oxide, indium tin oxide, cadmium tin
oxide, cadmium indium oxide or a mixture
thereof, or a metal;

photoconductive layer (b) comprises cad-
mium sulphide, cadmium selenide, cadmium
telluride, gallium arsenide, lead sulphide, lead
selenide, zinc oxide or a mixture thereof, each
of which may optionally be doped with one or
more compensating acceptors;

conductive layer (c) comprises aluminium
or titanium; and

wear layer (d) comprises alumina, silicon
nitride, titanium nitride, aluminium nitride, bo-
ron nitride, silicon oxide, silicon carbide, dia-
mond, or a diamond-like material or an option-
ally crosslinked polymer film.

A device as claimed in Claim 1 or Claim 2 in
which:

conductive layer (a) has a thickness of
from 0.1 to 1.0um;

photoconductive layer (b) has a thickness
of from 1.0 to 20.0um;

conductive layer (c) has a thickness of
from 0.1 to 1.0um; and
wear layer (d) has a thickness of from 0.1 to
10Lum.

A device as claimed in any one of Claims 1 to
3 in which successive layers are coated onto a
transparent support substrate such that layer
(a) is proximal to the substrate and either layer
(d) or layer (e) distal to said substrate and in
which the support substrate and coated layers
form a substantially rectangular prism or sub-
stantially a hollow cylinder or drum.
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A device as claimed in Claim 4 further com-
prising a fransparent, thermally resistive layer
interposed between said support substrate and
conductive layer (a).

A device as claimed in any preceding Claim in
which at least one of conductive layers (a) and
(c) is formed as a plurality of discrete elec-
frodes.

A device as claimed in Claim 6 in which the
discrete electrodes are formed as a series of
lines extending substantially the length of the
print surface.

A device as claimed in any preceding Claim
comprising the frilayer (a) to (c) and abrasion-
resistant wear layer (d), the print surface com-
prising conductive layer (c) in combination with
abrasion-resistant wear layer (d).

A device as claimed in any one of Claims 1 to
7 comprising the frilayer (a) to (c) and layer
(e), the print surface comprising conductive
layer (c).

A device as claimed in any one of Claims 1 to
7 in combination with means to apply a me-
dium comprising a thermally activatable com-
ponent of an image forming system tfo the print
surface.

A device as claimed in any one of Claims 1 to
7 in combination with a donor ribbon or sheet
coated or impregnated with a thermally ac-
tivatable component of an image forming sys-
tem.

A device as claimed in Claim 9 in which the
medium comprising the thermally activatable
component comprises layer (e).

A device as claimed in any one of Claims 10
fo 12 in combination with an image receptor
substrate, optionally having a receptor layer, to
receive said thermally activatable component.

A thermal imaging assembly having at least
one thermal imaging device as claimed in any
one of Claims 1 to 13 comprising means for
exposure of said device(s) and means for ap-
plying a voltage across layers (a) to (c) of each
device.

A thermal imaging assembly as claimed in
Claim 14 in which the means to expose the
device(s) comprises a scanning laser or a light
source modulated by a liquid crystal display.
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A thermal imaging assembly as claimed in
Claim 14 or Claim 15 comprising a plurality of
thermal imaging devices, each device being
associated with a separate medium comprising
a thermally activatable component of different
colour.

A method of recording a visual image which
comprises providing a thermal imaging device
having a print surface adapted to provide
localised heating to a medium comprising a
thermally activatable component of an image
forming system, the device comprising the fol-
lowing sequential layers;

(2) a transparent or semi-transparent elec-

trically conductive layer,

(b) a photoconductive layer which when illu-

minated by radiation of 633 nm wavelength

and intensity 4.0 x 108 W/m? has a con-

ductivity of at least 0.01 S/cm and a pho-

tosensitive ratio of at least 1 x 103,

(¢) an electrically conductive layer in elec-

trical contact with photoconductive layer (b),

and, either,

(d) an abrasion-resistant wear layer, and/or,

(e) a layer comprising said thermally ac-

tivatable component of an image forming

system,

applying an electric potential across layers

(a) and (c), exposing the device through layer
(2) such that the exposed area(s) of layer (b)
become conductive thereby enhancing current
flow and generating heat in layer (b) at points
corresponding to the exposed area(s) of layer
(b) and causing localised heating at the adja-
cent surfaces of the print surface sufficient to
generate a visual image from said medium.

A method according to Claim 17 in which at
least one of the conductive layers (a) and (c) of
the thermal imaging device is formed as a
plurality of discrete electrodes and a voltage
potential is independently applied across said
discrete electrodes and the corresponding
electrode of the other conductive layer during
exposure of that region of the device contain-
ing said discrete electrodes.

A method as claimed in Claim 18 in which the
discrete electrodes are formed as a series of
lines and the exposure means comprises a
linear exposure source arranged perpendicular
to the series of lines, said source simulta-
neously exposing the plurality of said lines and
being scanned along said lines whilst indepen-
dently modulating the voltage potential be-
tween each electrode line and the correspond-
ing electrode in the other conductive layer.
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Patentanspriiche

1.

Thermische Abbildungsvorrichtung mit einer
Druckfliche, die so eingerichtet ist, daB ein
Medium mit einer thermisch aktivierbaren
Komponente eines Bilderzeugungssystems lo-
kal erhitzt werden kann, wobei die Vorrichtung
die folgenden, der Reihe nach angeordneten
Schichten aufweist:

(a) eine lichtdurchlédssige oder halbdurchlis-

sige elektrisch leitende Schicht,

(b) eine fotoleitfdhige Schicht, die bei Be-

leuchtung durch eine Strahlung von 633 nm

Wellenldnge mit einer Intensitdt von

4,0-10° W/m? eine Leitfahigkeit von minde-

stens 0,01 S/cm und ein Fotoempfindlich-

keitsverhéltnis von mindestens 1 « 10° auf-

weist,

(c) eine elektrisch leitende Schicht in elektri-

schem Kontakt mit der fotoleitfihigen

Schicht (b) und in Kontakt mit:

(d) einer abriebbestdndigen VerschleiB-

schicht oder

(e) einer Schicht mit der thermisch aktivier-

baren Komponente eines Bilderzeugungssy-

stems;

wobei die Schichten so aufgebaut und an-
geordnet sind, daB beim Anlegen eines Span-
nungspotentials an die Schichten (a) und (c)
und Belichten der Vorrichtung durch die
Schicht (a) die belichteten Bereiche der
Schicht (b) leitfahig werden und dadurch in der
Schicht (b) an Stellen, die den belichteten Be-
reichen entsprechen, ein StromfluB verstérkt
und Wirme erzeugt wird und in den angren-
zenden Bereichen der Druckfliche eine lokali-
sierte Erhitzung verursacht wird, die ausreicht,
um die Komponente eines Bilderzeugungssy-
stems thermisch zu aktivieren, wobei die Vor-
richtung keine ferrimagnetischen Granatmate-
rialien enthdlt.

Vorrichtung nach Anspruch 1, wobei:

die leitfdhige Schicht (a) Indiumoxid, Zinn-
oxid, Indiumzinnoxid, Cadmiumzinnoxid, Cad-
miumindiumoxid oder eine Mischung dieser
Materialien oder ein Metall aufweist;

die fotoleitfahige Schicht (b) Cadmiumsul-
fid, Cadmiumselenid, Cadmiumtellurid, Galliu-
marsenid, Bleisulfid, Bleiselenid, Zinkoxid oder
eine Mischung dieser Materialien aufweist, wo-
bei jedes Material wahlweise mit einem oder
mehreren Ausgleichakzeptoren dotiert werden
kann;

die leitfdhige Schicht (c) Aluminium oder
Titan aufweist; und

die Verschleiischicht (d) Aluminiumdioxid,
Siliziumnitrid, Titannitrid, Aluminiumnitrid, Bor-
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nitrid, Siliziumoxid, Siliziumcarbid, Diamant
oder ein diamantdhnliches Material oder eine
wahlweise vernetzte Polymerschicht aufweist.

Vorrichtung nach Anspruch 1 oder Anspruch 2,
wobei:

die leitfdhige Schicht (a) eine Dicke von
0,1 bis 1,0 um aufweist;

die fotoleitfihige Schicht (b) eine Dicke
von 1,0 bis 20,0 um aufweist;

die leitfdhige Schicht (c) eine Dicke von
0,1 bis 1,0 um aufweist; und

die VerschleiBschicht (d) eine Dicke von
0,1 bis 10 um aufweist.

Vorrichtung nach einem der Anspriiche 1 bis
3, wobei aufeinanderfolgende Schichten so auf
ein lichtdurchldssiges Trdgersubstrat aufge-
bracht werden, daB die Schicht (a) dem Sub-
strat n&chstgelegen ist und entweder die
Schicht (d) oder die Schicht (e) vom Substrat
entfernt angeordnet sind, und wobei das Tr3-
gersubstrat und die aufgebrachten Schichten
ein im wesentlichen rechtwinkliges Prisma
oder im wesentlichen einen Hohlzylinder oder
eine Trommel bilden.

Vorrichtung nach Anspruch 4, die ferner eine
lichtdurchldssige, warmebestdndige Schicht
aufweist, die zwischen dem Trdgersubstrat und
der leitfahigen Schicht (a) eingelagert ist.

Vorrichtung nach irgendeinem der vorstehen-
den Anspriiche, wobei mindestens eine der
leitfdhigen Schichten (a) und (c) in Form meh-
rerer getrennter Elekiroden ausgebildet ist.

Vorrichtung nach Anspruch 6, wobei die ge-
frennten Elekiroden in Form einer Reihe von
Linien ausgebildet sind, die sich im wesentli-
chen Uber die Lange der Druckfliche erstrek-
ken.

Vorrichtung nach irgendeinem der vorstehen-
den Anspriiche mit der Dreifachschicht (a) bis
(¢) und der abriebbestindigen VerschleiB-
schicht (d), wobei die Druckflache eine leitfdhi-
ge Schicht (c) in Kombination mit der abrieb-
bestidndigen Verschleischicht (d) aufweist.

Vorrichtung nach einem der Anspriiche 1 bis 7
mit der Dreifachschicht (a) bis (c) und der
Schicht (e), wobei die Druckfliche die leitfahi-
ge Schicht (c) aufweist.

Vorrichtung nach einem der Anspriiche 1 bis 7
in Kombination mit einer Einrichtung zum Auf-
bringen eines Mediums mit einer thermisch
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aktivierbaren Komponente eines Bilderzeu-
gungssystems auf die Druckfldche.

Vorrichtung nach einem der Anspriiche 1 bis 7
in Kombination mit einem Donatorband oder
einer Donatorfolie, die mit einer thermisch akti-
vierbaren Komponente eines Bilderzeugungs-
systems beschichtet oder impréagniert sind.

Vorrichtung nach Anspruch 9, wobei das Medi-
um mit der thermisch aktivierbaren Komponen-
te die Schicht (e) aufweist.

Vorrichtung nach einem der Anspriiche 10 bis
12 in Kombination mit einem Bildrezeptorsub-
strat, wahlweise mit einer Bildrezeptorschicht,
zur Aufnahme der thermisch aktivierbaren
Komponente.

Thermische Abbildungseinheit mit mindestens
einer thermischen Abbildungsvorrichtung nach
einem der Anspriiche 1 bis 13, mit einer Ein-
richtung zum Belichten der Vorrichtung(en)
und einer Einrichtung zum Anlegen einer
Spannung an die Schichten (a) bis (c) jeder
Vorrichtung.

Thermische Abbildungseinheit nach Anspruch
14, wobei die Einrichtung zum Belichten der
Vorrichtung(en) einen Abtastlaser oder eine
durch eine Flissigkristallanzeige modulierte
Lichtquelle aufweist.

Thermische Abbildungseinheit nach Anspruch
14 oder Anspruch 15 mit mehreren thermi-
schen Abbildungsvorrichtungen, wobei jede
Vorrichtung mit einem getrennten Medium ver-
bunden ist, das eine thermisch aktivierbare
Komponente von verschiedener Farbe auf-
weist.

Verfahren zur Aufzeichnung eines optischen
Bildes, mit den Schritten: Bereitstellen einer
thermischen Abbildungsvorrichtung mit einer
Druckfliche, die so eingerichtet ist, daB ein
Medium mit einer thermisch aktivierbaren
Komponente eines Bilderzeugungssystems lo-
kal erhitzt werden kann, wobei die Vorrichtung
die folgenden, der Reihe nach angeordneten
Schichten aufweist:
(a) eine lichtdurchlédssige oder halbdurchlis-
sige elektrisch leitende Schicht,
(b) eine fotoleitfdhige Schicht, die bei Be-
leuchtung durch eine Strahlung von 633 nm
Wellenldnge mit einer Intensitdt von
4,0-10° W/m? eine Leitfahigkeit von minde-
stens 0,01 S/cm und ein Fotoempfindlich-
keitsverhéltnis von mindestens 1 « 10° auf-
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weist,

(c) eine elektrisch leitende Schicht in elektri-
schem Kontakt mit der fotoleitfihigen
Schicht (b) und

(d) einer abriebbestdndigen VerschleiB-
schicht und/oder

(e) einer Schicht mit der thermisch aktivier-
baren Komponente eines Bilderzeugungssy-
stems;

Anlegen eines elekirischen Potentials an
die Schichten (a) und (c), Belichten der Vor-
richtung durch die Schicht (a), so daB der (die)
belichtete(n) Bereich(e) der Schicht (b) leitfahig
wird (werden) und dadurch in der Schicht (b)
an Stellen, die dem (den) belichteten Bereich-
(en) der Schicht (b) entsprechen, ein StromfluB
verstirkt und Wirme erzeugt wird und an den
angrenzenden Oberflichen der Druckfliche
eine lokalisierte Erhitzung verursacht wird, die
ausreicht, um aus dem Medium ein optisches
Bild zu erzeugen.

Verfahren nach Anspruch 17, wobei minde-
stens eine der leitfdhigen Schichten (a) und (c)
der thermischen Abbildungsvorrichtung in
Form von mehreren getrennten Elekiroden
ausgebildet ist und bei der Belichtung desjeni-
gen Bereichs der Vorrichtung, der die getrenn-
ten Elektroden enthilt, unabhingig voneinan-
der ein Spannungspotential an die getrennten
Elektroden und die entsprechende Elekirode
der anderen leitfdhigen Schicht angelegt wird.

Verfahren nach Anspruch 18, wobei die ge-
frennten Elekiroden als eine Reihe von Linien
ausgebildet sind und die Belichtungseinrich-
tung eine lineare Belichtungsquelle aufweist,
die senkrecht zu der Linienreihe angeordnet
ist, wobei die Quelle die mehreren Linien
gleichzeitig belichtet und ldngs der Linien ab-
getastet wird, wihrend unabhidngig davon das
Spannungspotential zwischen jeder Elektroden-
linie und der entsprechenden Elekirode in der
anderen leitfahigen Schicht moduliert wird.

Revendications

Dispositif de formation d'images thermique
comportant une surface d'impression adaptée
pour fournir un chauffage localisé & un milieu
comprenant un composant activable thermi-
qguement d'un systéme de formation d'images,
le dispositif comprenant les couches successi-
ves suivantes :

(a) une couche électriquement conductrice

transparente ou semi-transparente,

(b) une couche photoconductrice qui, lors-

qu'elle est éclairée par un rayonnement
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d'une longueur d'onde de 633 nm et d'une

intensité de 4,0 x 105 W/m?2, a une conducti-

vité d'au moins 0,01 S/cm et un rapport

photosensible d'au moins 1 x 103,

(c) une couche électriquement conductrice

en contact électrique avec la couche photo-

conductrice (b) et en contact avec :

(d) une couche d'usure résistante & I'abra-

sion, ou

(e) une couche comprenant le composant

thermiquement activable d'un systéme de

formation d'images;
dans lequel les couches sont construites et
agencées de telle sorte que, lorsqu'une ten-
sion constante est appliquée aux couches (a)
et (c) et le dispositif est exposé & travers la
couche (a), les zones exposées de la couche
(b) deviennent conductrices en augmentant le
passage du courant et en produisant de la
chaleur dans la couche (b) en des points cor-
respondant aux zones exposées et en provo-
quant un chauffage localisé aux zones adja-
centes de la surface d'impression suffisant
pour activer thermiquement le composant sus-
dit d'un sysitme de formation d'images, le
dispositif ne contenant pas de maitériaux de
grenats ferrimagnétiques.

Dispositif suivant la revendication 1, dans le-
quel :

la couche conductrice (a) comprend de
I'oxyde d'indium, de I'oxyde d'étain, de I'oxyde
d'indium et d'étain, de 'oxyde de cadmium et
d'étain, de 'oxyde de cadmium et d'indium ou
un mélange de ceux-ci, ou un métal;

la couche photoconductrice (b) comprend
du sulfure de cadmium, du séléniure de cad-
mium, du tellurure de cadmium, de I'arséniure
de gallium, du sulfure de plomb, du séléniure
de plomb, de I'oxyde de zinc ou un mélange
de ceux-ci, chacun de ces composés pouvant
éventuellement étre dopé avec un ou plusieurs
accepteurs de compensation;

la couche conductrice (c) comprend de
I"aluminium ou du titane; et

la couche d'usure (d) comprend de I'alumi-
ne, du nitrure de silicium, du nitrure de fitane,
du nitrure d'aluminium, du nitrure de bore, de
I'oxyde de silicium, du carbure de silicium, du
diamant ou une matiére analogue & du diamant
ou un film de polymére éventuellement réti-
culé.

Dispositif suivant 'une ou l'autre des revendi-
cations 1 et 2, dans lequel :

la couche conductrice (a) a une épaisseur
de 0,12 1,0 um;

la couche photoconductrice (b) a une
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épaisseur de 1,0 &4 20,0 um;

la couche conductrice (c) a une épaisseur
de 0,12 1,0 um; et

la couche d'usure (d) a une épaisseur de
0,1 4210 um.

Dispositif suivant I'une quelconque des reven-
dications 1 & 3, dans lequel on applique des
couches successives sur un substrat de sup-
port transparent de telle sorte que la couche
(a) soit proche du substrat et la couche (d) ou
la couche (e) éloignée dudit substrat et dans
lequel le substrat de support et les couches
appliquées forment un prisme essentiellement
rectangulaire ou essentiellement un cylindre ou
tambour creux.

Dispositif suivant la revendication 4, compre-
nant de plus une couche thermiquement résis-
tante, transparente intercalée entre le substrat
de support et la couche conductrice (a).

Dispositif suivant I'une quelconque des reven-
dications précédentes, dans lequel au moins
une des couches conductrices (a) et (c) est
formée en une pluralité d'électrodes distinctes.

Dispositif suivant la revendication 6, dans le-
quel les électrodes distinctes sont formées en
une série de lignes s'étendant essentiellement
sur la longueur de la surface d'impression.

Dispositif suivant I'une quelconque des reven-
dications précédentes, comprenant la triple
couche (a) & (c) et la couche d'usure résistante
a l'abrasion (d), la surface d'impression com-
prenant la couche conductrice (c) en combinai-
son avec la couche d'usure résistante a I'abra-
sion (d).

Dispositif suivant I'une quelconque des reven-
dications 1 a2 7, comprenant la triple couche (a)
a (c) et la couche (e), la surface d'impression
comprenant la couche conductrice (c).

Dispositif suivant I'une quelconque des reven-
dications 1 & 7, en combinaison avec un
moyen permettant d'appliquer un milieu com-
prenant un composant activable thermique-
ment d'un systéme de formation d'images 3 la
surface d'impression.

Dispositif suivant I'une quelconque des reven-
dications 1 & 7, en combinaison avec une
feuille ou un ruban donneur revétu ou impré-
gné d'un composant activable thermiquement
d'un systtme de formation d'images.
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Dispositif suivant la revendication 9, dans le-
quel le milieu comprenant le composant activa-
ble thermiquement comprend la couche (e).

Dispositif suivant I'une quelconque des reven-
dications 10 & 12, en combinaison avec un
substrat récepteur d'image, éventuellement
comportant une couche réceptrice, pour rece-
voir le composant activable thermiquement.

Assemblage de formation d'images thermique
comprenant au moins un dispositif de forma-
tion d'images thermique suivant l'une quelcon-
que des revendications 1 & 13, comprenant un
moyen pour l'exposition du ou des dispositifs
précités et un moyen pour appliquer une ten-
sion aux couches (a) a (c) de chaque disposi-
tif.

Assemblage de formation d'images thermique
suivant la revendication 14, dans lequel le
moyen pour exposer le ou les dispositifs com-
prend un laser de balayage ou une source
lumineuse modulée par un élément de visuali-
sation & cristaux liquides.

Assemblage de formation d'images thermique
suivant 'une ou l'autre des revendications 14
et 15, comprenant une pluralité de dispositifs
de formation d'images thermiques, chaque dis-
positif étant associé a4 un milieu séparé com-
prenant un composant activable thermique-
ment de couleur différente.

Procédé d'enregistrement d'une image visuel-
le, qui comprend la présence d'un dispositif de
formation d'images thermique comportant une
surface d'impression adaptée pour fournir un
chauffage localisé & un milieu comprenant un
composant activable thermiquement d'un sys-
ttme de formation d'images, le dispositif com-
prenant les couches successives suivantes :
(a) une couche électriquement conductrice
transparente ou semi-transparente,
(b) une couche photoconductrice qui, lors-
qu'elle est éclairée par un rayonnement
d'une longueur d'onde de 633 nm et d'une
intensité de 4,0 x 105 W/m?2, a une conducti-
vité d'au moins 0,01 S/cm et un rapport
photosensible d'au moins 1 x 103,
(c) une couche électriquement conductrice
en contact électrique avec la couche photo-
conductrice (b) et
(d) une couche d'usure résistante & I'abra-
sion et/ou
(e) une couche comprenant le composant
activable thermiquement d'un systéme de
formation d'images,
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I'application d'un potentiel électrique aux cou-
ches (a) et (c), I'exposition du dispositif & tra-
vers la couche (a) de telle sorte que la ou les
zones exposées de la couche (b) deviennent
conductrices en activant ainsi le passage du
courant et en produisant de la chaleur dans la
couche (b) en des points correspondant a la
zone ou aux zones exposées de la couche (b)
et en provoquant un chauffage localisé aux
surfaces adjacentes de la surface d'impression
suffisant pour produire une image visuelle 2
partir du milieu précité.

Procédé suivant la revendication 17, dans le-
quel au moins une des couches conductrices
(a) et (c) du dispositif de formation d'images
thermique a la forme d'une pluralité d'éleciro-
des distinctes et une tension constante est
appliquée indépendamment & ces élecirodes
distincies et & I'élecirode correspondante de
l"autre couche conductrice au cours de I'expo-
sition de la région du dispositif contenant les
électrodes distinctes susdites.

Procédé suivant la revendication 18, dans le-
quel les électrodes distinctes sont formées en
une série de lignes et le moyen d'exposition
comprend une source d'exposition linéaire
agencée perpendiculairement 3 la série de li-
gnes, ladite source exposant simultanément la
pluralit¢ desdites lignes et étant balayée le
long de ces lignes tout en modulant indépen-
damment la tension constante entre chaque
ligne d'électrode et I'électrode correspondante
dans l'autre couche conductrice.
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Fig.5.
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