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(54) Improved method for thermal recording

(57) A method for recording an image on a thermo-
graphic material (m) comprising a step of providing a
thermographic material having a thermal imaging ele-
ment, a transparent thermal head (TH) having energis-
able heating elements (Hi), and a radiation beam (L),
and a step of activating heating elements of the thermal
head and imagewise and scanwise exposing the imag-
ing element by means of the radiation beam. Herein, the
total energy resulting from the thermal head and from
the radiation beam has a level corresponding to a gra-

dation of the image to be recorded on the imaging ele-
ment. Moreover, the imagewise and scanwise exposing
is carried out by passing the radiation beam through
transparent parts of the thermal head.

Further, different embodiments are disclosed, such
as activating of heating elements and exposing of the
radiation beam carried out partly simultaneously, an ad-
ditionally preheating the imaging element, holding the
thermographic material on one and the same means
during both the imagewise exposing step and the heat-
ing step.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a method and
a device for thermal recording by means of a thermal
head having energisable heating elements. Even, more
in particular, the invention is related to thermal recording
by means of such a thermal head and a radiation beam,
even more preferably a transparent thermal head and a
laserbeam.

BACKGROUND OF THE INVENTION

[0002] Thermal imaging or thermography is a record-
ing process wherein images are generated by the use
of imagewise modulated thermal energy. Thermography
is concerned with materials which are not photosensi-
tive, but are sensitive to heat or thermosensitive and
wherein imagewise applied heat is sufficient to bring
about a visible change in a thermosensitive imaging ma-
terial, by a chemical or a physical process which chang-
es the optical density.

[0003] Most of the directthermographic recording ma-
terials are of the chemical type. On heating to a certain
conversion temperature, an irreversible chemical reac-
tion takes place and a coloured image is produced.
[0004] In direct thermal printing, the heating of the
thermographic recording material may be originating
from image signals which are converted to electric puls-
es and then through a driver circuit selectively trans-
ferred to a thermal print head. The thermal print head
consists of microscopic heat resistor elements, which
convert the electrical energy into heat via the Joule ef-
fect. The electric pulses thus converted into thermal sig-
nals manifest themselves as heat transferred to the sur-
face of the thermographic material, e.g. paper, wherein
the chemical reaction resulting in colour development
takes place. This principle is described in "Handbook of
Imaging Materials" (edited by Arthur S. Diamond - Dia-
mond Research Corporation - Ventura, California, print-
ed by Marcel Dekker, Inc. 270 Madison Avenue, New
York, ed. 1991, p. 498-499).

[0005] A particular interesting direct thermal imaging
element uses an organic silver salt in combination with
a reducing agent. An image can be obtained with such
amaterial because under influence of heat the silver salt
is developed to metallic silver.

[0006] Fig. 2 (not to scale) shows a cross-section of
a composition of a thermographic material m suitable
for application within the present invention. The material
of the thermographic imaging element 3 comprises a
polyethylene terephthalate (PET) support 65 of about
60 to 180 um (e.g. 175 um), carrying a subbing layer or
substrate 66 of about 0,1 to 1 um (e.g. 0.2 um) thick-
ness, an emulsion layer 67 of about 7 to 25 um (e.g. 20
um) thickness, and a protective layer 68 of about 2 to 6
um (e.g. 4 um) thickness (sometimes called top-layer
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TL).Optionally, on the other side of the PET support 65
a backing layer 69 is provided containing an antistatic
and/or a matting agent (or roughening agent, or spacing
agent, terms that often are used as synonyms) to pre-
vent sticking. Further details about the composition of
such thermographic material m may be read in EP 0 692
733 (in the name of Agfa-Gevaert). The thermographic
material can also contain one or more light-to-heat con-
verting agents, preferably in layer 66, 67 or 68. This
light-to-heat converting agent is often an infrared ab-
sorbing component and maybe added to the thermo-
graphic material in any form, e.g. as a solid particle dis-
persion or a solution of an infrared absorbing dye.
[0007] Referring to figure 1, there is shown a global
principle schema of a thermal printing apparatus 10 that
can be used in accordance with the present invention
(known from e.g. EP 0 724 964, in the name of Agfa-
Gevaert). This apparatus is capable of printing lines of
pixels (or picture elements) Pi on a thermographic re-
cording material m, comprising thermal imaging ele-
ments or (shortly) imaging elements, often symbolised
by the letters le. As an imaging element le is part of a
thermographic recording material m, both are indicated
in the present specification by a common reference
number 3. The thermographic recording material m
comprises on a support a thermosensitive layer, which
generally is in the form of a sheet. The imaging element
3 is mounted on a rotatable drum 15, driven by a drive
mechanism (not shown) which continuously advances
(see arrow Y representing a so-called slow-scan direc-
tion) the drum 15 and the imaging element 3 past a sta-
tionary thermal print head 16. This head 16 presses the
imaging element 3 against the drum 15 and receives the
output of the driver circuits (not shown for the sake of
greater clarity). The thermal print head 16 normally in-
cludes a plurality of heating elements equal in number
to the number of pixels in the image data present in a
line memory. The imagewise heating of the heating el-
ement is performed on a line by line basis, the "line" may
be horizontal or vertical depending on the configuration
of the printer, with the heating resistors geometrically
juxtaposed each along another and with gradual con-
struction of the output density. Each of these resistors
is capable of being energised by heating pulses, the en-
ergy of which is controlled in accordance with the re-
quired density of the corresponding picture element. As
the image input data have a higher value, the output en-
ergy increases and so the optical density of the hard-
copy image 17 on the imaging element 3. On the con-
trary, lower density image data cause the heating ener-
gy to be decreased, giving a lighter picture 17.

[0008] Ininput data block 22, first a digital signal rep-
resentation is obtained; then, the image signal is applied
via a digital interface to a storing means (not shown) of
the thermal printer 10.

[0009] Inthe processing unit 24, the digital image sig-
nal is processed. Next the recording head 16 is control-
led so as to produce in each pixel the density value cor-
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responding with the processed digital image signal val-
ue. After processing electrical current may flow through
the associated heating elements. In this way a thermal
hardcopy 17 of the electrical image data is recorded. By
varying the heat applied by each heating element to the
carrier, a variable density image pixel is formed.
[0010] Althoughitis known to prepare both black-and-
white and coloured half-tone images by the use of a ther-
mal printing head, a need for an improved recording
method still exists.

OBJECTS OF THE INVENTION

[0011] It is an object of the present invention to pro-
vide an improved method for recording an image on a
thermal imaging element by means of a thermal head
having energisable heating elements.

[0012] Other objects and advantages of the present
invention will become clear from the further description
and examples.

SUMMARY OF THE INVENTION

[0013] The above mentioned object is realised by a
method and a system for generating an image on a heat
mode imaging element having the specific features de-
fined respectively in the independent claims and illus-
trated e.g. in Fig. 3 (to be explained further on). Specific
features for preferred embodiments of the invention are
disclosed in the dependent claims.

[0014] Further advantages and embodiments of the
present invention will become apparent from the follow-
ing description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention will be described hereinafter with
reference to the accompanying drawings (not necessar-
ily to scale), which are not intended to restrict the scope
of the present invention.

[0016] Herein,

Fig. 1 shows the basic functions of a direct thermal
printer;

Fig. 2 shows the composition of a thermographic
material suitable for application within the present;
Fig. 3 shows a preferred embodiment of a method
according to the present invention;

Fig. 4.1 to 4.3 respectively show the activation of a
heating element, the activation of a radiation beam
and the resulting temperature in the thermographic
material m;

Fig. 5.1 shows the evolution of the density on the
thermographic material m related to the scanning
time;

Fig. 5.2. shows the resultant density on the thermo-
graphic material m after completion of the scanning
and related to the scanning, distance;

10

15

20

25

30

35

40

45

50

55

Fig. 6 shows several preferred hardware-embodi-
ments of a method according to the present inven-
tion;

Fig. 7 shows a preferred embodiment of a laserther-
mographic apparatus with a flying spot laser and a
thermal head according to the present invention;
Fig. 8 shows a preferred embodiment of a laserther-
mographic apparatus with an array of laser diodes
and a thermal head according to the present inven-
tion;

Fig. 9 is a diagram showing the optical transmission
of ITO with respect to the wavelength of measure-
ment, suitable for use according to the present in-
vention;

Fig. 10 is a diagram showing the optical transmis-
sion of a laserthermographic material, suitable for
use according to the present invention;

Fig. 11 is a diagram showing the optical transmit-
tance, the absorption and the reflection curves with
respect to the wavelength of measurement of an-
other laserthermographic material, suitable for use
according to the present invention;

Fig. 12 gives a survey flow-chart of several method-
steps according to the present invention;

Fig. 13 is an equipment for measuring optical trans-
mission of ITO related to the wavelength of expo-
sure.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The description given hereinafter mainly com-
prises six sections, namely (i) terms and definitions used
in the present application, (ii) preferred embodiments of
a transparent thermal head, (iii) preferred embodiments
of methods using a transparent thermal head combined
with a laser beam, (iv) photothermographic applicability
of the present invention, (v) laserthermographic appli-
cability of the present invention (vi) further applicability
of the present invention.

[0018] More information about transparent thermal
heads according to the present invention can be found
in co-pending application entitled "THERMAL HEAD",
filed on a same date and incorporated herein by refer-
ence.

(i) Explanation of terms used in the present description

[0019] For the sake of greater clarity, the meaning of
some specific terms applying to the specification and to
the claims are explained before use.

The term "thermographic material" (being a thermo-
graphic recording material, hereinafter indicated by
symbol m) comprises both a thermosensitive imaging
material and a photothermographic imaging material
(being a photosensitive thermally developable photo-
graphic material).

[0020] For the purposes of the present specification,
a thermographic imaging element le is a part of a ther-
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mographic material m (both being indicated by ref. nr. 3).
Hence, symbolically: m > le.

[0021] By analogy, a thermographic imaging element
le , comprises both a (direct or indirect) thermal imaging
element and a photothermographic imaging element. In
the present application the term thermographic imaging
element le will mostly be shortened to the term imaging
element.

[0022] By the term "heating material" (hereinafter in-
dicated by symbol hm) is meant a layer of material which
is electrically conductive so that heat is generated when
it is activated by an electrical power supply.

[0023] Inthe present specification, a heating element
Hi is a part of the heating material hm .

Hence, symbolically: hm > Hi.

[0024] A heating element Hi (as e.g. H1, H2, H3 ..)
being a part of the heating material hm is conventionally
a rectangular or square portion defined by the geometry
of suitable electrodes.

[0025] According to the present specification, a heat-
ing element is also part of a heating system, which sys-
tem further comprises a power supply, a data capture
unit, a processor, a switching matrix, leads, etc.

[0026] An "original" is any hardcopy or softcopy con-
taining information as an image in the form of variations
in optical density, transmission, or opacity. Each original
is composed of a number of picture elements, so-called
"pixels". Further, in the present application, the terms
pixel and dot are regarded as equivalent.

[0027] Furthermore, according to the present inven-
tion, the terms pixel and dot may relate to an inputimage
(known as original) as well as to an outputimage (in soft-
copy or in hardcopy, e.g. known as print).

[0028] It is known, and put to intensive commercial
use (e.g. Drystar ™™, of Agfa-Gevaert N.V.), to prepare
both black-and-white and coloured half-tone images by
the use of a thermal printing head, a heat-sensitive re-
ceiving material (in case of so-called one-sheet thermal
printing) or a combination of a heat-sensitive donor ma-
terial and a receiving (or acceptor) material (in case of
so-called two-sheet thermal printing), and a transport
device which moves the receiving material or the donor-
acceptor combination relative to the thermal printing
head. The thermal head usually consists of a one-di-
mensional array of heating elements arranged on a ce-
ramic substrate which is itself mounted on a heat-dissi-
pating base element or heatsink hs. In the next para-
graphs, a thermal head according to the present inven-
tion and a working method will be explained in depth.
By the wording "laserthermography" is meant an art of
direct thermography comprising a uniform preheating
step not by any laser and an imagewise exposing step
by means of a laser.

[0029] It is known, and put to intensive commercial
use (e.g. Drystar T™, of Agfa-Gevaert N.V.), to prepare
both black-and-white and coloured half-tone images by
the use of a thermal printing head, a heat-sensitive re-
ceiving material or a combination of a heat-sensitive do-
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nor material and a receiving (or acceptor) material, and
a transport device which moves the receiving material
or the donor-acceptor combination relative to the ther-
mal printing head. The thermal head usually consists of
a one-dimensional array of heating elements arranged
on a ceramic substrate which is itself mounted on a heat-
dissipating base element. In the next paragraphs, such
thermal printer, the components and the working meth-
od will be explained in depth.

(ii) Preferred embodiments of a transparent thermal
head according to the present invention

[0030] As already mentioned in the background sec-
tion of the specification, methods and devices for ther-
mal printing are known since many years, e.g. for direct
thermal printing EP-0 622 217(in the name of Agfa-Ge-
vaert N.V.), etc. In these techniques, imagewise expos-
ing of an imaging element is carried out by means of a
thermal head having energisable heating elements.
[0031] Now, according to a first embodiment of the
present invention, a thermal head having energisable
heating elements is optically transparent materials. For
a full description of such a transparent thermal head,
reference is made to the co-pending patent application
entitled "THERMAL HEAD", filed by the same patent as-
signee and on the same date; which is explicitly com-
prised within the instant application.

[0032] In the co-pending application, several advan-
tages are explained. For the sake of conciseness, no
redundant description is repeated in the instant specifi-
cation.

[0033] Yet, itisindicated that, an important advantage
of a transparent thermal head comprises the possibility
of e.g. directing a density control through the thermal
head, e.g. for controlling a density while it is formed on
a the thermographic material.

[0034] Fig. 9 is a diagram showing the optical trans-
mission of ITO with respect to the wavelength of meas-
urement, suitable for use according to the present in-
vention. Reference number 81 gives the transmittance
curve of a heating material hm ITO.

[0035] According tothe presentinvention, the heating
material hm applied in the thermal head is optically
transparent by having, in the wavelength range from 350
to 1200 nm, a transparency higher than 70 %.

More preferably, the heating material hm is optically
transparent by having in the wavelength range from 700
to 1100 nm a transparency higher than 80%.

[0036] In a further preferred embodiment of the
present invention, the heating material hm has a trans-
parency higher than 80% at least at the wavelength of
the laserbeam (e.g. at 830, 870, 1054 or 1064 nm).
[0037] Fig. 13 is an equipment 160 for measuring the
optical transmission of a heating material hm (such as
ITO) related to the wavelength of exposure.

[0038] A heating material 36 (e.g. made fromITO) and
a thermographic imaging element 3 are kept in place by
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two transparent-but-isolating means (e.g. glass plates)
163-164.

A light source (e.g. a halogen lamp) 161 sends a light-
beam 162 through the first glass plate 163 and through
the transparent heating material 36 onto the thermo-
graphic imaging element 3 sustained by the second
glass plate 164.

A power supply 168 brings a single square wave pulse
169 onto heating material 36, thus generating heat, in
consequence of which the thermographic imaging ele-
ment 3 develops an optical density to be measured. The
amplitude of the pulse is chosen such as to generate an
amount of heat sufficient to trigger the thermographic
process and is related to the conductivity of the trans-
parent heating material.

Advantageously the measuring equipment 160 com-
prises a spectrophotometer 166 having a certain wave-
range (e.g. between 200 and 2500 nm) and registering
a sufficient number of spectra in a given time-span (e.
g. 18 spectra in 36 msec). Evidently, a computer 167 is
convenient for programming the experimental parame-
ters and for carrying out the relevant calculations.

In a further preferred embodiment, the single square
wave pulse 169 has a constant amplitude (of e.g. 46
Volt) but an increasing pulse width (of e.g. 6 ms, 8 ms,
10 ms ...). In another further preferred embodiment, the
single square wave pulse 169 has an increasing ampli-
tude (of e.g. 40 V, 45 V or 50 Volt) but a constant pulse
width (of e.g. 10 ms).

By means of the spectrophotometer 166, it can easily
be detected how and at which rate the optical density of
the thermographic imaging element 3 increases as the
power (e.g. between 5 and 10 W/mm?2) of the square
wave pulse 169 increases. The same can be verified for
different thicknesses of the heating material 36, e.g. be-
tween 0,1 and 30 um, or between 0,2 um and 5 um.
[0039] Fig. 10is a diagram showing the optical trans-
mission (see ref. nr. 85) of a laserthermographic mate-
rial (indicated as "Med. 1"), suitable for use according
to the present invention.

[0040] Fig. 11 is a diagram showing the optical trans-
mittance (see ref. nr. 86), the absorption (see ref. nr. 87)
and the reflection (see ref. nr. 88) curves with respect to
the wavelength of measurement of another laserther-
mographic material (indicated as "Med. 2"), suitable for
use according to the present invention.

[0041] From comparison of e.g. Figs. 9 and 10, it can
be easily seen that a laser with a wavelength between
830 and 870 nm can be applied advantageously. In-
deed, such laserbeam is efficiently transmitted through
a heating material hm (e.g. ITO illustrated in Fig. 9) and
is efficiently absorbed by a thermographic material (e.
g. Med. 1 illustrated in Fig. 10).

[0042] From an analogue comparison of Figs. 9 and
11, it can be easily seen that a laser with a wavelength
of e.g. 1054 or 1064 nm can be applied advantageously.
Indeed, such laserbeam is efficiently transmitted
through a heating materialhm (e.g. ITO illustrated in Fig.
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9) and is efficiently absorbed by a thermographic mate-
rial (e.g. Med. 2 illustrated in Fig. 11).,

[0043] It is highly preferred in connection with the
present invention to use a laser emitting in the infrared
and/or near-infrared, i.e. emitting in the wavelength
range 700-1500 nm. Suitable lasers include a Nd-YAG-
laser (neodymium-yttrium-aluminium-garnet; 1064 nm)
or a Nd-YLF laser (neodymium-yttrium-lanthanum-fluo-
ride; 1053 nm). Typical suitable semiconductor laser di-
odes emit e.g. at 830 nm or at 860-870 nm.

The required laser power depends on the pixel dwell
time of the laser beam, which is dependent on the scan
speed (e.g. between 0.1 and 20 m/s, preferably between
0.5 and 5 m/s) and the spot diameter of the laser beam
(defined at 1/e2 of maximum intensity e.g. between 1
and 100 um, preferably between 10 and 25 um).
[0044] Information about transparent heating materi-
als usable in the present invention can be found in the
above mentioned co-pending application entitled
"THERMAL HEAD". E.g. the heating material hm may
be selected from a group consisting of In,O3, optionally
doped; SnO/O,, optionally doped; ZnO, optionally
doped; Cd,SnO, or CdSnOj; BiO3; MoOj; TiOy;
WO, ; RhO,; ReO,; NayWO3; Zn,SnO,4 and V205. An-
other example comprises a commercial conductive and
transparent polymer known as (registered tradename of
Agfa-Gevaert), e.g. type ORGACON-EL.

[0045] First, it is known to people skilled in the art of
thermography that thermal printing systems for record-
ing an image of varied density utilise some type of sen-
sor to detect a variable parameter (e.g. actual density
or dot size) of the print. An electronic closed-loop system
makes the necessary adjustments in the printing proc-
ess. Now, it would be advantageous in many aspects,
which will be explained completely in the detailed de-
scription, if the electronic control and the equipment
could be compact.

(iii) Preferred embodiments of methods using a
transparent thermal head combined with a laser beam
according to the present invention

[0046] Fig. 3 shows a preferred embodiment of a
method according to the present invention, using a
transparent thermal head combined with a laser.

[0047] Such method for recording an image on a ther-
mal imaging element le comprises the steps of providing
(e.g. by means of a rotatable drum 15) a thermographic
material m (ref. nr. 3) having a thermal imaging element
le, a transparent thermal head TH (ref. nr. 16) having
energisable heating elements (Hi, ref. nr. 39), and a ra-
diation beam L (ref. nr. 41), capturing input data (see
input data block 22), processing (in processing unit 24)
the digital image signals, activating heating elements of
the thermal head and imagewise and scanwise expos-
ing the imaging element by means of the radiation
beam, wherein the imagewise and scanwise exposing
is carried out by passing the radiation beam through
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transparent parts of the thermal head.

[0048] A preferred embodiment of a method for re-
cording an image on a thermographic material m ac-
cording to the present invention, comprises the steps of

- providing (seeref. nr. 131 in Fig. 12) a thermograph-
ic material having a thermal imaging element, a
transparent thermal head TH having energisable
heating elements Hi (ref. nr. 39), and a radiation
beam L,

- activating (see ref. nr. 132) heating elements of the
thermal head and imagewise and scanwise expos-
ing the imaging element by means of the radiation
beam, such that the total energy resulting from the
thermal head and from the radiation beam has a lev-
el corresponding to a gradation (optionally also
standing for e.g. density, colour, etc.) of the image
to be recorded on the imaging element, wherein the
imagewise and scanwise exposing is carried out by
passing the radiation beam through transparent
parts of the thermal head.

[0049] Another preferred embodiment of a method for
recording an image on a thermographic material m ac-
cording to the present invention, comprises the steps of

- providing (see ref. nr. 131) a thermographic material
comprising the thermal imaging element, a trans-
parent thermal head TH having energisable heating
elements Hi (ref. nr. 39), and a radiation beam L,

- activating (see ref. nr. 133) heating elements such
that a preheat temperature To in the imaging ele-
ment is reached which is below the conversion tem-
perature Tc (see threshold level ref. nr. 55 in Fig.
4.3) of the imaging element,

- imagewise and scanwise exposing the imaging el-
ement by means of the radiation beam having a lev-
el of energy corresponding to a gradation of the im-
age to be recorded on the imaging element,

- heating said thermal imaging element by a heating
means (HM) such that a temperature (Tm) in the
imaging element is reached which is higher than the
conversion temperature (Tc) of the imaging element
and which is apt for developing said thermographic
material, wherein said imagewise and scanwise ex-
posing is carried out by passing said radiation beam
through transparent parts of said thermal head.

[0050] In a further preferred embodiment of a method
according to the present invention, the heating means
comprises a thermal head.

[0051] A further preferred embodiment of a method
for recording an image on a thermographic material m
according to the present invention, comprises the steps
of

- providing (see ref. nr. 134) a thermographic material
comprising a thermal imaging element, at least two
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thermal heads TH1, TH2 having energisable heat-
ing elements Hi, and a radiation beam L,

- imagewise and scanwise exposing the imaging el-
ement by means of the radiation beam having a lev-
el of energy corresponding to a gradation of the im-
age to be recorded on the imaging element,

- activating (see ref. nr. 135) during a first heating
time t1 heating elements of one of the thermal
heads such that a first temperature Tm1 in the im-
aging element is reached,

- activating during a second heating time t2 heating
elements of the other one of the thermal heads such
that a second temperature Tm2 in the imaging ele-
ment is reached,

wherein the imagewise and scanwise exposing is car-
ried out by passing the radiation beam through trans-
parent parts of one of the thermal heads.

[0052] In afurther preferred embodiment, the method
comprises before the imagewise and scanwise expos-
ing, an additional step of activating heating elements
such that a preheat temperature To in the imaging ele-
ment is reached which is below the conversion temper-
ature Tc (ref. nr. 55) of the imaging element (see ref. nr.
136).

[0053] In further preferred embodiments, in a method
according to the present invention, the heating step and
the exposing step are carried out at least partly simul-
taneously.

[0054] In further preferred embodiments, in a method
according to the present invention, the activating of
heating elements (ref. nr. 39) of a thermal head is carried
out imagewise.

[0055] In further preferred embodiments of a method
according to the present invention, the imagewise and
scanwise exposing by means of a radiation beam is
modified in that the imagewise and scanwise exposing
is carried out by means of a laserdiodearray (see ref. nr.
137).

[0056] In further preferred embodiments of a method
according to the present invention, the thermographic
material is on one and the same holding or guiding
means (e.g. drum 15) during both the imagewise expos-
ing step and the heating step.

[0057] The method according to the present invention
may also comprise an additional step of controlling the
activating heating elements of a transparent thermal
head by monitoring the gradation (or density, or colour)
while developing the thermal imaging element by pass-
ing a monitoring beam through the transparent thermal
head (see ref. nr. 138).

[0058] Fig. 12 gives a survey flow-chart of several
method-steps according to the presentinvention. As, af-
ter having disclosed a lot of preferred embodiments ac-
cording to the present invention, a separate disclosure
in full depth of Fig. 12 seems to be redundant. Yet, some
remarks may be relevant: (i) dash lines indicate that no
explicit duration of time is stated, (2) arrowed dash lines
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indicate that no restrictive order of sequence is stated,
(3) preheating may be applied in many embodiments,
(4) a monitoring of the image (say gradation, or density
or colour) also may be applied in many embodiments,
(5) in some embodiments more than one thermal head
(e.g. TH1, TH2) may be applied, (6) in some embodi-
ments a laserdiodearray LDA may be applied.

[0059] Fig. 6 shows several preferred hardware-em-
bodiments of a method according to the present inven-
tion.

Before analysing all these implementations, it feels
good to indicate that in this particular drawing, transpar-
ent thermal heads are indicated 6 by a single capital H;
whereas non-transparent thermal heads are indicated
in Fig. 6 by a single capital H with an "upperscore".
Moreover, at the top of this drawing, for the sake of com-
pleteness, indicated are a non-transparent thermal
head H (at the left side) known from prior art and a trans-
parent head H (at the right side) according to the above-
mentioned co-pending application.

[0060] In Fig. it is illustrated that the use of a trans-
parent head offers more options for designing the ther-
mal recording unit (w.r.t. the later Fig. 7, also referred to
as imaging and processing unit 125) than a nontrans-
parent head. The illustrations are made in a schematical
form , wherein symbol m indicates a thermal imaging
material and wherein symbol Y (see also Figs. 1, 3, 7
and 8) indicates the slowscan direction. At the left side
several embodiments are grouped which comprise at
least two devices comprising at least one nontranspar-
ent thermal head; these devices may be situated at a
same side of the thermographic material m, or on oppo-
site sides of m. At the right side several embodiments
are grouped which comprise at least two devices, more
in particular comprising at least one transparent thermal
head; these devices may be situated at a same side of
the thermographic material m, or on opposite sides of
m, or even integrated within one single compact device.
[0061] Reference number 71 illustrates schematically
a thermal comprising two non-transparent thermal
heads (H1 and H2) situated at a same side of m and
operating in sequential order (along direction Y). Herein,
H1 may uniform preheat the thermographic material m,
whereas H2 imagewise heats the thermographic mate-
rial m.

[0062] Ref. nr. 72 illustrates schematically a thermal
recording unit comprising a non-transparent thermal
head (H1) and a laser (L1) situated at a same side of m
and operating in sequential order (along direction Y).
Herein, H1 may uniform preheat the thermographic ma-
terial m, whereas L1 imagewise exposes the thermo-
graphic material m.

[0063] Ref. nr. 73 relates to a thermal recording unit
comprising a laser (L1) and a non-transparent thermal
head (H1) and situated at a same side of m and oper-
ating in sequential order (along direction Y). Herein, L1
may uniform preheat the thermographic material m,
whereas H1 imagewise activates the thermographic
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material m.

[0064] Ref. nr. 74 relates to a thermal recording unit
comprising at least two non-transparent thermal heads
(H1,H2) and situated at opposite sides of m and oper-
ating in sequential or in non-sequential order (along di-
rection Y). Herein, e.g. H1 may uniform preheat the
thermographic material m, whereas H2 imagewise acti-
vates the thermographic material m.

[0065] Ref. nr. 75 relates to a thermal recording unit
comprising at least one non-transparent thermal head
(H1) and at least one laser (L1) situated at opposite
sides of m and operating in sequential or in non-sequen-
tial order (along direction Y). Herein, e.g. H1 may uni-
form preheat the thermographic material m, whereas L1
imagewise exposes the thermographic material m.
[0066] Ref. nr. 91 illustrates schematically a thermal
recording unit comprising two transparent thermal
heads (H1 and H2) situated at a same side of m and
operating in sequential order (along direction Y). Herein,
H1 may uniform preheat the thermographic material m,
whereas H2 imagewise heats the thermographic mate-
rial m.

[0067] Ref. nr. 96 illustrates schematically a thermal
recording unit comprising two thermal heads (H1 and
H2), in particularly one non-transparent head (H1) and
one transparent head (H2), situated at a same side of
m and operating in sequential order (along direction Y).
Herein, e.g. H1 may uniform preheat the thermographic
material m, whereas H2 imagewise activates the ther-
mographic material m.

[0068] Ref. nr. 92 illustrates schematically a thermal
recording unit comprising a transparent thermal head
(H1) and a laser (L1), both situated at a same side of m
and operating in sequential order (along direction Y).
Herein, e.g. H1 may uniform preheat the thermographic
material m, whereas L1 imagewise exposes the thermo-
graphic material m. Ref. nr. 93 illustrates an analogue
system, but with inverted positions of L1 and H1, and
corresponding functions; e.g. L1 imagewise exposes
the thermographic material m and H1 heats (uniform or
imagewise) the thermographic material m as in case of
photothermography.

[0069] Ref. nr. 97 illustrates schematically a thermal
recording unit comprising a transparent thermal head
(H1) and a laser (L1), both situated at a same side of m
and at a same locality along direction Y. Herein, e.g. H1
may uniform preheat the thermographic material m,
whereas L1 imagewise exposes the thermographic ma-
terial m in case of laserthermography, or e.g. L1 image-
wise exposes the thermographic material m and H1
heats (uniform or imagewise) the thermographic mate-
rial m in case of photothermography.

[0070] Ref. nr. 94 is somewhat similar to ref. nr. 74,
but comprises at least two transparent thermal heads
(H1, H2) and corresponding functions.

[0071] Ref. nr. 95 is somewhat similar to ref. nr. 75,
but comprises at least one transparent thermal head
(H1) and corresponding functions.
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[0072] Ref. nr. 98 is somewhat similar to ref. nr. 92,
but now both devices (H1, L1) are at the same side and
at a same position along Y.

[0073] Ref. nr. 99 is somewhat similar to ref. nrs. 97
and 98, but now both devices (H1, L1) are at the same
side and at a same position along Y and integrated with-
in one single and compact device, e.g. a transparent
thermal head as disclosed in the above-mentioned co-
pending patent application.

[0074] A second important advantage of a transpar-
ent thermal head comprises the possibility of e.g. direct-
ing a recording radiation beam through the thermal
head. For example, a combination of a transparent ther-
mal head and a radiation beam, the combination being
suitable for thermally operated printing devices, is e.g.
illustrated in Fig. 8 (to be explained in a later paragraph).
[0075] Because of the transparency of the head, laser
recording can be applied (i) from the same side and (i)
at the same location relative to the thermographic ma-
terial as the heating with the thermal head.

[0076] The possibility of a laser recording being ap-
plied from the same side relative to the thermographic
material as the heating with the thermal head, renders
an important advantage. Indeed, in known thermal print-
ers (see e.g. Fig. 1), a first heating (e.g. by a heated
drum 15, or platen, or roll) is often given from the back-
side, whereas a second heating (e.g. by means of heat-
ing elements Hi) is given from the frontside of the ther-
mographic material m. This prior art comprises a disad-
vantage in heating the imaging element 3 from the back-
side. Indeed, support layer 65, being formed of a plastic
(such as PET), is not a particularly good thermal con-
ductor. Therefore it takes slightly longer for the temper-
ature in the emulsion layer 67 to build up to the threshold
value than if the thermal energy is applied directly to the
emulsion layer 67. This, of course, slows down the re-
cording process.

[0077] An embodiment which uses a thermal head,
being non-transparent or being transparent, and a radi-
ation beam at a same side of thermographic material m,
resolves the just mentioned problem. But, in case of a
non-transparentthermal head, some distance is needed
between the thermal head and the radiation beam (be-
cause of constructional dimensions), which introduces
another disadvantage.

[0078] In fact, after having received a first energy of
the heating elements, the temperature on thermograph-
ic material m will decrease before entering the impact
region of the laser beam.

[0079] Ifatransparentthermal head and alaser beam
are combined at the same side and at the same place
of the thermographic material m, both mentioned disad-
vantages are solved.

[0080] Because alaser diode emits light which is con-
verted to heat upon impact with emulsion layer 67, it
does not have to make contact with emulsion layer 67
as does a resistive heating element 39. Therefore, the
laser 118 and the thermal head 16 may be located on
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the same side and on the same location (see also ref.
99in Fig. 6). This is possible because thermal print head
TH does not block nor obscure the field of view of the
laser beam L. Thus, in this configuration of a thermal
recording system, there is no need to apply heat to emul-
sion layer 67 from the backside through support 65.
[0081] By further consequence, it is also possible by
the present invention to attain a greater sharpness, be-
cause there is only a very small distance between the
heat source and the heat sensitive thermographic ma-
terial. (The laser does not have to travel through support
65(see Fig. 2) and hence no unsharpness is created by
light diffraction caused by differences in the refractive
index of the different layers of the thermal imaging ma-
terial located between the thermosensitive layer and the
light source.

[0082] In addition, as the heat can be applied very lo-
cally by the combination of a transparent thermal head
and an actinique radiation beam, the fog can be low-
ered, thus upgrading the quality of discriminance in in-
formation (cf. ratio of Dmax to Dmin).

[0083] Another advantage of this invention is that the
dimensional stability is improved due to the very local
and short heating by the combination transparent ther-
mal head. The use of a thermal head for an increased
dimensional stability is described in the patent EP 0 933
672 of Konica. In the cited patent it is explained that a
good size repetition accuracy is necessary in graphic
arts imaging materials used for colour printing. However
another requirement for high quality colour printing is a
resolution of atleast 1200 dpi, more preferably 2400 dpi.
[0084] In a further preferred embodiment of the
present invention, a high resolution image can be ob-
tained by applying a laserbeam through the thermal
head, wherein the laserspot is smaller in dimensions
than a heating element of the thermal head. Moreover,
the laser and thermal head can be installed into the ther-
mal recording unit as a single compact device. This al-
lows the thermal recording unit itself to be a compact
device rendering high resolution images.

[0085] Fig. 4.1 to 4.3 respectively show the activation
(see VHi) of a heating element Hi (ref. nr. 39), the acti-
vation (see VLi)of a radiation beam L and the resulting
temperature (see Tm) in the thermographic material m.
For the sake of clarity, and in reference to Fig. 4.1, itis
supposed that from a time tO to tl, a predefined voltage
VHi (commonly between 12 and 18 V, e.g. 15 V) is sup-
plied to the heating elements Hi of a transparent thermal
head TH. This pulse is indicated by ref. nr. 51 and has
an amplitude symbolised by logical level 0 for the off-
state and logical level 1 for the on-state. It also is sup-
posed that thereafter, say from time tl to time t2, another
binary pulse 52 is given e.g. to a suitable laser L (see
Fig. 4.2). Now, according to a preferred embodiment of
the present invention and as illustrated in Fig. 4.3, the
temperature (Tm) in the thermographic material m first
increases along a first heating curve 53 from time tO to
tl, then increases along a second heating curve 54, op-
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tionally to a stable level corresponding with a desired
density level, and thereafter e.g. decreases along a third
heating (or cooling) curve 56. Symbol Tc (ref. nr. 55) in-
dicates the threshold temperature of the thermographic
material m.

[0086] Fig. 5.1 shows the evolution of the density (see
Dm) on the thermographic material m related to the
scanning time. A density evolution along curve 57 starts
from aninitial density D1 (generally being as low as pos-
sible, but restricted by the optical density of the untreat-
ed thermal imaging material if no decolourizing compo-
nents or layers are present in the thermal imaging ma-
terial, and also influenced by a possible fog Df). At a
time tl threshold temperature or conversion temperature
Tc has been surpassed, and the density of thermograph-
ic material m increases to a desired level D2.

[0087] Fig. 5.2. shows the resultant density on the
thermographic material m after completion of the scan-
ning time and is related to the scanning distance. The
endresult renders a pixel 58 at a desired level of density
D2.

(iv) Photothermographic applicability of the present
invention

[0088] The present invention can be applied advan-
tageously in so-called photothermography.

Thermally processable silver-containing materials for
producing images by means of imagewise exposing fol-
lowed by uniform heating are generally known. A typical
composition of such thermographically imaging ele-
ments includes photosensitive silver halide in combina-
tion with an oxidation-reduction combination of, for ex-
ample, an organic silver salt and a reducing agent there-
for.

[0089] These combinations are described, for exam-
ple, in US Patent No. 3,457,075 (Morgan) and in "Hand-
book of Imaging Science", D.A. Morgan, ed. A.R. Dia-
mond, publ. by Marcel Dekker, 1991, n chapter 2, pages
43 - 60, entitled "Dry Silver Photographic Materials".
[0090] An overview of thermographic systems is giv-
en in the book "Imaging Systems" by Kurt I. Jacobson
and Ralph E. Jacobson, The Focal Press, London and
New York, 1976, in chapter V under the title "Systems
based on unconventional processing" and in chapter
VII, entitled "thermographic systems", in particular "7.1
Thermography" and "7.2 Photothermography".

[0091] Photothermographic imaging elements are
typically processed by imagewise exposure, for exam-
ple in contact with an original or after electronic image
processing with the aid of a laser, as a result of which a
latent image is formed on the silver halide.

[0092] In a subsequent heating step the latent image
formed exerts a catalytic effect on the oxidation-reduc-
tion reaction between the reducing agent and the non-
photosensitive organic silver salt, usually silver behen-
ate, as a result of which a visible density is formed at
the exposed locations. The processing conditions are

10

15

20

25

30

35

40

45

50

55

defined by the choice of the non-photosensitive organic
silver salt and a reducing agent therefor. For example,
the processing temperature is around 120°C (or 393 K),
for five seconds. Further information on the thermo-
graphic materials and on such imagewise exposures
can be found, for example, in Patent Application EP A
96.201.530.1. of Agfa-Gevaert. Now, in one preferred
embodiment of the present invention, the imagewise ex-
posingis carried out by means of a radiation beam, while
the uniform heating afterwards is carried out by means
of a thermal head. By doing so, even an increase of the
sensitivity of photosensitive thermally developable pho-
tographic materials is attained, so that less powerful
heat sources can be sufficient.

(v) Laserthermographic applicability of the present
invention

[0093] From the preceding it might be clear for people
skilled in the art, that in laserthermography a remarkable
simplification of the processing equipment may be at-
tained. In Fig. 7, which shows a preferred embodiment
of a laserthermographic apparatus according to the
present invention,

the same ref. nr. numbers are used as in the preceding
description. Hence, e.g. ref. 3 is the thermographic im-
aging element, 16 is a thermal print head, 41 is a laser
beam, 102 a supply magazine, 104 a belt, 105 a tension
roller, 107 a sheet of thermographic material, 108 a roll-
er, 109 a roller, 110 a controller, 113 a ventilator, 116
imaged and processed sheets, 117 a keyboard, 118 a
laser source ,119 a modulator, 120 a first objective, 121
a polygon mirror, 122 a second objective, 123 blank
sheets to be imaged, 124 a sheetfeeder, 125 animaging
and processing unit, 126 a pressure roller. For a better
understanding, it is indicated that a full description of a
laserthermographic printer (although definitely not with
a thermal print head, but instead with a heated drum)
can be found in DE-A 196 36 253.0. of Agfa-Gevaert.
[0094] Fig. 8 shows a preferred embodiment of a la-
serthermographic apparatus with an array of laser di-
odes and a thermal head according to the present in-
vention. As like reference numbers constitute like func-
tions, no redundant description is repeated for the sake
of conciseness. Additional reference numbers 40 repre-
sent a laserdiodearray, 101 an impact line of the expo-
sure through a transparent thermal head 16, and 18 a
motor for rotating the drum 15.

[0095] In short, use of a method according to anyone
of the preceding embodiments, at least in photother-
mography and in laserthermography is explicitly en-
closed by the instant invention.

(vi) Further applicability of the present invention

[0096] Thermalimaging can be used for production of
both transparencies and reflection-type prints. In the
hard copy field, thermographic recording materials
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based on an opaque, usually white, base are used,
whereas in the medical diagnostic field monochrome,
usually black, images on a transparent base find wide
application, since such prints can conveniently be
viewed by means of a light box.

[0097] In the present invention it should be clear that
reflection-type prints on an opaque base can be pro-
duced more easily with a thermal recording unit com-
prising a transparent thermal head and laser located in
one point (the embodiments 98 and 99 of Fig. 6). In em-
bodiment 75, the preferred situation of having the non-
transparent head on the same side of the thermosensi-
tive layer is only possible if the opaque base has a high
transparency at the wavelength of the laser light source.
In the case that the nontransparent thermal head has to
be located at the backside of the thermal imaging ma-
terial (i.e. opposite side of the thermosensitive layer) a
slow down of the recording process occurs as described
above.

[0098] "Direct thermal printing" may be directed to-
wards a method of representing an image of the human
body obtained during medical imaging and most partic-
ularly to a printer intended for printing medical image
picture data received from a medical imaging device.
[0099] More in particular, the image data may be med-
ical image picture data received from a medical image
camera. ,

[0100] However, in another preferred embodiment of
the present invention, the image data may be graphical
image picture data received from a computerised pub-
lishing system.

[0101] For example, image data may be in the form
of screens representing graphical images for use in
printing art. These screens can be obtained by computer
Desk-Top Publishing systems, such as e.g. Ventura
Publisher ™M | These systems combine both text and
pictures, retrieved from e.g. manual input in word proc-
essors, OCR, picture scanners and software used for
image manipulation (e.g. Adobe Photoshop ™). Such
systems output alphanumeric data in different file for-
mats, that can be defined by the user, such as e.g.
Postscript TM. These output files can be transformed to
aformat that can be "understood" by the thermal printer.
If necessary, additional data can be attached to the file
to control the settings of the printer.

[0102] Hereabove, "direct thermal printing" mainly
comprises so-called monosheet imaging elements (in-
dicated by ref. nr. 3 in Fig. 1).

[0103] However, "direct thermal printing" also com-
prises a so-called "donor ribbon or donor element"
-which may be "a protective ribbon" or which may be "a
reduction ribbon"- and a so-called "receiving element".
More information hereabout can be found in the above-
mentioned co-pending application entitled "THERMAL
HEAD".

[0104] Direct thermal monosheet imaging elements
are described in e.g. EPA-94.201.717.9 and EPA-
94.201.954.8 (both in the name of Agfa-Gevaert) and in
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WO 94/16361 (in the name of Labelon Corp. USA). Di-
rect thermal printing with a so called protective ribbon is
described e.g. in EPA-92.204.008.4 (in the name of Ag-
fa-Gevaert). Direct thermal printing with a so called re-
duction ribbon is described e.g. in EPA-92.200.612.3 (in
the name of Agfa-Gevaert).

[0105] Itis of greatadvantage to know thatthe method
of the present invention is applicable in each of these
printing techniques. Because said printing techniques
are already described in the just mentioned EPA appli-
cations, no redundant details are duplicated.

[0106] While the present invention has been de-
scribed in connection with preferred embodiments
thereof, it will be understood that it is not intended to
limit the invention to those embodiments. Moreover,
having described in detail preferred embodiments of the
currentinvention, it will now be apparent to those skilled
in the art that numerous modifications can be made
therein without departing from the scope of the invention
as defined in the appending claims.

[0107] Apparatus for recording an image on a thermo-
graphic material (m) incorporating anyone of the pre-
ceding methods is also included within the present in-
vention.

Parts list
[0108]

3 thermographic material m / imaging element Hi
10 thermal printer

15 drum

16 thermal print head
17 hardcopy image

18 motor for drum
20 start of recording
22 input data

24 processing unit

36 heating material hm

39 heating element Hi

40 laserdiodearray

41 radiation beam L

51 activation pulse for heating element

52 activation pulse for radiation beam

53 first heating curve

54 second heating curve

55 conversion temperature Tc

56 third heating curve

57 density evolution over time

58 end-density over distance

65 support

66 substrate

67 emulsion layer

68 protective layer

69 backing layer

71-75 five uses of at least one non-transparent ther-
mal head

91-99 nine uses of at least one transparent thermal
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head

transmittance curve of heating material ITO
transmittance curve of laserthermographic ma-
terial Med.1

transmittance curve of laserthermographic ma-
terial Med.2

absorption curve of laserthermographic mate-
rial Med.2

reflection curve of laserthermographic material
Med.2

impact line

supply magazine

belt

tension roller

sheet of thermographic imaging element
roller

roller

controller

ventilator

imaged (and processed) sheets / sheet exit
keyboard

laser source

modulator

first objective

polygon mirror

second objective

sheets to be imaged / sheet input

sheet feeder

imaging and processing unit / recording unit
roller

flow-chart of method-steps

providing step

heating & exposing step

preheating, exposing & heating steps
providing step

double heating step

preheating step

providing step

monitoring block

indefinite time duration

indefinite sequence order

measuring equipment

light source

first light beam

first glass plate

second glass plate

second light beam

spectrophotometer

computer

power supply

square wave pulse

fast scan direction

slow scan direction

A method for recording an image on a thermograph-
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ic material (m) comprising the steps of

- providing a thermographic material having a
thermal imaging element (le), a transparent
thermal head (TH) having energisable heating
elements (Hi), and a radiation beam (L),

- activating heating elements of said thermal
head and imagewise and scanwise exposing
said imaging element by means of said radia-
tion beam, such that the total energy resulting
from said thermal head and from said radiation
beam has a level corresponding to a gradation
of the image to be recorded on said imaging
element, wherein said imagewise and scan-
wise exposing is carried out by passing said ra-
diation beam through transparent parts of said
thermal head.

A method for recording an image on a thermograph-
ic material (m) comprising the steps of

- providing a thermographic material comprising
the thermal imaging element (le), a transparent
thermal head ( TH) having energisable heating
elements (Hi), and a radiation beam (L),

- activating heating elements such that a preheat
temperature (Ty) in the imaging element is
reached which is below the conversion temper-
ature (Tc) of the imaging element,

- imagewise and scanwise exposing said imag-
ing element by means of said radiation beam
having a level of energy corresponding to a gra-
dation of the image to be recorded on said im-
aging element,

- heating said thermal imaging element by a
heating means (HM) such that a temperature
(Tm) in the imaging element is reached which
is higher than the conversion temperature (Tc)
of the imaging element and which is apt for de-
veloping said thermographic material, wherein
said imagewise and scanwise exposing is car-
ried out by passing said radiation beam through
transparent parts of said thermal head.

The method according to claim 2, wherein said
heating means comprises a thermal head.

A method for recording an image on a thermograph-
ic material (m) comprising the steps of

- providing a thermographic material comprising
a thermal imaging element (le), at least two
thermal heads (TH1, TH2) having energisable
heating elements (Hi), and a radiation beam
(L), -imagewise and scanwise exposing said
imaging element by means of said radiation
beam having a level of energy corresponding
to a gradation of the image to be recorded on
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said imaging element,

- activating during a first heating time (tl) heating
elements of one of said thermal heads such that
a first temperature (Tm1) in the imaging ele-
ment is reached,

- activating during a second heating time (t2)
heating elements of the other one of said ther-
mal heads such that a second temperature
(Tm2) in the imaging element is reached,

wherein said imagewise and scanwise exposing is
carried out by passing said radiation beam through
transparent parts of one of said thermal heads.

The method according to claim 4, comprising before
said imagewise and scanwise exposing, an addi-
tional step of activating heating elements such that
a preheat temperature (Tg) in the imaging element
is reached which is below the conversion tempera-
ture (Tc) of the imaging element

The method according to any one of claims 1-5,
wherein said heating step and said exposing step
are carried out at least partly simultaneously.

The method according to any one of claims 1-5,
wherein said activating of heating elements of a
thermal head is carried out imagewise.

The method according to any one of claims 1-5,
wherein said imagewise and scanwise exposing by
means of a radiation beam is modified in that said
imagewise and scanwise exposing is carried out by
means of a laserdiodearray.

The method according to any one of the preceding
claims, wherein the thermographic material is on
one and the same holding or guiding means (15)
during both the imagewise exposing step and the
heating step.

The method according to any one of the preceding
claims, comprising an additional step of controlling
said activating heating elements (Hi) of a transpar-
ent thermal head by monitoring the gradation while
developing said thermal imaging element (le) by
passing a monitoring beam through said transpar-
ent thermal head

Use of a method according to anyone of the preced-
ing claims in photothermography or in laserther-
mography.

Apparatus for recording an image on a thermo-
graphic material (m) according to anyone of the pre-
ceding claims.
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