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[51] ABSTRACT 
Transfer recording is carried out by driving in press 
contacting a recording medium, e.g. a paper and a re 
cording material sheet such as an ink transfer sheet, in a 
gap between a platen and a thermal head, and improve 
ment is to apply a solvent, e.g. of liquid state and having 
volatility, on said paper, thereby high speed thermo-dis 
solving transfer is made by heat of said heated points, 
and recording with continuous gradation is obtainable. 

35 Claims, 10 Drawing Sheets 
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TRANSFER RECORDING METHOD AND 
APPARATUS THEREFOR 

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

This is a continuation of application No. 07/094, 771, 
?led Sept. 10. 1987, which was abandoned upon the ?ling 
hereof,' and which was a reissue of No. 06/659, 956 ?led 
Oct. 11, 1984 which issued as US. Pat. No. 4,541,042 on 
Sept. 10. 1985. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an improvement in a 

recording method and recording apparatus for thermal 
transfer recording utilizing thermal recording head or 
the like. 

2. Description of the Prior Art 
There is known prior art of recording method, 

wherein recording medium and a transfer sheet com 
prising a base ?lm on one face thereof having recording 
material such as ink to be transferred are provided, and 
by selectively raising temperature of the recording ma 
terial by selective heating means or the like at a state of 
pressing the recording material, the recording material 
is transferred onto the above-mentioned recording me 
dium to make recording. 

In such kind of the conventional transfer recording, 
the recording is carried out in such a manner that melt 
ing point of at least one component material in the layer 
of the above-mentioned recording material is selected 
lower than a raised temperature, and by means of melt 
ing thereof the transfer is made on the recording me 
dium. As representative recording apparatus, there is a 
thermal melting transfer recording apparatus wherein 
recordings of characters, ?gures or pictures are made 
by constituting the recording material from a colorant 
such as dye or pigment and binder of a low melting 
point and etc., and by making a transfer sheet of a so 
called wax-type transfer sheet, made by coating the 
above-mentioned on a face of a heat resistive base sheet, 
such as thin capacitor paper or polyethylenetelephtha 
late sheet, and contacting a thermal recording head 
having a resistor element as heating points, the heat 
production being electrically controlled on the rear face 
of the transfer sheet, and selectively melting the binder 
through the base sheet by heating of the heater element, 
and thereby transferring the recording material on the 
recording medium such as paper. 

In such kind of conventional recording apparatus, 
since the recording material media is heated from the 
rear face side of the base ?lm, the melting starts from 
the contacting interface of the side of the base ?lm, and 
only after melting of the side of the recording medium, 
the melted recording material is transfer-recorded on 
the face of the recording medium. Accordingly, since 
the transferring is carried out with outside heat energy 
of a value above a predetermined level to enable trans 
fer, with a threshold level to produce incontinuous 
optical density of the recorded pattern, the conven 
tional process can record only dual level optical density 
of recording without halftone gradation. Therefore, the 
conventional electric ink recording system has had a 
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2 
difficulty in reproducing picture having halftone optical 
density of the recording as its intrinsic problem. 

Accordingly, in the conventional recording appara 
tus of thermal fusing type, in order to ful?l the present 
day's expanding needs for multi-gradation or continu 
ous tone recording, optical density pattern process, 
dither process, digital gradation processing making 
multi-gradation recording with dual level optical den 
sity recoring, etc., are being studied. 

In order to adopt such kind of multi-gradation or 
continuous tone recording, however, complicated sig 
nal processing circuit is usually needed, and the record 
ing apparatus becomes expensive. Furthermore, the 
resolution of picture or recording speed decreases in 
inverse proportion to number of dots of the dual optical 
density recording in the matrix in dither process. The 
above-mentioned conventional multi-gradation record 
ing methods are representing the optical density by 
number of dots in unit area. And accordingly, though 
they are multi-gradation recording, they can not pro 
duce image of continuous analog optical density in prin 
ciple. 

Furthermore, since the conventional thermal melting 
transfer recording apparatus controls heating of resistor 
element by current therein, its power consumption is 
large in comparison with its transferring capability, and 
a high speed recording is'dif?cult. The breakthrough of 
the above-mentioned various problems have been sub 
ject of the technical study of the transfer recording. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide a 
method and apparatus for thermal transfer capable of 
continuous gradation which can produce picture with 
less input energy attaining higher optical density of 
transfer recording, or in other word, is capable of 
higher speed of transfer recording for equal optical 
density of produced picture. 

Transfer recording method in accordance with the 
present invention comprises the steps of: 

driving a recording medium in a predetermined direc 
tion, 

driving a recording material sheet, which comprises a 
base ?lm and a recording material layer coated on 
one face of said base ?lm, in substantially the same 
direction as that of the recording medium, in a state 
that the surface of the recording material layer is 
press-contacting to a face of the recording medium 
at least at a region whereon recording is to be 
made, 

applying a solvent in liquid state on at least one of the 
recording material layer and the recording me 
dium, prior to the press-contacting of the surface of 
recording material layer to the face of the record 
ing medium, the solvent having a lower melting 
point than a melting-transfer temperature of the as 
to dissolve at least one component of the recording 
material layer and such a solubility characteristic 
recording material, the solubility characteristic 
being that solubility increases as temperature rises, 

heating selected points of the recording material 
layer to a predetermined temperature thereby ther 
mal-dissolving the selected points of the recording 
material layer by the solvent which is of or is made 
to liquid state, 

thereby selectively transferring thermo-dissolved 
selected points of the recording material layer onto 
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the face of the recording medium, during a period 
of the heating to the predetermined temperature. 

Selective thermal writing with the recording material 
is carried out from the rear side of the base ?lm or from 
rear side of the recording medium therethrough by 
utilizing infrared rays, laser beam or the like optical 
energy or by thermal conduction from a thermal re 
cording head or the like, using input energy from out 
side. 

In the present invention, different in principle from 
the conventional thermal melting transfer recording 
method, a solvent material in liquid state is made 
contact the recording material layer, temperature of 
which is raised, thereby to dissolve at least one compo~ 
nent of the recording material by the solvent with the 
help of raised temperature, thereby furnishing the re 
cording material a function to be transferred on the 
recording medium. 
The present invention utilizes positive temperature 

solubility characteristic that the solubility increases as 
temperature rises with respect to therrno-dissolving 
characteristic of the recording material into the solvent, 
and thereby, continuous change of dissolving of the 
recording material is obtainable. Besides the above 
mentioned conventional type transfer recording which 
utilizes thermo-dissolving characteristic, the ordinary 
simple thermo-melting transfer characteristic of the 
binder in the recording material may be also used. 
For the solvent substance, it is not necessarily of 

liquid state in room temperature, and may be of solid 
state or other state, as far as when temperature is raised 
it changes into the liquid state and acquires capability of 
dissolving the recording material for at least one com 
ponent of the recording material. 
The solvent may be a single substance, or alterna 

tively, may consist of plural components. 
Furthermore, though full liquid state is preferable, 

other states of the solvent, for instance, that which 
includes some solid state component or some solvent in 
sol or gel state may be used, as far as having ?uidity at 
the raised temperature. 

For the colorant, ordinary pigment or dye is used for 
ordinary use for recording by ink transfer or characters 
or patterns, but for some other special use, for instance, 
for secret communication use or the like, non-visible but 
ultra ray-light emitting or the like special ink may be 
used. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic sectional view illustrating prin 
ciple and fundamental method and apparatus embody 
ing the present invention. 
FIG. 2 is a graph showing several curves of solubility 

for different solvents to recording material for use in the 
transfer recording method and transfer recording appa 
ratus in accordance with the present invention. 
FIG. 3 is a sectional view of an actual embodiment of 

transfer recording method and transfer recording appa 
ratus embodying the present invention. 
FIG. 4(a) is a sectional view of one example of ther 

mal recording head of transfer recording apparatus 
embodying the present invention. 
FIG. 4(b) is a plan view showing con?guration of the 

thermal recording head shown in FIG. 4(a). 
FIG. 5 is a graph showing characteristic curves of 

experiments of the apparatus of FIG. 3. In the graph, 
solid line curve Md is a curve for the experiments when 
a magenta color ink transfer sheet is utilized, and dotted 
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4 
line curve Mm is a curve for comparison example for 
the conventional simple thermal transfer recording 
which does not use a solvent. 

FIG. 6 is a graph showing characteristic curves of 
experiments of the apparatus of FIG. 3. In the graph, 
solid line curve Cd is a curve for the experiments when 
a cyan color ink transfer sheet is utilized, and the solid 
line curve Yd is a curve for the experiments when yel 
low color ink transfer sheet is utilized. 
FIG. 7 is a sectional construction view of another 

embodiment of transfer recording method and transfer 
recording apparatus in accordance with the present 
invention. 

FIG. 8 is a sectional view of one example of ink re 
cording sheet for use in the transfer recording method 
and transfer recording apparatus embodying the present 
invention. 

FIG. 9 is a sectional view of an example of recording 
medium for use in the transfer recording method and 
transfer recording apparatus in accordance with the 
present invention. 
FIG. 10 is a sectional view of another example of 

recording medium for use in the transfer recording 
method and transfer recording apparatus in accordance 
with the present invention. 

FIG. 11 is a sectional construction view of another 
embodiment of transfer recording method and transfer 
recording apparatus in accordance with the present 
invention. 

FIG. 12 is a schematical sectional view showing sec 
tional con?guration of an example of ink-transfer sheet 
to be used in the transfer recording method and transfer 
recording apparatus embodying the present invention. 
FIG. 13 is a sectional construction view of another 

embodiment of transfer recording method and transfer 
recording apparatus in accordance with the present 
invention. 

FIG. 14 is a sectional construction view of another 
embodiment of transfer recording method and transfer 
recording apparatus in accordance with the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereafter, the present invention is described with 
reference to preferred embodiments shown in FIG. 1 
and thereafter. As recording material of the present 
invention, for recording characters and patterns, either 
any one or their mixture of the following types may be 
pigment-binder, dye-pigment mixture with binder, used: 
pure dye, dye-binder, etc. Of course, the dye and the 
pigment as colorant or the binder may be those consist 
ing of plural kinds of materials, or those which contains 
surfactant, plasticity agent, softening agent or other 
auxiliary agent may be contained in the binder. The 
binder in the recording material is de?ned as a material 
which is other than the colorant in the recording mate 
rial. 
Though it is preferable that in the above-mentioned 

four types of ink, it is preferable that both the dye and 
the binder have solubility into the solvent in liquid state; 
but the recording material comprising at least a dye or 
hinder which is soluble in the liquid state solvent at a 
raised temperature is also usable. 
That is, the recording material should be constituted 

in a manner that one part of the dye, in case of the pure 
dye type, one part of at least one of the dye or the of the 
binder in case of the pigmentbinder type. and one part 
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binder in the dye-binder type, one part of at least one of 
the dye or binder, in case of the dye-pigment-binder 
type shows increasing solubility into the liquid state 
solvent material as the temperature rises. The reason is 
that, the recording material can be transferred on the 
recording medium by dissolving of one component 
thereof. 
For colorant dye, when the liquid state solvent mate 

rial is of aqueous property, acidic or basic or direct 
dying or the like water-soluble dye is usable; and when 
the liquid state solvent material is of oily state, solvent 
dyes are usable. 
As pigment material, any of the organic pigment and 

inorganic pigment which have been used in the conven 
tional thermo-melting transfer sheet and ordinary paints 
and printing inks are usable. 
As the binder of the recording material, almost all 

binder material which are used in the ordinary paint, 
offset ink, gravure ink are usable. However, in case the 
colorant are preliminarily coated on sheet shaped base 
?lm and stored until use, in order not to produce irre 
versible hardening of the binder inducing the irreversi 
ble deterioration of the recording material, a binder of 
reversible melting material should be selected. 
When the solvent is of aqueous property such as 

water, alcohol, glycol, etc., the binder is preferably 
aqueous resin for paint, for instance, alkyd resin, oil free 
alkyd resin, epoxy esther, acryl resin, melamine resin 
are preferable, and as available commercial product, 
Watersol (Trademark) manufactured by Dainippon Ink 
and Chemical, Inc. is usable. manufactured by Dainip 
pon Ink and Chemical, Inc. is usable. 
When the solvent is of non aqueous property, as the 

reversible melting binder, solid state resin is preferable; 
for instance, 100% phenol resin, denatured natural resin 
of phenoric acid such as pine resin, denatured natural 
resin of malic acid resin, denatured natural resin of 
pentaerythritol resin (for instance, Beckacite (Trade 
mark manufactured by Dainippon Ink and Chemical, 
Inc.)), petroleum resin (Nisseki-Neopolymer (Trade 
mark manufactured by Nippon Petrochemicals Co., 
Ltd.)), nitro cellulose, acetic cellulose, polyamide, 
polystyrol resin, or the like are usable. 
The binder may be constituted by hot melt material 

having melting point of 60°—90° C. by utilizing such 
waxes as carnauba wax, oxide wax, paraffin wax, ester 
wax, similarly to those which have been used in the 
conventional thermo-dissolving-transfer recording. In 
such case, the colorant may be limited to pigments, but 
dye or mixture of dye and pigment may be used, and if 
necessary softening agent or other additive may be 
added to the binder. 
As base ?lm on which the recording material is 

coated, considering mechanical strength against distor 
tion at the thermo-melting transfer, plastic ?lm, cellu 
lose ?ber paper, plastic ?ber paper or the like sheet type 
base ?lm, or a roll of endless construction made by 
connecting both ends of such sheets, having thickness of 
3.5-15 pm, is usable. 

Conditions required for such base ?lm has good con 
ductivity for heat, radiation energy or incident energy, 
and its melting point should be higher than the raised 
temperature of the recording material at lowest, and the 
base ?lm must have a resistivity not to be dissolved by 
the solvent in the liquid state, and preferably has rela 
tively low ink acceptance in comparison with that of 
the recording medium so that the thermally melted 
recording material can be transferred onto the record 
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6 
ing medium at ease; and as far as the above-mentioned 
conditions are ful?lled the base ?lm material may be 
freely selectable, and it may be porous or non-porous. 

Considering the above-mentioned conditions, usu 
ally, capacitor paper, glassine paper, PET ?lm, poly 
imide ?lm, cellophane ?lm, or the like ?lm are usable. 
The recording material is coated on the base ?lm in 

by forming fluid ink by using suitable solvent, or in a 
form of hot-melt state by using a hot-melt binder mate 
rial thereby to form ink transfer sheet. 

In this case, when use of the ink transfer sheet in 
plural times is intended, the recording material is coated 
on base ?lm with porous face or on porous base ?lm, so 
that the recording material is diffused into the porous 
base ?lm. 
When the ink transfer sheet is to be used as disposable 

one, a sheet type base ?lm coated with the recording 
material is used; and when the base ?lm is formed into 
an endless structure the above-mentioned recording 
material is re-coated prior to the thermal melting trans 
fer recording on the surface of once used base ?lm, 
thereby enabling repeated uses of the base ?lm. 
By providing an interface layer of synthetic resin 

between the recording material and the base ?lm face, 
bonding strength of the recording material or thermal 
melting characteristic of the base ?lm to the solvent can 
be improved. Furthermore, in order to improve bond 
ing strength of the recording material for increasing of 
contact area of the recording material to the solvent for 
improving thermal melting characteristic, surface 
roughening treatment by applying corona treatment or 
sandblast process on the base ?lm face, hence on the 
recording material face, is applied to produce many ?ne 
protrusions (for instance of 1-5 pm depth). 
The above-mentioned surface roughening of the base 

?lm and the recording material induces increasing of 
contact area of the recording material to the solvent, 
and also an increasing of thermal melting, because suffi 
cient amount of the solvent is held in the porous surface 
of the recording material, thereby resulting in good 
effect in improvement of transfer optical density. 
Amount of the recording material to be coated on the 

base ?lm is preferably around l-l5 pm in dried state as 
converted into depth. When the depth is too small, 
amount of the colorant to be thermally melted and 
transferred on the recording medium becomes smaller 
than 1 pm, thereby inducing insuf?cient recording opti 
cal density; and when the thickness is larger than 15 pm, 
the temperature rise corresponding to the input energy 
is insuf?cient and thermal melting of the colorant be 
comes insuf?cient resulting in unstable ink transferring 
in the transferring recording. 

In the continuous gradation recording or full color 
recording, it is necessary that the recording material be 
thermo-melted and transferred in good ?delity, re 
sponding to the extent of temperature rise; and in such 
use recording material may be of pure dye type, or 
dye-binder type recording material in which both the 
dye and the binder are soluble to liquid state solvent. 
When weather-resistance and bleeding-resistance na 
tures are required, pigment-binder type and dye-pig 
ment mixture-binder type recording material composi 
tion are recommendable. 
The above-mentioned composition can be also used 

in a compatible apparatus wherein the thermo-melting 
transfer recording method in accordance with the pres 
ent invention and the conventional simple thermal 
transfer recording are compatibly usable. 
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In colorant-binder type recording composition, 
weight components of the mixture of colorant of dye 
pigment and the binder is preferably selected in the 
range of 1:50 through 1:1 for colorantzbinder, in weight 
ratio. When the amount of the colorant is smaller than 
the range, optical density of the recording is too small 
and when the amount of the colorant is larger than the 
range, the recorded image has insufficient gloss and 
poor weather resistance. 
For the recording medium, any material can be used 

as far as its solubility in liquid state solvent is not too 
much; therefore plastic ?lm or ordinary recording 
paper or printing paper is usable as the recording me 
dium. When the recording medium is paper, both the 
ordinary paper and coated paper may be used depend 
ing on purposes. 
The solvent is coated or held soaked on either face of 

the recording material or the ink transfer sheet from 
which the recording material (ink) is thermo-melted and 
transferred. 

Conditions necessary for the solvent to be in ?uid or 
liquid state under raised temperature of the recording 
material surface induced by the input energy, and to 
dissolve at least one component of plural component of 
the composition of the recording material, and to have 
positive thermodissolving characteristic, namely, the 
solubility of the dissolving rising as the temperature of 
the solvent rises. If the solvent is boiled up at raising of 
the temperature of the recording material, the quality of 
the transfer recorded image is liable to be lowered, and 
accordingly, the maximum temperature rise of the re 
cording material should be lower than the boiling point 
of the solvent, and besides, it is preferable to select the 
boiling point of the solvent to be higher than the maxi 
mum temperature at the surface part of the recording 
material contacting the solvent. On the other hand, 
when the recording material is intended to be compati 
bly used in the conventional simple thermal transfer 
method, it is to be noted that the boiling point of the 
solvent should be selected higher than the temperature 
of the thermal transfer of the recording material, that is 
usually the melting point of the binder, in order not to 
prevent thermal dissolving of the recording material by 
the effect of heat of evaporation. 
The solvent may be selected from the aqueous and 

non-aqueous ones, and single or mixture of plural ones 
depending on selection of the binder or dye to consti 
tute the recording material. 
The melting point of the solvent can be selected 

within a range with a maximum value selected as lowest 
surface temperature of the recording material when it is 
selectively heated by input energy for transfer record 
ing. Accordingly, as far as satisfying the above-men 
tioned condition, solid state waxes such as solid state 
paraffin, carunauba wax, oxide wax, ester wax or petro 
leum resins or hot melt material such as organic resins, 
which are in solid state in the room temperature (for 
instance, roughly 0' C.-35’ C.) can be used. In case the 
conventional simple thermal transfer recording is com 
patibly to be used, however, the melting point of the 
solvent should be selected lower than the melting point 
of the binder of the recording material, namely, the 
thermal transfer temperature. 
The solvent is preferably in liquid state phase, or 

more preferably with volatility at room temperature 
(for instance, roughly 0' C.-35' C.), in order to be easily 
coated on the ink transfer sheet or recording medium 
and thermal solubility and for maintenance. 
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The color of the solvent is preferably transparent in 
order to prevent color change of the transfer recorded 
image, in case the solvent is in solid state too; but in case 
the solvent is a material having a high volatility at room 
temperature, the color must not be necessarily transpar 
ent. 

In case the solvent is in liquid state at the room tem 
perature, when its vapor pressure is too high, the period 
from coating of the solvent through thermal dissolving 
to peeling off of the ink transfer sheet from the record 
ing medium becomes too short due to evaporation of 
the solvent, and controlling for satisfactory transfer 
recording becomes difficult. 0n the contrary, if the 
vapor pressure is excessively low, the recording me 
dium with transfer recorded image by thermal dissolu 
tion is not dried for too long time, thereby resulting in 
poor resolution of the recorded image or in poor han 
dling quality of the recorded sheet. 

Accordingly, by considering the above conditions, 
the boiling point of the solvent is preferably selected 
between 60'-250' C. in the ordinary atmosphere (760 
mmHg) and optimum range is 90'—200’ C. Of course, as 
has been described, the lower limit of the boiling point 
is to be selected higher than the above-mentioned low 
ered limit when the conventional thermo-melting trans 
fer process is compatibly used. 

Retained solvent in the recording medium on which 
an image is thermo-dissolving tranferred can be re 
moved _ by evaporation by heating with appropriate 
temperature given from the front face or rear face or 
both faces of the recording medium, or by blowing air 
depending on necessity. This is recommendable in view 
prevention of bleeding of the recorded image due to 
diffusion of transferred recording material and for safe 
storing. 

In case the solvent is in solid state at ordinary temper 
ature (for instance, roughly 0' C.-35' C.) or in a rela 
tively low temperature of use (for instance, below 0' C.) 
and the solvent is coated or made soaked on the surface 
of recording material or recording medium prior to 
temperature raising for transfer recording, the solvent is 
coated by a hot roller or the like means, which is con 
trolled to a temperature above the melting point of the 
solvent in an extent not to considerably melt the record 
ing material which is other than the selectively heated 
part for writing. 50 that the solvent can be smoothly 
and stably coated in liquid state. And the temperature 
raising for recording, i.e., thermal dissolving transfer 
and subsequent peeling off of the ink transfer sheet from 
the recording medium is carried out in the state where 
the solvent at the part is retained in the melted liquid 
state. 

In case a solid state solvent is used, unlike the case of 
using the solvent of liquid type in the ordinary tempera 
ture, it is possible to use the solid state solvent, which 
has been preliminarily coated on the surface of the re 
cording medium or the recording material. And there 
fore the recording process appears as if a kind of dry 
process, and this process is recommendable in order to 
produce glossy transfer recording on ordinary paper. 

It is to be mentioned that coating or soaking of the 
solvent onto the surface of the recording material by 
hot melt process or solution process is liable to make fog 
in transfer recorded image by undesirably dissolving the 
recording material to some extent during the coating 
and soaking process. Accordingly, in order to prevent 
the above-mentioned fog, coating and soaking of the 
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solvent on the recording medium is a convenient 
method. 
The solid state solvent can be stored on the surface of 

the recording material or ink transfer sheet by prelimi 
narily coating or soaking for later use, without particu 
lar providing of a solvent coating means in the appara 
tus. The melting point of such solid state solvent is to be 
determined by considering input energy feeding means 
for temperature raise controlling, namely, controlling 
of temperature raising for transfer recording. In case the 
input energy is radiation energies, such as infrared rays 
or laser rays, the melting point can be simply above the 
room temperature, for instance, above 40' C., since the 
ink transfer sheet is heated in non-contact manner and 
temperature controlling is also done in that way. 

In case, however, when the conventional thermal 
recording head with resistor elements as heating points 
are used to raise the temperature of the ink transfer 
sheet in contact manner, the upper limit of the tempera 
ture of the thermal recording head is determined by 
considering relation between thermal capacities of re 
cording head and thermal capacities of the ink transfer 
sheet. 
Known thermal recording head comprises latch cir 

cuit driver circuit, and like semiconductor element cir 
cuits; and the upper limit regulated temperature of the 
unit body is designed as about 80' C. Accordingly, the 
melting point of the solid state solvent is selected to be 
lower than the above-mentioned upper limit regulated 
temperature of 80‘ C. But the resistance elements is 
supplied with, at maximum, a recording signal power of 
about 1 W for each unit element, and therefor the resis 
tance element is heated above 300° C. through in a short 
instance. Accordingly to usage in the present invention, 
the recording head body makes temperature rise of 
about 20‘ C. with ordinary heat diffusion cooling. 
Therefore, the temperature of the recording head body 
should be suppressed at highest at about 60‘ C. even 
during continuous operation. Besides, the solid state 
solvent must be already in melting state at that tempera 
ture. For this reason, the recommendable range of the 
melting point of the solid state solvent is in the range of 
35' C.-60‘ C., more preferably 45' C.-55° C., consider 
ing that it is in solid state at ordinary temperature (at 
highest 35' C.). In case the conventional simple thermal 
melting transfer recording process is compatibly used, 
the melting point of the solid state solvent is selected to 
be lower than the preferable range of the melting point 
of the recording material (for instance, about 60' C.—90‘ 
C.). 

Generally speaking, temperature controlling of the 
solvent in the present invention including the above 
mentioned case of the solid state solvent is very impor 
tant, since it induces direct influence on the optical 
density of the image of the thermal dissolving transfer 
recording method in accordance with the present in 
vention. 
The temperature control of the solvent is carried out 

by, contacting a temperature controlling roller on the 
rear side or front side of the recording medium, or 
controlling the temperature of the body of a thermal 
recording head in case it is used, or controlling the 
temperature of the solvent by the temperature of the 
body of the thermal recording head with the ink trans 
fer sheet therebetween, or controlling the temperature 
of recording platen consisting of metal or rubber or 
their combination pressing the recording medium to the 
surface of the recording material, or appropriately com 
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10 
bining more than two of the above-mentioned control 
ling. Among the above-mentioned controlling methods, 
the last mentioned controlling method, which controls 
temperature of the solvent through the temperature 
controlled recording platen, is most recommendable 
method in view of the construction of the apparatus. 
When the melting point of the solid state solvent is 

selected in such a low temperature range as about 45° 
C.-55° C. in order for compatible use in the conven 
tional thermal recording head, there is a liability of 
bleeding of the recorded image or the sticking of the 
recording material to any substance contacting thereon 
when stored for a considerable time. This problem can 
be solved by constituting the thermal recording head in 
such manner that resistance elements as heating points 
arranged in a line or row are disposed on the rear face 
of the recording medium, or on the front face thereof. 
And then the ink transfer sheet is contacted when re 
cording, and the resistance elements in a row are electri 
lied to be heated intermittently in synchronism with 
main scanning recording signal, while driving the re 
cording medium and the ink transferring sheet in a di 
rection substantially perpendicular to the row of the 
resistance elements. By such configuration and opera 
tion the area of heating being limited to small points, 
while reducing undesirable influences of the heating to 
the whole recording head structure; thereby selection 
of the melting point of the solvent above about 60° C. 
becomes possible. In this case, melting point of the 
recording material is selected to be higher than the 
above-mentioned melting point (about 60° C.) of the 
solvent, thereby the thermo-dissolving transfer record 
ing becomes principal operation in the transfer. Melting 
point of the solvent should be selected to be lower than 
the raised temperature of the resistance elements of the 
recording head; and care should be made, in order to 
prevent fog in the transfer recorded image under the 
state of the above-mentioned low melting temperature, 
the thermo-dissolving characteristic of the recording 
material should be appropriately selected in a manner 
that the thermo-dissolving amount does not cause the 
fog. Or alternatively, the time from the solvent’s touch 
ing the recording material to the ink transfer sheet from 
the recording medium should be selected sufficiently 
short. 

Conditions for the recording medium, the base ?lm, 
the recording material, the ink transfer sheet, and the 
solvent are as follows. 

(a) At the time of controlling of selective temperature 
raising of the recording materials responding to input 
energy or during a short time period thereafter when 
the raised temperature remains high, the solvent is made 
to contact or pressed through the base film onto the face 
of the recording material. 

(b) The solvent material is soaked at least in the re 
cording material or on the face of the recording medium 
facing the recording material, or alternatively the sol 
vent is coated or soaked to that or those during the 
process of transfer recording in accordance with the 
present invention. 

Accordingly, in case the solvent is placed only on the 
recording medium, it is made to contact or made soaked 
from the recording medium to the recording material 
only by contacting or pressing between the recording 
medium and the recording material. 

In case the recording medium is a non-porous sub 
stance, the solvent is coated on the side of the recording 
medium facing the recording material; and in case the 
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recording medium is of porous substance, the recording 
medium can be coated from any sides of the recording 
medium and be soaked to the surface facing the record 
ing material. 

(c) In the above-mentioned (a), for a time period 
necesary for the transfer recording after the thermo-dis 
solving of the recording material by solvent, the surface 
of the recording material on the ink transfer sheet is 
retained in contact or pressed state onto the surface of 
the recording mediu, and after a while the recording 
medium and the ink transfer sheet are peeled off each 
other. 

(d) During the time period from the temperature-rais 
ing to the peeling off of the ink transfer sheet from the 
recording medium, in order to prevent undesirable dis 
solving of the recording material at the parts which are 
not selectively temperature-raised by the input energy 
to the recording medium, or in order to substantially 

the undesirable transferring amount of the 
recording material to the recording medium into negli 
gible small, the material of solvent and related process 
are carefully designed. By such careful designing, unde 
sirable fog on transfer recorded image to lower the 
picture quality due to excessive transferring of the re 
cording material onto the recording medium at nontem 
perature-raised parts is prevented. 

In order to remove the fog, such solvent is selected 
such that solubility of the recording material by the 
solvent at non-temperature raised parts is very small or 
zero. Alternatively, a very short time period from the 
contacting of the. solvent to the recording material to 
peeling off of the ink transfer sheet from the recording 
medium, is selected within such short time period that 
the dissolving amount of the recording material by the 
solvent does not yet make trouble on the transfer re 
corded image quality. In view of prevention of the 
breaking of the recording medium or recording material 
at the peeling off, the peeling off is preferablly made 
prior to the solvent loosing fluidity. 

Recording method and recording apparatus in accor 
dance with the present invention is embodied by com 
bining above-mentioned conditions (a) through (d). 
The following points should be born in mind in order 

to obtain good recorded image by preventing fog trans 
fer in embodying the present invention. 
When the solvent is in solid state in the ordinary 

temperature, by considering prevention of fog due to 
undesirable dissolving of the recording material by 
temperature change in the coating state or subsequent 
stocked state, the solid state solvent is preferably coated 
or made soaked on or in the recording medium rather 
than on the face of the recording material. In order for 
coating and soaking of the solvent which is in liquid 
state in ordinary temperature, the coating and soaking 
should be carried out in as short time as possible prior to 
application of the input energy for transfer recording. 

Especially to avoid fogged image and to produce 
high quality recorded image, the coating and soaking is 
done preferably on the recording medium only. The 
application and soaking may be done immediately prior 
to the temperature raising or more earlier, as far as there 
is no fear that the solvent volatiles too much. 

In any of the above-mentioned cases, the contacting 
and pressing of the recording material and the record 
ing medium is preferably done immediately before the 
temperature raising, as far as the contacting and soaking 
of the solvent onto the recording material is being done; 
and the contact and pressing process are retained until 
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12 
the above-mentioned peeling off process after the tem 
perature raising. 
During the contacting and pressing process, the 

above-mentioned thermal dissolving transfer of the 
recording material onto the face of the recording me 
dium is carried out. 

In order to attain even thermal dissolving transfer 
recording on a recording medium such as recording 
paper or a plastic sheet, the solvent must contact to and 
thermally dissolved for a predetermined time period. In 
order to achieve this, it is preferable to carry out writ 
ing in frame sequence manner with input energy by the 
recording material and the solvent onto the recording 
medium, or alternatively to carry out writing in a direc 
tion to cross the driving direction of the recording me 
dium in scanning way with input energy to raise tem 
perature; or alternatively to carry out transfer in time 
sharing way or in parallel manner of line sequence with 
plural set of recording head elements disposed across 
widths of the ink transfer sheet. In the above-mentioned 
transfer writings, the driving of the recording medium 
may be made in continuous way or in intermittent way 
in synchronism with period of the input energy signal. 

For the recording medium, plastic ?lms, ordinary 
recording papers, or the like of non-porous type or 
porous-type may be used. 

In order to attain recording in good gradation with 
high sensitivity by the thermo-dissolving method, good 
cares should be taken on the amount of the solvent 
which contacts to recording material and the recording 
medium at the position of between them, as well as the 
heat capacity and speci?c heat of the solvent, the re 
cording medium and the recording material as total 
system. 
For instance, when the amount of the solvent is small, 

the amount of the recording material which can be 
thermo-dissolved in low temperature is small; and on 
the contrary, when the conventional thermal melting 
transfer process is auxiliarily utilized, too high optical 
density recording is produced at a high temperature 
operation, and therefore the recording characteristic is 
in?uenced too much by the high temperature side, and 
latitude of the recording becomes narrow, and the re 
corded image showed high 7 value. 
On the other hand, when the amount of the solvent is 

appropriate, even in the low temperature range the 
recording material is thermally dissolved and its abso 
lute amount becomes large. Therefore, the latitude be 
comes broad from the low temperature range to high 
temperature range along the thermo-dissolving charac 
teristic curve, and transfer recording of good gradation 
characteristic with low 7 value is obtainable. 
When the solvent is fed too much, the heat capaci 

tance of the total system including the recording me 
dium becomes too large. Accordingly, the temperature 
raising of the solvent by the temperature raising means 
becomes insufficient, and thermo-dissolved amount 
becomes also insufficient, and therefore, though the 
latitude is broad and the 'y is low, a high optical density 
recording becomes difficult. 

In order to improve the above problem, the following 
method is effective. When the recording medium is‘ 
non-porous film such as ordinary plastic film, by means 
of sandblast method or by knowm embossing method, 
very minute recesses or embosses of about 1-10 pm 
depth are provided with sufficiently high density than 
the recording dot density (ordinarily 5-16 dots/mm), or 
alternatively a mat coating containing calcium carbon 
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ate powders on the surface of the ?lm. Then, the solvent 
is retained in the embosses of the above-mentioned em 
bossed surface or mat coated surface. 
On the other hand, when the recording medium is a 

porous material such as ordinary recording paper, to 
prevent excessive impregnation of the solvent in the 
pores of the recording medium or to prevent decrease 
of optical density of recording due to diffusing of the 
thermo-dissolved recording material into pores, or fur 
ther to prevent penetrating of the solvent through the 
recording medium, it is preferable that starch or polyvi 
nylalcohol resin or the like is coated on the rear side of 
the recording medium, thereby to change it to substan 
tially impermeable to the solvent. Alternatively, an oil 
barrier may be formed on the rear side of the recording 
media by coating ?uoro-resin or surfactant of ?uoro 
resin system to repel the solvent, thereby to control 
penetration or soaking amount or diffusing depth of the 
solvent in the recording medium. 
The above-mentioned treatments on the recording 

medium is applicable for both cases of the liquid type 
solvent and solid type solvent to be applied on the re 
cording medium. 
According to the present invention, by changing 

colors of the recording material on the ink transfer 
sheet, transfer recording of plural color image is obtain 
able with the single recording head or with plural re 
cording head. 
By superposedly making plural transfer recordings 

with different color, multi-color recording is obtain 
able. 

In this case, by selecting the colors of three primary 
colors, namely, cyan, magenta and yellow, and depend 
ing on necessity, black, and by sequentially transfer 
recording the above-mentioned colors with single or 
plural recording heads, a full color picture recording is 
obtainable. 
The recording materials of different colors may be 

provided on the same ink-transfer sheet in spacial peri 
odic repetition or on an endless loup~shaped ink-transfer 
sheet in spacially periodic repetition manner. In such 
cases, in order to obtain faithful color reproduction, it is 
necessary that the recording material of the different 
primary colors must be thermo~dissolving transferred at 
the exact positions as predetermined period. 
An effective means to attain such accurate color re 

gistration in the transfer recording is given by providing 
transferrecorded markers on a margin part of the re 
cording medium responding to recording signal in the 
line-sequential thermo dissolving transfer process of the 
?rst color recording material on the recording medium, 
and in the second or subsequent thermo-dissolving 
transfer recording of the different color recording mate 
rial. The above-mentioned markers are photoelectri 
cally detected, and by utilizing the electric signals the 
registration controling can be done. 

Concrete Embodiment 

Hereafter, description is made on concrete embodi 
ments based on the above-mentioned con?guration of 
the recording method and the recording apparatus in 
accordance with the present invention in reference to 
the drawings. 
FIG. 1 is a cross-sectional structure of one embodi 

ment of a recording method and recording apparatus in 
accordance with the present invention, showing the 
principle. 
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In this ?gure, 100 is an ink transfer ?lm wherein a 

colored layer-shaped recording material 120 is coated 
on the surface of a sheet-shaped base ?lm 110, and on 
this film a recording medium 300 is pressure-contacted 
through a liquid solvent material 200. 

401 is an apparatus for generating and controlling an 
input energy which generates and controls an input 
energy 411 making selective thermal writing control of 
the recording material and further the solvent material 
through the base ?lm 110 by means of heat conduction, 
radiation energy or the like of a thermal recording head 
apparatus, CO2 gas laser apparatus, or the like. 

In another embodiment, a similar apparatus 402 as 
that of the apparatus 401 may be provided so as to gen 
erate and control an input energy 412 from back side 
face of the base ?lm 100. 

This ?gure illustrates a process of writing by raising 
temperature by means of the input energy 411. 
FIG. 2 shows one example of the solubility curve for 

the solvent material in liquid state which is a constituent 
of the recording material in the recording method and 
the recording apparatus in accordance with the present 
invention. 

In this graph, the abscissa is graduated with the tem 
perature T of one constituent in the recording material 
120 and the liquid state solvent material 200 contacting 
therewith, and the ordinate is graduated with the satura 
tion solubility of the recording material into the liquid 
state solvent material. 

In the present invention, as shown by characteristics 
a, b and c in the graph, materials are selected respec 
tively so that the solubility S will be increased for the 
temperature '1‘. 

Accordingly, in FIG. 1, at a part whereto the input 
energy 411 is applied, the recording material 120 and 
the liquid state solvent material 200 contacting with a 
recording material surface 121 undergo a selective con 
trol of the recording by raising the temperature corre 
sponding to this energy quantity, and thereby the re 
cording material 120 itself or the constituent thereof is 
thermally dissolved corresponding to this temperature, 
and then a thermally dissolved recording material 130 in 
a solution or suspension state whereto an ink transfer 
recording function is given is formed. The quantity of 
this thermally dissolved recording material 130 is an 
increasing function of the intensity or pulse width of the 
'input energy 411. 

Accordingly, when the pressure-contacted recording 
medium 300 is peeled off the ink transfer ?lm 100 in a 
liquid state of the solvent material 200, the colored 
recording material 130 is ink-transferred and recorded 
on the surface of the recording medium 300 with the 
optical density corresponding to the intensity or pulse 
width of the input energy 411. 

In this case, when the solubility curve is linear as 
shown by the characteristic curve a in FIG. 2 the 
gamma value is close to l, and when the solubility curve 
is a super linear one as shown in the characteristic curve 
b in FIG. 2, the gamma value is larger than i, and on the 
contrary, when the solubility curve is sub-linear as 
shown by the characteristic curve 0, the gamma value is 
smaller than 1; and any of the characteristics is obtain 
able by selecting the materials 120 and 200, and thus a 
recording of continuous tone can be carried out unlike 
the conventional ink transfer recording method em 
ploying thermal melting. 

Furthermore, taking the temperature of the surface 
121 of the recording material in the non-temperature 
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rising part whereto no input energy 411 is applied and 
the liquid state solvent material 200 contacting there 
with as To, as shown in FIG. 2, if the saturation solubil 
ity S0 is large, the recording material 120 is dissolved 
and transferred onto the surface 301 of the recording 
medium also in the non-temperature-rising part al 
though the optical density thereof is low, resulting in 
producing the so-called fogged ink transfer. This 
fogged ink transfer phenomenon can be prevented in 
such a manner that the materials 120 and 200 are so 
selected that the solubility SQ will be extremely small or 
zero, or the time of period during which the liquid state 
solvent material 200 is brought in contact with the sur 
face 121 of the recording material and then undergoes a 
selective thermal control process by means of the input 
energy 411 and thereafter the recording medium 300 is 
peeled o?‘ the ink transfer ?lm 100 is so selected as to be 
shorter than the time dopants of period during which 
the solubility reaches the one corresponding to the 
fogged ink transfer causing a trouble. 

[Recording Material Example 1] 
In the case of the so-called pigment-hotmelting 

binder type recording material for thermal-melting ink 
transfer recording, for instance, the recording material 
120 comprising 20 wt % of a pigment as a colorant for 
magenta, cyan, yellow, black or the like, 20 wt % of 
carunauba wax and 40 wt % of ester wax as a binder, 
and about 20 wt % of oil as a softener and other dop 
ants, whose melting temperature is about 70‘ C. and 
whose thickness is about 4 pm, when trichloroethylene 
(boiling point 87' C., melting point —86' C.) or xylene 
(boiling point l38'-l44' C.) is used as the solvent mate 
rial 200, at the temperature T=27‘ C., dissolution is 
scarcely takes place within two seconds of contact with 
the recording material 120, and therefore no fogged ink 
transfer takes place. And effective thermo-dissolving 
ink transfer recording starts at T>40' C. 

[Recording Material Example 2] 
In this case where the recording material 120 of ma 

genta, cyan, yellow or black pigment-binder type of 
about 2-10 pm each in thickness is used which comprise 
75 wt % of natural resin denatured maleinoid resin 
having a melting point of about 90° C. (for instance, 
Beckacite F-266 made by Dainippon Ink and Chemical 
Inc.) and, for example, as a colorant, 25 wt % of Cl. 
Solvent Red 49 of xanthane series, C.l.Solvent Blue 25 
of phthalocyan series, C.I.Solvent Yellow 16 of 
monaazo series, or C.I.Solvent Black 3 of diazo series, 
the recording material is scarcely dissolved in the sol 
vent material 200 composed of‘, for example, liquid state 
polyethylene glycol (for instance, Polyethylene glycol 
#200 made by Kanto Chemical Co., Ltd.) during two 
seconds of contact at 27' C. of room temperature, and 
therefore any fogged ink transfer can be prevented, and 
a high optical density of thermo-dissolving ink transfer 
can be carried out at 50' C. or more corresponding to 
the rise in temperature. 

[Recording Material Example 3] 
Furthermore, the pigment-binder type color ink for 

gravure printing having a softening point of 150' C. or 
more, wherein the binder material is, for example, of 
nitrocellulose series and 14-20 wt % of pigment is 
added thereto, (for instance, NA-N 370 (magenta) for G 
cellophane, NA-N 800 (cyan color), NA-N 260 (yellow 
color) or NA-N 1000 (black color) manufactured by 
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Sakata Shokai, Ltd.) is dissolved a little at a layer thick 
ness of 2-l0 pm in, for example, cyclohexanon (boiling 
point 155' C., melting point -45‘’ C.) being the solvent 
material 200 during two seconds of contact at 27' C. of 
room temperature, but the dissolved amount thereof is 
negligible, and therefore a high optical density of ther 
mol'dissolving ink transfer can be carried out at 50°-70° 
C. or more corresponding the temperature thereof. 

[Recording Material Example 4] 
The recording material 120 wherein a pigment of 

magenta, cyan, yellow or black is mixed by 14-20 wt % 
each into the binder material such as oxide wax, for 
example, polyethyleneglycol ahving a mean molecular 
weight of 19,000 (for instance, PEG #20,000 made by 
Nippon Oil and Fats Co., Ltd.) is scarcely dissolved 
during two seconds of contact at 27' C. of room temper 
ature when the solvent material 200 is water, and there 
fore no fogged ink transfer takes place and the therrno 
dissolving ink transfer can be carried out at 45“ C. or 
more. 

[Recording Material Example 5] 
The recording material 120 wherein a pigment of 

magenta, cyan, yellow or black is mixed by 14-20 wt % 
each into the binder material, for example, hydrocarbon 
resin of fatty series having a mean molecular weight of 
1200 and a softening point of 100° C. (for instance, 
Hi-rez G-lOOX made by Mitsu Petrochemical Indus 
tries) is scarcely dissolved during two seconds of 
contact at 50' C. whereat solid paraffin is lique?ed 
when the solid paraffin which is solid at room tempera 
ture and has a melting point of 44'-44' C. is used for the 
solvent material 200, and therefore the thermo-dissolv 
ing ink transfer recording can be performed at 70° C. or 
more. 

Furthermore, the thermo-dissolving ink transfer re 
cording can be performed in a lique?ed state of solid 
paraffin which is the solvent material 200 by replacing 
the binder material with one having a higher melting 
point than that of the solvent material 200, for instance, 
solid paraffin having a melting point of 66°—70“ C., 
microcrystalline wax having a high softening point (for 
example, Hi-Mic-#2095, softening point 96° C., made 
by Nippon Seiro Co., Ltd.), or Esmac #180, softening 
point 84' C., made by Exson Corp.). 
These recording materials 120 are coated to form a 

layer on the base film 110 composed of a heat resisting 
transparent ?lm of about 3.545 am in thickness such as 
polyethylene-telephthalate (PET), cellophane, biaxial 
stretched polyvinylalcohol or the like or composed of a 
heat resistive semitransparent paper of the same thick 
ness as the above such as condenser paper, glassine 
paper or the like. 

Thus, in FIG. 1, the ink transfer ?lm 100 and the 
recording medium 300 are pressure-contacted and ?xed, 
and the thermal recording head which is publicly 
known as the apparatus 401 is pressure-contacted on a 
back surface 111 of the base ?lm to perform mechanical 
scanning, or a noncontact collected light scanning is 
performed in an optically linear fashion by arranging a 
number of semiconductor laser devices, near infrared 
light emitting diode devices such as GaP or the like in a 
linear fashion, or an infrared laser beam such as CO; gas 
laser or the like is scanned in a noncontact fashion 
through a polygon mirror or an electric element, and 
thereby within the time of period not causing the above~ 
mentioned fogged ink transfer, the thermal control 
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writing of the recording material 120 and the solvent 
material 200 with the recording material 120 are per 
formed in a frame sequence and then these are peeled 
off, and thereby characters, ?gures or pictures of multi 
graduation are recorded on the surface 301 of the re 
cording medium with an ink transfer recorded optical 
density corresponding to the raised temperature of the 
materials 200 and 120. 
Or in the above-mentioned method, the solvent mate 

rial 200 is coated on either or both of the surface 121 of 
the recording material and the surface 301 of the re 
cording medium while the transfer ?lm 100 and the 
recording medium 300 are moved at the same speed in 
the same direction, and immediately thereafter the ink 
transfer ?lm 100 is pressure-contacted with the record 
ing medium 300, and then the thermal writing control is 
performed by the line sequence or by the beam scanning 
in the direction orthogonal to the direction of move 
ment thereof by means of the input energy 411 com 
posed of the above-mentioned thermal conductivity or 
radiation energy, and then the ink transfer ?lm 100 is 
peeled off the recording medium 300 before any fogged 
ink transfer takes place, and thereby characters, ?gures 
or multi-graduation pictures can be recorded by the 
thermo-dissolving ink transfer in the line sequence. 

In the recording method and the recording apparatus 
in accordance with the present invention, the principle 
thereof is a recording by the thermo-dissolving ink 
transfer, and therefore control of temperature rise at the 
contact boundary between the recording material 120 
and the solvent material 200 has only to be made. And 
thereby the therrno-dissolving ink transfer can be per 
formed corresponding to that rise in temperature, there 
fore greatly differing intrinsically from the conven 
tional thermo-melting recording method wherein the 
ink transfer is performed only after a large melting heat 
is supplied by the input energy 411. 

Accordingly, as long as the control of rise in tempera 
ture can be made, as shown in FIG. 1, even when the 
input energy generator 401 is installed at the back side 
of the recording medium 300 like 402 and an input en 
ergy 412 composed of thermal energy or radiation en~ 
ergy such as rays of light or the like is supplied by 
conduction to or transmission through the recording 
medium 300, the thermo-dissolving recording material 
130 thereof can be transferred and recorded on the 
surface 301 of the recording medium. 
For example, in the ?gure, when the recording me 

dium 300 is a light-transmitting plastic ?lm, the thermo 
dissolving ink transfer can be performed by light-rays 
energy for the input energy 412 like the input energy 
411 as described previously, and thereby a manuscript 
?lm for the slide ?lm or the overhead projector can be 
easily prepared. Furthermore, in the case of a heat re 
sisting and light-transmitting or opaque plastic ?lm, 
recording paper or the like, contact thermal recording 
can be made on the back side of the recording medium 
by utilizing the thermal recording head. 
FIG. 3 ia a cross-sectional structural view showing 

another embodiment of the recording method and the 
recording apparatus in accordance with the present 
invention. 
The ink transfer ?lm 100 and the recording paper 300 

are pressure-contacted between a rubber recording 
platen 500 rotating intermittently by a synchronous 
motor (not illustrated) and a publicly-known thermal 
recording head 403, and both of them are fed at the 
same speed by the rotation as shown by an arrow mark 
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501 of the recording platen 500 synchronized with the 
line sequential thermal writing by means of the head 403 
corresponding to a recording signal from a driving 
power supply 420. 
520 is an ink transfer sheet roll, 540 is a roll for taking 

up an ink transfer sheet, 560 is a recording paper roll, 
and 580 is a roll for taking up a recording paper. 
700 is a solvent material container for accomodating 

the solvent material 200 and a solvent material coater 
600 which coats the solvent material on the surface 301 
of the recording medium. The coater 600 is movable 
and when it moves as shown by an arrow mark 602, the 
solvent material 200 is coated or the surface 301 of the 
recording medium as shown by the ?gure, and when it 
moves as shown by an arrow mark 601, the coater is 
parted from the surface 301 and no coating is per 
formed. 
FIG. 4 is a view of a cross-sectional structure a and a 

planar structure b showing one example of the publicly 
known thermal recording head 403 which is used in 
FIG. 3. 

10 is, for example, an alumina substrate having a 
glass-glazed layer 11 on the surface thereof, 20 is a ?lm 
of resistance heating element such as Ta, Ni-Cr alloy, 
tantalum nitride (T azN), Si-Ta alloy whose primary 
component is TaSig, Ta-SiOz, Ct-SiOz-O, or the like 
which is provided on the surface of the substrate 10, 30 
is a a signal electrode, and 40 is a counter electrode and 
they are in contact with the ?lm 20 and face each other 
with a space kept and this space part forms a resistance 
heating element 21 which generates heat corresponding 
to a signal voltage applied across these electrodes. 50 is 
a layer for protection against oxidation and wear-out, 
which is composed of silicon carbide (SiC) or the like. 
FIG. 4(b) is a fragmental planar structural view as 

seen from the upper side of the electrode 30 and 40 and 
the element 21, that is, the layer 50 side in FIG. 4(a). 
The signal electrode 30 and the counter electrodes 40 
are formed in such a manner that Cr is vacuum 
evaporated thinly on the flm of resistance heating ele 
ment 20 and thereon Au is further vacuum-evaporated 
thickly by about 1 pm, and then these are etched to— 
gether with the ?lm of resistance heating element 20 by 
the publicly-known etching technique as exempli?ed in 
the ?gure. 
The counter electrode 40, for example, forms a com 

mon electrode having comb-type electrode pieces 40a . 
. . 40c as shown in the ?gure. The signal electrode 30 
forms narrow-belt-shaped electrodes 30a . . . 30e which 

face the electrode pieces 40a . . . 40c and are insulated 
from each other, and thereby the resistance heating 
element 21 composed of rectangular heating elements 
21a . . . 21c which are insulated from each other is 

formed. 
When a signal voltage is applied selectively to the 

signal electrodes 30a . . . 30e from the driving power 
supply apparatus 420 in FIG. 3, with respect to the 
counter electrode 40, the heating elements 21a . . . 21e 
generate Joule heat and raise the temperature thereof 
corresponding to the amplitude or pulse width of this 
signal voltage, and thereby the thermo-sensitive record 
ing is performed. Recording dot density is determined 
by the density of arrangement of the above-mentioned 
heating elements 21, being normally selected about 
from 4 lines/mm to 16 lines/mm. 
FIG. 5 and FIG. 6 are examples of experimental 

characteristics showing relationships between the pulse 
width Pw and the recorded optical density of the ther 




















