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@ Electrothermal transfer-printing apparatus.
@ in an electrothermal printing apparatus, ink rib- 3t
bon (16) is fed in a predetermined direction and is SIGNAL—
contacted with a recording electrode (30) and a = %R%&%T‘NG

return elecirode (15) which is located upstream of
w=the predetermined direction with respect to the re-
cording elecirode (30). A signal current is supplied
from the recording electrode (15) to a conductive
w= layer (33) of the ink ribbon (16) through a resistive
= layer (32) and the signal current supplied to the
conductive layer (33) is supplied to the return elec-
OQtrode (15) through the resistive layer (33). Heat is
Ngenerated at a portion of the ink ribbon (18), which is
o contacted with the recording electrode (30) and is
applied to the ink layer (34) through the conductive
n'layer (33), thereby printing an ink of the ink layer
(34) to a paper (27).
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Apparatus for transferring ink from ink ribbon to a recording medium by applying heat to the medium,

thereby recording data on the medium

This invention relates to an apparatus for trans-
ferring ink from an ink ribbon to a recording me-
dium, by applying heat to the medium, thereby
recording data on the recording medium, and more
particularly, to a so-called "thermal recording print-
er.”

An apparatus, generally known as a "thermal
recording printer”, transfers ink from an ink ribbon
to a recording medium, by heating the ink ribbon
and thereby melting the ink. The printer can print
data on sheets of ordinary paper, without making
much noise, and can operate very reliably. For
these advantages, the thermal recording printer is
used as hard copy printers for use in various OA
(Office Automation) apparatuses such as personal
computers, word possessors, and color printers.
The thermal recording printer is disadvantageous in
two respects. First, the ink ribbon is liable to be cut
during use. Secondly, the printer cannot print data
in sufficient quality, on sheets of coarsely textured
paper such as PPC paper or bond paper.

Fig. 1 is a schematic view showing an elec-
trothermal printer of the known type. In this printer,
use is made of ink ribbon 1 comprised of elec-
trically resistive base film 2, electrically conductive
layer 3 made of aluminum, and solid ink layer 4
coated on conductive layer 3. Ink layer 4 will meit,
soften, or sublime when heated. Ink ribbon 1 is fed
in the direction of arrow A by means of a ribbon-
feeding mechanism (not shown).

As is shown in Fig. 1, the electrothermal printer
comprises data-recording electrodes 5, signal-gen-
erating circuit 6, and return electrode 7. Electrodes
5 are pin-shaped and arranged parallel to one
another. They can be moved in the direction of
arrow C, and are electrically coupled with signal-
generating circuit 6. Return electrode 7, which is
moved along with electrode 5, is connected to the
ground and located downstream of the ribbon-feed-
ing direction (arrow A). Return elecirode 7 is coup-
led to follow roller 8 by the ribbon-feeding mecha-
nism. Follow roller 8 contacts ink ribbon 1; it is
rotated as the mechanism feeds ink ribbon 1 in the
direction of arrow A.

To print data on recording paper 9 located
below ink ribbon 1, signal-generating circuit 6 sup-
plies data signals o data-recording elecirodes S.
Electrodes 5 supply ink ribbon 1 with the currents
corresponding to the data signals. These currents
(hereinafter referred to as "data currents™) flows
through resistive base film 2 into conductive layer
3, and flow from layer 3 to return electrode 7
through resistive base film 2, as is shown by arrow
B. As the data currents flows from electrodes &
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through base film 2, Joule heat is generated in the
limited portions of ink ribbon 1 which are located
below electrodes 5. These portions of ribbon 1 are
heated to 200°GC or more, whereby those portions
of ink layer 4 which are on these portions of ribbon
1 are softened or melted. As a result, the ink is
transferred from ribbon 1 onto recording paper 9.

As has been described above, the data cur-
rents also flow to return electrode 7 through resis-
tive base film 2, and change into Joule heat. This
heat is not sufficient to melt or soften solid ink
layer 4, since that surface of return electrode 7
which contacts the ribbon 1 is much larger than
that surface of each data-recording electrode 5
which contacts ribbon 1. Thus, return electrode 7
does not operate to transfer ink onto recording
paper 9. i

Data-recording electrodes 5 are moved, along
with return electrode 7, in the direction of arrow C.
While elecirodes 5 are thus moved, they supply
data currents to ink ribbon 1, in response fo the
data signals output from signal-generating circuit 6.
Therefore, the ink is continuously transferred from
ribbon 1 onto recording paper 9, whereby data,
such as images and characters, are reproduced on
recording paper 9.

As has been described, it is within ink ribbon 1
that heat is generated within-ink ribbon 1 during the
use of the thermal recording printer. Thus, the heat
is fast transmitted to solid ink layer 4, and the
printer can record data on paper at a speed higher
than ordinary thermal printers having a thermal
head which applies heat to an ink ribbon. Since
heat is generated within ink ribbon 1, it is applied
in its entirety to solid ink layer 6, thus heafing layer
6 to a high temperature. Hence, solid ink layer 4
can be made of material having a high melting
point or a high sublimation point.

Resistive ink ribbon 1 is made of three layers,
and is more difficult to manufacture and, hence,
more expensive than the ink ribbon for use in the
ordinary thermal printers, which is comprised of
two layers, i.e., an electrically resistive base film
and a solid ink layer. Another drawback inherent in
the resistive thermal printer is that each portion of
ink ribbon 1 required for printing one line of char-
acters cannot be shorter than the line of characters,
and the running cost of the printer is, thus, rela-
tively high.

A method is disclosed in U.S. Patent No.
4,558,963 in which an ink ribbon is fed at low
speed, in order to use the ink ribbon more effi-
ciently in such a resistance thermal printer as is
shown in Fig. 1, and thus to fower the running cost

a
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of the printer. Since the tape-feeding speed is low,
the ink ribbon will likely be cut. Also, the low speed
of feeding the ribbon results in the following prob-
lem.

As been explained, in the electrothermal printer
shown in Fig. 1, the data currents applied to ink
ribbon 1 change into Joule heat in those portions of
solid ink layer 4 which are located below electrode
5. Since ribbon 1 is fed slowly, a great amount of
heat is generated in these portions of ink layer 4.
Those portions of conductive layer 3 and base film
2 which receive this heat are heated to 200°C or
more. As a resuit, the heated portions of layer 3
may be oxidized or cracked, and the heated por-
tions of base film 2 may shrink. If this happens, all
conductive layer 3 rendered almost non-conduc-
tive, except for both lateral edges which are not
located under electrodes 5. The data currents flow
concentratedly through the thin lateral edges of
conductive layer 3 into that portion of base film 2
which contacts return electrode 7. When electrode
7 contacts any shrinked portion of resistive base
film 7, which is narrower than unshrinked portions,
a great amount of Joule heat is generated in the
shrinked portion. This heat is fransferred to the
unshrinked portions of film 2, inevitably softening
these portions and also the remaining portions of
solid ink layer 3.

Consequently, ink ribbon 1 is cut at such a
softened portion of base film 2, overcome by the
tension which is applied on that portion of ribbon 1
which extends between data-recording electrodes
5, on the one hand, and return electrode 7, on the
other. Moreover, ribbon 1 may be adhered to follow
roller 8 by the remaining ink layer 4, now softened
and thus viscous, and it may eventually taken up
around roller 8. In the worst case, it may be cut at
a shrinked portion of base film 2, which is posi-
tioned between roller 8 and electrodes 5.

The slower the ribbon is fed, thereby to use
the ribbon efficiently, the greater the possibility that
the ribbon is cut. Hence, it is practically impossible
to apply the method disclosed in U.S. Patent No.
4,558,963, wherein an ink ribbon is fed at low
speed, to the resistance thermal printer having the
structure shown in Fig. 1.

It is accordingly the object of the present in-
vention to provide an electrothermal recording ap-
paratus which can record data at high speed.

Furthermore, it is another object of the present
invention to provide an electrothermal recording
apparatus which can efficiently use ink ribbon, with-
out cutting the ink ribbon during use.

During the use of the known electrothermal
printers, the ink ribbon is often cut. The inventors
hereof have conducted experiments on these print-
ers, and have found that there are two causes of
the cutting of the ribbon.
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The first cause is the electrical resistance of
conductive layer 3 of ink ribbon 1 (See Fig. 1)
Since the resistance of conductive layer 3 is far
lower than that of resistive base film 1, the currents
applied from data-recording electrodes 5 to ribbon
1 flow through layer 3 to return electrode 7, as is
represented by arrow B in Fig. 1. Conductive layer
3, which is a thin aluminum layer (about 1 um)
vapor-deposited on base film 2, has a considerable
resistance. Therefore, as the currents flow through
layer 3 from electrodes 5 to return electrode 7, a
voltage drop occurs; some part of these currents

" change into heat. Thus, the more electrodes 5

simultaneously supply currents to ink ribbon 1, or
the greater current is supplied from each electrode
5 to record data at a higher speed, the greater heat
will be generated in that portion of conductive layer

-3 which extends between electrodes 5 and retumn

electrode 7. Even though the heat generated in
those portions of solid ink layer 4 which are located
below data-recording electrodes 5 is dispersed
within ribbon 1 as ribbon 1 is fed toward return
electrode 7, the temperature of that portion of rib-
bon 1 which is reaching follow roller 8 is consider-
ably high due to the heat generated in conductive
layer 3. Consequently, solid ink layer 4 remaining
on this portion of ribbon 1 is softened and viscous,
and adhers ribbon 1 to roller 8, whereby ink ribbon
1 is taken up around roller 8 and eventually cut in
the vicinity of follow roller 8.

The second cause of the cutting of the ink
ribbon is the heat generated in those portions of
solid ink layer 4 which are located below data-
recording electrodes 5, in order to record data on
recording paper 9. The heat generated in solid ink
layer 4 destroys conductive layer 3 or renders
layer 3 more electrically resistant. When any por-
tion of layer 3, which has been thus destroyed or
made electrically resistance, comes near return
electrode 7, the currents applied from data-record-
ing electrodes 5 flows from ribbon 1 to return
electrode 7, concentratedly through narrow un-
destroyed or low-resistant portions of conductive
layer 3. Consequently, a great amount of heat is
generated in these narrow portions of layer 3, inevi-
tably softening that portion of base film 2 which lies
above the undestroyed or low-resistant portions of
layer 3. The softened portion of base film 2 cannot
withstand the tension applied on that portion of
ribbon 1 which extends between electrodes 5 and
return electrode 7. As a result, ink ribbon 1 is cut in
the vicinity of return electrode 7.

According to the present invention, there is
provided a resistance thermal recording apparatus
comprising: :

an ink ribbon including a base film being
electrically resistive and having two opposing sur-
faces, a conductive layer formed on the first sur-
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face of the base film, and an ink layer formed on
the conductive layer, having a surface to face and
contact the recording medium, and being abie to
be transferred onto the recording medium when
heated;

ribbon-feeding means for feeding said ink ribbon
in a first direction;

current-supplying means contacting the second
surface of the base fiim for supplying a signal
current to the conductive layer through the base
film, thereby to generate heat in the base film, said
heat being transferred to the ink layer through the

. conductive layer, thereby to transfer ink to the

recording medium; and

current-collecting means located upstream of
said first direction with respect to said current-
supplying means, and being movable to contact
the second surface of the base film, for collecting
the signal current supplied from said current-sup-
plying means to the conductive layer.

Since the return electrode is located on the
ribbon-feeding side, no heat is generated in any
portion of the ink ribbon which has passed the
data-recording electrodes and reaches the ribbon
take-up side. Therefore, the used portion of the ink
ribbon is gradually cooled as it is fed to the follow
roller. The solid ink layer remaining on the used
portion of the ribbon is no longer viscous when it
reaches the follow roller, and there is not risk that
the ribbon is wrapped around the roller. Thus, the
cutting of the ink ribbon is prevented.

Although those portions of the conductive layer
which are located below the data-recording elec-
trodes are destroyed as the corresponding portions
of the solid ink layer are heated, and thus softened
or melted, no current flows through the destroyed
portions of the conductive layer again. In other
words, no heat is generated in any portion of the
conductive layer which is reaching the follow roller
and which receives a high tension. The fact re-
duces the possibility that the ink ribbon is cut at
the ribbon take-up side.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which: '

Fig. 1 is a diagram schematically showing a
conventional electro, serial thermal printer;

Fig. 2 is a perspective view of an electro,
serial thermal printer according to a first embodi-
ment of the present invention;

Fig. 3 is a perspective view schematically
illustrating the recording head assembly used in
the thermal printer shown in Fig. 2;

Fig. 4 is a diagram schematically showing
the basic structure of the thermal printer shown in
Fig. 2;
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Fig. 5A is a diagram explaining how data
currents flow through the ink ribbon while thermal
printer shown in Fig. 2 is printing data;

Fig. 5B is a diagram explaining how data
currents flow through the ink ribbon while the con-

" ventional thermal printer shown in Fig. 1 is printing

.

data;

Fig. 6 is a perspective view of a first exam-
ple of the serial thermal printer shown in Fig. 2;

Fig. 7 is a perspective view of a second
example of the serial thermal printer shown in Fig.
2

' Fig. 8 is a perspective view. of a third exam-
ple of the serial thermal printer shown in Fig. 2;

Fig. 9 is a perspective view of a fourth
example of the serial thermal printer shown in Fig.
2;

, Figs. 10A to 10C are side views showing
three modifications of the ribbon guide used in the
serial thermal printers shown i Figs. 6 t0 9;

Figs. 11A to 11C are side views showing
three modifications of the ribbon-guiding roller
used in the serial thermal printers illustrated in
Figs. 610 9;

Fig. 12 is a diagram schematically an elec-
trothermal printer according another embodiment of
this present invention;

Fig. 13 is a diagram schematically showing a
maodification of the electrothermal printer illustrated
in Fig. 4;

Fig. 14 is a perspective view showing the ink
ribbon and the ink ribbon reels, all used in the
printer shown in Fig. 13;

Figs. 15 and 16 are diagrams schematicaily
showing a modification of the printer illustrated in
Fig. 13; '

Fig. 17 is a diagram schematically showing
an ink ribbon which can be used in the present
invention;

Figs. 18 to 23 are perspective views illustrat-
ing various resistance thermal printers according to
further embodiments of the present invention;

Figs. 24A to 24C are side views showing
three modifications of the ribbon guide shown in
Figs. 18 t0 23;

Figs. 25 to 30A and Fig. 31 are perspective
views illustrating various resistance thermal printers
according to other embodiments of this invention;

Fig. 30B is a cross-sectional view -
schematically showing the cooling means used in
the printer shown in Fig. 304;

Figs. 32A and 32B are equivalent circuit
diagrams explaining how data currents flows from a
recording head to a return electrode;

Figs. 33A and 33B show the waveforms of
the current pulses supplied from the recording
head to the ink ribbon in an elecirothermal printer
according to the present invention;
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Figs. 34A and 34B are diagrams showing
those portions of the ink ribbon where heat is
generated when two types of electrothermal print-
ers are operated;

Figs. 35A and 35B, Figs. 36A and 36B, and
Figs. 38A and 38B show the waveforms of various
current puises which are selected and used in
accordance with the type of image data to record;

Figs. 37A, 37B, 39A and 39B show the
waveforms of the currents which flow through an
ink ribbon when the current pulses shown in Figs.
36A, 36B, 38A, and 38B are supplied to the ink
ribbon;

Fig. 40 is a diagram illustrating the position
of a specified pixsl of image data, and the positions
of eight other pixels of the image;

Figs. 41A 1o 41D are diagrams showing var-
ijous patterns formed of a specified pixe! of an
image data and eight other pixels of the image
data;

Figs. 42A to 42D are diagrams showing the
waveforms of the current pulses required for re-
cording image data in the patterns shown in Figs.
41A to 41D;

Figs. 43A to 43D are diagrams showing var-
ious one-line patterns formed of a specified pixel of
image data and two other pixel of the image data;

Figs. 44A to 44C are waveform diagrams
showing the timing of applying current pulses to
the recording head in order to record one-line
patterns shown in Figs. 43A to 43D;

Figs. 45A and 45B are diagrams illustrating
one example of a circuit for generating current
pulses, which is used in a resistance thermal prini-
er according to the present invention; and

Fig. 46 shows the waveforms of the current
pulse codes stored in the ROM shown in Fig. 45A.

Fig. 2 is a perspective view showing a serial
thermal, or an electrothermal recording apparatus
according to an embodiment of the present inven-
tion. This serial printer has recording head 11
which is illustrated in detail in Fig. 3. Recording
head 11 is opposed to platen 14. It has 50 data-
recording electrodes 30, as is shown in Fig. 3.
These data-recording electrodes 30 are arranged
parallel to one another such that their tips are
aligned in a vertical line extending at right angels to
the direction in which ink ribbon 16 is fed, in the
density of 12 electrodes per millimeter. These re-
cording electrodes 30 are provided within housing
32 made of plastics. Their tips are connected to
silicone rubber layer 11A attached o head-support-
ing section of housing 32. The proximal ends of
electrodes 30 are electrically connected to conduc-
tive pads 11D formed on polyimide film 11B by
means of conductive patterns 11C formed also on
polyimide film 11B which in turn is formed on side
of housing 32.
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As is shown in Fig. 2, recording head 11 is
detachably supported by head holders 12 and 13.
When head 11 is attached to head supports 12 and
13, the conductive pads 11D are automatically con-
nected to the conductive pads (not shown) of head
holder 12. Since the conductive pads of head hold-
er 12 are coupled to signal-generating circuit 31
shown in Fig. 4, conductive pads 11D are elec-
trically connected to signal-generating circuit 31.

Recording head 11 and head holders 12 and
13 constitute head assembly 10. To record data on
paper 27 wrapped around platen 14, head assem-
bly 10 is pressed onto paper 27 by head-urging
means (not shown). Head assembly 10 is released
from paper 27 upon recording data on paper 27.
The force for pressing head assembly 10 onto
paper 27 is appropriately controlled. This is be-
cause ink traces will be formed on paper 27, ex-
tending from each printed character, when this
force is greater than necessary.

Return electrode 15 is located upstream of the
ribbon-feeding direction, with respect to head as-
sembly 10. In other words, return electrode 15 is
located to contact the unused portion of ink ribbon
16. Ink ribbon 16 is contained in ribbon cassette
20, in the form of a roll. As is shown in Fig. 4, ink
ribbon 16 is comprised of electrically resistive base
film 32, electrically conductive layer 33 formed on
resistive layer 32, and solid ink layer 34 coated on
conductive layer 33. Resistive base film 32 has a
thickness of about 16 um and is made of polycar-
bonate containing carbon particles dispersed there-
in. Conductive layer 33 is an aluminum film vapor-
deposited on base film 32 and has a thickness of
about 0.1 um. Solid ink layer 34 will be melted
when heated toc a certain temperature, its thickness
is about 6 um.

A pair of pinch rollers 21 and 22 are located
downstream of the ribbon-freeing direction, with
respect to head assembly 10. These pinch rollers
21 and 22 constitute a ribbon-feeding mechanism.

Head assembly 10, return electrode 15, ribbon
cassette 20, and the ribbon-feeding mechanism
(21, 22) are mounted on carriage 23. Carriage 23 is
slidably mounted on guide bar 24 which horizon-
tally extends and is paraliel to platen 14. Carriage
23 is connected to timing belt 26. Timing belt 26 is
stretched between a pulley (not shown) provided in
the left end section of the serial thermal printer,
and the pulley fastened to the shaft of carriage-
driving motor 25 provided in the right-end section
of the printer. Since timing belt 26 is wrapped
around both pulleys, carriage 23 is moved to the
left or right, along platen 14, when the shaft of
motor 25 rotates in one direction or the other.

Platen-driving motor 28 is provided in the right-
end section of the serial thermal printer. A pulley is
fastened to the shaft of this motor 28. Timing belt
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29 is stretched between, and wrapped around, this
pulley and the pulley connected to the right end of
platen 14. When motor 28 rotates in one direction
or the other, platen 14 is rotated to feed paper 27
forward or backward. Paper 27 is, for example PPC
paper having.

The operation of the serial thermal printer
shown in Fig. 2 will now be explained.

When the power-supply switch (not shown) of
the printer is turned on, carriage 23 is automatically
moved to its home position, i.e., to the left end of
guide bar 24. Carriage 23 is moved from the home
position to the print-start position when motor 25
drives timing beit 26 in response to a print-start
signal supplied from a drive signal-generating cir-
cuit (not shown). In the meantime, the head-urging
mechanism presses recording head 11 and paper
27, with ink ribbon 16 interposed between head 11
and paper 27. Hence, paper 27 is pressed onto
platen 14. In this condition, head 11 can print data
on paper 27. After carriage 23 has moved to the
print-start position, signal-generating circuit 31 (Fig.
4) supplies data signals to recording head 11, and
motor 25 is driven at the same time, thereby to
move carriage 23 fo the right from the print-start
position at the speed of about 6 in/sec. Therefore,
recording head 11 starts printing data on paper 27.
Meanwhile, ink ribbon 186 is fed to the left by pinch
rollers 21 and 22, at the speed lower than carriage
23 is moved to the right.

With reference to Fig. 4, it will be explained
how the data is recorded on paper 27 wrapped
around platen 14.

As is shown in Fig. 4, recording head 11 faces
paper 27. Ink ribbon 16 is interposed between
paper 27 and data-recording electrodes 30. Elec-
trodes 30 are moved in the direction of arrow C as
carriage 23 is driven in the same direction. Data-
recording electrodes 30 remain in contact with re-

sistive base film 32 of ribbon 16 while being thus

moved. As data signals are supplied to electrodes
30 from signal-generating circuit 31 via conductive
pads 11D and conductive patterns 1tc, data cur-
rents corresponding to these signals flow from
electrodes 30 to base film 32. These currents flow
through those portions of base film 32 which con-
tact electrodes 30, whereby Joule heat is gen-
erated in these portions of film 32. The heat is
transferred via conductive layer 33 to those por-
tions of solid ink layer 34 which opposes the heat-
generating portions of base film 32. These portions
of ink layer 34, therefore, melt into ink drops. The
ink drops stick onto paper 27, whereby data is
printed thereon. '

The data currents further flow to return elec-
trode 15 through conductive layer 33 and that
portion of base film 32 which contacts return elec-
trode 15, as is indicated by arrow B. Hence, Joule
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heat is generated also in this portion of resistive
base film 32. Nonetheless, this heat is not sufficient
to melt that portion of ink layer 34 which faces said
portion of base film 32, since the data currents are
far less concentrated in this portion of film 32,
which is large, than in those portions of film 32
which contact data-recording electrodes 30:

As has been described, return electrode 15 is
located upstream of the ribbon-feeding direction
(arrow A in Fig. 4), with respect to head assembly
10. In other words, return electrode 15 contacts the
unused portion of ink ribbon 16. Thus, it is through
the conductive layer 33 of the unused portion of
ribbon’ 16 that the data currents flow from the heat-
generating portions of base film 32 to return elec-
trode 15. The conductive layer 33 of the unused
portion of ribbon 16 is neither oxidized nor cracked,
it conducts the data currents very well and gen-
erates no heat great enough to soften base film 32
or ink layer 34. Hence, ink ribbon 16 is not cut
even if it is fed more slowly than data-recording
electrodes 30 are moved, in order to accomplish a
high-speed recording of data. The serial elec-

trothermal printer shown in Fig. 2 can, thus, record

data at high speed.

It will now be expiained in greater detail why

ink ribbon 16 is prevented from being cut, with
reference to Fig. 5A, and why the ink ribbon may
be cut in the conventional thermal printer, with
reference to Fig. 5B.

Fig. 5A illustrates how data currents flow to the
return electrode, while the thermal printer of this
invention (Fig. 2) is printing characters, and Fig. 5B
shows how data current flow to the return elec-
trode, while the conventional thermal printer (Fig.
1) is printing characters. In both figures, numeral
35 designates a recording head having a plurality
of data-recording electrodes, numeral 36 denotes a
return electrode, numeral 37 represents a resistive
ink ribbon, and arrows 38 denote data currents. For
the simplicity of explanation, let us assume that in
either thermal printer, recording head 35 and return
electrode 36 are fixed, and ink ribbon 37 is fed in
the direction of arrow A, whereby head 35 prints
letters "H" one after another.

The more slowly the ink ribbon is fed to be
efficiently used, the shorter the intervals at which

‘letters "H" are printed on the paper (not shown)

contacting ink ribbon 37. When letters "H" are thus
densely printed on the paper, the conductive layer
of the used portion of ribbon 37 is oxidized or
cracked due to the heat generated in those por-
tions of the resistive base film which contacts the
data-recording electrodes of head 35, except for

‘the lateral edges. The oxidized or cracked portion

of the conductive layer is far less electrically con-
ductive than the undesiroyed lateral edges of the
conductive layer. Further, the resistive base film

”

o

He



1 0289 115 12

has become mechanically weak, except for its lat-
eral edges.

In the conventional thermal printer, data cur-
rents 38 flow to return electrode 36, concentratedty
through the narrow lateral edges of the conductive
layer of ribbon 37, as can be understood from Fig.
SB. As a result, Joule heat is generated in the
lateral edges of the conductive layer, inevitably
reducing the mechanical strength of the base film
and rendering the ink layer viscous. Consequently,
the possibility that ink ribbon 37 is cut. The more
densely the characters are printed, so as to raise
the use efficiency of ink ribbon 37, the more con-
centratedly the data currents flow through the lat-
eral edges of the conductive layer of ribbon 37,
and the greater portion of the resistive base film is
heated and softened. Therefore, it is rather difficuit
to use ink ribbon 37 efficiently in the conventional
thermal printer (Fig. 1). Further, the data currents
supplied from the data-recording electrodes to ink
ribbon 37 cannot flow to return electrode 36
through the conductive layer of the used portion of
ribbon 37, under the same condition. The ink dots
printed on the paper by softening or melting those
portions of the solid ink layer which face the data-
recording electrodes, respectively, have different
densities, resulting in an insufficient printing quality.
In particular, the ink dots transferred from the cen-
ter portion of ink ribbon 37 are not as dense as
required.

In contrast, in the thermal printer according to
the present invention, data currents 38 flows to
return electrode 36 through the conductive layer of
the unused portion of ink ribbon 37, as is shown in
Fig. SA. This is because return electrode 36 is
located upstream of the ribbon-feeding direction A,
with respect to recording head 35. Since the con-
ductive layer of the unused portion of ribbon 37 is
neither oxidized nor cracked, data currents 38 flow
through the entire section of the conductive layer.
Hence, heat, if generated in the conductive layer, is
not great enough to noticeably reduce the me-
chanical strength of the base film of ribbon 37. In
addition, since the data currents supplied from the
data-recording electrodes to ink ribbon 37 flow to
electrode 36 through the conductive layer under
the same condition, the ink dots printed on the
paper have the same density, which ensures a
satisfactory printing quality.

The inventors hereof conducted experiments in
which the conventional serial thermal printer and
the serial thermal printer of this invention were
operated, by varying the speed of feeding resistive
ink ribbon. In the conventional printer, the ink dots
printed on the paper by applying data currents to
the ribbon from the data-recording electrodes had
different densities when the ribbon was fed at the
speed 1/1.1 times the speed of moving the data-

10

15

20

25

30

35

45

50

55

recording electrodes, and the ink ribbon was cut
when it was fed at half the speed of moving the
data-recording electrodes. In the printer according
to the invention, data could be printed in a suffi-
ciently quality even when the ink ribbon was fed at
one-tenth of the speed of moving the data-record-
ing electrodes, and the ribbon was not cut when
the ribbon-feeding speed was reduced to 0.05 or
less of the speed of moving the data-recording
electrodes. Furthermore, in the printer of this inven-
tion, neither the printing quality was insufficient, not
the ink ribbon was cut, when the data-recording
speed was, raised to 15 in/sec, as when this speed
was 6 infsec. In addition, this increase of the data-
recording speed did not result in a decrease of the
use efficiency of the resistive ink ribbon.

Now, with reference to Fig. 6 through Fig. 8,
examples of the serial thermal printer according to
this invention will be described.

First Examgle

Fig. 6 shows the data-recording section of the
first example of the serial thermal printer. In the
first example, ribbon guide 42 is used in place of
the return electrode 15 (Figs. 2 and 4). Ribbon
guide 42 which is made of electrically conductive
material such as a metal, is mounted on one side
of head assembly 10. Guide 42 is electrically in-
sulated from recording head 11 and electrically
connected by means of wire 46 {o carriage 23 (Fig.
2) which is set at ground potential. Therefore, rib-
bon guide 42 functions as a return electrode. A pair
of pinch rollers 21 and 22, which are located down-
stream of the ribbon-feeding direction” (arrow A),
are not connected to carriage 23. Hence, no elec-
tric currents can flow into roller 21 or 22 even if
these rollers are made of electrically conductive
material. Neither roller 21 nor roller 22 functions an
electrode; they do nothing but feed the ink ribbon
in the direction of arrow A.

As has been pointed out with reference to Fig.
4, no currents flow through that portion of the ink
ribbon which extends between recording head 11
and pinch rollers 21 and 22. No heat is, therefore,
generated in this portion of the ink ribbon. Hence,
any portion of the ribbon which has been heated as
it passes recording head 11 is quickly cooled to
the normal temperature before it reaches pinch
rollers 21 and 22. Any ink layer is no longer vis- -
cous when it reaches rollers 21 and 22, and there
18 no possibility that the ribbon is adversely taken
up around pinch roller 21 or 22. Since no heat is
generated in that portion of the ink ribbon which
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extends between head 11 and rollers 21 and 22,
the resistive base film of this portion of the ribbon
is not softened, and there is no risk that this portion
of the ink ribbon is cut.

Second Example

Fig. 7 shows the data-recording section of the
second example of the serial thermal printer ac-
cording to the present invention. This example is
identical to the first example (Fig. 8), except that
head holder 13 is coupled to carriage 23 (Fig. 2)
which is set at the ground potential. Both ribbon
guide 42 and head holder 13 are made of elec-
trically comductive material, and are connected to

each other, thus forming a return electrode. Hence, -

ribbon guide 42 need not be coupled to carriage 23
by means of wire 46 as in the first example. Head
holder 13 and ribbon guide 42 can be integrally
formed of the same electrically conductive material.

Third Example

Fig. 8 illustrates the data-recording section of
the third example of the serial thermal printer. The
third example is characterizéd by ribbon-guiding
roller 40 which is located upstream of the ribbon-
feeding direction (arrow A), with respect to head
assembly 10, and contacts the resistive base film
of ink ribbon 16. This roller 40 is made of elec-
trically conductive material and is set at the ground
potential, and therefore functions as a return elec-
trode.

Fourth example

Fig. 9 shows the data-recording section of the
fourth example of the serial thermal printer accord-
ing to the invention. in the third example (Fig. 8),
the contact resistance between ribbon-guiding roll-
er 40 (or the return elecirode) and the resistive

base film of ink ribbon 16 greatly changes as

ribbon 16, which is being fed toward head assem-
bly 10, inevitably vibrates. When this contact resis-
tance increases too much, the data currents flowing
from those portions of the base film which contact
the data-recording electrodes of head 11 to that
portion of the base film which contacts roiler 40
through the conductive layer of ribbon 16 fail to
effectively flow into roller 40. Consequently, the ink
dots printed on the paper 27 may have different
densities, resulting in an unsatisfactory printing
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quality, or excessive heat may be generated in that
portion of the base film which contacts roller 40,
thereby softening this portion of the film, and thus
causing the cutting of ink ribbon 16.

In order to avoid such unsatisfactory printing or
the cutting of ribbon 16, the fourth example has
two return electrodes. More specifically, as is
shown in Fig. 9, ribbon-guiding roller 40 identical to
the one used in the third example (Fig. 8) is used
as the first return electrode, and ribbon guide 42
identical to the one used in the first example (Fig.
6) is used as the second return electrode. When
the contact resistance between one of these return
electrodes and the resistive base film of ribbon 16
is too high, the data currents flow into the other
return electrode which has a lower contact resis-
tance. Needless to say, the more return electrodes,
the better.

Fig. 10A shows ribbon guide 42 used in the

first, second, third and fourth examples --all de-

scribed with reference to Fig. 6 through Fig. 9. As
is shown in Fig. 10A, ribbon guide 42 has sloping
surface 42A and two lateral edges 42B. ink ribbon
16 is guided, siiding on sloping surface 42A and
being prevented by lateral edges 42B from slipping
off sloping surface 42A. As has been pointed out, it
is necessary to reduce the changes in the contact
resistance between surface 42A and the base film
of ribbon 16, as much as possible, thereby to
accomplish a high-quality printing and to prevent
the cutting of ribbon 16.

Figs. 10B and 10C show two modificafions of
ribbon guide 42, which are designed to minimize
the contact resistance between sloping surface 42A
and the base film of ink ribbon 16. The modified
guide 42 shown in Fig. 10B includes electrically
conductive fabric 44 adhered to sloping surface
42A. Since it is this fabric 44 that the base film
contacts as ribbon 16 is guided by ribbon guide
42, the changes in the contact resistance can be
reduced. On the other hand, the modified guide 42
shown in Fig. 10C includes electrically conductive
leaf spring 43 attached to sloping surface 42A.
Spring 43 also reduces the changes in the contact
resistance between ribbon guide 42 and the base
film of ink ribbon 16. i

When ribbon guide 42 shown in Fig. 10A is
used as a reiurn electrode, the entire sloping sur-
face 42A must be made of electrically conductive
material. When the ribbon guide shown in Fig. 10B
or 10C is used as a return electrode, it suffices if
only that portion of sloping surface 42A to whic
leaf spring 43 or fabric 44 is attached. '

Fig. 11A shows ribbon-guiding roller 40 used in
the first, second, third and fourth examples which
are shown in Figs. 6 to 9. As is illustrated in Fig.
11A, roller 40 has a smooth circumference. As has
been discussed, it is required to minimize the

(]
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changes in the contact resistance between roller 40

and the base film of ink ribbon 16. Figs. 11B and

11C show two modifications of ribbon-guiding roller
40, which are designed to reduce the changes in
this contact resistance. The modified roiler shown
in Fig. 11B has fabric filaments 45 protruding from
the circumference of the roller. The madified roller
shown in Fig. 11C has protrusions 46 formed on
the circumference of the roller. Filaments 45 and
profrusions 46 are electrically conductive. There-
fore, they serve to reduce the changes in the
contact resistance between the roller and the base
film of ribbon 16.

As has been described, the serial thermal print-
er shown in Figs. 2 and 4 is characterized in that
the return electrode is located upstream of the
ribbon-feeding direction, with respect to the data-
recording electrodes, and thus contacts the unused
ink ribbon. Therefore, it is through the undestroyed
portion of the conductive layer that the data cur-
rents flow from the data-recording electrodes to the
return electrode. Hence, the data currents can be
sufficiently large, and they can flow from the data-
recording electrodes under the same condition.
Further, no currents flow through the used portion
of the ribbon, which is mechanically weak, to heat
this portion so as to reduce the mechanical
strength thereof. Thus, there is substantially no
possibility that the ribbon is cut, even when the
ribbon is fed more slowly than the data-recording
electrodes are moved, in order to enhance the use
efficiency of the ink ribbon and, thus, to reduce the
running cost of the printer. In addition, since large
data currents can be supplied from the data-re-
cording electrodes to the resistive ink ribbon, the
printer can record data at high speed, while effi-
ciently using the ink ribbon.

The present invention can be applied to a line
thermal printer, in which case the data currents
flow from the numerous data-recording electrodes
of the line print head to a return electrode through
the unused portion of a resistive ink ribbon under
the same condition. Therefore, the line thermal
printer can print data in high quality, and can also
use the ink ribbon with high efficiency.

Fig. 12 is a diagram schematically showing a
line thermal printer according to the invention. This
printer has line print head 11, platen 14, return
electrode 15, follow roller 40, and ribbon-feeding

mechanism 41. Head 11 has a number of data-,

recording electrodes (not shown) arranged in a line
extending parallel to platen 14. A head-urging
means (not shown) presses head 11 onto platen 14
such that resistive ink ribbon 16 is interposed be-
tween head 11 and paper 27 wrapped around plat-
en 14, not staining paper 27 with ink, and being
able to be fed. Return electrode 15 is a rotatable
rolf bar made of a metal and connected to the
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ground. Electrode 15 and follow roller 40 pinches
ink ribbon 16. Ribbon-feeding mechanism 41 com-
prises a pair of pinch rollers and a stepper motor
(not shown). The stepper motor rotates one of the
pinch rollers, thereby to feed ink ribbon 16. Ink
ribbon 16 can be fed by ribbon-feeding mechanism
41, and is controlled by brake mechanism 48 which
controls the rotation of ribbon-feeding reel 47. Rib-
bon 16 is, thus, moved independently of recording
paper 27. Sheets of recording paper 27 are stored
in cassette 49. Paper-feeding roller 50 contacts the
upper most sheet stored in cassette 49, and hence
feeds sheets 27 from cassette 49 toward platen 14,
as it is rotated by a drive means (not shown). Each
sheet 27 fed from cassette 49 is wound around
platen 14 and fed further as platen 14 is rotated.
The sheet 27 is thus eventually come into contact
with ink ribbon 16, which in turn contact the tips of
data-recording electrodes of line print head 11.

As is clearly shown in Fig. 12, return electrode
15 of this line thermal printer is located also up-
stream of the ribbon-feeding direction, with respect
to the data-recording electrodes of head 11, and
thus contacts the unused portion of ink ribbon 16.
Therefore, the line thermal printer achieves the
same advantages as the serial thermal printer
shown in Figs. 2 and 4.

Data currents flow through a greater portion of
an ink ribbon when a line thermal printer prints data
than when a serial thermal printer prints data.
Hence, it is very difficult for a line printer to print
dots in the same density, particularly when the ink
ribbon is fed slowly, thereby to use the ribbon
efficiently. The results of the experiment performed
on a line thermal printer (Fig. 12) of the present
invention show that data could be printed in suffi-
cient quality even when ink ribbon 16 was fed at
one-fifth the speed of feeding recording paper 27.

Further embodiments of the present invention,
which are serial thermal printers, will be described
with reference to Fig. 13 through Fig. 31. In Figs.
13 to 31, the identical components are designated
by the same numeral.

The serial thermal printer shown in Fig. 13
comprises a first pair of follow rollers 21, 22 and a
second pair of follow rollers 15 and 51, both pairs
being arranged in the path of ink ribbon 16. Follow
rollers 21, 22, 15, and 51, and motors (not shown)
constitute ribbon-feeding mechanism which can
feed ribbon 16 forward and backward, so that ink
ribbon 16 can be repeatedly used to print data.
The solid 'ink layer 34 of ribbon 16 is rather thick,
for example 10 um, so that image data can be
recorded in the density of 1.2. Follow rollers 21 and
15 are connected to the ground, and thus function
as return electrodes.

To feed ink ribbon 16 forward, in the direction
of arrow A-1, follow roller 21 is moved out of
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contact with ink ribbon 16 as is shown in Fig. 13,
whereas follow rollers 15 and 51 contact ribbon 16.
Conversely, to feed ribbon 16 backward, in the
direction of arrow A-2, follow roller 15 is moved out
of contact with ribbon 16, whereas foliow rollers 21
and 22 contact ink ribbon 16. Follow rollers 21 and
15, both functioning as return electrodes, are en-
gaged with, or disengaged from, ink ribbon 16 by
means of a cam-clutch mechanism of the known
type (not shown).

The operation of the serial electrothermal print-
er shown in Fig. 13 will now be explained, with
reference to Fig. 14 showing resistive ink ribbon
16.

First, as in the printer shown in Fig. 4, ink
ribbon 16 is fed in the direction of arrow A-1, while
recording head 11 is moved in the direction of
arrow A-2, whersby a first one line of data is
printed on recording paper (not shown). When car-
riage 23 reaches the rightmost printing position,
recording head 11 is moved away from platen 14
by means of the head-urging means. Then, platen-
driving motor 28 (Fig. 2) rotates platen 14, thereby
feeding paper 27 forward by one line-space dis-
tance. While paper 27 is being fed forward, ribbon
reel 23B is rotated by a reel-driving motor (not
shown), thus taking up ribbon 16 by distance L/n,
where L is the one-line length (= 180 mm), and n
is the numben: of times the ribbon is repeatedly
used (= 10). Hence, 18 mm of ink ribbon 16 is
taken up around reel 238. :

Thereafter, recording head 11 is pressed onto
platen 14 by the head-urging means. Follow roller
21 (i.e., the return electrode) is simultaneously is
brought into contact with resistive ink ribbon 16,
and cooperates with follow roller 22 to pinch ink
ribbon 16. At the same time, follow roller 15 (i.e.,
the other return electrode) is moved away from ink
ribbon 16. Then, carriage 23 is moved in the direc-
tion of arrow A-1, while data signals are being
supplied from signal-generating circuit 31 to head
11 in the order reverse to the order in which the
data signals have been supplied to head 11 during
the printing of the first line. Meanwhile, reel 23A is
rotated by the reel-driving motor (not shown) now:
coupled to reel 23A by means of a one-way cluich
(not shown, either). Therefore, ink ribbon 16 is
taken up around reel 23A at the same speed car-
riage 23 moves to the leftmost printing position.
When carriage 23 reaches the leftmost printing

position, the printing of the second line is com-

pleted. Then, recording head 11 is moved away
from platen 14. Platen 14 is rotated, thus feeding
recording paper 27 forward by one line-space dis-
tance. While paper 27 is being fed forward, ribbon
reel 23B is rotated, taking up 18 mm of ink ribbon
16.

The sequence of the operations described in
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the two preceding paragraphs is repeated until all
necessary data is recorded on paper 27. As can be
understood from Fig. 14, every time the printer
prints one line of data, ink ribbon 16 is fed forward
for the distance of L/n (= 18 mm), and the same
portion of ribbon 16 can be used n times. Need!less
to say, the distance the ribbon is fed upon comple-
tion of every one-line printing can be longer than
L/n. Nonetheless, the shorter this distance, the
more efficiently the ribbon is used.

The serial thermal printer shown in Fig. 13 can
print data even on coarsely textured paper such as
PPC paper, at the speed of 60 cps (character per
second) in the high density of 12 dots/mm. Since
this printer can print data in either direction, that is,
from the left to right, and from the right to the left,
the time required to print the same amount of data
is half the time required by the conventional serial
thermal printer which cannot print data in either
direction.

The serial thermal printer shown in Fig. 15 will
now be described. This printer comprises ribbon-
feeding reel 56, a pair of ribbon-guiding rollers 57A
and 57B, and ribbon take-up reel 58. Back tension
is applied on ribbon-feeding reel 56, so that resis-
tive ink ribbon 16 does not siacken between re-
cording head 11 and ribbon take-up reel 58. Rib-
bon take-up reel 58 is controlled by a reel control
mechanism (not shown).

The operation of the printer shown in Fig. 15
will be explained. When the power-supply switch of
the printer is turned on, carriage 23 is moved to the
home-position, or the leffmost printing position,
with recording head 11 held out of contact with
platen 14. While carriage 23 is being thus moved,
the reel control mechanism drives ribbon take-up
ree! 58 such that an unused portion of ribbon 186,
which is as long as each line of data to be printed,
is fed from reel 56. In response to a print-start
signal, a head-urging means (not shown) presses
recording head 11 foward platen 14, whereby rib-
bon 16 and recording paper 27 are pinched be-
tween head 11 and platen 14. Ribbon 16 is also
pinched between cylindrical return elecirode 21
and follow roller 22, both mounted on carriage 23
and located downstream of head-moving direction
(arrow A-1). Return slectrode 21 contacts the resis-
tive base film of ink ribbon 16. Cylindrical return
electrode 15 and follow roller 51, both mounted on
carriage 23 and located upstream of head-moving
direction (A-1) with respect to head 11, do not
contact ink ribbon 16.

In this condition, carriage 23 is moved in the
direction of arrow A-1, thus printing data. During
this data-printing operation, resistive ink ribbon 16
is not moved, in which respect this printer is dif-
ferent from the printer shown in Fig. 15. When
carriage 23 reaches the rightmost printing position,
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recording head 11 is moved away from platen 14,
and platen 14 is rotated, thus feeding paper 27
forward by one line-space distance. Then, head 11
is pressed toward platen 14, whereby ink ribbon 16
and recording paper 27 are pinched between head
11 and platen 14. At the same time, return elec-
trode 21 is moved away from ink ribbon 16, and
return electrode 15, which is located downstream
of head-moving direction A-2, with respect to head
11, is put into contact with ink ribbon 16. In this
condition, carriage 23 is moved in the direction of
arrow A-2, thereby printing the second line of data
on recording paper 27.

In such a manner as has been described, car-
riage 23 is moved repeated between the leftmost
and rightmost printing positions, until recording
head 11 prints ten lines of data. Upon compiletion
of the printing of ten lines of data, the reel control
mechanism drives ribbon take-up reel 58, whereby
the next unused portion of ribbon 16, which is as
long as one line of data, is fed from ribbon-feeding
reel 26, while the used portion of the same length
is taken up around reel 28. Namely, whenever the
same portion of ink ribbon 16 has been used a
predetermined number of time, this portion is taken
up around ribbon take-up reel 28, while the used
portion of the ribbon, which has the same length, is
fed from ribbon-feeding reel 56.

The embodiments shown in Figs. 13 and 15
each have two return electrodes which are set far
apart from each other. The return elecirodes can
be located close to each other, in accordance with
the present invention. Fig. 16 schematically show
another serial thermal printer, wherein two return
electrodes 61A and 61B are mounted on recording
head 58, as thus located very near data-recording
electrodes 60. As is shown in Fig. 16, data-record-
ing electrodes 60 are arranged paraliel and one
above another, such that their tips are aligned in a
vertical line. Return electrodes 61A and 618 are
placed on recording head 59, vertically extend par-
allel to each other, with the array of electrodes 60
between them. Return electrode 61A is grounded
by switch 62A, whereas return electrode 61B is
grounded by switch 62B. When recording head 59
is moved in the direction of arrow A-1, switch 62A
coupled to return elecirode 61A is closed, whereas
switch 62B coupled to return electrode 61B is
opened. Hence, the data currents supplied from
data-recording electrodes 60 to the resistive ink
ribbon (not shown) flow to return elecirode 61A
located downstream of head-moving direction A-1,
with respect to the array of data-recording elec-
trodes 60. Conversely, when recording head 59 is
moved in the direction of arrow A-2, switch 62B is
closed, whereas switch 62A is opened. As a resuit,
the data currents flows from data-recording elec-
trodes 60 fo return electrode 61B located down-
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stream of head-moving direction A-2, through the
unused portion of the ink ribbon (not shown). In
other words, only the return electrode which is
located downstream of the head-moving direction,
with respect to the array of data-recording elec-
frodes 60, is used so as to lead the data currents
the ground. Hence, the embodiment shown in Fig.
16 can attain the same advantages as the serial
thermal printers shown in Figs. 13 and 15.

Resistive ink ribbon 16, which is used in all
embodiments described above, is comprised of, as
is shown in Figs. 4 and 13, resistive base film 32,
electrically conductive layer 33, and solid ink layer
34. This ink ribbon can be replaced by another
three-layer ribbon 16 which is shown in Fig. 17. As
is illustrated in Fig. 17, this resistive ink ribbon 16
consists of resistive base film 32, electricaily con-
ductive layer 33 formed on base film 32, and
porous ink-impregnated layer 65. Ink-impregnated
layer 65 contains solid particles 66 of ink which can
be softened, melted, or sublimed when heated to.a
predetermined temperature.

The three-layer ink ribbon 16 shown in Figs. 4
and 13, or the three-layer ink ribbon 16 shown in
Fig. 17 can be replaced by the two-layer ink rib-
bons 70 and 71, both shown in Fig. 18. Ribbon 70
is designed to generate heat, whereas ribbon 71 is
designed to print data. During use, heat-generating
ribbon 70 is in contact with recording head 5, and
data-printing ribbon 71 is interposed between rib-
bon 70 and paper 27. When these ribbons 70 and
71 are used as is shown in Fig. 18, return electrode
15 need not be located upstream of ribbon-feeding
direction, with respect io recording head 5, in order
to efficiently supply data currents from the data-
recording electrodes of head 5'to return elecirode
15. In addition, when ribbons 70 and 71 are thus
used, heat-generating ribbon 70 can be quickly
cooled as it is fed from head 5, thereby reducing
the possibility that ribbon 70 is cut.

As can be understood from Fig. 18, heat-gen-
erating ribbon 70 is comprised of resistive base
film 70A and electrically conductive layer 70B
formed on base film 70A. Ribbon 70 is pinched
between cylindrical return electrode 15 and pinch
roller 72 which are located downstream of the
ribbon-feeding direction, with respect to recording
head 5. Return electrode 15 is rotated, thereby
feeding heat-generating ribbon 70 in the direction
of arrow E. Return electrode 15 is set at the ground
potential. On the other hand, data-printing ribbon
71 consists of base film 71A and solid ink layer
71B formed on base film 71A. Ribbon 71 is
pinched between pinch rollers 73 and 74, both
made of rubber and located downstream of the
ribbon-feeding direction with respect to head 5.
Either or both pinch rollers 73 and 74 are rotated,
thus feeding data-printing ribbon 71 in the direction
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of arrow F.

Recording head 5 has 40 data-recording elec-
trodes (not shown). Data currents are supplied to
these data-recording electrodes from a constant-
current source circuit (not shown, either) via a
connecting cable 75.

Heat-generating ribbon 70 and data-printing
ribbon 71 are fed from two ribbon-feeding reels
-(not shown) respectively, are laid one upon the
other, while moving from roller 77 to roller 76, and
are taken up around two ribbon take-up reels (not
shown). The data-recording electrodes of head 5
supply the data currents to that portion of ribbon 70
which extends between rollers 76 and 77, whereby
heat is generated in those portions of base film
70A which contact the data-recording elecirodes.
The heat is transferred to solid ink layer 71B of
ribbon 71 via conductive layer 70B and base film
71A, whereby data is recorded on paper 27.

In the embodiment shown in Fig. 18, heat-
generating ribbon 70 is repeatedly used, whereas
data-printing ribbon 71 cannot be used repeatedly.
Since ribbon 70 is repeatedly used, the running
cost of this serial thermal printer is lower than that
of the embodiments described above, wherein the
expensive conductive layer 33 cannot be used two
or more times. Like the embodiments described
above, the printer shown in Fig. 18 has the advan-
tages inherent in resistance thermal printers. More
specifically, the printer can record data at high
speed, can quickly cool the ribbon after the use
thereof, and can apply great energy to the ribbon.
Since the ribbon can be quickly cooled after use
even if great energy has been applied to it, the
printer can record data at high speed even when
use is made of solid ink having a high melting point
and being suitable for printing data on coarsely
textured paper, or of solid ink which sublimes when
heated and is thus suitable for printing images in
different tones.

Fig. 19 shows a modification of the printer
shown in Fig. 18, wherein heat-generating ribbon
70 is repeatedly used, too. As is illustrated in Fig.
19, heat-generating ribbon 70 is fed from ribbon-
feeding reel 78 and taken up around ribbon take-up
reel 79, in the direction of arrow E. After ribbon 70
is used,-it is fed in the direction of arrow B back to
reel 78 from reel 79, so that it can be used again.
The operation of the printer shown in Fig. 19 will
be briefly explained. While recording head 11 is
moving in the direction of arrow C and supplying
data currents to ribbon 70, both ribbons 70 and 71
are fed together in the direction of arrow A, with
ribbon 70 held in contact with the data-recording
electrodes of head 5. As a result, one line of data
is printed on paper 27 which is wrapped around
platen 14. Then, heat-generating ribbon 70 is fed in
the direction of arrow B, back to ribbon-feeding reel
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78, so that is can be used for printing the next line
of data on paper 27. The amount of ribbon 70 fed
back to reel 78 is less than the amount fed forward
to ribbon take-up reel 73. The difference between
the amount fed forward and the amount fed back is
determined by the number of times the heat-gen-
erating ribbon 70 is reused.

Fig. 20 shows énothgr modification of the print-
er shown in Fig. 18, wherein the heat-generating
ribbon is an endless one and repeatedly used. As
is shown in Fig. 20, endless ribbon 70 is wrapped
around four rollers 72, 76, 77, and 91, and is driven
in the direction of arrow E, as roller 15, which
cooperates with roller 72 to pinch ribbon 70, is
rotated. This roller 15 functions as a return elec-
trode. Roller 91 is urged by spring 90, thus apply-
ing an appropriate tension on heat-generating rib-
bon 70. Since heat-generating ribbon 70 is used
again and again, the running cost of this printer is
also low.

Also in the printers shown in Figs. 18 to 20,
return electrode 15 may be located upsiream of the
ribbon-feeding direction E, with respect of record-
ing head 11. If electrode 15 is so located, the heat-
generating ribbon can be more efficiently used and
more effectively prevented from being cut. Figs. 21
to 23 illustrate three printers, each using heat-
generating’ ribbon 70 and data-printing ribbon 71
and having a return electrode located upstream of
the ribbon-feeding direction. These printers will
now be described.

In the serial thermal printer shown in Fig. 21,
heat-generating ribbon 70 is guided by roller 15 to
recording head 11, whereas data-printing ribbon 71
is guided by roller 100 to head 11. Ribbons 70 and
71 are laid one upon the other, at recording head
11. They remain in contact with each other until
they reach roller 76, and are then separated from
each other. Heat-generating ribbon 70 is pinched
between drive roller 21 and pinch roller 22, and is
fed forward as drive roller 21 is rotated. Similarly,
data-printing ribbon 71 is pinched between drive
roller 73 and pinch roller 74, and is fed forward as
drive roller 73 rotates. More precisely, ribbons 70
and 71 are fed in the directions of arrows E and F
as drive rollers 21 and 73 rotate in the directions of
arrows G and H.

Ribbons 70 and 71 are fed from two ribbon-
feeding reels (not shown), respectively, and are
taken up around two ribbon take-up reels (not
shown, either) after passing drive rollers 21 and 73.
Back tension is applied to both ribbons 70 and 71
by two back tension-applying mechanisms (not
shown), and do not slacken while being fed from
the ribbon-feeding reels to the ribbon take-up reels.
Rollers 15, 21, 22, 73, 74, 76 and 100, the ribbon-
feeding reels, the ribbon take-up reels, and the
back tension-applying mechanisms are mounted on
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carriage 23 (Fig. 2). Carriage 23 is moved in the
direction of arrow C at the average speed of Va,
thereby to print data on recording paper 27.

Recording head 11 is fastened to carriage 23
by head holder 13 and can rotate the axis of holder
13. Head 11 is pressed onto recording paper 27 in
order to record data on paper 27. Roller 15 not
only guides heat-generating ribbon 70 to head 11,
but also functions as a return electrode. it is made
of electrically conductive material such as a metal,
and is set at the ground potential.

Speed Vb of feeding heat-generating ribbon 70
is determined by the circumference of drive roller
21 and the rotational speed thereof. Likewise,
speed Ve of feeding data-printing ribbon is deter-
mined by the circumference of drive roller 73 and
the rotational speed thereof. If Vb and Ve are equal
to Va as in the conventional serial thermal printer,
neither ribbon moves at all relative to recording
paper 27 since either ribbon is fed in the direction
opposite to the head-moving direction C. In this
case, the same iength of either ribbon as the length
of one line of data is consumed to record this line
of data on paper 27. In the embodiment shown in
Fig. 21, Vb is less than Va; that is, heat-generating
ribbon 70 is fed more slowly in the direction of
arrow E than recording head 11 is moved in the
direction of arrow C. Hence, ribbon 70 moves rela-
tive to paper 27 at the speed of Va-Vb (greater
than 0) in the direction of arrow C. As a result, the
consumption of ribbon 70 is smaller than in the
conventional printer. Speed Vb is made less than
Va by either rotating drive roller 21 at low speed, or
reducing the diameter of drive roller 21. In the
present instance, the diameter of roller 21 is re-
duced. When the diameter of roller 21 is decreased
to one half, the consumption of heat-generating
ribbon 70 will be reduced to one half.

The consumption of data-printing ribbon 71 can
be reduced, too, by reducing the diameter of drive
roller 73 or by decreasing the rotational speed of
roller 73.

Since the consumption of heat-generating rib-
bon-70 is thus reduced, more heat accumulates in
the unit area of ribbon 70, and the possibility that
ribbon 70 is cut may increase. However, this pos-
sibility does not increase since roller 15, which
functions as the return electrode, is located up-
stream of the ribbon-feeding direction E. Rather,
since much heat accumulates in the unit area of
ribbon 70, ribbon 70 pre-heats data-printing ribbon
71, whereby data can be recorded at high speed.
The printer shown in Fig. 21 can therefore operate
effectively to record data at the speed of 100 cps
or more, particularly when the solid ink layer melts
at high temperatures or sublimes at a predeter-
mined temperature.

Since no currents flow through any used por-
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tion of heat-generating ribbon 70, ink dots can be
formed on paper 27 in the same density, and data-
printing ribbon 71 is prevented from being cut.
Furthermore, heat-generating ribbon 70 is saved.
The resistance thermal printer shown in Fig. 21
can, therefore, records high-quality image data at a
low running cost.

The serial thermal printer shown in Fig. 22 is,
so to speak, a modification of the printer illustrated
in Fig. 21. As is shown in Fig. 22, ribbon guide 42
is connected to the ground and, thus, functions as
a return electrode. Heat-generating ribbon 70 is fed
to recording head 11, while being guided by, and
in contact with, ribbon guide 42. As ribbon 70 is
thus fed, the contact resistance between ribbon 70
and guide 42 is likely to change very much. When
this contact resistance changes excessively, ribbon
guide 42 fails to function as a return electrode. If
this happens, ink dots cannot be formed on paper
27 in the desired density, or heat-generating ribbon
70 may be cut. These are the problems with the
printer shown in Fig. 22.

The serial thermal printer illustrated in Fig. 23
is designed to solve the problems of the printer
shown in Fig. 22. As is shown in Fig. 23, a pair of
rollers 92 and 93 are located upstream of the
ribbon-feeding direction of A, with respect to ribbon
guide 42, and pinch heat-generating ribbon 70.
Both rollers 92 and 93 can be made of electrically
conductive material. Alternatively, one of them has
a rubber coating on its circumference, and the
other of them is made of electrically conductive
material. In the latter case, ribbon 70 must contact
the roller made of electrically conductive material.

When ribbon guide 42 can have the structure
shown in Fig. 10A, Fig. 10B, or Fig. 10C. When
guide 42 having the structure of Fig. 10A is used
as a return electrode, ribbon guide 42 can be used
in combination with roller 94, as is shown in Fig.
24A, leaf spring 95 having conductive fabric fila-
ments 96, as is shown in Fig. 24B, or leaf spring 95
made of electrically conductive material. It is pref-
erable that roller 94 is made of electrically conduc-
tive material. Roiler 94, leaf spring 95 with fila-
ments 96, and leaf spring 95 keep ribbon 70 in
contact with the sloping surface of ribborn guide 42.

Roller 15 shown in Figs. 21 and 22, and rollers
92 and 93 shown in Fig. 23 can have the structure
shown in Figs. 11A, 11B.

Fig. 25 illustrates another embodiment of the
present invention, i.e., a serial thermal printer, in
which use is made of data-printing ribbon 71 slight-
ly broader than recording paper 27 wrapped ar-
ound a platen (not shown). In this printer, heat-
generating ribbon 70 is fed in the same way as in
the embodiment shown in Fig. 21. Every time the
recording head 11 records one line of data on
paper 27, recording paper 27 and data-printing
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ribbon 71 are fed by predetermined distances in
the direction of arrow . Ribbon 71 can sither be
taken up around a reel, or fed together with paper
27 as the platen is rotated. When ribbon 71 is
taken up around the reel, it can be fed less than
recording paper 27, thereby to reduce its con-
sumption. Further, as in the embodiments of Figs.
21, 22 and 23, the diameter of drive roller 21 or the
rotational speed thereof can be reduced, thereby to
decrease the consumption of heat-generating rib-
bon 70. The printer shown in Fig. 25 is advanta-
geous in that fewer parts are mounted on carriage
23 (Fig. 2), and carriage 23 can, therefore, be
moved faster. Hence, this printer is suitable as a
high-speed printer.

In any embodiment described above, measures
are taken, thereby return-current paths are reliably
provided in ink ribbon 16 or in heat-generating
ribbon 70, and thus preventing ribbon 16 or 70
from being cut. Therefore, relatively great data
currents can be supplied from recording head 11 to
ribbon 16 or 70. Nonetheless, when such great
currents are continuously supplied to the ribbon for
a long time, so as to print images on recording
paper 27, that portion of the ribbon which contacts
the return electrode is heated, though the return-
current paths have been formed within the ribbon.
When this portion of the ribbon is heated to an
excessively high temperature, the solid ink layer is
softened, and more ink dots than necessary are
formed on paper 27, resulting in "fogging”, and
thus degrading the printing quality.

Figs. 26 to 31 show further embodiments of
this invention, each having a mechanism for cool-
ing the ink ribbon, thereby to print data in high
quality.

The serial thermal printer shown in Fig. 26 has
a pair of cooling rollers 102 and 103 arranged in
the passage of ink ribbon 16 and located between
recording head 11 and return electrode 15. These
rollers 102 and 103 pinch ink ribbon 16 during the
data-recording operation, and are rotated as ribbon
16 is fed toward recording head 11. When the
data-recording operation ends or is stopped, rollers
102 and 103 are moved away from ink ribbon 16.

Cooling rollers 102 and 103 are made of a
metal having a high thermal conductivity, such as
copper, aluminum or molybdenum. Alternatively,
they can be made of ceramics such as A1z0s.
They should be as large as possible, so as to
absorb much heat. It is required that their length be
greater than the width of ink ribbon 16.

.The used portion of ribbon 16 is pinched be-
tween rollers 21 and 22. Roller 21 is rotated by a
drive means (not shown) in the direction of the
arrow shown in Fig. 26, thereby feeding ribbon 16
in the direction of arrow A. In the meantime, head
11 transfers ink dots from ribbon 16 onto recording
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paper 27. The data currents supplied from head 11
to base film 32 of ribbon 16 during the data-
recording operation flow into return electrode 15
through conductive layer 33 of ribbon 16. These
currents flows to electrode 15 via the substantially
entire portion of base film 32, which contacts return
electrode 15. Therefore, the current density is this
portion of base film 32 is low. However, this current
density increases in proportion to the number of
the data-recording electrodes of head 11, which are
energized simultaneously. This, much head is gen-
erated in said portion of film 32 in some cases.
This heat is transferred from base film 32 to the
corresponding ‘portion of solid ink layer 34 via that
portion of conductive layer 33 which contacts the
heat-generating portion of base film 32. Conse-
quently, this portion of ink layer 34 is softened or
melted, and becomes viscous. If ink layer 34 is still
viscous when it reaches head 11, it sticks onio
recording paper 27. In other words, more ink dots
than necessary are formed on paper 27, with the
unnecessary ink dots bridging the necessary ones.

The inventors hereof operated the printer iden-
tical with the printer shown in Fig. 26, except that
cooling rollers 102 were removed, changing the
distance between head 11 and return electrode 15
to various values, and also changing the data-
recording speed to various values. The results of
this experiment were: the longer the distance be-
tween head 11 and electrode 15, and the higher
the data-recording speed, the greater the possibii-
ity of degrading the printing quality.

The inventors conducted the same experiment
on the serial thermal printer identical to the one
shown in Fig. 26, wherein both cooling rollers 102
and 103 are made of copper. The results were: the
possibility of degrading the printing quality was
reduced considerably. For example, when data was
recorded at the speed of 6 inch/sec, that portion of
the ribbon contacting return electrode was heated
to about 50°C, while the temperature in the room
where the experiment was performed was 20°C.
This portion of the ribbon was cooled to about
25°C when it was reaching head 11. (When both
cooling rollers were not used, the portion of the
ribbon was cooled to not less than 40°C when it
was reaching head 11.) These temperatures were
measured by means of thermography. During the
experiment, it was observed that the solid ink layer
softened due to the heat generated at the return
electrode was not viscous enough to stick onto
cooling roller 102.

Either cooling roller 102 or 103 can be used as

' a return electrode. If this is the case, it is desirable

that the roller be made of material exhibiting great
thermal conductivity and great elecirical conductiv-
ity, and be as large as possible to have a sufficient
heat capacity. Further, ribbon guide 42 can be
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used as a return eléctrods, in which case cooling
roller 94 and ribbon guide 42 pinch ink ribbon 16
as is illustrated in Fig. 24, so that roller 94 absorbs
heat from ribbon 16.

The serial thermal printer shown in Fig. 27 has
reaf spring 104 for cooling ink ribbon 16. Spring
104 is fixed at one end. The other end of this
spring 104 is curved, and is heid in contact with
the base film of ink ribbon 16 by means of an
urging mechanism (not shown) during the data-
recording operation. The heat generated in ribbon
at return electrode 15 is transmitted to leaf spring
104, whereby ink ribbon 16 is cooled. Spring 104 is
made of material exhibiting high thermal conductiv-
ity, such as copper. To dissipate the heat effec-
tively, leaf spring 104 can have fins.

The serial thermal printer shown in Fig. 28 has
liquid-applying roller 105 for cooling ink ribbon 16.
Rotler 105 is made of sintered porous metal. Roller
105 has an inlet-port (not shown), and cooling
liquid is introduced into roller 105 through this inlet
port. The liquid is supplied to the circumference of
roller 105 through capillaries of roller 105. The
liquid is, preferably, a very volatile one, such as
water or ethyi alcohol. When that portion of ribbon
16 which has been heated at return electrode 15
reaches liquid-applying roller 105, the cooling liquid
is coated on the base film of ribbon 16. As soon as
the liquid is coated the base film, -it evaporates,
thus cooling ink ribbon 16 efficiently. The cooling
liquid serves to stabilize the mutual contact of ink
ribbon 16 and roller 105. '

A layer of foamed rubber can be bonded to the
free end of leaf spring 104 used in the printer
ililustrated in Fig. 27. In this case, cooling liquid is
applied to the foamed rubber layer, all the time the
printer is operated. The liquid not only cools ink
ribbon 18, but also stabilize the mutual contact of
ink ribbon 16 and leaf spring 104.

The serial thermal printer shown in Fig. 29 is
provided with Peltier element 106 which is used as
a cooling means. As is shown in this figure, ele-
ment 106 comprises heat-absorbing plate 107, thin
film 108 coated on plate 107, n-type semiconductor
109 connected to plate 107, p-type semiconductor
110 coupled to plate 107, heat-radiating plate 111
connected {o p-type semiconductor 110, and heat-
radiating plate 112 connected to n-type semicon-
ductor 109. Heat-absorbing plate 107 contacts ink
ribbon 16, but is electrically insulated from ribbon
16 since thin film 108 is electrically insulative,
though it is thermally conductive. An operating
current is supplied to element 106. This current
flows from plate 112 {o plate 111 via n-type semi-
conductor 109, plate 107, and p-type semiconduc-
tor 110. As the current flows from n-type semicon-
ductor 109 to p-type semiconductor 110 through
heat-absorbing plate 107, endothermic energy is
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generated at the interface bstween plate 107 and
semiconductor 109 and also at the interface be-
tween plate 107 and semiconductor 110. As a
result, plate 107 is cooled, and in turn cools ink
ribbon 16.

As the current flows from plate 112 to n-type
semiconductor 109, heat is generated at the inter-
face between plate 112 and semiconductor 109.
Similarly, as the current flows from p-type semi-
conductor 110 to plate 111, heat is generated at
the interface between semiconductor 110 and plate
111. Nonetheless, the heat is effectively radiated
from plates 111 and 112 which are sufficiently
large. In order to achieve more effective heat radi-
ation, plates 111 and 112 can be provided with fins.

The serial thermal printer shown in Fig. 30A
has a ribbon-cooling means which is located be-
tween recording head 11 and return electrode 15
and does not contact ink ribbon 16. As is shown in
Fig. 30B, this cooling means comprises fan 116
connected to a shaft. The shaft vertically extends
through a hole cut in carriage 23. Wire 118 is
wound one time around that portion of the shaft
which protrudes downwardly from carriage 23, and
is horizontally stretched, with both ends fastened to
the frames of the printer. Therefore, when carriage
23 is moved to record data on paper 27, fan 116 is
rotated, thereby applying air in the direction of
arrow J. A pair of curved thin plates 119 are
located parallel to that unused portion of ribbon 16
which extends between return electrode 15 and
head 11. The upper end of the first thin plate face
the base film of ribbon 16, whereas the upper end
of the second thin plate faces solid ink layer of
ribbon 16. The air supplied by fan 116 flows
through the gap between the first thin plate and
ribbon 16 and the gap between the second thin
plate and ribbon 18, thus cooling ink ribbon 16.

The serial thermal printer shown in Fig. 31 is
provided a cooling means which does not contact
ink ribbon 16, but can cool the ink ribbon. This
cooling means comprises fan box 120 arranged
within the housing of the printer, flexible tube 121
connected at one end to fan box 120, and forked
air outlet port 122 coupled to the other end of
flexible tube 121. The two sections of air outlet port
122 protrude upward from carriage 23 and oppose
each other, with an unused portion of ribbon 16
located between them. When the fan contained in
fan box 120 is rotated, air is supplied onto the base
film and ink layer of ribbon 16 through flexible tube
121 and the two sections of air outlet port 122, thus
cooling the unused portion of ink ribbon 16. Since
air outlet port 122 is small, this cooling means is
suitable in the case where the distance between
head 11 and return electrode 15 is so short that no
cooling rollers can be provided between head 11
and electrode 15.
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The ribbon-cooling means, which have been
described with reference to Figs. 26 to 31, can be
used in any possible combination. They can be
provided within ribbon cassette 20 (Fig. 2), not on
carriage 23.

Signal-generating circuit shown in Fig. 4, and
various modifications of this circuit will now be
explained with reference to Fig. 32 through Fig. 46.

Flgs. 32A and 32B are equivalent circuit dia-
grams showing how data currents flow from data-
recording electrodes 30 to return electrode 15. In
these figures, Rf is the resistance between each
electrode 30 and conductive layer 33 of ink ribbon
18; Rc is the resistance of conductive layer 33; and
Rr is the resistance between conductive layer 33
and return electrode 15.

As is shown in Fig. 32A, data currents [ flow
from data-recording electrodes 30 into conductive
layer 33, and farther flow through the entire cross
section of layer 33 to return electrode 15. Resis-
tance Rf is 100 to 400, whereas Rr is as low as a
few ohms. Resistance Rc depends on the material
of conductive layer 33 and the thickness thereof; it
is several ohms to tens of ohms when layer 33 is
made of aluminum and has a thickness of 0.05 to
0.1 um.

Recording head 11 has tens of data-recording
electrodes 30 arranged parallel in a line parallel to
the paper-feeding direction if head 11 is a serial
print head. If head 11 is a fine print head, it has
hundreds of data-recording electrodes 30 arranged
parallel in a line extending at right angles to the
paper-feeding direction. In either case, a plurality of
data-recording electrodes contact ink ribbon 16 at
their tips. When only one of these electrodes sup-
plies data current | to conductive layer 33 of ribbon
16 as is shown in Fig. 32A, voltage drop Vd occur-
ring in resistive ink ribbon 16, i.e., the difference
between the potential of electrodes 30 and the
potentiai of return electrode 15, is (Rf + Rc + Rr)-
. When N electrodes 30 simultaneously supply
data current |, which has been supplied to elec-
trodes 30 from a constant current circuit, to con-
ductive layer 33 as is shown in Fig. 32B, voltage
drop Vd is Rfl + (RC + Rr) N I.

In order to record data at high speed, e.g., 100

cps, it is necessary to supply at least 50 mA-to

each data-recording electrode 30. Let us assume
that Rf = 250 2, Rc = 152, Rr = 1 2, and N =
40. Then, maximum voltage drop Vdmax, which
occurs when 50 mA is supplied to all electrodes
30, will be:

Vdmax = (250 2 X 0.05 mA) + [(15 + 1)2 *
40 X 0.05 mA] = 445V

Hence, the power-supply voltage for the con-
stant current circuit must be equal to or higher than
45 V. Needless to way, when data current | is
greater than 50 MA, and head 11 has more than 40
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" data-recording electrodes, much more power-sup-

ply voltage is required. Furthermore, when data
current | is supplied from all electrodes 30 to ink
ribbon 16, heat is generated in those portions of
ribbon 16 which are aligned in a line, and ribbon 16
may be cut even if return electrode 15 contacts an
unused portion of ribbon 186.

According to the present invention, the follow-
ing measures are taken to reduce the possibility
that ribbon 16 is cut. Electrodes 30 are divided into
a plurality of groups. When most of electrodes 30
need to be driven, those of one group are driven at
a time, and those of another group are driven at a
different time. Examples of this method will be
described.

Figs. 33A and 33B are diagrams explaining a
first example of the method for driving data-record-
ing electrodes 30. In this example, electrodes 30
are divided into two groups, the first group consist-
ing of the odd-numbered electrodes, and the sec-
ond group consisting of the even-numbered elec-
trodes. As is shown in Fig. 33A, data current | is
supplied to odd-numbered electrodes 30 during the
first half of every data-recording period T. As is
illustrated in Fig. 33B, data current [ is supplied to
sven-numbered electrode 30 during the second
half of every data-recording period T.

As may be understood from the equivalent
circuit diagram shown in Fig. 32B, when data cur-
rent | is supplied to N data-recording electrodes 30
at the same time, voliage drop Vd between elec-
“trodes 30 and return electrode 15 is: (Rf) + (Rc +
Rr) Ni. In conirast, when the method explained with
reference to Figs. 33A and 33B is used, voltage
drop Vd is: Rf I + (Rc + Rr) NIi/2. More specifi-
cally, assuming Rf = 250 2, Rc = 159,Rr =1 q,
and N = 40, Vdmax will be:

Vdmax = {250 @ X 0.05 mA) + [(15 + 1)a X
40 X 0.05 mA)J2 = 285V

Obviously, this voltage drop is far less than
Vdmax (= 45.5 V) which occurs when all elec-
trodes 30 are simultaneously driven. Hence, it is
sufficient to apply a power-suppiy voltage of about
30 V to the constant current circuit when 20 odd-
numbered electrodes 30 are driven during the first
half of every period T, and 20 even-numbered
electrodes 30 are driven in the second half of each
period T, as is illusirated in Figs. 33A and 33B.

When data current | is supplied to each data-
recording electrode 30 for only T/2 as is shown in
Figs. 33A and 33B, the Joule heat generated in that
portion of ribbon 16 which contacis this elecirode
30 is less than the Joule heat which would be
generated in the same portion of ribbon 16 it
current | were supplied to electrode 30 for T.
Hence, in the method shown in Figs. 33A and 33B,
data current | must be greater so as to generate
Joule heat in the same amount as in the case
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where current | is supplied to each electrode 30 for
period T. Nevertheless, it suffices to increase cur-
rent | a little since Joule heat is proportionate fo the
square of the current supplied to electrode 30.
Therefore, the power-supply voltage need not be
increased very much.

In the method shown in Fig. 33A and 33B,
data-recording electrodes 30 are divided into two
groups. Instead, electrodes 30 can be divided three
or more groups, and data current | can be applied
to the electrodes of one group at a time, and to
those of another group at a different time. Then,
the power-supply voltage required for the constant
current circuit can be more reduced.

it will now be explained why the method de-
scribed with reference to Figs. 33A and 33B de-
creases the possibility that ribbon 16 is cut. As has
been stated, the heat generated in resistive base
film 32 softens or melt solid ink layer 34, whereby
data is recorded on paper 27. If this heat is exces-
sively great, base film 32 is heated to a tempera-
ture near its melting point, in which case ink ribbon
16 may be cut due to the tension applied on it.
When all data-recording electrodes 30 are driven at
the same time, heat is generated in those portions
of base film 32 which are aligned in a straight line
extending to the direction in which tension 134 is
executed on ribbon 16, as is illustrated in Fig. 34A.
In this condition, ink ribbon 16 is very likely to be
cut. In the method described above, odd-numbered
electrodes 30 are driven in the first half of each
data-recording period T, and even-numbered elec-
trodes 30 are “driven in the second half of this
period T. As a result, heat is generated in those
portions of base film 32 which are staggered as is
shown in Fig. 34B. Since the heated portions are
separated form one another, unlike in the case
where all electrodes 30 are simultaneously driven,
the possibility that ribbon 16 is cut by tension 135
decreases.

Other methods of driving data-recording elec-
trodes 30 will be explained, with reference to Figs.
35A and 35B, 36A and 36B, and Figs. 37A and
37B. These methods are identical to the method
shown in Figs. 33A and 33B in that electrodes 30
are divided into two groups, but is different in that
the electrodes of the first group and those of the
second group are alternately driven, each for a
period shorter than T/2. These methods can print
data, consuming the same power as is used in the
method shown in Fig. 33A and 33B.

In the method shown in Figs. 35A and 35B,
current pulses having a width shorter than T/2 are
supplied to the odd-numbered electrodes 30,
where current pulses having the same "width and
opposite in phase to those supplied to odd-num-
bered electrodes are supplied to the even-num-
bered electrodes 30. As a result, a straight line,
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which is substantially parallel to the direction in
which tips of electrodes 30 are aligned, can be
printed on recording paper 27. In view of this, the
method is advantageous over the method shown in
Figs. 33A and 33B which resuits in a zigzag line
printed on paper 27 as can be understood from
Fig. 34B. But this method is inferior to the method
shown in Figs. 33A and 33B in that heat is accu-
mulated in ink ribbon 16 if head 11 is continuously
used for a long time, since many current pulses
are supplied to electrodes 30 within each period T.
Therefore, it would be advisable that method
shown in Figs. 33A and 33B be employed to
record image data of high density such as so-
called "all-mark pattern”, and the method shown in
Figs. 35A and 35B be used to print straight lines
extending parallel to the line in which the tips of
electrodes 30 are aligned.

When the method shown in Figs. 35A and 35B
is used, thereby to print a straight line, the tem-
perature of ink ribbon 16 does not rise sufficiently
fast as is possible with the method shown in Figs.
33A and 33B, and during the first phase of each
period T, no ink dots may be formed on paper 27.
In order to avoid this phenomenon, current pulse
can be supplied to all electrodes 30 for period Ts
(hereinafter referred to as "pre-heating period")
which precedes each data-recording period T, and
also for period Te (hereinafter referred to as "heat-
retaining period") which follow each period T, as is
illustrated in Figs. 36A and 36B. This method,
shown in Figs. 36A and 368, makes it possible to
reliably print a straight line on paper 27.

The method shown in Figs. 36A and 36B, how-
ever, has a drawback. When this method is used,
the voltage drop occurring in ink ribbon 16 tem-
porarily increases during the pre-heating period Ts
and during the heat-retaining period Te. In case the
voltage drop exceeds the power-supply voltage to
head 11, head 11 can no longer perform its func-
tion. In order to prevent such an excessive voltage
drop, the method shown in Figs. 37A and 37B can
be employed in which the current pulse supplied to
all electrodes 30 during the preheating period Ts
and the head-retaining period Te is less than data
current I. This method serves to prevent an exces-
sive drop voltage. and can yet help to maintain
ribbon 16 at a sufficiently high temperature.

Figs. 38A and 38B illusirate another method of
driving data-recording electrodes 30. This method
is similar to that one shown in Figs. 33A and 33B,
but the current pulse supplied to the odd-num-
bered electrodes and the current pulse supplied to
the even-numbered electrodes are longer than T/2,
and thus overlap each other in phase. When re-
cording head 11 is driven by this method, it can
print a all-mark pattern in a sufficient density,
whereas it cannot do so when it is driven by the
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method shown in Figs. 33A and 33B unless the
pulses supplied to the two groups of electrodes 30
have a current value greater than that shown in
Figs. 33A and 33B. :

Figs. 39A and 39B illustrate another method of
driving data-recording electrodes 30, which is iden-
tical to the method shown in Figs. 38A and 38B,
except that the overlapping portions of the two

current pulses supplied to the two groups of elec- .

trodes 30 have less current value than those of the
two current pulses used in the method of Figs. 38A
and 38B. The method shown in Figs. 39A and 39B
can print a ail-mark pattern in a sufficient density
by adjusting the period during which the two cur-
rent pulses overlap.

The various methods of driving data-recording
electrodes 30 of recording head 11, which have
been described with references to Figs. 33A and
33B, Figs. 35A and 35B, Figs. 36A and 36B, Figs.
38A and 38B, and Figs. 39A and 398, are clas-
sified as micro-control of heat, which comprises the
step of controlling the width and phase of the
current pulse supplied to each electrode 30. it
should be noted that there is another type of heat-
controlling method, generally known as a micro-
control, which comprises the step of changing the
current supplied to all electrodes 30 in order to
compensate the variation of the ambient tempera-
ture and/or the temperature of head 11.

The micro-controi of heat will be explained in
generator detail, with reference to Figs. 40, Figs.
41A to 41D, and Figs. 42A to 42D.

As is shown in Fig. 40, the width and phase of
the current pulse corresponding to specified pixel
141 are determined from the position of this pixel
141 with respect to eight neighboring pixels 142,
which are arranged, together with specified pixel
141, in 3 X 3 matrix pattern, as is shown in Fig. 40.
Then, the width and phase of the current pulse
corresponding to the pixel next to specified pixel
141 with respect to the main scanning direction,
are determined from the position of this pixel with
respect to the other eight neighboring pixels. The

width and phase of the current puise corresponding

to any other pixel shown in Fig. 40 are determined
in the same way. In other words, the micro-control
of head is achieved by selecting one of various
predetermined 3 * 3 pixel-matrix patterns.

More specifically, when the selected pixel-ma-
trix pattern is an all-mark pattern consisting of nine
black dots as is shown in Fig. 41A, a current puise
having a width of T/2, as is shown in Fig. 42A, is
supplied to data-recording electrode 30 corre-
sponding to specified pixel 141. The phase of this
current pulse is selected in accordance with wheth-
er this data-recording electrode is odd-numbered
or even-numbered. When the selected pixel-matrix
pattern consists of three black dots aligned in the
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main scanning direction, as is shown ‘in Fig. 41B,
current pulses having such ‘a.short width as is
shown in Fig. 42B is supplied to data-recording
electrode 30 which corresponds to specified pixel
141. Further, when the selected pixel-matrix pattern
consists of three biack dots aligned in the main
scanning direction, but specified pixel 141 is not a
black dot, as is shown in Fig. 41C, a current pulse
is supplied to electrode 30 corresponding to speci-
fied pixel 141 as is shown in Fig. 42C, thereby o
preheating this data-recording electrode 30. Simi-
larly, when the selected pixel-matrix pattern con-
sists of three black dots aligned in the main scan-
ning line, but specified pixel 141 is not a black dot,
as is shown in Fig. 41D, a current pulse is supplied
to electrode corresponding to specified pixel 141
as is shown in Fig. 42D, thereby to maintain ink

- ribbon 16 at a sufficiently high temperature. Neither

such a preheating current pulse (Fig. 42C) nor such
a heat-retaining current pulse (Fig. 42D) is supplied
to electrode 30 corresponding to specified pixel
141 when a signal is supplied to this data-recording
electrode 30. Needless to say, either current pulse
is not supplied to this elecirode 30 when a mark
signal is supplied to this electrode 30.

in order to maintain ink ribbon 16 at a suffi-
ciently high temperature, the width of a current

“pulse must be inversely proportional to the number

of black dots included in the 3 X 3 matrix pattern,
and the phase of the current pulse must be deter-
mined in accordance with whether or not the three
pixels aligned in the sub-scanning direction (Fig.
40) are black dots or white dots. More specifically,

- when specified pixel 141 and the pixel preceding

specified pixel 141 and aligned therewith in the
sub-scanning direction are black dots as is shown
in Fig. 43A, a current pulse having a width deter-
mined by the fact that two pixels including the
specified one 141 are aligned in the sub-scanning
direction is supplied to electrode 30 corresponding
to specified pixel 141, such that the leading edge
of this pulse coincides with the starting point of
data-recording period T, as is illustrated in Fig.
44A. Conversely, when pixel 141 and the pixel
following pixel 141 and aligned therewith in the
sub-scanning direction are black dots as is shown
in Fig. 43B, a current pulse having the same width
as is shown in Fig. 44A is supplied to electrode 30
corresponding to specified pixel 141, such that the
trailing edge of this puise coincides with the ending
point of data-recording period T. Further, when
specified pixel is a black dot and the two pixels
preceding and following pixel 141, respectively,
and both aligned with pixel 141 in the sub-scanning
direction are white dots as is shown in Fig. 43C, or
are black dots as is shown in Fig. 43D, a current
pulse having a width determined by this fact is
supplied to electrode 30 corresponding to specified
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pixel 141, such that the center of this pulse co-
incides with the center point of data-recording pe-
riod T, as is illustrated in Fig. 44C.

In Figs. 43A to 43D, the pixels identified by
mark "X" correspond either to mark signals or to
space signals. These pixels do not influence the
phase of the current pulse supplied to data-record-
ing electrode 30 corresponding to specified pixel
141 at all.

According to the present invention, the tem-
perature of ink ribbon 16 is maintained at an appro-
priate value by supplying a current pulse having
appropriate width and phase to the data-recording
electrode 30 corresponding to specified pixel 141,
as has been described above. Therefore, ink ribbon
16 is not heated excessively, the constant current
circuit does not require a high power-supply volt-
age, and the possibility that ribbon 16 is cut is
reduced.

In the various method of driving electrodes 30,
which have been described above, the electrodes
30 of recording head 11 are divided into two
groups, the first group consisting of the odd-num-
bered electrodes, and the second group consisting
of the even-numbered electrodes. Instead, the first
group can consists of the first N/2 electrodes, and
the second group can consists of the remaining
N/2 electrodes. Alternatively, the first group can be
comprised of odd-numbered sub-groups each con-
sisting of several electrodes 30, and the second
group can be formed of even-numbered sub-
groups each consisting of several electrodes 30.
Still further, data-recording electrodes 30 can be
divided into three or more groups.

When the above-described various method of
driving electrodes 30 are employed, it is possible
to supply no current pulses to many electrodes 30
at the same time when these electrodes are used
to print ink dots on paper 27. Hence, the amount of
the current flowing through ink ribbon 16 is con-
trolled, and the voltage drop across ribbon 16 is
reduced. As a result, the power-supply voltage of
the constance current circuit is low. In addition,
since those portions of ink ribbon 16, in which heat
is generated, are sparsely located, the possibility of
the cutting of ribbon 16 is minimized.

Figs. 45A and 45B are diagrams showing an
example of a circuit for generating current pluses
for driving data-recording electrodes 30 by one of
the methods described above. Figs. 46 shows the
waveforms of the current pulse codes stored in a
ROM shown in Fig. 45A. With reference to these
figures, the method of driving electrodes 30 will be
explained in greater detail.

As is shown in Fig. 45A, image data to be
recorded on paper 27 is supplied, in the form of
serial binary data, from a data processor (not
shown) to 3-bit shift register 150. This image data
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is supplied, as address data, from shift register 150
to ROM 151 which stores the code data represent-
ing various ways of applying a current pulse io the
electrode 30 corresponding to specified pixel 141
(Fig. 40). (These ways of applying the current
pulse will be hereinafter referred to as "pulse-
supplying patterns”.) The second bit of the 3-bit
image data stored in shift register 150 is supplied
to one-line (1 bit * 40) buffer 152. As other items
of 3-bit image data are sequentially supplied to 3~
bit shift register 150, and the second bit of each 3-
bit image data item is supplied to one-line buffer
152. When the fourty-first bit is input to buffer 152,
the second-bit data (40 bits) is supplied from buffer
152 to 3-bit shift register 153. The second-bit data
is then supplied from shift register 152 to ROM
151, in the form of parallel 3-bit data items and as
address data. The second bit of each 3-bit address
data output by shift register 153 is supplied to one-
line (1 bit * 40) buffer 154. This bit is the address
of specified pixel 141 shown in Fig. 40. When the
fourty-first bit is input to buffer 154, the second-bit
data (40 bits) is supplied from buffer 154 to 3-bit
shift register 155. The second-bit data is supplied
from shift register 155 to ROM 151, in the form of
parallel 3-bit data items and as address data.

Fig. 46 schematically represents the various
pulse-supplying pattern codes which are stored in
ROM 151, in the form of code data. When the
three items address data output by shift registers
150, 153, and 155 are supplied to ROM 151, one of
the pattern codes is accessed. More specifically,
the address signal designating specified pixel 141
is input to terminal A0 of ROM 151, and the ad-
dress signals designating the eight reference pixels
142 are input to terminals At to A8 of ROM 151.
These nine address signals designate one of the
pattern codes stored in ROM 151. The 6-bit code
data representing the selected pattern code is out-
put from ROM 151 and supplied to first 6 bit X 40
line-buffer 174. Other 6-bit code data items are
supplied from ROM 151 o first line-buffer 174 as
other pattern codes are selected in accordance is
9-bit addresses are input to ROM 151. When 40 6-
bit code data items have been input into first line-
buffer 174, the next 40 code data items supplied
from ROM 151 are input into second 6 bit * 40
line-buffer 175. The 40 code data items, which
correspond to a first line of data, are supplied from
first line-buffer 174 to image data conversion ROM
176. Then, further 40 code data items supplied
from ROM 151, which correspond to a third line of
data, are input into first line-buffer 174. Meanwhile,
the 40 code data items, which correspond to a
second line of data, are supplied from second line-
buffer 175 into ROM 176. Thereafter, other 40 code
data items supplied from ROM 151, which cor-
respond to a fourth line of data, are input into
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second-line buffer 175. Thus, as the contents of
line-buffers 174 and 175 are updated in this way,
lines of data are sequentially stored into ROM 176.
In the meantime, timing controller 177 gen-
erates timing signals which are used to divide data-
recording period T into 32 segment periods. These
timing signals are supplied to counter 156 and
counted by this counter 156. The count vaiue of
counter 156 is supplied, as address data, to image
data conversion ROM 176. Then, 40 bit image data
items corresponding to the 40 code data items,
which has been input from first line-buffer 174 into
ROM 176 and correspond to the first line of data,
are sequentially supplied from ROM 176 to 40-bit
shift register 157 shown in Fig. 45B, in synchro-
nism with clock signals output by timing controller
177. : ,
More precisely, when pattern code 01 shown in
Fig. 46 is input into ROM 176 via first line-buffer
174, bit image data item "1" is supplied to 40-bit
shift register- 157 in synchronism with the clock
- signals output by timing controller 177, during Oth
to 4th segment periods, that is, while counter 156
is counting first four timing signals. Then, bit image
data item "0" is supplied to 40-bit shift register 157
in synchronism with the clock signals output by
timing controller 177, during 5th to 32nd segment
periods, that is, while counter 156 is counting 5th
to 32nd timing signais.

When pattern code 32 shown in Fig. 46 is input
into ROM 176 via first line-buffer 174, bit image
data item "1" is supplied to 40-bit shift register 157
in synchronism with the clock signals ouiput by
controller 177, while counter 156 is counting 1st to
4th timing signals, 9th to 12th timing signals, 17th
to 20th timing signals, and 25th to 28th timing
signals. Then, bit image data item "0" is supplied

to 40-bit shift register 157 in synchronism with the

clock signals output by timing controller 177, while
counter 156 is counting 5th to 8th timing signals,
13th to 16th timing signals, 21st to 24th timing
signals, and 29th to 32nd timing signals.

When counter 156 counts 32 timing signals,
then the 40 bit image data items, which correspond
to a second line of data supplied from second line-
buffer 175 into ROM 178, are sequentially supplied
to 40-bit shift register 157 in synchronism with the
clock pulses output by timing controller 177.

Whenever 40 bit image data items correspond-
ing to one line of data are supplied from ROM 176
to 40-bit shift register 157, timing controller 177
supplies a latch signal to latch 158. In response to
this signal, latch 158 latches the 40 bit image data
items from shift register 157.

The data processor (not shawn) supplies data
to D/A converter 164. This data, which represents
data currents to be supplied to data-recording elec-
trodes 30-1 to 30-40, is converted by D/A converter
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164 to analog signals. These analog signals are
supplied to current-to-voltage converter 166 and
thus converted into voltage signals. The voltage
signals are supplied, as reference voltages, to
switching elements 168-1 to 168-40 of constant
current switching circuits 162-1 to 162-40. In the
meantime, 40 bit image data items are supplied
from latch 158 to two-input AND gates 160-1 to
160-40, at the first input terminal. When the en-
abling signal output by timing controller 177 is
supplied to these AND gates at the second input
terminal, the bit image data items "1" supplied to
some or all AND gates are supplied to the switch-
ing element_s of the switching circuits which are
coupled by these AND gates to latch 158. These
switching elements are turned on, and the switch-
ing circuits having these elements are electrically
connected to current-to-voltage converter 166. As a
result, the reference voltage is applied from con-
verter 166 to those of constant current circuits 170-
1 to 170-40 which are included in the constant
current switching circuits whose switching elements
have been turned on. The constant current circuits
applied with the reference voltage supply a current
pulse from power-supply voltage source +V to
those of data-recording electrodes 30-1 to 30-40
which are connected to the constant current cir-
cuits. The data-recording electrodes, to which the
current pulses are supplied, supply data currents to
ink ribbon 16, thereby recording the image data on
paper 27.

Claims

1. An electrothermal printing apparatus for
transferring ink onto a recording medium, thereby
to record data on the recording medium, said ap-
paratus comprising:

an ink ribbon (16) including a base film (32)
being electrically resistive and having first and sec-
ond surfaces, an electrically conductive layer (33)
formed on the first surface of the base film (32),
and an ink layer-(34) formed on the conductive
layer (33), and having a surface to face and contact
with the recording medium (27);

ribbon-feeding means. (23, 23A, 23B) for
feeding said ink ribbon in a first direction;
current-supplying means (11, 30, 31) contact-
ing with the second surface of the base film for
supplying a signal current to the electrically con-
ductive layer through the base film (32), thereby to
generate heat in the base film (32), said heat being
transferred to the ink layer (34) through the elec-
trically conductive layer (33), thereby to transfer ink
to the recording medium (27) from the ink layer
(34); and
current-collecting means (15, 21, 42) located
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upstream of said first direction with respect to said
current-supplying means, and contacting with the
second surface of the base film (32), for collecting
the signal current supplied from said current-sup-
plying means (11, 30, 31) to the electrically con-
ductive layer (33); characterized in that said
current-collecting means (11, 30, 31) is located
upstream of said first direction with respect to said
current-supplying means {11, 30, 31).

2. The apparatus according to claim 1, char-
acterized by further comprising carriage means
(24, 25, 26) for carrying said ribbon-feeding means
(23, 23A, 23B) and said current-supplying means
(11, 30, 31) in a second direction substantially
opposite to said first direction.

3. The apparatus according to claim 2, char-
acterized in that said ribbon-feeding means (23,
23A, 23B) feeds said ink ribbon (18) relative to said
current-supplying means (11, 30, 31) at a predeter-
mined speed, and said carriage means (24, 25,
26) carries said ribbon-feeding means (23, 23A,
23B) relative to said recording medium (27) at a
predetermined speed which is not larger than the
speed at which said ink ribbon (16) is fed by said
ribbon-feeding means (23, 23A, 23B).

4. The apparatus according to claim 1, char-
acterized by further comprising recording medium-
feeding means (14, 28, 29) for feeding the record-
ing medium (27) in a direction at right angles to
said first direction. )

5. The apparatus according to claim 1, char-
acterized in that said current-supplying means. (11,
30, 31) includes a plurality of electrodes (30) ar-
ranged in a direction at right angles to said first
direction.

6. The apparatus according to claim 5, char-
acterized in that said current-supblying means (11,
30, 31) includes means (31) for supplying signal
currents to said electrodes.

7. The apparatus -according to claim 6, char-
acterized in that said current-suppiying means (11,
30, 31) includes means (31) for being capable of
supplying two signal currents of different phases to
the two groups of electrodes (30), respectively.

8. The apparatus according to claim 7, char-
acterized in that said electrodes (30) are divided
into two groups, and the electrodes (30) of said first
group are odd-numbered electrodes (30), and the
electrodes (30) of said second group are even-
numbered electrodes (30).

8. The apparatus according to claim 7, char-
acterized in that said curreni-supplying means (11,
30, 31) includes means (150, 151, 152, 153, 154,
1585) for determining, from pixel data, supply tim-
ings on a period of current signals and duration
times of the current signals to be supplied to the
electrodes (30), respectively.
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10. The apparatus according to claim 9, char-
acterized in that said pixel data represents a speci-
fied pixel and pixels surrounding the specified
pixel, and is processed so as to determine the
supply timings in a period of current signals and
duration of the current signals to be supplied to the
electrode (30) corresponding to said specified
pixel.

11. The apparatus according to claim 6, char-
acterized in that said ink ribbon-feeding means (23,
23A, 23B) feeds said ink ribbon (16) in said first
direction or in said second direction.

12. The apparatus according to claim 11, char-
acterized in that said current-coilecting means (15,
21, 42) includes first and second electrodes (15,
21) which are connected to the ground, said first
electrode (15) contacting the base film (32) when
said ink ribbon (16) is fed in said first direction, and
said second electrode (21) contacting the base film
(32) when said ink ribbon (16) is fed in said second
direction.

13. The apparatus according to claim 1, char-
acterized in that said current-collecting means (15,
21, 42) includes at least one electrode (42) con-
nected to the ground and defining a path in which
said ink ribbon (16) is fed.

14. The apparatus according to claim 1, char-
acterized by further comprising ribbon-cooling
means (94, 102, 103, 104, 105, 1086, 107, 118, 120,
121, 122) located upstream of said first direction
with respect to said current-supplying means (11,
30, 31), for taking, from said ink ribbon (18), the
heat generated in said ink ribbon (18).

15. The apparatus according to claim 14, char-
acterized in that said ribbon-cooling means (94,
102, 103, 104, 105) includes a member made of
material having high thermal conductivity and con-
tacting said ink ribbon (16).

16. The apparatus according to claim 14, char-
acterized in that said ribbon-cooling means (94,
102, 103, 104, 105, 106, 116, 120, 121, 122) de-
fines a path in which said ink ribbon is fed.

17. The apparatus according to claim 14, char-
acterized in that said ribbon-cooling means (106,
116, 120, 121, 122) includes a mechanism for
cooling said ink ribbon.

18. The apparatus according to claim 17, char-
acterized in that said cooling mechanism (116, 120,
121, 122) includes a fan (116, 120) for supplying
air to said ink ribbon.

19. A resistance thermal recording apparatus
for transferring ink onto a recording medium, there-
by to record data on the recording medium, said
apparatus characterized by comprising:

an ink ribbon (71) including a substrate (71A)
and an ink layer (71B) formed on the substrate
(71A), having a surface to face and contact the
recording medium (27), and being able to be trans-
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ferred onto the recording medium (27) when heat-
ed;

first ribbon-feeding means (73, 74) for feeding
said ink ribbon (71) in a first path;

a resistive ribbon (70) including a base film
(70B) being electrically resistive and having two
opposing surfaces, and an electrically conductive
layer (70A) formed on one of the surfaces of said
base film (70B) and having a surface to contact
with said ink ribbon (71);

a second ribbon-feeding means (15, 72, 78,
79) for feeding said resistive ribbon (70) in a sec-
ond path, a part of which is identical to said first
path, and for holding said resistive ribbon (70) in
contact with said ink ribbon (71) in said part of the
second path;

current-supplying means (11, 30, 31) contact-
ing the base film (70B) in said part of the second
path for supplying a signal current to the conduc-
tive layer (70A) through the base film (70B), there-
by to generate heat in the base film (70B), said
heat being transferred to the ink layer (71B)
through the electrically conductive layer (70B),
thereby to transfer ink to the recording medium
from the ink layer (71B); and

current-collecting means (15, 21, 42) located
upstream of said second path with respect to said
current-supply means (11, 30, 31), and contacting
with the second surface of the base film (70B), for
collecting the signal current supplied from said
current-supplying means (11, 30, 31) to the con-
ductive layer (70A).

20. The apparatus according to claim 19, char-

acterized by further comprising carriage means -

(24, 25, 26) for carrying said second ribbon-feeding
means (15, 72, 78, 79) and said current-supplying
means (11, 30, 31) in a second direction substan-
tially opposite to said first direction.

21. The apparatus according to claim 20, char--

acterized in that said second ribbon-feeding means
(15, 72, 78, 79) feeds said resistive ribbon (70)
relative to said current-supplying means (11, 30,
31) at a predetermined speed, and said carriage
means (24, 25, 26) guides said second ribbon-
feeding means (15, 72, 78, 79) relative to said
recording medium (27) at a predetermined speed
which is not larger than the speed at which said
resistive ribbon (70) is fed by said second ribbon-
feeding means (15, 72, 78, 79).

22. The apparatus according to claim 19, char-
acterized by further comprising recording medium-
feeding means (14, 28, 29) for feeding the record-
ing medium (27) in a direction at right angies to
said first direction.

10

15

20

25

30

35

40

45

50

55

22

23. The apparatus according to claim 22, char-
acterized in that said first ribbon-feeding means
(73, 74) feeds said ink ribbon (71) in the direction
in which said recording medium (27) is fed by said
recording medium-feeding means (14, 28, 29).

24. The apparatus according fo claim 18, char-
acterized in that said current-supplying means (11,
30, 31) includes a plurality of electrodes (30) ar-
ranged in a direction at right angles to said second
path. :

25. The apparatus according to claim 24, char-
acterized in that said current-supplying means (11,
30, 31) includes means (31) for supplying signal
currents to said electrodes.

26. The apparatus according to claim 25, char-
acterized in that said current-supplying means (11,
30, 31) includes means (31) for being capable of
supplying two signal currents of different phases to
the two groups of electrodes (30), respectively.

27. The apparatus according to claim 26, char-
acterized in that said electrodes (30) are divided
into two groups, and the electrodes of said first
group are odd-numbered electrodes (30), and the
electrodes (30) of said second group are even-
numbered electrodes (30).

28. The apparatus according to claim 286, char-
acterized in that said current-supplying means (30)
includes means (150, 151, 152, 153, 154, 155) for
determining, from pixel data, supply timings in a

period of current signals and duration times of-

current signals fo be supplied to the electrode (30),
respectively. :

29. The apparatus according to claim 28, char-
acterized in that said pixel data represents a speci-
fied pixel and pixels surrounding the specified
pixel, and is processed so as io determine supply
timings in a period of current signals and duration
times of the current signals to be supplied to the
electrode (30) ¢corresponding to said specified
pixel.

30. The apparatus according to claim 24, char-
acterized in that said ink ribbon-feeding means (23,
23A, 23B) feeds said ink ribbon (16) in said first
direction or in said second direction.

31. The apparatus according to claim 30, char-
acterized in that said current-collecting means (30)
includes first and second elecirodes (15, 21) which
are connected to the ground, said first electrode
(15) contacting the base film (70B) when said ink
ribbon (70) is fed in said first direction, and said
second electrode (21) contacting the base film
(70B) when said ink ribbon (70) is fed in said
second direction.

32. The apparatus according to claim 19, char-
acterized in that said second ribbon-feeding means
(15, 72, 78, 79) feeds a loop of resistive ribbon
(70).

L
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33. The apparatus according to claim 19, char-
acterized in that said current-collecting means (15,
21, 42) includes at least one electrode (42) con-
nected to the ground and defining said second
path in which said resistive ribbon (70) is fed.

34. The apparatus according to claim 19, char-
acterized by further comprising ribbon-cooling
means (94, 102, 103, 104, 105) located upstream
of said first direction with respect to said current-
supplying means, for taking, from said resistive
ribbon (70), the heat generated in said resistive
ribbon (70).

35. The apparatus according to claim 34, char-
acterized in that said ribbon-cooling means (94,
102, 103, 104, 105) includes a member made of
material having high thermal conductivity and con-
tacting said resistive ribbon (70).

36. The apparatus according to claim 34, char-
acterized in that said ribbon-cooling means (94,
102, 103, 104, 105, 106, 116, 120, 121, 122) de-
fines a path in which said resistive ribbon (70) is
fed.

37. The apparatus according to claim 34, char-
acterized in that said ribbon-cooling means (108,
116, 120, 121, 122) includes a mechanism for
cooling said resistive ribbon {70).

38. An electrothermal printing apparatus char-
acterized by comprising:

an ink ribbon (16) having first layer (32) being
electrically resistive, second layer (33) formed on
said first layer (32) being electrically non-resistive,
and an ink layer (34) formed on said second layer
(33);

supplying means (30) having first contact

portion with the first layer (32) of said ink ribbon
{16), for supplying current through first contact
portion to said first layer (32), thereby removing an
ink from the ink layer (34) and printing the ink (34)
to a retording medium (27); and

collecting means (15, 21, 42) having second
contact portion with the first layer (32) of said ink
ribbon (16), for collecting current being supplied by
said supplying means (30) through the second con-
tact portion;

said supplying means (30) and collecting

means (15, 21, 42) being located such that no ink
removed area of the ink layer (34) is arranged
between the first contact portion and second con-
tact portion.

10

15

20

25

30

35

40

45

50

55

23

44



0289 115

6
]

— SIGNAL— 7
o—={ GENERATING
CIRCUIT O Q
\‘}‘

! \ A <‘r_-$:‘ l‘ S “/‘/‘t/“ 8
SSSSIIYYS

2
3 ot X
NSRS s 277

vvvvvvvvvvv N \/2
4’ () /o

F1G.

onmlfieme



0289 115

| O O_\ 30
=
\\://
— 32A
—L—L_L—LJ«
11D 1iC 118

FI1G 3



0289 115

31
| SIGNAL—

O—| GENERATING |-
CIRCUIT

—
Y
Ny
—— ™~
__=-=l_
1
|
|
|
!
—_—
—r—
.
D

) F1G DHBA
| 3}5 I ?}8 ::'3/(6
B
77
FI1G 5B



0289 115




0289 115




0289 115

42A . a2p 16 16
a4 427
( 1
] / '
\ 42 ¢ 45 4

42

F1G 10A FIG 1{0BFIG 10C




0289 115

3}1
SIGNAL—
0— GENERATING
CIRCUIT
21
T @f
3 - 2 <
777' ) 1-—-30 ":‘ 33 A-1
A-2 \\ O ’ o
X <::Q " ] 34
\\ c @22 22
N 2
51 N )
RN SF
25 —
' \/ NP/ ‘
3
27
FI1G 13
238 23A
/ - /
)
g . '

X
R X X
DA

V,
%

LAY
AN
S AN,
AN
X
PO A4

n

FI1G 14



58

0289 115

{
578 s 5 N 16 57A
i
{A‘i
- 3
A-2
FI1G 15
A-2 A-1
- §
60
59\ [ o/"} 6 A
61—l o |1 !
|
|
§ ;62A
P — — /
628 /\ ﬁ j
SIGNAL~
7T GENERATING 777
CIRCUIT
N
! 31
FIG {6



0289 115

A A A A AAPET




0289 115

FI1G 19
| 27
5
76 30 77
74 F 2 _—

L

' ' i ."r I I
!\V,: ' 'JII ::P i“ll, - o)
)Y 71 718
75 E 70

90

73[R
A 15

FI1G 20



0289 115

FI1G 2i




0289 115

Fl G. 24A F1G 248

F1G 24C



0289 115

i 27




0289 115




0289 115

i

HO

2RSS
RS

il

15 H»H 16

\

/ 12
106

FI1G 29



0289 115

H 42 13
3 119
o i -

\ e .
16 _TF\ o 'Il
—— \ 15

2 ——____ e
FI1G 30A
{19
J] J
516 23
L\
\116
{i8

FI1G 30B




0289 115

FAN

i

3

F1G.



0289 115

,vd=(Rf+RC+RrH

EfT’J'Rf

30 ;5
) L.
o " w—
RC \  Rr
20 33
FI1G 32A
 vd=Rf-1+(RC*Rr NI
| .
~ A
/N
a % s
() NI
"/ MA — 5 v
AN P A 2
30 RC \ Rr
| 33

FI1G 32B



0289 115

TIME
TIME

o . N

———— 1

LNHAND < LN3IHHND
N)

338

FIG 3
FI1G.

F1G 34B

FI1G 34A



F1G.

FI1G.
FIG
F1G.
FIG
F G

39A

358

36A

368

37A

37B

0289 115

|_

2\

L

(1l

id

=

O |

EE : :TWME

% |

o |

) !

© | TIME
|

-

=2

Ll

g i

5 |

- | TIME

| |

= N ]

w |

x I

o |

5 1

© TIME
T =7

TS T

|_

=

(W]

c

%T |

(&) I

CURRENT

: TIME

TIME




0289 115

}TuME
TIME
{ TIME
TIME

g 9
- - N
- F ™\ \ ,
N
lllll - ] o N
IN3gand IN38END INIZEND IN3YHEND m;,
]
< a g oM ©
© ®© S O > _
M 9 N N ONINNVOS NIVW
G) o &) O)
L L L L

F1G 40



o
O
®

O
©
°

O
O
®

{42

F1G 4iC

/440

[
O
O

O 42
® O O\‘i4i

o
O

F1G 41D

0289 115

z

- —

O |

| i TIME

B =

rxT !

3 L . TIME

- FI1G 42A

&

24

3| nonn.,

= |

ET | |

s M riri

© T |TIME
FI1G 42B

z

14

?D)T | I

| n TIVE

FI1G 42C

z

g =

T T TIME
FI1G 42D




0289 115

/i4|
XXJX/MO %
e/e/O g [ (=i
x| x| x © - iTIME
F1G  43A F1G 44A
x| x [ x %]
Ole|e g |
X | X|X Ui T _1:T|ME
. 4 |
P16 438 FIG 44B
X | X | X
O|@®@|0
X | X | X =
gl 1 [gs EEs
F | G 43C 3 !; """ TL“'" ETIME
X | X | X
o0 0
<1 x| x FI1G 44C

FI1G 43D



0289 115

Vaby 91 4.

JovmI 118 O
v
WON m«a“
wh_.u\ O_<.«®<
oGk ¥3INNOD
. )
WNDIS ONITEVNI
UNOIS
01
Y3 TI04INOD
VNOIS .
ITNOIS ™ oNImiLL
|
11

— G

Wod

cGl

¥344N8 3IANIT *({ 1°
oyf_ooum 0g NP
/i Ll_ 1
® [ ] .ll—
£,
4343n8 oy [2v 2v|l|w 2y | 18y
3NN 1Sy , ) —
i SGi~J ¥31S1934 =V 9v
vl 1dIHS l._
YEFE 1B
¥31S1938 LIIHS[™
§
Gl egi} 10200 z__A__
Y344N8
“1110 anm-ano NI
w lo2o€0

OGl~—

Nif——

¥31sio3d 14Hg| b

Vviva
JOVINI

AYVNIS



0289 115

aeyr 91 4

d43193ANOD
JOVLI0A
/IN339ND

f
OP-09t g

§
POl

L

viva

V/QK— ) N3denD

I wviva

JOVI Llig

/l.._
p-0g | A %L m TUNDIS 310010
X ! ;o i
' < ) ! “
! Ob-0ty | Ob-29t i Ob-89, !
: Lo “ o )
; ; { “ N p
" T ” S .
. e e & = —
r|||.¢v|I||~ T + " — i)
| _ V i leoot |0 2
g = —— I B
$6-0l1 €-29¢¥  €-89 m
A it B D ~—y6H
2-0¢ " b AAN~—— - | J‘Il
[ a fln ¢-091
I/ 2z z-89 | sart”
T T T T T T T e/ =
_ F—C
T o—< il - UNOIS
o P N 5| m HOLV1
| { 0
vy ST R == \tgol °
A+ 1-0LV  1-29F UNOIS ONITEVN3



PULSE
PATTERN
CODES

l :

oI L

X

021 1.

X N |

04—

10157 e—

O6_—1

o7_1 =1

08_J

09_r

OA_]

0BJ

oC_]

oD [

Ot [

OF

i0 |

B [

i2 f
13

14

15

16

17

i8

0289 115

PULSE
PATTERN

CODES

19 S
iA M




0)) European Patent
Ofttice

. Application number

EPO Form 1503 03 82

: intermediate document document

EUROPEAN SEARCH REPORT
DOCUMENTS CONSIDERED TO BE RELEVANT EP 88301800.4
* Citation of document with indication, where appropriate, Reievant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (int. Cl.4)
X|DE - Al - -
3 219 781 (RICOH) 1-8,38 B 41 J 3/20
* Totality *
P,X|EP - A1l - 0 218 551 (HERMES PRECISA|19-22,
INT. S.A.) 24,25
* Totality *
- X|EP - A2 - 0 146 069 (IBM) 19
* Totality *
D,A|US - A - 4 558 963 (APPLEGATE) 1-6,38
* Totality *
TECHNICAL FIELDS
SEARCHED (Int. Cl.3)
B 41 J
G 01 D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
VIENNA 08-06-1988 WITTMANN
CATEGORY OF CITED DOCUMENTS T : theory or principle un&erlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category ’ L : document cited for other reasons
A : technological background e s
g . non-written disclosure & - member of the same patent family, corresponding




	bibliography
	description
	claims
	drawings
	search report

