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@ Driving apparatus for a thermal print head, and driving method for the same.

@ A driving apparatus for a thermal print head
comprises a data supplying circuit (11, 12) for sup-
plying a line of dot data to the thermal print head
(13) in each drive cycle, which data specifies which
one of heating elements (14) of the thermal print
head is (13) used fo print a dot, and enabling the
thermal print head (13) to energize the heating ele-
ments (14) specified by the dot data line for a first
energizing time from the time when the dot data line
is supplied. In the driving apparatus, a replacing
circuit (21, 22) is provided to replace the dot data
line supplied to the thermal print head (13) by in-
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verted data of the dot data line supplied in the drive
cycle preceded by one cycle when a second en-
ergizing time has elapsed from the time at which the
line of dot data is supplied from the data supplying
circuit (11, 12) to the thermal print head (13),
wherein the second energizing time is set o a length
suitable for printing a dot by the heating element
(14) in a preheated state, and the first energizing
time is set longer than the second energizing time
by a length suitable for preheating the heating ele-
ment (14).
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The present invention relates to a driving ap-
paratus and driving method for a thermal print
head, and more particularly to a driving apparatus
and driving method for controlling the energization
time of each heating element of a thermal print
head in accordance with the energization history
thereof.

Fig. 1 shows part of a circuit of a conventional
label printer which prints characters and bar codes
on a label. The label printer comprises a print data
processing unit 1, a head driver 2 and a thermal
print head 3. The print head 3 has a line of heating
elements 4 arranged perpendicularly to the feeding
direction of the label, and an energization controller
5 which controls energization of the heating ele-
ments. The print data processing unit 1 receives
print data for one label from an external computer
and produces dot image data for characters and
bar codes on the basis of this print data. The head
driver 2 repeatedly drives the thermal print head 3
fo print a label corresponding to the dot image data
produced by the processing unit 1.

Specifically, the print data processing unit 1
sequentially extracts one line of dot data from the
produced dot image data at an interval correspond-
ing to a drive cycle at which the print head 3 is
driven, and supplies the dot data line to the head
driver 2 so as to specify which of the heating
elements 4 is to be energized at one time. The
head driver 2 supplies the line of dot data in
synchronization with clock pulses, then a strobe
pulse and an enable signal to the energization
controller 5 of the thermal print head 3. The enable
signal continues for a predetermined time from the
time the strobe pulse is supplied. The energization
controller 5 includes a plurality of switches 6 for
selectively supplying power to the corresponding
heating elements 4, a shift register circuit 7 for
sequentially receiving the line of dot data in re-
sponse to the respective clock pulses, and latching
the line of dot data in response to the strobe pulse,
and a gate circuit 8 for selectively turning the
power switches 6 on, based on the line of dot data
latched in the shift register circuit 7 during a period
while the enable signal is being supplied. In other
words, the power switches 6 energize the cor-
responding heating elements 4 when the dot data
is "1", and deenergizes the corresponding heating
elements 4 when the dot data is "0". The print
head 3 prints a dot on the portion of the label
facing the energized heating element 4, and blanks
the portion of the label facing the deenergized
heating element 4.

In general, the image density becomes irregu-
lar due to the difference in energization histories of
the heating elements 4. For simplicity of descrip-
tion, it is considered that two heating elements, for
example, are energized for a predetermined time fo
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print dots in a certain drive cycle. If both the
heating elements are initially used in this drive
cycle, the dots can be printed uniformly since the
temperatures of these heating elements are in the
same temperature immediately before energization.
However, if one of the heating elements is already
used in a preceding drive cycle, the dots cannot be
printed uniformly since there is a difference in
temperature between these heating elements im-
mediately before energization. The above-de-
scribed head driver 2 normally performs a com-
plicated process so as to reduce the irregularity in
image density.

More specifically, the head driver 2 controls
the energizing time of each heating element 4 in
accordance with the energization history thereof 4
for one preceding drive cycle. In this control, a first
energizing time is prepared for those heating ele-
ments 4 used to print dots during the preceding
drive cycle, and second energizing time is pre-
pared for those heating elemenis 4 not used to
print dots during the preceding cycle. When the
first energizing time has a length T1, the second
energizing time is set to a length of the sum of T1
and T2. The head driver 2 processes the line of dot
data supplied from the print data processing unit 1
so as to selectively assign one of the first and
second energizing times to the heating element 4.
As shown in Fig. 2, when one line of dot data Dn is
supplied for energization in the n-th drive cycle, the
head driver 2 stores the line of dot data Dn as the
energization history data Hn of the n-th drive cycle,
and further sequentially supplies the line of dot
data Dn and clock pulses synchronized there with
fo the energization controller 5. The head driver 2
supplies a first strobe pulse to the energization
controller 5 after supplying all of the dot data, and
supplies an enable signal to the energization con-
troller 5. The enable signal is continued from the
time when the first strobe pulse is supplied for the
length of the second energizing time (T1 + T2).
Thus, the dot data line Dn is set in the shift register
circuit 7 and output therefrom. At this time, the
heating elements specified by the dot data line Dn
are energized to print dots. The head driver 2
checks energization history data H (n - 1) stored in
the (n-1)-th drive cycle while the specified heating
elements are being energized, produces one line of
dot data Dn' for specifying the heating elements 4
not energized in the (n-1)-th drive cycle and en-
ergized in the n-th drive cycle, and sequentially
supplies the line of dot data Dn' and clock pulses
synchronized therewith to the energization control-
ler 5. The supply of the entire dot data is com-
pleted before the time of T1 has elapsed from the
generation of the first strobe pulse. The head driver
2 supplies a second strobe pulse to the ener-
gization controller 5 when the lapse of time T1 is
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detected. Thus, the dot data line Dn' is set in the
shift register circuit 7 and further output therefrom
instead of the dot data line Dn. At this time, ener-
gization of those heating elements 4 specified by
the dot data line Dn' is continued, and energization
of those heating elements 4 not specified by the
dot data line Dn' is stopped. In other words, the
heating element 4 used to print a dot in the (n-1)-th
drive cycle and the n-th drive cycle is energized for
the time of T1, and the heating element 4 not used
in the (n-1)-th drive cycle and used to print a dot in
the n-th drive cycle is energized for the time of (T1
+ T2). Thus, uniform dots can be obtained by
suitably setting the time length T2.

However, since the above-described head driv-
er 2 produces the line of dot data Dn' by calcula-
tion, a relatively long time is required to produce
the dot data line Dn'. The first energizing time must
be set in consideration the time needed to produce
the dot data line Dn'. This makes it difficult to
shorten the energizing time by increasing the en-
ergizing power so as o improve the printing speed.

Further, the head driver does not check the
energization history of each heating element for
two preceding drive cycles or more. Therefore,
when heating elements unused for two or more
drive cycles are energized to print dots, their en-
ergizing time is set to (T1 + T2), likewise the
heating elements unused for only one drive cycle.
This control does not satisfactorily prevent non-
uniform dots from being printed. The non-uniform-
ity of such dots can be reduced if more lines of dot
data are produced and supplied to the energization
controller 5 during one drive cycle. However, this
makes it necessary to lengthen the drive cycle in
accordance with an increase of the total time need-
ed to produce the lines of dot data. Accordingly,
sufficient print quality cannot easily be obtained
without decreasing the printing speed.

Accordingly, an object of the present invention
is to provide a driving apparatus for a thermal print
head capable of improving a printing speed and
obtaining a sufficient print quality.

The above-described object can be achieved
by a driving apparatus for a thermal head which
comprises a data supplying circuit for supplying a
line of dot data to the thermal print head in each
drive cycle, which data specifies which one of
heating elements of the thermal print head is used
fo print a dot, and enabling the thermal print head
fo energize the heating elements specified by the
dot data line for a first energizing time from the
time when the dot data line is supplied, and a
replacing circuit for replacing the dot data line
supplied to the thermal print head by inverted data
of the dot data line supplied in the drive cycle
preceded by one cycle when a second energizing
time has elapsed from the time at which the line of
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dot data is supplied from the data supplying circuit
to the thermal print head,

wherein the second energizing time is set fo a
length TA suitable for printing a dot by the heating
element in a preheated state, and the first energiz-
ing time is set longer than the second energizing
time by a length TB suitable for preheating the
heating element.

In the driving apparatus, the energizing time of
each heating element is controlled as below in
accordance with the energization history thereof for
one preceding drive cycle.

If dot data of a first level is supplied from the
data supplying circuit to the print head in a certain
drive cycle, a corresponding heating element of the
print head is energized for the time TA from the
time when the dot data is supplied, irrespective of
its energization history. When the time TA has
elapsed, the dot data being supplied to the print
head is replaced by inverted data of the dot data
supplied thereto in the drive cycle preceded by
one cycle. If the heating element is not used fo
print a dot in the preceding drive cycle, ener-
gization of the heating element is further continued
for the time TB. On the other hand, if the heating
element is used to print a dot in the preceding
drive cycle, energization of the heating element is
stopped here.

If dot data of a second level is supplied from
the data supplying circuit to the print head, a
corresponding heating element of the print head is
not energized for the time TA from the time when
the dot data is supplied. When the time TA has
elapsed, the dot data being supplied to the print
head is replaced by inverted data of the dot data
supplied thereto in the drive cycle preceded by
one cycle. If the heating element is not used fo
print a dot in the preceding drive cycle, the heating
element is energized for the time TB. On the other
hand, if the heating element is used to print a dot
in the preceding drive cycle, the heating element is
not energized further for the time TB.

More specifically, each heating element of the
thermal print head is prevented from being left in a
non-preheated state more than two drive cycles.
Thus, the energization histories of the heating ele-
ments are averaged to improve the print quality as
compared with that of the prior art. Further, the
driving apparatus has advantages to realize the
operation for inverting the line of dot data supplied
in the preceding drive cycle and supplying the
inverted data to the print head by a relatively
simple hardware, and not to disturb the accelera-
tion of the print operation by the above operation.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:
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Fig. 1 is a partial circuit diagram of a conven-
tional label printer;

Fig. 2 is a view showing a signal to be supplied
to a thermal print head shown in Fig. 1;

Fig. 3 is a circuit diagram of a label printer
according to an embodiment of the present in-
vention; and

Fig. 4 is a view showing signals to be supplied
to a thermal print head shown in Fig. 3.

A label printer according to an embodiment of
the present invention will be described with refer-
ence to Figs. 3 and 4. The label printer is used fo
print, for example, characters and bar codes on a
label.

Fig. 3 shows a circuit of this label printer. The
label printer comprises, similarly to the prior art, a
print data processing unit 11, a head driver 12 and
a thermal print head 13. The print head 13 has a
line of heating elements 14 arranged perpendicu-
larly to the feeding direction of the label, and an
energization controller 15 for selectively supplying
power to the heating elements 14. The print data
processing unit 11 receives print data for one label
from an external computer and produces dot image
data for characters and bar codes on the basis of
this print data. The head driver 12 repeatedly
drives the thermal print head 13 to print a label
corresponding to the dot image data produced by
the print data processing unit 11. More specifically,
the print data processing unit 11 sequentially ex-
tracts one line of dot data from the produced dot
image data at an interval corresponding to a drive
cycle at which the print head 13 is driven, and
supplies the line of dot data to the head driver 12
so as to specify which of the heating elements 14
is to be energized at one time. The head driver 12
sequentially supplies the line of dot data to the
energization controller 15 in synchronization with
clock pulses, then supplies a strobe pulse and an
enable signal to the energization controller 15. The
enable signal continues for a predetermined time
(TA + TB) from the time when the strobe pulse is
supplied to the energization controller 15. The en-
ergization controller 15 has a plurality of swiiches
16 for selectively supplying power to the corre-
sponding heating elements 14, a shift register cir-
cuit 17 for sequentially receiving the line of dot
data in response to the clock pulses and latching
the line of dot data in response to the strobe data,
and a gate circuit 18 for selectively turning the
power switches 16 on, based on the line of dot
data latched in the shift register circuit 17 during a
period while the enable signal is being supplied. In
other words, the power switches 16 energize the
corresponding heating elements 14 when the dot
data is "1", and deenergizes the corresponding
heating elements 14 when the dot data is "0". The
print head 13 prints the dot on the portion of the
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label facing the energized heating element 14, and
blanks the portion of the label facing the deener-
gized heating element 14. Further, the label printer
comprises a feed mechanism driver 19 and a feed
mechanism 20 to feed a label upon operation of
the thermal print head 13. The feed mechanism
driver 19 drives the feed mechanism 20 under the
control of the print data processing unit 11.

The label printer further comprises an inverter
21 for inverting the line of dot data supplied from
the head driver 12, and a data selector 22 for
selecting one of the inverted dot data line supplied
from the inverter 12 and the dot data line supplied
from the head driver 12. The selecting operation of
the data selector 22 is controlled by the select
signal supplied from the head driver 12. The data
selector 22 selects the dot data line supplied from
the head driver 12 when the select signal is set to
an "H" level and selects the inverted dot data line
supplied from the inverter 21 when the select sig-
nal is set to an "L" level.

The head driver controls the energizing time of
each heating element 14 corresponding to the en-
ergization history thereof in a preceding drive cy-
cle. First to fourth energizing times are prepared in
this control. The first energizing time is prepared
for those heating elements 14 used to print a dot
during a present drive cycle and also used to print
a dot during the drive cycle preceded by one
cycle, and is set to a length equal to the time TA
suitable for printing a dot by each heating element
in a preheated state. The second energizing time is
prepared for those heating elements 14 used to
print a dot during the present drive cycle and not
used to print a dot during the drive cycle preceded
by one cycle, and is set to a length equal to the
sum of the time TA and the time TB suitable for
preheating each heating element. The third en-
ergizing time is prepared for those heating ele-
ments 14 not used to print a dot during the present
drive cycle and not used fo print a dot during the
drive cycle preceded by one cycle, and is set t0 a
length equal to the time TB. The fourth energizing
time is prepared for those heating elements 14 not
used to print a dot during the present drive cycle
and used to print a dot during the drive cycle
preceded by one cycle, and is set to zero. The
head driver 12 includes first and second buffer
registers for storing the line of dot data supplied
from the print data processing unit 11 as ener-
gization history data by turns. The head driver 12
initially outputs the line of dot data from the pro-
cessing unit 11 together with the select signal of
"H" level, and then outputs the energization history
data together with the select signal of "L" level, so
as to selectively assign the first to fourth energizing
times to the heating elements 14.

The operation of the driving apparatus will be
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described with reference to Fig. 4. As shown in Fig.
4, when the line of dot data Dn is supplied from the
print data processing unit 11 to the head driver 12
so as to print dots in the n-th drive cycle, the head
driver 12 stores the dot data line Dn, then set the
select signal to the "H" level, and thereafter se-
quentially outputs dot data contained in the dot
data line Dn in synchronization with the clock
pulses. The data selector 22 selecis the dot data
supplied directly from the head driver 12. As a
result, the dot data line Dn is set in the shift
register circuit 7. The head driver 12 supplies a
first strobe pulse to the energization controller 15
after all of the dot data are sent, and supplies the
enable signal to the energization controller 15. The
enable signal continues for the second energizing
time (TA + TB) from the time when the first strobe
pulse is supplied. When the line of dot data Dn is
output from the shift register circuit 17, the heating
elements specified by the dot data line Dn are
energized to print the dot. The head driver 12 sets
the select signal to the "L" level immediately after
the head driver 12 supplies the first strobe pulse,
and sequentially all of the dot data contained in the
energization history data D (n - 1) stored in the
drive cycle preceded by one cycle in synchroniza-
tion with the clock pulses. The data selector 22
selects the dot data inverted by the inverter 21. As
a result, the inverted energization history data D -
(n - 1) is set in the shift register circuit 17. The
head driver 12 supplies a second strobe pulse to
the energization controller 15 when all of the dot
data contained in energization history data D (n - 1)
and the time TA has elapsed from the generation
of the first strobe pulse. Thus, when the inverted
energization history data D (n - 1) is set in the
shift register circuit 17 and output instead of the
dot data line Dn from the shift register circuit 17,
only the heating elements 14 specified by the dot
data line D (n - 1) are energized. This energiza-
tion is continued until the time TB has further
elapsed and the supply of the enable signal is
stopped. Energization of the heating elements 14
specified by the line of dot data Dn and not speci-
fied by the line of dot data D (n - 1) is stopped
upon outputting of the line of dot data D (n - 1).
More specifically, the heating elements 14 used to
print dots in the n-th drive cycle subsequently to
the (n-1)-th drive cycle are energized for the length
of time equal to the time TA, the heating elements
14 not used in the (n-1)-th drive cycle and used to
print dots in the n-th drive cycle are energized for
the length of time equal to the time (TA + TB), the
heating elements 14 not used in the (n-1)-th drive
cycle and not used to print dots in the n-th drive
cycle are energized for the length of time equal fo
the time TB, and the heating elements 14 used in
the (n-1)-th drive cycle and not used to print dots
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in the n-th drive cycle are not energized at all. The
head driver 12 again sefs the select signal to the
"H" level immediately after the second strobe
pulse is supplied, in preparation for sending the
line of dot data in the next drive cycle.

In the above-described embodiment, it is pos-
sible to prevent the heating elements 14 of the
thermal print head 13 from being maintained in no
preheated state more than two drive cycles. Thus,
the energization histories of the heating elements
14 are averaged to improve the printing quality as
compared with that of the prior art. The operation
for inverting the energization history data stored in
the preceding drive cycle and supplying the in-
verted data to the print head is realized by a
relatively simple hardware. Further, this operation
does not disturb the acceleration of the printing
operation.

In the above embodiment, the head driver 12
has two buffer registers. However, these registers
are not required if one line of dot data supplied in
the drive cycle preceded by one cycle is supplied
from the data processing unit 11, as energization
history data.

Claims

1. A driving apparatus for a thermal print head,

comprising:

data supplying means (11, 12) for sup-
plying a line of dot data to said thermal print
head (13) in each drive cycle, which data
specifies which one of heating elements (14) of
said thermal print head (13) is used to print a
dot, and enabling said thermal print head (13)
fo energize the heating elements (14) specified
by the dot data line for a first energizing time
from the time when the dot data line is sup-
plied; and

characterized in that

said driving apparatus further comprises
replacing means (21, 22) for replacing the dot
data line supplied to said thermal print head
(13) by inverted data of the dot data line sup-
plied in the drive cycle preceded by one cycle
when a second energizing time has elapsed
from the time at which the line of dot data is
supplied from said data supplying means (11,
12) to said thermal print head (13); and

in that said second energizing time is set
to a length suitable for printing a dot by the
heating element (14) in a preheated state, and
said first energizing time is set longer than the
second energizing time by a length suitable for
preheating the heating element (14).

2. A driving method for a thermal print head,
comprising steps of:
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supplying a line of dot data to said thermal
print head (13) in each drive cycle, which data
specifies which one of heating elements (14) of
said thermal print head (13) is used to print a
dot,

enabling said thermal print head (13) fo
energize the heating elements (14) specified
by the dot data line for a first energizing time
from the time when the dot data line is sup-
plied; and

characterized in that

said driving method further comprises a
step of replacing the dot data line supplied to
said thermal print head (13) by inverted data of
the dot data line supplied in the drive cycle
preceded by one cycle when a second en-
ergizing time has elapsed from the time at
which the line of dot data is supplied to said
thermal print head (13); and

in that said second energizing time is set
to a length suitable for printing a dot by the
heating element (14) in a preheated state, and
said first energizing time is set longer than the
second energizing time by a length suitable for
preheating the heating element (7).
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