


CIRCUIT FOR CONTROLLING ENERGIZING OF               HEATING ELEMENTS
BACKGROUND OF THE INVENTION   The present invention relates to control of a
thermal head of a thermal printer, and more particularly, to a 



circuit for controlling the area modulation of a transfer pixel unit.
FIG. 9 illustrates a conventional circuit for control- ling the energizing
of heating elements. In FIG. 9, nu- meral 101 denotes heating elements, 108
transistors for driving the respective heating elements, 107 AND gates, 106
latches, 104 a shift register, 109 an energizing 



time signal line, and 102 a printing data line through which one-bit
printing data is input on a time series basis, the printing data being
transferred to the shift register 104 in synchronization with a clock
signal from a transfer clock line 103. After all the printing data for
turning on or off the heating elements 101 have been transferred, a latch
signal from a latch signal line 105 



causes the printing data stored in the shift register 104 to be
collectively stored in the respective latches 106. Before being converted
into a signal for driving the transistor 108, the output of the latch 106
is input to one terminal of AND gate 107, while a signal from the
energizing time signal line 109 is input to the other terminal of AND gate
107. The heating element 101 is 



energized via the transistor 108 by making the printing data 'I" (HIGH),
while the heating element is ener- gized only for the period of time
defined by the energiz- ing time signal after the printing data is
completely stored in the latch 106. With this arrangement, the ener- gizing
time can be varied by supplying to each heating element the number of
pulses corresponding to image 



density, where 256 dots in terms of a binary data image is equivalent to
one line. For example, the energizing time can be varied with respect to a
maximum dot of one pixel in a multi-value data image when tone is em-
phasized, by individually controlling the heating-ele- ment energizing time
as in the case of a multi-value data image, or when energizing time control
at a level of 256 



is exercised on the individual heating element.   As described above, the
energizing of one heating unit is determined by the time required for data
to be transferred to the register in view of the prior art circuit    





-2- configuration. If it is attempted to control the energiz- ing time to
increase the image density, the printing speed per line tends to decrease.
In other words, simul- taneous control of printing speed and energizing
time 



has heretofore been incompatible. In order to solve this problem, there has
been proposed a method of control- ling the energizing time by transferring
energizing time data to a multi-bit shift register and inputting the data
to a counter with a latch function to allow individual con- trol of the
energizing times of the heating elements. Although simultaneous control of
printing speed and 



energizing time has been made compatible in the method described above, the
center of a dot shifts in proportion to its diameter (AL), as shown in the
transfer pixel configuration of FIG. 10. The disadvantage in this case is
that the dot corresponding to the pixel tends to be inclined, although at a
small angle.         SUMMARY OF THE INVENTION 



In view of the foregoing problems, an object of the present invention is to
provide a circuit for controlling the energizing of heating elements in
such a way as to obtain uniformity of the visual pixel arrangement while
making compatible the control of multi-value data image printing speed and
energizing time.   In order to solve the problems stated above, a circuit 



for controlling the energizing of heating elements ac- cording to the
present invention comprises transistors for respectively turning on or off
a plurality of heating elements aligned on a thermal head, latch circuits
of multi-bit construction for storing energizing time val- ues, energizing
time counter circuits for counting the energizing time values stored in the
o latch circuits, and 



energizing start time counter circuits for controlling time periods until
the energizing time counter circuits start the timing operation, wherein a
value is input to the energizing start time counter circuit, the value
being given by subtracting [err] of an energizing time value of a dot to be
printed from [err] of the maximum printable energizing time. 



The output of the energizing start time counter is used to energize the
heating element, and suspends the energizing of the heating element after
the heating ele- ment has been energized for a period of time determined by
the energizing time counter.   





BRIEF DESCRIPTION OF THE DRAWING   FIG. 1 is a block diagram illustrating a
circuit for controlling the energizing of heating elements accord- ing to a
first embodiment of the present invention; 



FIG. 2 is a block diagram illustrating in detail the energizing time
control circuit in the first embodiment;   FIG. 3 is a timing chart
illustrating printing data transfer operation timing;   FIG. 4 is a timing
chart illustrating heating element energizing operation timing in the first
embodiment;   FIG. 5 is a diagram illustrating a situation in which 



pixels obtained from the first embodiment are formed;   FIG. 6 is a block
diagram illustrating a circuit for controlling the energizing of heating
elements accord- ing to a second embodiment of the present invention;
FIG. 7 is a block diagram illustrating in detail the energizing time
control circuit in the second embodi- ment; 



FIG. 8 is a diagram illustrating a situation in which pixels obtained from
the second embodiment are formed;   FIG. 9 is a block diagram illustrating
a conventional circuit for controlling the energizing of heating ele-
ments;   FIG. 10 is a diagram illustrating pixels obtained from 



the conventional circuit for controlling the energizing of heating
elements; and   FIG. 11 is a diagram illustrating pixels obtained from the
conventional circuit for controlling the energizing of heating elements
when slanted lines are drawn.      DESCRIPTION OF THE PREFERRED
EMBODIMENTS 



FIG. 1 is a block diagram illustrating a circuit for controlling the
energizing of heating elements con- structed according to a first
embodiment of the present invention. ln FIG. 1, reference numeral 2 denotes
multi- bit latch circuits corresponding in number to heating elements 13,
each of which is of multi-stage construc- tion so that an output at the
preceding stage is made an 



input at the following stage, and 3 a transfer clock signal line, this
signal line being connected to all the latch circuits 2. When the same
number of printing data as     





-4-  that of heating elements 13 is input, via a printing data line 4, to
the latch circuit 2 in synchronization with the transfer clock 3, each
latch circuit 2 is made to store printing data. (See FIG. 3 for timing).
A latch circuit output line 6, as an output of each 



latch circuit 2, is connected to an energizing time con- trol circuit 1, as
will be described later. The number of the energizing time control circuits
corresponds in num- ber to that of heating elements 13 to be energized.
FIG. 2 illustrates an energizing time control circuit I embodying the
present invention, wherein the latch circuit output line 6, described
above, is connected to 



the input of an energizing time counter circuit 23 and a subtraction
circuit 21. The latch circuit output line 6 and the subtraction circuit 21
are connected in such a way that both of them are shifted by one bit to
ignore the least significant bit (BITO) of the output of the latch circuit,
and that a secondary bit in priority is made the least significant bit as
an input to the subtraction circuit 



21' The relationship of the input value of the subtraction circuit 21 and
the output value of the latch circuit 2 can be defined such that an input
value of the subtraction circuit 21 is equal to j of an output value of the
latch circuit 2.    In contrast to the bit configuration of the latch
circuit 2, the subtraction circuit 21 is configured such that the 



number of bits is one less than that of the latch circuit 2, or 0 has been
input to what is higher in order than an effective bit of the subtraction
circuit 21.    The output of a maximum energizing time register that has
stored a value signifying [err] of the energizable maximum time (not shown)
is input to one input termi- nal of the subtraction circuit 21 at all
times. As a result, 



the subtraction circuit 21 outputs J of maximum ener- gizing time minus i
of the output value of the latch circuit when the output value of the latch
circuit 2 is input thereto.    Moreover, the output of the subtraction
circuit 21 is connected to the input of an energizing start time counter
circuit 22. 



The energizing start time counter circuit 22 and the energizing time
counter circuit 23 are connected to a latch signal line 7, and the output
of the subtraction circuit 21 is stored in the former, whereas the output
value of the latch circuit 2 is stored in the latter.   





The energizing start time counter circuit 22 and the  energizing time
counter circuit 23 automatically stop  operation when their internal count
becomes 0 by pro- 



ducing outputs equal to "1" (HIGH). With the count  initially set at 0, the
counters do not operate until data  other than 0 is written in response to
the latch signal.  Moreover, the energizing start time counter circuit 22
receives a count clock signal from a count clock signal  line 8 for
counting down the count. The count clock  signal directed to the energizing
time counter circuit 23 



is generated by the output of AND gate 25 which is  supplied with a signal
from the output line 24 of the  energizing start time counter circuit 22
and a count  clock signal.    Further, an energizing time signal, output
from an  exclusive-OR gate 28 supplied with signals from the  output line
24 of the energizing time counter circuit 22 



and the output line 27 of the energizing time counter  circuit 23, is
generated on an energizing time signal line  9. This energizing time signal
is input to an AND gate  10 for protecting a transistor 12, and the other
input of  the AND gate is supplied with a protective gate signal  from a
signal line 11 for use in inhibiting the energizing of heating element 13.
The output signal from the AND 



gate is then used as a drive signal of the transistor 12 for driving the
heating element 13.   Referring to the timing chart of FIG. 4, a
description will next be given of the operation of the control circuit thus
arranged by way of an example wherein the print- ing data value is set at
96 and the energizable maximum time is set at 256. 



Since the energizable maximum time has been set at 256, 128 in value (256/2
= 128) is input to one end of the input line 5 of the subtraction circuit
21, whereas 48 (96/2=48) is input to the other. The subtraction circuit 21
therefore outputs 80 in value (128-48=80).   An input from the latch signal
line 7 causes the output value (80) of the subtraction circuit 21 to be
written to 



the energizing start time counter circuit 22. Conse- quently, the output
line 24 changes to "0" (LOW) and the energizing start time counter circuit
22 starts the count operation in synchronization with the counter clock
signal 8. Simultaneously, an input from the latch signal line 7 causes the
printing data value (96) to be written to the energizing time counter
circuit 23 and the 
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output 27 changes to "0" (LOW). Consequently, the AND gate 25 is placed in
a closed state and the counter clock signal 8 is not supplied to the
energizing time counter circuit 23, which does not perform the count
operation. (FIG. 4, TO-T1).    When the count of the energizing time
counter circuit 23 changes to 0 after energizing is carried out for a 



period of time corresponding to the dot size to be thus formed, the output
27 changes to "0" (LOW) and the energizing time counter circuit 23 stops
the count oper- ation (FIG. 4, T2). Then, the D energizing signal also
stops dot formation. In other words, as the output ob- tained by the XOR
gate 28, supplied with the output 24 of the energizing start time counter
circuit 22 and the 



output 27 of the energizing time counter circuit 23, is supplied to the
energizing signal line 9, "1" (HIGH) is held between T1 -T2 of FIG. 4 and
the transistor 12 is driven via the AND gate 10. The heating element 13 is
thus energized. As a result, the position of the dot for- mation is shifted
in such a way that it centers around the center of a maximum diameter dot,
irrespective of the 



diameter of the dot to be formed, and intermediate points in the energizing
state are lined up without rely- ing on the printing data. Therefore,
transfer pixels are lined up at equal intervals in the central part of each
pixel as shown in FIG. 5.   FIG. 6 is a block diagram illustrating another
circuit for controlling the energizing of heating elements ac- 



cording to a second embodiment of the present inven- tion.   Energizing
stark time storage circuits 41 are provided for storing a signal from an
energizing start time signal line 42. The energizing start time storage
circuits are of multi-stage construction and correspond in number to the
heating elements. Output lines 43 of the energizing 



start time storage circuits 41 are directly connected to the respective
energizing time control circuits 1. FIG. 7 illustrates the energizing time
control circuit 1 in detail.   In this embodiment, the energizing start
time ob- tained by calculation from printing data in the first embodiment
can be designated pixel-to-pixel from ex- ternal equipment. Before being
transferred, the printing 



data and the energizing start time data, intended for individual heating
elements 13, are input to the latch circuit 2, and are also input into the
energizing start time     





storage Circuit 41 in synchronization with a transfer clock signal. (See
FIG. 3 for timing).   When data transfer is completed, a latch signal 7 is
input to the energizing time control circuits 1, similar to 



the first embodiment. Then the output value of the energizing start time
storage circuit 41 is written to the energizing start time counter circuit
22, whereas the output value of the latch circuit 2 is written to the ener-
gizing time counter circuit 23.   The energizing start time counter circuit
22 then caries out the count operation in synchronization with 



the counter clock signal, and when the count changes to 0, the energizing
start time counter circuit 22 stops its count operation and produces a "1"
(HIGH) energizing start signal 24. When the energizing start signal 24
changes to "1" (HIGH), the AND gate 25 opens and the counter clock signal 8
is supplied to the energizing time counter circuit 23. The count operation
is thus 



started. Simultaneously, the energizing signal line 9 changes to "1" (HIGH)
and the heating element 13 is energized on condition that the protective
gate signal line 11 stays at "1" (HIGH).   Subsequently, the energizing
time counter circuit 23 stops its count operation when the count changes to
0 and makes the energizing signal 9 "0" (LOW), thus 



causing the energizing of the heating element 13 to be terminated. A series
of operations as set forth above is performed to form images equivalent to
one line.   According to the present invention, the energizing start time
is set in inverse proportion to the size of dots to be formed so that
printing can be made in such a way as to line up the centers of the dots
uniformly on the 



same horizontal line, irrespective of the dot size. Conse- quently, the
dots are uniformly shaped even when the pixel density in a multi-value data
image is expressed by means of area modulation. In other words, an image
free from density irregularity and moire is obtained. Moreover, outlines
can be made to appear smooth when characters, lines, circles using binary
dots are drawn. 
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What is claimed is:   1. A circuit for controlling the energizing of
heating elements, said circuit comprising:   a plurality of transistors for
turning on or off respec-     tive ones of a plurality of heating elements
mounted in alignment on a thermal printing head,   a plurality of multi-bit
latch circuits for storing ener- 



gizing time values,   a plurality of enegizing time counter circuits for
effecting counting operations in accordance with      the energizing time
values stored in respective ones      of said latch circuits, and   a
plurality of energizing start time counter circuits for      controlling a
time until respective ones of said 



energizing time counter circuits start a timing oper      ation, and   a
plurality of subtraction circuits for subtracting [err] of      an
energizing time value of a dot to be printed from      [err] of the maximum
printable energizing time, an      output of said subtaction circuits being
applied as      an input to said energizing start time counter cir- 



cuits.   2. A circuit for controlig the energizing of heating elements as
claimed in claim 1, further comprising a plurlity of multi-bit second latch
circuits for storing energizing  start times, wherein energizing start
times that have been input to said second latch circuis from the outside
are input to said energizing start time 



counter circuits.   3. A circuit for controlling the energizing of heating
elements as claimed in claim 1, further comprising a plurality of AND gates
supplied with output signals from respective ones of said energizing start
time counter circuits nd a signal from a clock, wherein outputs from said
AND gates are input to respective 



ones of said energizing time counter circuits for control- ling the
energizing times of said heating elements.   4. A circuit for controlling
the energizing of heating elements as claimed in claim 3, further
comprising a plurality of exclusive-OR gates for outputting energiz- ing
time signals for energizing said heating elements based upon said outputs
from said energizing start time 



counter circuits and outputs from said enrgizing time counter circuits.    














