Y CIRCUIT FOR CONTROLLING ENERGIZING OF HEATING ELEMENTS
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The present invention relates to a c1rcu1t for. controlling

| energlzlng of heating elements especially for controlllng of

a’ thermal head of a thermal printer.

Fig. 9 i}lustrates a conventiona; circuit for éontrqlling
the energizing of heating elements. In Fig. 9, numeral 101
denotes heating  elements, 108l transistors for driving the
respective-heating elements, 107 AND gates, 106 latches; 104 a
shift register, 109 aﬁ energizing time signal line, and 102 a
printing data line through which one-bit printing daﬁa 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 iine 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 105._ 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 bther terminal of AND gate 107. The
heating element 101 is énergized via the t:ansistqr 108 by
méking the printing data "1" (HIGH), while ﬁhe.héatiné element
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QlRCUIT FOR CONTROLLI NG ENERG ZI NG OF ~ HEALL NG ELENMENTS
BACKGROUND OF THE | NVENTION  The present |nvent|orl FidiSdt est t.onscomty gl of a
thermal head of a thernmal printer, and nore particdlarl yRERIAGED ?

is energized only for the period of time defined._by the
energizing tiﬁe signal after the printing data is completely
stored in the latch 106. With this arrangement, the energiziﬁg
time can be varied by supplying to each heating element the
5 number of pulses corresponding to image density, where 256 dots
in terms of a bihary data image is equivalent to one line. For
example, the energlzlng time can be varled with respect to a
maximum dot of ocne pixel in a multl-value data image when tone
is emphasized, by individually controlling the heating-element
10 energizing time as in the case of a multi-value data image, or
when energizing time control at a level of 256 is exefcised 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
15 the register in view of the prior art circuit configurétion.
If it is attempted to control the energiiing time to increase
the image dens;ty, the printing speed per ‘line tends to
decreaSe..'Ih other words, simulténeous control of printing
speed and energizing time has heretofore been incompatible. In
20 order to solve this problém, there has been proposed a method
of controlling 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 control
of the energizing times of the heating'elements.' Although
25 simuitaneous control of printing speed and energizing time has

been made é¢ompatible in the method described above, the center
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circuit for controlling the area nodul ati on of a transfér
"FIG 9 illustrat s,g conventional .cir
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in this case is that the dot corresponding to the pixel tends

to be inclined, although at a small angle.

In view of the foregoing prob.lems, an object of the
present invention is to prqvide a circuit for controlling the
energizing of heating elements in such a way as to obtain
uniformity of <the wvisual pixel arrangement while making
compatible the control of multi-value data image printing speed

and energLZLng time. -

This object is solved by the circuit according to independent
claim 1. Further advantageous features, aspects and details
of the invention are evident from the dependent claims, the
description and the drawings. |

The invention provides a circuit for controlling the area
modulation of a transfer pixel unit.

According to a specific aspect of this inﬁention, a cirxrcuit
- for controlling the energizing of heating elements is
provided which comprises:

transistors <for respectively

tﬁrnihg on or off a plurality of heating elements aligned on a

thermal head;,

latch circuits of multi-bit construction for

storing energizing time wvalues,

energizing time counter

circuits for counting the energizing time Valués stored in the'
» T . i B .
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" tinme signal line, and 102 a printing data line through whilch onREWACEp

. printing data is input on a tine series_ _basis, th I At L : ™

. transferred to the sﬂnﬁteﬁéﬁgéf"’éf‘glézfafﬁ &ﬁEhFSH?{%% ig%&ve\ngltlh a clock
signal froma transfer clqck line 103. After : AL | Rehuddded: for

- tur nEagtonldingf fLyRe REXHAR eFEﬁégt SF}%Olgﬂ%gé#ﬁgégﬁ transferred, a | at ch
> gmci:lir]::{:?.@saskzggc?tht Iegrkailmilrlzgn eoplgrSation,. wherein a .value is input

to the energizing start time counter circuit, the value b_e_ing

given by subt,racf:ing 1/2 of an energizing time value of a dot

lto be printed from 1/2 of the maximum printable energizing
time.

The output of the energizing start time counter is
energize the heating element, and suspends the energizi ’:._“
the heating element after the heating element has . \

energized for a period of time determined by the energizi

time counter. | R

Fig. 1 is a block diagram illustrating a circuit for
controlling the energizing of heating elements according to a
fiz:st embodiment o'f_. the present invention;

Fig. 2 is a block diagram illustrating in detail the
energi.zing time control circuit in the first embodiment;

Fig. 3 is a timihg chért illustrating printing data
transfer operation_ timing; | |

Fig. 4 is a timing cha_rt illustrating heating elemeﬁt
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 fof
controlling the enexrgizing of heating elements acéording to a
second embodiment of thé present invention; |

Fig. 7. is a block diagram illustrating in detail _the
energizing time control. circuit in the set_:ond.embodiment;.

Fig. 8 is a diagram illustrating a situation in which

pixels Obtain_ed from the second embodiment are formed; .
eet Has Been-_gepl-aged .
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causes the printing data stored in the shift register 104 to be
‘collectively stored in the respective |atches 106. B qflg o fled
Into a signal for driving the transistor 108, the outjpu %Eﬂ%g@ 06
is input to one term pal of AND gate 107, while a si ghat—fromttre
energizing time signal line 109 is input to the other ternminal of AND gate
107. The heating elenent 101 is

Fig. 9 is a block diagram illustrating a conventional
circuit for controlling the energizing of heat:;l.ng elements;
Fig. 10 is a diagram illustrating pixels obtained from the
conventional circuit for controlling the energizing of heating
5 elementg; and
Fig. 11 is a diagram illustraiing pixél_s obtained from the
conventional circuit for controlling the energizing of heating

elements when slanted lines are drawn.

Fig. 1 'is a block diagram illustrating a circuit £qr
controlling ﬁhe energizing of heating elements lconstructed.
act:ording to a first embodiment of the present invention. In
Fig. 1, reference numeral 2 denotes multi-bit latch circuits

15 correéponding in number to heating elements 13., each of which
is of_ multi-stage construction so that an output at thé
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 lafch circuits 2-.l When the same number of printing

20 | data as that of _heating.elem.en'ts 13 is input, via a printing
data line 4, to ‘the latch circuit 2 in synchroniization w_nrith the

_ transfer clock 3, each latch circuit 2 is made to store
printing data. (Sée Fig. 3 for timing).

| A latch circuit output line 6 , 2s an outpuf of each latch

25 circuit 2, is .connected to an ene.frgi'zing time control circuit

1, as will ' be described later. The number of the energizing

| ) B
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ehergized via the transistor 108 by nmaking the printing data 'I" (H GH),

whil e the heating elenent.is ener- gized only for the period of tine

defined by the energiz- ing time signal after the printi nm@egt@EJTSHAS BEEN
conpletely stored in the latch 106. Wth this arrangenert, ﬁEﬁﬂR@D gi z

time can be varied by supplying to each heating el ement THe TUmETr—0f
pul ses correspondi ng -to i nage _

10
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25

time control circuits corresponds in number to that of heating
elements 13 to.be energized. .

Fig. 2 illustrates an energizing time control circuit'l
embodying the ?reSent invention, wherein the latch circuit
output line 6, described above, is connecied to the input of an
energiiing 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 m;de the least'éignificant bit.as an input to the
subtraction circuit 21. The relationéhip 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
subtraétion circuit 21 is equal to 1/2 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, oxr

0 has been input to what is higher in order than an effective
bit of the éﬁbtraction'circuit 21.

| The outpﬁt of a maximum eneréizing time regiéter thét has
stored a value signifying 1/2-6f the energizable maximum time
(not shown) is input to one input terminal of the subtraétion
circuit 21 at all timés. As a result, the subtraction ci:cuit

21 outputé 1/2 of maximum energizing time minus 1/2 of the
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density, where 256 dots in terns of a binary data i‘nage is equivalent to
one line. For exanple, the energizing tinme can be varied with respect to a

mexi num dot of one pixel in a multi-value data imge whenp #GEEH
phasi zed, by individually controlling the heating-ele- nt e
as in the case of a nulti-value data innage, or when ener ;

at a level of 256 :

output vaiue 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
5 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

lol circuit 2 is stored in the latter.

The energizing stért time counter circuit 22 and the
energiziﬁg'time counter circuit 23 automatically stop operation
when their internal count becomes 0 by producing outputs equal
to "1 (HIGH). With the count initially set at 0, the

15 counters do not operate until data other than 0 is written in
response to the latch signal. Moreover; the énérgizing stért
time counter c¢ircuit 22 receives a count clock signal.from a
count clock signal line 8 for counting'down the count. The
count cldck signal'directed to the energizing time counter

20 circuit 23 is ggnerated 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

25. exclﬁsivéAOk gate 28 supplied with signals from the output line.

24 of'the.energizing time counter circuit 22 and the output
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1.s exercised on the individual heating el enment. As described above, the
energi zing of one heating unit is determned by the time required for data
to be transferred to the register in view of the prior art circuit

line 27 of the eﬁergizing time counter circuit 23, is generated
on an énergizing time signai line 9. This energizing time
signal is input to an AND éate 10 for protectihg a transistor
12, and ﬁhe other input of the AND gate is supplied with a
5 protective gate signal from a signal 1line li 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
transiétor 12 foi driving the heating element 13.
Referring to the'timing chart of Fig. 4, a description
10 will next be given of the operation of the cohtrol circuit thus
arranged by.way of an example wherein the printing 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,
l128 in value (256/2 = 128) is input to one end of the input
15 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
20 energizing start time counter circuit 22. Consequently, the
output line 24 changes to "0" (LOW) and the energizing start
time counter circuit 22 starts the count operation in
'synchronizatipn with the ' counter clock signal 8.
Simultaneously, an input from the latch signal-line 7 causes
25 the printing data value (96) to be written to the énergizing

time counter circuit 23 and the output 27 changes to "0" (LOW).

f
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Consequently, the AND gate 25 is placed in a closed state and
the counter clock signal 8 is not supplied to- the énéfgizing
time counter circuit 23, which does not peffonm the count
operation. (Fig. 4, TO - Tl).

" When the_count of the energizing time counter ciréuit 23

changes to 0 after energizing is carried out for a period of

"time cdrresponding 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 operation (Fig. 4, T2). Then, the

energizing signal also stops dot formation. In other words, as
the output obtained by the XOR gate 28, supplied with the
éutpﬁt 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 Tl - T2 of Fig. 4 and the transistor 12 is driven via
the AND géte 10. The heating element 13 is thus energized. As
a result, the-position of the dot formation is shifted in such
a way that it centers around the center of a maximum diameter
dot, irreséective'of the diameter of the dot to be formed, and
intermediate points in the energizing state are lined up
without_relying on the printing data. . Therefdre, 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 iilustrating another circuit for
controlling the energizing of heating elements according to a’

second embodiment of the present invention.

."'
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-2- configuration. If it is attenpted to control the energiz- ing tine to
i.ncrease the inmage density, the printing speed per. [ine tends to decrease.
In other words, simul- taneous control of pr|nt|ng speed and energ|2|ng

tinme

Energizing start time storage circuité 41 are.provided for
storing a signal f£rom an eneréizing start time signal line 42.
The enefgizing start time storage circuits are.of multi—stage
construction and correspond in number to the.heating elements.

5 Output lines 43 of the energizing start time storage circuits
41 are directly connected to the respeétive energizing time
control circuits 1. Fig. 7 illustrates the energizing time
control circuit 1 in detail.

In this embodimeﬂt, the energizing start ﬁime obtained by

10 calculation from printing data in the first embodiment can be
designated pixel-to-pixel from external eqnipment. Before
being trahsferred, the printing data and the energizing start
time data, intended for individual heating eiements_i3, are

" input to the latch circuit 2, and are aiso input into the

15 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

20 storage circuit 41 is written to the energizing start time
counter circdit 22,.whereas the output.value of the latch
circuit 2 is written to the energizing time counter circuit 23.

The energizing start time counter circuit 22 then carries

out the count operation in synchronization with'the counter
25 - clock signal, and when the count changes to 0, the energizing

start time counter circuit 22 stops its count operation and
B —
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.has heretofore been inconpatible. In order to solve this problem there has
been proposed a nethod of control- ling the energizing tine by transferring
energizing tinme data to a nmulti-bit shift register and i npy
tto a counter with a latch function to allow individual con- f@%ﬁﬂﬁﬂﬂx

energi zing tines of the heating elements. Al though sinult
printing speed and

produces a "1” (HIGH) energizing start siénal 24. WHhHen the
energizing start signal 24 changes to "1* (HIGHj, the AND gate
25 opens and the counter clock signal 8 is supplied to the
energizing time counter circuit 23. The count operation is

5 © thus started. Simultaneously, the energizing signal 1line 9
changes ﬁo "l" (HIGH) and the heating element 13 is energized
on condition thaﬁ the protective gate signal line 11 sﬁays at
"1l" (HIGH).

Subsequently, the energizing time counter circuit 23 stops

10 its count bperation when the count changes to 0 and makes the
energizing signal 9 “0O°" (LOW), thus causing the enérgizing of
the heating element 13 to be terminated. A series of
operations as set forth above is performed to form images
eguivalent to one line.

15 According to the present invention, the energizing start
time is set in inverse proportibn to the size of doﬁs to be
formed so that printihg can be made in such a way as to iine up
the centeré of the dots ﬁniformly‘on the same horizontal line,
‘irrespective of the dot size. Consequently, the dots are

20 uniformly shaped even when the pixel denéity in a multi-value
data image is-expressed by means of area modulation. In other
‘words, an image free from density irregularity_andlmoiré is
obtained. Moreover, outlines can be made to appeaf sﬁooth_when

characters, lines, circles using binary dots are drawn.
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energizing ti me has been nmade conpatible in the nmethod descri bed above,

t he

center of a dot shifts in proportion to its dianeter (AL), as shown in the

transfer pixel

smal |
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25

30

35

1.

ENTI ON

A

A circuit for controlling the energ121ng of heating
elements (13), said circuit comprising:

a plurelity of transistors (12') for turning on or  off
respective ones of a plurality of heating elements (13)
mounted in alignment on a thermal printing head,

a plurality of multi-bit latch circuits (2) for storing

energizing time values,

2 plurality of energizing time counter circuits (23) for
effecting counting operations in accordance with the
energizing time values stored in respective ones of said
latch circuits (2), and '

a plurality of energizing start time counter circuits
(22) for controlling a time until respective ones of said
energizing time counter circuits (23) start a timing
operation, and

a plurality of subtraction circuits (21) for subtracting
1/2 of an energizing time value of a dot to be printed

from 1/2 of the maximum printable energizing time, an

oﬁtput of said subtraction circuits being applied as an
input to said energlzlng start time counter circuits
(22).

A circuit for controlling the energizing of heating
elements (13) as claimed in claim 1, further compr151ng a
plurallty of multl-blt second latch circuits (41) for
storing energizing start times, whereln energizing start

Thls Sheet Has Been Re laced
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configuration of FIG 10. The disadvantage in this case is

that the dot corresponding to the pix%b tends to be inclineg
angl e. SUMVARY OF THE |




I.n view of the foregoing problems, an object of the present invention is to
ovide a citcuit for controlling the energizing of heating elements in

p.r
such a way as JIIJHHMI Hllllﬂﬁlll)nty of the visual p| xel arr angenent whi |l e
neki ng conpati f nmulty-value data i mage—p ting speed and

energi zing time’ I ordef to.solve the probl ens sta éﬂﬂ%$m5grﬂ

times that have been input to said second latch circuits -
(41) from the outside are input to said energizing start
time counter circuits (22).

5 3. A circuit - for controlling the energizing of heatihg
elements (13) as claimed in claim 1, further comprising a
plurality of AND gates (25) supplied with output signals
from respective ones of said energizing start time
counter circuits (22) and a signal from a clock, wherein

10 outputs (26) from said AND gates (25) are input to
respective ones of -said energizing time counter circuits
(23) for controlling the energLZLng times of said heating
elements (13).

15 4. A circuit for controlling ‘the energizing of heafiné
elements as claimed in claim 3, further comprising a
plurality of exclusive-OR gates (28) for outputting
energizing time signals for energizing said heating
elements (13) based wupon said outputs from said

20 energizing start time counter circuits (22) and outputs

- from said energizing time counter circuits (23).

—_—
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for controlling the energizing of heating elenents ac- cording to the
present invention conprises transistors for respectively turning on or off
a plurality of heating elenents aligned on a thernmal head, Iatch circuits
of nmulti-bit construction for storing energizing tine val ,

time counter circuits for countlng t he energi zing tlne v
o latch circuits, and

ABSTRACT

A circuit for controlling. the energizing of heating
eleménts (13), including transistors (12) for bontrolling the
energizing of the respective heating elements, energizing start
time couﬁter circuits (22) for determining a delay time until
the energizing of the respective transistors (12) is started,
‘and .energizing time couﬁter circuits (23) for determining
energizing time. Data are written to the respective counter
circuits from the outside via a group of mulﬁi-bit, muiti—stage
latch circuits and a counter clock signal (8). The energizing
start time counter circuits (22) are collectively and
simultaneously caused to perform a count (subtraction)
bperation. Then, the energizing time counter circuit (23) is
made to start a count operation at a point in time when each of
the energizing start time counter circuits (22) holds a value
_of 0, and the transistors (12) start to energize each heating
element (13). According to this.arrahgehent, dots are formed

at equal horizontal intervals, irrespéctive of the dot size.

This Sheet Has Been Replaced
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A&ngz r)ﬁr L?@Q‘i\\r\@"éounter circuits for controlling tinme periods until

:>t¢119 g\épéglzrglﬁ}a@ &fanter circuits start the timing operation, wherein a
value is input to the energizing start_tinme counter circuit, the value

bei ng given by subtracting [err] of an energlzmg*-t—r%m ue of a dot to be
printed from[err] &f the nmaxi nup pri ntTaquBeemlg ﬁeﬁ}%n
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The out put of the energizing start time counter is used to energize the
h.eatl ng el ement, and suspends the energizing of "the heating el ement after
the heating ele- nent has been energized for a period of tine determ ned by.

t he energi zing FE count er
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BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is a block diagramillustrating a
circuit fo ntrolllng he energi zing of heating elenents accord- ing to a

- ~first enbo of;pf thq present invention,

._\
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FIG 2 is a block diagramillustrating in detail the energizing time '
control circuit in the first enbodi nent; FIG 3 is atimng chart
illustrating printing data transfer operation timng; FIG 4 is atimng
chart illustrati heatlng eI ment energizing operation timng in the first
enbodi nent ; fSl gramlllustratlnga5|tuat|on|n whi ch
j : , EEp

s\_
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plxels obt ai ned fromthe first enbodi ment are forned; FIG 6 is a block
diagramillustrating a circuit for controlling the energizing of heating
el enments accord- ing to a second enbodi ment of the present invention;

HG 7 is a bIock ran1|II ating in detail the energizing tine
control circuit i .1 ond egbodi - nent;
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FIG 8 is a diagramillustrating a situation in which pixels obtained from

t he second enbodi nent are forned; FIG 9 is a block diagramillustrating
a conventional circuit for controlling the energizing of heating ele- :
ment s; FIG 10 is a diagramillustrating pixels obtained from

R N A r—
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t he conventional circuit for controlling the energizing of heating

el enents; and FIG 11 is a diagramillustrating pixels obtained fromthe
cbnventional circuit for controlling the energizing of heating el enents
when sl anted |ines are drawn. - DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS N -
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FIG 1 is a block dlagran1nhkemiﬂa$B Ram@ﬁ#CU|t for controlling the
energi'zing of heating elenen ed accordlng to a first

enbodi ment of the present: ref erence nuneral 2 denotes
multi- bit latch circuits co pondlng |n nunber t o heat Nl GIEER
each of which is of nulti-stage construc- tion so that anjoutpufgs
precedi ng stage is nadgian
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i nput at the follow ng stage, and 3 a transfer clock signal line, this
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- :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 tinmng).
A latch circuit output line 6, as an output of each

FIG. &
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" the input of an energizing tinme counter circuit 23 and a subtraction
Ggircuit 21. The latch circuit output line 6 and the subtraction circuit 21
are connected in such a way that both of themare shifted by one bit to
ignore the least significant bit (BITO of the output of the Iatch circuit,

and that a secondary bit in priority is nmade the | east S"'H sant bit as
an input to the subtraction CIrCUIt SSHEEr
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“number of bits is one | ess than that of the latch cirfct EFL@EM;NTOSM een

i nput to what is higher in orde ective bijt fof the subtragtion
.circuit 21, The output of a |NMEMISTSHEBEMASOBEENG ti e jr 25NV 1996t | hyis
stored a value signifying [err]; of tRBMAGHDYi zablfe maxijmum ti me (not }shown)

Is input to one input term- nal of tje subtractron gircurt ZIr at att
tinmes. As a result,
CIRCUIT FOR CONTROLLING ENERGIZING. OF HEATING ELEMENTS

‘Ll,oh%) -
,q?Di

avention relates to a circuit for. cont
r controlling of

rolling

The present i

energizing of heating elements especially’ fo

a’'thermal head of 2 thermal printex.

Fig. 8 i;(.lustrates a conventional circuit for'controlling

the energizing of heating elements. In Fig. 9, numeral 101
denotes heating elements, 108 transistors for driwving 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 fox dr:.v:.ng the transistor 108,
the output of _the latch 106. is ;anut ‘to “c;‘ne terminal of AND
- gate 107, wh;.le a s:.gnal from the\ en;rglzlng- :t:.me s:Lg;;a-l line
108 is  input to the oj:her term:.nal of AND gate 107. The

Lo

heating elemen't ' 101 :Ls%r.energazgd :-v;La‘*' the tra‘f'xsn.stor 108 by -

0>

making the printing data "1~ (HIGH), while t_he heating element
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the subtraction circuit 21 outputs J of maxinum ene RE@L&EMM Bﬁgg\p us i
of the output value of the latc rcuit when the utp | at ch
circuit 2 is input thereto. gf@a bt ac | n
circuit 21 is connected to the s% r Vi coupt er
circuit 22.

is energized only for the pe'ri'od of time defined by the
energizing tiﬁe signal after the printing data is completely
stored in the latch 106. With this arrangement, the energizing
time can be varied by supplying to each heating element the
number of pulées corrésponding to image density, where 256 dots
in terms of a binary data image is equivalent to one line. For
example, the energizing time can bé varied with respect to a
maximum dot of one pixel in a multi-value data image when tone
is emphasized, by individually controlling the heating-element
energizing time as in the case of a multi-value data image, or
when energizing time control at a level of 256 is exexcised 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 ci:cuit configuration.
If it is attempted to control the energizing time to increase
the image dens;tf, the printing speed per 1line tends to
decrease. In other words, simultaneous control of printing
speed and energizing time has heretofore been incompatible. In
ordexr to solve this problem, there has been proposed a method
of controlling 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 control
of the energmzlng times of . the heatlng eleysnts. Although
simultaneous cont¥ol of prlntlng speed and enérglzlng time has

been made compatible in the method described above, the center
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"The energi zing start tinme counter ci rcuit 22 and tjh
counter circuit 23 are connecte et-eh--slgna FﬁEﬁLﬁéﬂé‘T’dgﬂéﬂ' qut put
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value of the latch circuit 2 is-stc

of a dot shifts in proportion to'its'diameterm(AL), as shown [in

latch circuits,
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the transfer pixel configuration of Fig. 10. The disadvantage
in this case is that the dot co;::e"_sponding to the pixel tends

to be inclined, although at a small angle.

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 wvisual pixel- arrangement while making
compatible the control of multi-value data image printing speed

and energizing time.

This object is solved by the circuit according to independent
claim 1. Further advantageous features, aspects and details
of the invention are evident from the dependent claims, the

description and the drawings.

The invention provides a circuit for controlling the area

modulation of a transfer pixel unit.

According to a specific aspect of this invention, a circuit
for controlling the energizing of heating elements is
provided which comprises:

transistors for respectively

turning on or off a plurality of heating elements aligned on a

thexrmal head;

latch circuits of multi-bit construction for

storing energizing time wvalues,

energizing time counter

circuits for counting the energizing time values stored in the

- This Sheet Has Been Replaced

(AR



—— .
' ) laced THIS SHEET -

W

— REPLACEMENT SHEET

4 o
and energizing start time ‘c-amrter-c':reu-i-ts-ﬁc,r

controlling time pexiods until the energizing time counter

circuits start the timing operation, wherein a wvalue is input
to the energizing start time counter circuit, the value being

given by subtracting 1/2 of an energizing time vdlue of a dot
to be printed from 1/2 of the maximum printable energizing
time.

The output of the energizing start time counter is
energize the heating element, and suspends the enexrgizi
the heating element after the heating element has
energized for a period of time determined by the energizi
time counter.

Fig. 1 is a block diagram illustrating a circuit for
controlling the enexrgizing of heating elements according to a
first embodiment of the present invention:;

Fig. 2 is a block diagram illustrating in detail the
energi.zing time control circuit in the firxrst 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 according 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 embodiment;

Fig. B is a diagram ill\_.xstrating a situation in. which

pixels obtained from the second embodiment are formed;
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Fig. 9 is a block diagram- illustrating a conventionai
circuit for controlling the energizing of heating elements;

Fig. 10 is a diagram illustrating pixels obtained from the
conventional circuit for contrelling the energizing of heating
elements; and

Fig. 11 is a diagram illustrating pixels obtained from the
conventional circuit for coﬁtrolliné the energizing of heating

elements when slanted lines are drawn.

Fig. 1 is a block diagfam_illustrating a circuit for
controlling the energizing of heating elements constructed
according to a first embodiment of the present invention. In
Fig. 1, reference numeral 2 denotes multi-bit latch circuits
corresponding in number to heating elements 13, each of which
is of multi-stage construction 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 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 control circuit

1, as will be described later. The number of the energizing
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time counter circuit 23

froma

time control circuits corresponds in number to that of heating
elements 13 to be energized.

Fig. 2 illustrates an energizing time cdnﬁr_ol circuit 1
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 m.ade 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 wvalue of the
subtraction circuit 21 is equal to 1/2 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 s OT
0 has been input to what is higher in order than an effective
bit of the subtraction circuit 21.

The outp;1t of a maximum ene.fgizing time register that has
stored a value signifying 1/2 of the energizable maximum time
(not shown) is input to one input terminal of the subtractior
circuit 21 at all times. As a result, the subtraction circuit

21 outputs 1/2 of maximum energizing time minus 1/2 of the

t he
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fromthe output lin ém f the energ|2|ng start ting G

and a coNhtﬂR oo s-elel gi zi ng ftijme signal, oufp t
from an t628 ] BNl s annZ&NOUmnwtllne
24 of the count €T 64 i

output value of the latch circuit when the output value of the
latch circuit 2 is input-theretc.
'~ 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 cqnnected 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 producing 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 stért
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 fhe outgut 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
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The output signal fromthe AND

line 27 of the energizing time counter circuit 23, is generated
on an energizing time signal line 9. This energizing time
signal is inpu£ to an AND gate 10 for protectihg 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 5y ﬁay of an example wherein the printing data value
is set at 96 and the energizable maximum time is set at 256.

Since the energizable maximum tiﬁe 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. Consequently; the
output line 24 changes to "0" (LOW) and the energizing start
time counter circuit 22 starts the count operation in
synchronization with the countexr 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 output 27 changes to "0° (LOW) .
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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, TO0 - Tl).

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 siie to be thus formed, the
output 27 changes to "0° (LOW) and the energizing time counter
circuit 23 stops the count operation (Fig. 4, T2). Then, the
energizing signal also stops dot formation. In other words, as
the output obtained 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 Tl ~ 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 formation 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 relying 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 eleﬁents according to a
second embodiment of the present invention.
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Slnce t he energi zabl e maxi rumtine has been set at 256,

= 128) is input to one end of the imput.line 5 of the s tﬂﬁP&Af:EMEN'ICSHE

21, whereas 48 (96/2=48) is input tjo'es HER Qe e~ ubt rig H 1

therefore outputs 80 in value (128 ‘ fron1 @fNé?tCh sijgna
, 4

| ine 7 causes the output value (80): of ¢t Lpn fcijr cU
Energizing start time storage circuits 41 are.nrovn.

witten to

storing a signal from an energizing start time .signal line 42.
The éneigizing start time storage circuits are' of multi-stage

' construction and correspond in numbexr 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 obtained by
calculation from printing data in the first embodiment can be
designated pixel-to-pixel from external 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 aiso 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 cﬁntrol 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 circudit 22, whereas the output value of the latch’
circuit 2 is written to the energizing time counter circuit 23.

The energizing start time counter circuit 22 then carries
out the count opei'ation 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
ot Has Been Replaced |

T
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the energizing start time counter clrguit 22. Conse-
line 24 changes to "0" (LOW and t ReTHIBSHEET HAS

22 starts the count operation in synchr OREFLACESN mnt
signal 8. Sinultaneously, an input fromtne tatch :

It

he

circuit 23 and the

produces a "1" kHIGH) energizing start si
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 conditioh that the protective gate signal line 11 stays at
"l" (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. Consequently, 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 moiré is
obtained. Moreover, outlines can be made to appear smooth when

characters, lines, circles using binary dots are drawn.

e
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l. A circuit for controlling the energizing of heating
elements (13), said circuit comprising:

a plurality of transistors (12') for turning on or off
respective ones of a plurality of heating elements (13)
mounted in alignment on a ¥hermal printing head,

a plurality of multi-bit latch circuits (2) for storing
energizing time values,

a2 plurality of enérgizipg time counter circuits (23) for
effecting counting operations in accordance with the
energizing time values stored in respective ones of said
latch circuits (2), and

a plurality of energizing start time counter circuits
(22) for controlling a time until respective ones of said
energizing time counter .circuits (23) start a timing
operation, and

a plurality of subtraction circuits (21) for:subtracting
1/2 of an energizing time value of a dot to be printed
from 1/2 of the maximum printable energizing time, an
output of said subtraction circuits being applied as an
input to said energizing start time counter circuits
(22).

2. A circuit for controlling the energizing df heating
elements (13) as claimed in cléim 1, further comprising a
'plurality of multi-bit second latch circuits (41) for
storing energizing start times, wherein energizing start
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times that have been input to said second latch circuits
(41) from the outside are input to said energizing start

time counter circuits (22).

A circuit for controlling the energizing of heating
elements (13) as claimed in claim 1, further comprising a
plurality of AND gates (25) supplied with output signals
from respective ones of said energizing start time
counter circuits (22) and a signal from a clock, wherein
outputs (26) from said AND gates (25) are input to
respective ones of said éhérgizing time counter circuits
(23) for controlling the energizing times of said heating
elements (13).

A circuit for controlling the energizing of heafing
elements as claimed in claim 3, further comprising a
plurality of exclusive-OR gates (28) for outputting
energizing time signals for energizing said heating
elements (13) based wupon said outputs from said
energizing start time counter circuits (22) and outputs
from said energizing time counter circuits (23).

——
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out put 27 changes to "0" (LOWN. Consequenf hryg &t
a closed state and the counter clock signal 8 R
energizing time counter circuit 23, which does & 1hé count
operation. (FIG 4, TOT1). Wien the count of the enarof ki hg 4P MNOV 1996
counter circuit 23 changes to O after ddergizing is carriedfo for a
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CIRCUIT FOR CONTROLLING ENERGIZING OF H LEMENTS

ABSTRACT

A circuit for controlling the energizing of heating
elements (13), ingluding transistors (12) for controlling the
energizing of the respective heating elements, energizing start
time counter circuits (22) for determining a delay time until
the energizing of the respective transistors (12) is started,
and energizing time counter circuits (23) for determining
energizing time. Data are written to the respective counter
circuits from the outgide via a group of mnlti—biﬁ, multi-stage
latch circuit§ and a counter clock signal (8). The energizing
start time counter -circuits (22) are collectively and
simultaneously caused to perform a count (subtraction)
operation. Then, the energizing time counter circuit (23) is
made to start a count operation at a point in time when each of
the energizing start time counter circuits (22) holds a value
of 0, and the transistors (12) start to energize each heating
elemént‘(lﬁ). According to this arrangement, dots are formed

at equal horizontal intervals, irrespective of the dot size.

FIGURE 1 ;o Coo g
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start tine storage circuits 41 are di rectly connected to the respective_
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storage, Gircuit 41 in synchronization with a transfer clock signal. (See

FIG 3 for timng).

Mhen data transfer |s (o Iet , a latch signal 7 is
input to the energizing tine control circ %9@5 —1
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CIRCUIT FOR CONTROLLING ENERGIZING QF

HEATI\IG 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 transfcr
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 pnntmg 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 laich signal line 108
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 eclement 101 is
energized via the transistor 108 by making the printing
data *1” (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 2 maximum dot of
one pixel in 2 multi-value data image when tone is em-
phasized, by mdwndually 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 cnergizing of one heating
uni: is determined by the time required for data to be
transferred to the register in view of the prior art circuit



the first enbodinent. Then the output value of the energizing start tine
storage circuit 41 is witten to the energizing start tinme counter circuit
22, whereas the output value of the latch circuit 2 is \{W_'ffm" t-o—t-he—e

gizing tinme counter circuit 23. The energizing start ti NEPIOEMENT SHEEL
22 then caries out the count operation in synchronizatidn pith
2 6 JAN 1398
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configuration. If it is attempted to control the energiz-
ing time to increas¢ 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 2 latch functior to allow individual con-
trol of the energizing times of the heating elements.
Although simultancous control of printing speed and
energizing time has been made compatible in the
method described above, the center of & 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 problcms, an object of the
present invention is to provide 2 circuit for controlling
‘the energizing of heating elements in such a way as to
obtan uniformity of the visual pixel arrangement while
making compatibie the contro] of multi-vaiue data
image printing speed and energizing time.

In order to soive 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 1 of an energizing time value of a
dot to be printed from } 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.



the coynter clock signal, and when the count changes to 0, the energizing
start time counter circuit 22 stops its count operatlon and produces a "1"

(H'GH) energl 2| ng start signal 24. \Wen the energizing st gt
changes to "1" (H GH), the AND gate 25 opens and the coun eﬂERllA%EMEQ‘i ooHEETg
I's supplied to t he energ|2|ng time counter circuit 23. Th g 0
i s thus 2 6 JAN 1998
- )

. BRIEF DESCRIPTION OF THE DRAWING‘S

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;

F1G. 5 is a diagram illustrating a situation in which
pixels obtained from the first embodiment are formed;

FIG. 6 is & 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 a2 block diagram illustrating a circuit for
controlling the energizing of heating eiements con-
structed according to a first embodiment of the present
invention. In 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
inpu: 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



started, Sinultaneously, the energizing signal line 9 changes to "1" (H GH)
and the heating elenment 13 is energized on condition that the protective

gate signal line 11 stays at "1" (H G&H). Subsequently, the energizing
time counter circuit 23 stops its count operation when the_couni..changes-to
0 and makes the energizing signal 9 "0" (LOW, thus REPLACEMENT SHEET
2 6 JAN 1998
_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.

F1G. 2 illustrates an energizing time control circuit 1
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 Jeast 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 4 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 4 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 § of maximum ener-
gizing time minus 4 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 &
latch signal line 7, and the output of the subtraction
circuit 21 is stored in the former, whereas the output
value of the laich circuit 2 is stored in the latter.



causi ng -t he energizing of the heating el enment 13 to be termi nated. A series
of operations as set forth above is perforned to forminages equivalent to
one |i ne. According to the present invention, the ene
is set in inverse proportion to the size of dots to be
printing can be nmade in such a way as to line up the ceptgrs of the dot

2 6 JAN 1998

uniformy on the
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The energizing start time counter circuit 22 and the
encrgizing 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 2 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 signa!, 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 signa! {rom 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 S 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 cirgyit 23 and the



same hori zontal line, irrespective of the dot size. Conse- quently, the
dots are uniformy shaped even when the pixel density in a multi-value data
i mge is expressed by neans of area nmodulation. In other words, an image

free fromdensity irregularity and noire is obtained. | '
can be made to appear snooth when characters, |ines, ci r & EAW MEN
2 & JAN 1998

dots are drawn.

output 27 changes to “0" (LOW). Conscquently, 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. (F1G. 4, T0—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 1o 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 pan of each
pixel as shown in FIG. 5.

FI1G. 6 is a block diagram illustrating another circuit
for controlling the enerpizing of heating elements ac-
cording to a second embodiment of the present inven-
tion.

Energizing start 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 i 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. F1G. 7
illustrates the energizing time control circuit 1 in detail.

In this embodiment, the energizing start time ob-
1ained by calculation from printing data in the first
embodiment car be designated pixel-to-pixe! from ex-
ternal equipment. Before being transferred, the printing
datz and the energizing start time data, intended for
individual heating elements 13, are inpu: to the latch
circuit 2, and are also input into the energizing start time
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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
carries 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 28. 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. Simultanecously, 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 & multi-value data image is expressed by
means of area modulation. In other words, an image
free from density irregularity and moiré 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 comrdllmg the energizing of heating
elcmcms, said circuit comprising:

a pluraiity of transistors for turning on or off respec-
tive ones of a plurality of heating elements
mounted in alignment on 2 thermal pmung head,

a plurality of multi-bit latch circuits for storing ener-
gizing time valaes, :

a plurality of encrgxzxng time connter 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 2 time untl respecnve ones of said
energizing time counter circuits start a timing oper-
ation, and

a plurality of subtraction circuits for subtracung iof
an energizing time value of a dot to be printed from
$ of the maximum printable energizing time, an
output of said subtraction circuits being applied as
an input to ssid energizing start time counter cir-

~ cumits. -

2. A circuit for eontrolhng the energizing of heatmg
elements as claimed in claim 1, further comprmng a
plnnhty of multisbit second latch circuits for stonng
energizing start times, wherein energizing start times
thathavebeenmput to said second latch circuits from
the outside are input to said encrgmng start time
counter circuits. :

3. A circuit for controlling theenergmnzofhemnz
elements as claimed in claim 1, further comprising a
plurality of AND gates supplicd with output signals
from respective ones of said energizing start time
counter circuits and a signal from a clock, wherein
outputs from said AND gates are mput to respective
ones of said energxzmg time counter circuits for control-
ling the energlzmg times of said hemng elements.

4. A circuit for controlling the energizing of heating
elements as claimed in claim 3, ﬂmhercompnsmgn
plunhty 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 energizing time

. counter circuits.
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ABSTRACT

storing ener-

CIRCUIT FOR CONTROLLING ENERGIZING OF HEATING ELEMENTS

A circuit for controlling the energizing of heating ele-
ments (13). including transistors (12) for coatrolling the
energxzmg of the respective heating clements, energiz-

ing start time counter circuits (22) for detemnnmg a
delay time until the energ:zmg of the respective transis-
tors (12) is started, and energizing time counter circuits
(23) for determining energizing time. Data are-written
to the respective counter circuits from the outside via a
group of multi-bit, multi-stage latch circuits and a
counter clock signal (8). The energizing start time
couater circuits (22) are collectively and simuitanecusly
caused to perform a count (subtraction) operation.
Then, the energizing time counter circuit (23) is made to
start a count operation at a point in time when each of
the energizing start time counter circuits (22) holds a
value of 0, and the transistors (12) start to energize each
heating element (13). According to this arrangement,
dots are formed at equal horizontal intervals, irrespec-
tive of the dot size.

Fig. 1
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cuits. 2. Acircuit for controlig the energizing of hga " C%II RIED
&laimed in cllaim1, further conprising a plurlity of mjﬁtﬁtgﬁ seconﬁﬁFEtltsc

tircuits for storing energizing start tinmes, wherein ererjgi zin tara
times that have been input to said second latch circuis f rlorf 8h ul398 44
are input to said energizing start tinme 6 -
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counter circuits: 3. Acircuit for controlling the eng
,elenents as“claimed in claim1, further conprising a pl}
vsuppl.ied with output signals fromrespective ones of sa
time counter circuits nd a signal froma clock, wherein
AND gates are input to respective . '
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~ones of said energizi ng time counter circuits for control- ling the
~energizing tinmes of said heating el enents. 4. A circui

"t he energi zing of heating elenents as clainmed in claim é REPLACEMENT SHEET

conprising a plurality of exclusive-OR gates for outputt§ n

time signals for energizing said heating gl enments based juppn ioh© utis
fromsaid energizing start tine 8 ﬂ?ﬂ m
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