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Serial Recording Apparatus for Bldlrectlonal Recording

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a serial
recording apparatus for performing bidirectional
recording upon reciprocal movement of a recording'head.
Related Baékground Art | |
In a conventional serial recording apparatus, a
f;cording head is reciprocated to perform high-speed

bidirectional recording. 1In this serial recording

apparatus, when a drive signal (i.e., drive pulses when

a recording head is to be moved using a pulgg motor)
necessary for moving a recording head is apglied, a
delay time occﬁrs until the-recording head reaches a
target position. Print errors occur during
bidirectional recording due to various ‘types of

electrical and mechanical variations.

In order to correct positional errors in both

directions in a conventional apparatus, as described in -

Japanese Patent Publication No. 61-27194, pulses and

time are shifted using a DIP switch or jumper wire

while an operator observes an actual print result,
thereby adjusting such an error in each. apparatus.
The above conventional recording apparatus poses

the following problems. o s

v

H
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5 : The present invention relates to a serial recordi ng apparat us

for perform ng bidirectional recordi ng upon reciprocal novenent of a
recordi ng head. Rel at ed Backgr Qupd _Art In a conve tiona
serial recording apparatus, a 10 recording head is to

per f orm hi gh- speed bidirectional recor di ng- ecordi ng
apparatus, when a drive signal (i. drive puls ecor di ng
head is to be noved using a pul se nDtor) ngce novi ng a

recordi ng head is (@l ilxtra circuit parts such as a DIP switch or

jumper wire are required.

'(2) Adjustment is time-consuming since it is
performed while the operator observes the print result.

5 | (3) When a load varies due to deteriorations over

time, an initial adjustment value is changed, resulting
in aﬂ_unstable state.

On the other hand, in recent years, an ink-jet
recording apparatus for causing é change in state

10 (e.g., film boiling) of an ink by heat enexrgy, for
ejecting the ink to a recording medium by using
bubbles generated by the change in state of the ink,
and for recording a character or graphic image has been

- developed. The size of a heating resistor (heater)

15 arranged in each gjeétion port is considerably smaller
than that of a piezoelectric element used in a
gonventional ink-jet recording apparatus. For this
reason, a high-density multiple arraﬂgement of
ejection ports can be obtained, a high-quality

20 recording image can be obtained, and cﬁaracteristics
such as a high-speed operation and low noise can be
obtained.

Of various types of ink-jet recording apparatuses,
there is provided an apparatus.using a recording head

25 which has an ink tank and is detachable’from a |
carriage. In this ink-jet recording apparatus, when

bidirectional recording is performed to achieve
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15 delay time occurs until the recording head reaches a t ar get

In

position. Print errors occur during bi directional .recording due to

various types of el ectrical ane 3rechani cal variations.

order to correct positional errors in both 20 ghgggﬁ qgg

conventi onal apparatus, as described in Ja S %%g bl catlon

No. 61-27194, pulses and tine are shifted ysing RE

junper wire e an o} tor obs rves t ual prln result

t her eby ddj usTFRYF hﬁ% + |ﬁP%% h th%p%%fg?ﬁﬁng Ob1655 "are
posed.

‘Since the weight of the ink within the ink tank is

changed (decreased) by use of the ink, a drive load of

5 a carriage motor greatly varies. For this reason, the
problem (3) becomes more conspicuous.

SUMMARY OF THE INVENTION

It is an object of the present invention to

provide a serial recbrding apparatﬁs capable of
10 reciprocating a recérding head with high precision.

It is another object of the present invention to
provide a serial recording apparatus capable of-
performing bidirectional recording with high precision.

It is still another object of the present

15 invention to provide a serial recording apparatus
capable of performing bidirectional recording with high
precision regardless of 1oéd variations in a carriage
motor.

It is still another object of the'present

20 invention to provide é serial recording apparatus
capable of automatically adjusting a recording error in
bidirectional recorxrding.

In oxder to achieve the above objects of the
present invention, there is pr;vided a serial recording

25- apparatus for reciprocagihg a recording head with |
respect to a recording medium to perform Bidirectional

- . -

recording, comprisings:
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The above conventional recordi ng apparatus poses _ t he

foll ow ng probl ens. _ (1) Extra cj+et

as a DIP switch or
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position detecting means for detecting a reference
position of the recording head;

driving means for reciprocating the rgcording head
within a predetermined areé including the reference
position;

means for calculating a difference between
reference positions detected by the position déteéting
means by reciprocal movement when the recording head is
reciprocated by éﬁe driving means within the
predetermined area; and

means for correcting a positional error in
bidirectional recording on the basis.of'the difference
calculated by the calculating means.

According to the present invention, upon a

power-on operation or switching from an off-line mode

- to an on-~line mode, since the difference between the

reference positions detected by the position detecting
means in both the directions is calculated, a print
position error in bidirectional recoxrding can be

automatically adjusted by using the difference.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially cutaway perspective view

. showing an arrangement of an ink-jet recording

apparatus according to the-first embodiment of the

"present invention; A

Fig. 2 is a perspective view showing an

- arrangement of a recording head shown in Fig. 1;
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j‘unper wire are required. (2) Adjustnent is tinme-consum ng since
it is performed while the operator observes the print result. 5

(3) Wen a load varies due to deterd @ ations over time,_an initial
adj ust mrent val ue is changed, resulting [ s E@Qh SEEN ¢.

On the other hand, in recent years, an ink-jet %@fﬁg ng apgpar at us
for causing a change in state 10 (e.g., filmboilli sk by heat

energy, for ejecting the ink to a recording nediunlby_using '
1 Fig. 3 is a block diagram showing a recording head

drive system of the first embodiment;
Fig. 4 is a flow chart showing a correction value
detection operation of the first embodiment;
5 Fig. 5 is a view showing the correction value
detection operation of the first embodiment;
Fig. 6 is a flow chart showing a recording
operation of the first embodiment;
Figs. 7 and 8 are views showing a recoxrding
10 operation of the first embodiment;
Fig. 9 is a block diagram showing a recording head
drive system according to the second embodiment of the
" present invention;
Fig. 10 is a flow chart showing a correctidn value
15 detection operation according to the second embodiment
of the present invention;
Fig. 11 is a view showing a correction value
detection operation of the second emﬁodiment;
Fig. 12 is a flow chart showing a recording
26 operation of the second embodiment; |
'Fig. 13 is a view showing a correction value
detection operation of the second embodiment;
Fig. 14 is a schematic block diagram showing an
arrangement obtained when the'éresent iﬁvention is
25 applied to a data processing apparatus; and
- Figs. 15 and 16 aie perspective.views of the data

processing apparatus shown in Fig. 14. —
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bubbl es gener at ed by-the change in state of the ink, and for

recordi ng a character or graphic i mage has been devel oped. The size
of a heating resistor (heater) 15 Franged in each e S
consi derably snal |l er than that of a piezoelE ‘glgHgﬁeHﬂhtEﬁ dina
conventional ink- jet recording apparatus. For thi pLACERSON,

hi gh-density nmul ti pl e arrangenent of ej ecti pn obt ai ned,

a high-quality 20 recordi ng i mage can be obtained, and characteristics
such as a hi gDETREBEDODESERTIPTIONIOFOPHRO PREFERREDE EMBODIMENTS

Serial recording apparatuses according to
preferred embodiments of the present invention ﬁill be
described with referenée to the accdmpanying drawings.

5 Fig. 1 shows an arrangement of the first
embodiment obtained when the present invention is
applied to an ink-jet recording apparatus, Fig. 2 shows
an arrangement of its redording head, and Fig. 3 is a
block diagram showing an electrical arrangement of a

10 recording head drive'system.

Referring to Fig. 1, in the ink-jet recording
apparatus;;a head cartridge 14'has an integral
structure consisting ofla recording head H constituted
by using a heater board to bé described with reference

15 to Fig. 2 later, -and an ink tank serving as an ink
supply source. The-head cartridge 14 is fixed on a
. carriage 15 by a press member 41. These members can be
reciprocated along shafts 21 along tﬁeir longitudinal
. . direction. An ink _ejected from the recording head
26 reaches a recording medium 18, whose recording surface -
is regulated by a plateﬁ 19, through a small gap formed
with the recording head H, thereby forming an image on
the recording medium 18. -
An ejection signal co:requnding to image data is
25 supplied from -an appropriate data supply.source tthhe
récording head H through a cable 16 and a terminal

connected to it. At least one head cart:idge (two in
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obt ai ned. O various types of ink-jet recording apparatuses,

there is provided an apparatus using a recording head.
an ink tank and is detachable froma_ 4 _ carriage. In tmms;SHﬁEfﬁ@§ EEl
recordi ng apparatus, when bi di rectional recordinglis peRrgprAOEd to

achi eve

1 the illustrated embodiment) can be arranged in

accordance with the number of ink colors.
Referring to Fig. 1, the ink-jet recording

appafatus also includes a pulse motor 17 for scanning

5 the carriage 15 along the shafts 21, and a wire 22 for
tiansmitting a driving force of the motor 17 to the
carriage 15. This apparatus further includes a feed
motor 20, connected to a platen roller 19, for feeding
the recording medium 18, and an HP (home position)

‘10 sensor 4 for detecting the home position of the
carriage 15. The HP sensor 4 is turned off when the
carriage 15 is located in a positive direction with
respect to the HP sensor 4.

Fig. 2 shows an arrangement of the recording head
15 H. A heater board 1 comprises an electro-thermal
-conversion unit (ejection heater) 5 formed on a
silicon substrate and.a wiring 6 made of Al or the like
to supply power to the eledtro-therﬁél conversion unit
in accordance with film formation techniques. A

.20 ceiling plate 30 having partition walls for defining
liquid paths (nozzles) 25 for a recording liquid is
adhered to the heater board 1 to constitute the ink-jet
type recording head_H,

A recording liquid.(ink) is supplied to a common
25 liquid chamber from a sﬁpply port 24 formed in the
- ceiling plate 30 and is supplied to each nozzle 25.

When the heater 5 is heated upon its energization, a
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recording at a higher speed, the follow ng problens are posed.
Since the weight of the ink within the ink tank is

(decreased) by use of the ink, a drivg Load of 5 T 'Q{gppg@gﬁﬁmw
greatly varies. For this reason, the probl e §§‘q § nore
conspi cuous. SUMVARY OF THE | NVENTI ON | t

the present invention to

1 bubbling phenomenon occuré in the ink filled in the
nozzles 25. An ink droplet is ejected from each
ejection port 26 upon growth and contraction of the
bubble.

5 As shown in Fig. 3, a pulse mbtor drive circuit 31
drives the pulse motor 17. A CPU 32 supplies a control
signal to the pulse motor drive circuit 31 to drive the
pulse motor 17, as will be described later. A ROM"33
stores a control sequence (to be described later) of

‘10 the CPU 32. A RAM 34 has a counter (to be described
later) and temporary data storage areas A and M, and
the like.

A correction value detection operation
(preliminary scanning) of the embodiment having the

15 above arrangement will be described with reference to a
flow chart of Fig. 4 and a recording head movement
diagram shown in Fig. 5.

As shown in Fig. 4, initialization (101) is.
performed upon a power-on operation, and then

éo' direction-acceleration processing (102) is performed in
which the pulse motor 17 is driven to drive the

~ carriage 15'(recordin§ head H) in a positive direction
at a speed equal to accéleration in the recording mode
(point A to point B in Fig. 5). -
25 The counter A in thé RAM 34 is set at "1" (105).

Every time the recording head H is moved by one pulse

at a constant speed (106), the level of the HP sensor 4
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piovi de a serial recording apparatus capable of 10 r ecf Br,@Caddcg C
recordi ng head with high precision. It is anotthH@b%%¥§ éﬁ;gﬁgm
present invention to provi de a-serial recording app r at uEELA g of
perform ng bidirectional recording with high precision. It is
still another object of the present 15 I nvention to provide a serial
recordi ng appar at us capabl e of performng bidirectional recording with
hi gh precision regardl ess of |load variations in a carriage

motor. 1  1s detecteds{107)anctWhen thecHP senshe fir iseppt ON, the

counter A is incremented by one (108). When the HP
sensor 4 is turned on (point C in Fig. 35), the head H
is moved by an arbitrary number of pulsés N (109)

5 (point D in Fig. S). At this time, the counter A
retains pulses between points B and C. Thereafter,
positive direction-deceleration processing is performed
(110), and movement of the recording head H is stopped
(point E in Fig. 5).

10 Negative direction-acceleration processing (111)
in which the pulse motor 17 is driven in a reverse or
negative direction by the same number of pulses as in
positive direction-acceleration processing is performed
(point E to point F in Fig. 5). The counter M

15 different from the counter A in the RAM 34 is set at
1" (112). Every time the recording head H is moved by
one pulse (113), the level of the HP sensor 4 is
detected (114). If the HP sensor 4 is not set in the
OFF state, the counter M is incremented by one (115).

20 When the HP sensor 4 is set in the OFF state
(point H in Fig. 5), the counter M has the number of
pulses between points F and H. At this time, the
number of pulses applied to the pulse motor 17 must be
equal to that of pulses in an ideal drive system, i.e.,

25 M = N. However, since movement of the recording héad H
does not immediately correspond to the number of pulses

- - -

applied to the pulse motor, a switching position error
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20 i nvention to provide a serial recordi ng apparatus capabl e of

automatically adjusting a recording error in bi di rectional recording.
In order to achieve the above objects p§ Lhe present inventi.on

Is provided a serial recording 25 apparatus for '%’g@gﬁtk'maaﬁﬂ

recordi ng head with respect to a recording mnmeg

bi di recti onal

1

10

15

ePCicER” ™

of the HP sensor 4 occurs, and M > N is obtained. 1In

recordi ng, conprising:

addition, this error varies in accordance with a change
in weight of an ink tank of the recording head H, i;e.,
a change in drive load over time. '

In practice, the drive system is not an ideal
rigid member and has a play, and has error factors such
as the hysteresis of the HP sensor 4 and a cirguit
delay. These error factors are given as a
characteristic value B, and an error amount is stored
in the RAM 34 as X =M - N - B (116). In order to |
adjust the positive or negative movement amount of the
recording head H, the recbrding head H is.moved by (A +
N - N) pulses (117), and deceleration processing (118)
is performed by the same number of pulses as that in

positive direction-acceleration processing {(point A in

. Fig. 5A). -Note that characteristics in consideration

20

25 -

of the characteristic value B caused by a play and the
like are indicated by a dotted line.in Fig. 5. An
error amount X with respect to the load upon power-on
operation is determined as described above.

An actual recording operation (recording scanning)
will be described with reférence to a flow chart in
Fig. 6 and a movement diagram 9f the recording head in
Fig. 5. |

Upon reception of a& recording or print instruction

(301), positive direction-acceleration processing (302)

is performed. In order to ensure a correction area,
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-4- 1 position detecting neans for detecting a reference
position of the recordi ng head, F ‘driving nmeans for reciprocating

t he recordi ng head within a predfielnined area including the reference
5 posi ti on; means for calculating a diffefrerce—between

ref erence positions detected by the position detectingTHIS SHEET HAS BEEN
REPLACED

1 the recording head H is drivén by K pulses (303) (point
I in Fig. 7). Recording (304) is performed on the
basis of data (point J in Fig. 7). Deceleration
processing (305) is performed, and then the paper is

5 fed (306). _

When the print instruction (307) of the next line
is input, negative direction-acceleration processing
(308) is performed (point O in Fig. 7), and the
reCording head H is moved by X correction pulses (309)

10- (point P in Fig. 7). Data of the next line is recorded
(310) (point R in Fig. 7). The recording head H is
moved by (K - X) pulses (311), and deceleration
processing (312) is pérformed.

The above operations are repeated to perform

15 = one-page recording.

Fig. 7 illustrates the above operations. The
actual recording head positions are plotted along the
abscissa. The point (i.e., point 0) ﬁpon completion of
acceleration procéssing in the negative direction is

26 sifted to the right from the point (i.e., point J)} of
the end of printing in the positive direction. By
moving the recording head H by X pulses, the printing
range P-R upon completion of cgrrection almost
coincides with the printing range I-J in the positive'

25 direction. & |

A§ described above, according to this embodiment,

the recording head H is moved in the positive and
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means by reciprocal novenent when the recording head is reci procate
by the driving means within the 10 - predetern1ned area; and

nmeans for correcting a positional errgp in bi dir

the basis of the difference cal cll ated by the ca EHEaSHHd'héamkiﬂ
According to the present invention, upon a 15 power } on OpPREFACEM or
swtching froman off-line node to an on-1line note—st

di fference between the ref erence positions detected by the position

detectingl negative directions under the same conditions as in the
recording mode upon the power-on operation. The
numbers of pulses until a moment at which the reéording
head H crosses the HP sensor 4 are counted, and print
5 error correction in both the diréctions is performed in
accordance with the calculated difference. Without
increasing cost or performing adjustment, print error
correction with high precision in both the directions
.can be perférmed. In addition, since the above
10 correction operation is always performed upon each
power-on operation, appropriate correction can be
performed against variations in drive load and
.particularly changes in ink tank weight over time.
In addition to the difference in numbers of
15 pulses, error correction in consideration of the
characteristic value unique to the head drive system is
performed in this embodiment. Therefore, print error
correction in both the directions caﬁ be performed with

high precision.

20 In this embodiment, the positive recording area is -

. set to be equal to the negatlve recordlng area.
However, these areas may be. dlfferent from each other,
and printing with a minimum distance can be similarly
performed.

25 ' As shown in Fig. 4, when the state is changed:from

an off-line state to an on-line state (102), the same
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neans in both the directions is calculated, a print

position error in

bi directional recording can be 20 automatically adj§ T

di fference. BRI EF DESCRI PTI ON-CE3THE DRAW NGS %HEPSRg?E?'S LERS| o
partially cutaway perspective view . show ng an ar angen®kiABED an

I nk-j et recording apparatus according to the first enbodi nent of e
25 present invention; Fig. 2 is a perspective view show ng an

arrangen%pt of a recordi ng head shown._.i

control as in (104) to (1:{8n) Fci:gh l%e performed upon
initialization (103) to update correction data.

In this embodiment, correction is performed when
the recording head is moved in the negative direction.
However, correction may be performed when the recording
head is moved in the positive direction, as shown in
Fig. 8.

More specifically, after positive

~ direction-acceleration processing is performed, the

10 -

15

20

25

recording head is moved by the X pulses corresponding
to the correction value. In this state, recording is
performed, and the recording head is moved by (K - X)
pulses. Thereafter, the recording head is decelerated
and finally stopped. In printing in the negative
direction, upon completion of acceleration processing,
the recording head is moved by K pulses to ensure a
correction area. Recording is then performed, and the .
recording head is decelerated and fiﬁally stopped. In
this manner, even if the recording head is moved by
'pulses in the positive direction, the same effect as in
the above embodiment can be obtained.

The second embodiment of the present invention
will be described below. |

This embodiment has the s;ﬁe mechanical.structure
as in the embodiment shown in Fig. 1, and the block

diagram of an electrical arrangement of a drive'system

for a recording head H is shown in Fig. 9.
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-5 - 1 Fig. 3 is a block diagramshowi ng a recordi ng head
drive systemof the first enbodi nent; Fig. 4 is a flow.char
showi ng a correction val ue det egtg Qn operation o §HEE$tHAS BEEN
enbodi nment ; 5 Fig. 5is a view showing the co ec ﬁ@PUﬁkﬁe

1 Referring to Fig. 9, the drive system includes a
pulse motor drive circuit 31 for driving a pulse motor
17, a CPU 32 for supplying a control signal to the
pulse motor drive circuit 31 to drive the pulse motor
5 17, as will be described.later,.a ROM 33 for storing a
control sequence (to be described later), and a RAM 94
having counters (to be described later) or tempofary
data storage areas P, Q, and X, and the like.
The pulse motor 17 has a resolution per pulse
‘10 corresponding to a drive amoﬁnt of 1/60" of the
recording head H. A print area corresponds to 480
pulses (8"). -
A correction value detection operation
(preliminary scanning) of this embodiment will be
15 déscribed with reference to a flow chart in Fig. 10 and
a movement diagram of the recording head shown in
Fig. 11.
As shown in Fig. 10, initializa£ion (401) is
performed upon power-on operation, and positive
20 direction-acceleration processing (402; point A to
point B in Fig. 11) is performed wherein the pulse
motor 17 is driven to drive a carriage 15 (recording
head H) in a positive direction at a speed equal to
that in a recording mode.
25 : A movement pulse count V (e.g., 180;1/3 of 480
pulses_correspondinq to the print area) in the positive

direction is set in a movement pulse counter U in the
- \
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det ect’i on operation of the first enbodi nent; Fig. 6 is a flow

chart showi ng a recording operation of the first enbodi nent;

Figs. 7 and 8 are views showi ng a recgmrding 10 operation of the. fisst

enbodi nment ; Fig. 9 is a block diagram sh nbﬁgsﬂEfﬁqgﬁdBﬁ@&1ead
drive system according to the second enbodi nent of § li:ﬁlz;rEgsent

I nventi on; Fig. 10 is a flow chart show ng_a CBE? -eor—vaf ue

15 detection operation according to the second enbodi nent
1 RAM 94 (403). 1In this case, the count V is a value

stored in the ROM 33 and corresponding to a pulse count
representing a distance up to point E sufficiently
spaced apart from point B in Fig. 11, passing through
5 an HP sensor 4. The counter P is set to be "0" (404).
Every time the recording head H is moved by one pulse
at a constant speed (405), the level of the HP sensor 4
is detected (406). If the HP sensor 4 is set in the
OFF state, the counter P is incremented by one (407).
10 This operation is repeated by V pulses (408 and 409).
At this time, the counter P.represents'a pulse count
from point D to point E in Fig. 11, i.e., a period
dﬁr;ng which the sensor level is changed from the ON
state to the OFF state. Upon completion of movement by
15 V pulses, positive direction-deceleration processing
(410) is performed, and movement of the recording head
H is stopped (points E and F in Fig. 11).
The pulse motor 17 is driven inNthe negative or
reverse direction, and negative direction-deceleration
éo processing (411; point G to point H in Fig. 11) is
performed by the same pulse count as that in the
positive direction-~deceleration processing. The same
value V as in positive.movemenF is set as a movement
pulse count in the negative direction in the movement
25 pulse counter U (412). -The counter Q is set to be'“Q“
(413).‘ Every time the recording head H is moved by one
pulse at a constant speed-(414), the level of the HP
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of the present invention; Fig. 11 is a view showing a correction

val ue detection operation of the second enbodi nent; ”“T"”T"FE§£LL
12 is a flow chart showing a recordinge 20 operation o 'ﬁh&fﬁ@éﬁﬁ&ﬁ =
enbodi nent ; Fig. 13 is a view showing a corredti on REPLACED . .
detection operation of the second enbodi nent; 14 TS a
schemati ¢ bl ock di agram showi ng an arrangenent obtai ned when the

present invention is 25 applied to a data processing apgaratus; and
1 sensor is detected (415). When the level of the HP

sensor is set in the OFF state, the counter Q is
incremented by one (461). This processing is repeated
by V pulses (417 and 418). At this time, the counter Q
5 stores a pulse count from point H to point J in Fig. 11
during which the level of the sensor is changed from
the OFF state to the ON state. Upon completion of
movement pf the recording head.by V pulses, negatiﬁe
direction-deceleration processing is performed by the
10 same pulse count as in the positive _
direction-acceleration processing (419), and movement
of the recording head H is stopped (point K to point L
in Fig. 11).
When the above processing is completed, condition
15 P = Q must be obtained in an ideal drive system. 1In
practice, however, since the drive system is not an
ideal rigid body, the drive system has 'a characteristic
value Y (points A to L énd points f to G in Fig. 11)
such as a play. In addition, since the recording head
20 H cannot immediatelf.respond to the puises supplied to
the pulse motor 17, a level inversion position of the
HP sensor 4 is shifted from point C to point D in the
positive direction and from point I to point J in the
" negative position, thereby obt;ining condition Q > P.
25 | When this error value igegiven ashx, the value X iﬁ the
positive direction is regarded to be equal to that in

- -

the negative direction, so that the error value can be
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Figs. '15 and 16 are perspective views of the data processing

apparatus shown in Fig. 14. THIS SHEF
DETAI LED DESCRI PTI ON OF THE PREFERRED, ;NBCDINENTS eﬁgé&
recordi ng apparatuses according to

1 calculated by X = (Q - P - d)/Y. This value is stored
in the RAM 94 as a correction value (420). The error
amount X for the load ﬁpon the power-on operation can
thus be obtained.

5 In this embodiment,'since P =145, 9 = 150, and Y
= 1, then X = 2. Alternatively, the above operations
are repeated a plurality of times to obtain a plufality
of correction values, an averagé value of the plurélity
-of correction values is calculated, and the average

10 value may be stored in the RAM 94 as a correction
value.

A correction sequence (recording scanning) during
actual recording will be described with reference to a
flow chart in Fig..12 and a recording head movement

15 chart shown in Fig. 13.

During actual fecording, as shown in Fig. 12, upon
reception of a print instruction (501); positive
direction-acceleration processing is performed (502;
point A to point B in Fig. 13). ihe recording head is

20 moved by Z pulses to obtain an area for ensuring a
correction area, and the recording head is moved by the
correction value correéponding.to X pulses (503; from
point B to points C and D in Fig. 13). At this time,
the area Z is set to have a larger value than a sum of

25 a maximum value of the agsumed correction value X and

the characteristic value Y caused by a play. =
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prefeired enbodi nents of the present invention will be described with

reference to the acconpanyi ng draw ngs. 5 Fig. 1 shows an
arrangenment of the first enbodiygnt obtai ned when th pﬂgs
i nvention is applied to an ink-jet recording apparatys .

an arrangenent of its recording head, and Fig. 3 is a
showi ng an electrical arrangenent of a 10 recording head drive sy
Referring to Fig. 1, in the ink-jet recording apparatus, a head
cartridge 14 has ®Redorddgiplis then performed in accordance with
recording data (504; point D to point E in Fig. 13),
- and the recording head is moved by (Z - X) pulses to
adjust the correction area upon recording (505; point E
5 to point F in Fig. 13). After positive
direction-deceleration processing is performed (506;
point F to point G in Fig. 13), the éaper is fed'(507).
When a print instruction of the next line is ~
received (508), negative direction-acceleration
io processing is performed by the same -pulse count as in
the positive direction-deceleration processing (509;
point H to point I in Fig. 13). The recording head is
‘moved by % pulses to obtain an area for assuring the
correction area, and then the reéording head is moved
15 by Y pulses as the characteristic value Y caused by a
- play and the like. In addition, the recording head is
moved by X pulses as the correction value (510; from
péint I to points J, K, and L in Fig; 13).
. Recording is then pérformed in accordance with .
26 _recording data (511; point L to pbint M in Fig. 13).
In order to adjust the correction area upon recording,
the recording head is moved by (2 - X - Y) pulses (505;
point M to point N in Fig. 13): Negative
direction-deceleration processing is performed by the
25 same pulse count as in the positive
direct}on-acceleration processing (513).

—
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structure consisting of a recording head H constituted by using a
heater board to be described with reference 15 to Fig. 2 later, .
ink tank serving as an ink suppby-source. The hdadf ﬁe ggﬁdgﬁskﬁENs
fixed on a carriage 15 by a press nenber 41. Th L$ B n be
reci procated along shafts 21 along their |ongitudinal } - G0

ink ejected fromthe recordi ng head 20 reaches a recording nedlun118,
whose recordi ng surface is regulated by a platen 19, through a snal
gap formdd \Fhey abeve cepexhtipne aice] repeatdy torpénfomn i mage on

one-page recording.
Fig. 13 illustrates the positions of the recording

heads H in the above operations. This processing is

5 performed so that the printing range in the positive
direction falls between point D and point E, and that
in the negative direction falls between point M and
point L. In practice, however, an error corresponding
to X occurs as in detection of the correction value.

10 The printing range in the positive direction falls
between point C and point E’, and that in the négative
direction falls between point M’ and point K.

An actual print start position can be kept to be
point C even if the correction value X upon detection
1S is changed by load variations such as differences
between apparatuses and deteriorations over time. This
is because error correction is perforﬁéd in both the
positive and negative directions. 2
In this embodiment, the positive recording area is

26 set to be equal to that of the negative recording area.
However, the positive recording area may be different
in size from the negative recording area, and printing
with a minimum distance can be_pérformed.

When the off-line state is changed to the on-line

25 ~ state, as shown in Figs.ﬁio (421, 402 to 426), the éame

| control as-described above can be performed to update

- -

the correction value. In addition to_ the case wherein
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the recordi ng medi um 18. An ejection signal corr 0 gaE{EN
I mge data is 25 supplied froman appropriate data’ﬁngsyEsbﬁAEe 0
recordi ng head H through a cable 16 -ar2D a-t er m nal cof ]

At | east one head cartridge (two in

1 the apparatus is powered on,;or is changed from the
off-line state to the on-line state, the correction
value calculation control described above can be
performed prior to recording.

S In this embodiment, the pulse count (i.e., a
switching count of excitation phases) of the pulse
motor 17 is counted. However, when ink ejection (dot)
is performed at timings each obtained by dividing -
(e.g., six divisions) one phase of the pulse, the

10 number of dots may be counted. 1In this case, error
correction precision can be given as 1/360*, thereby
further improving error'correction.precision.

In a recording apéaratus having a plurality of
print speeds, correction values X1, X2,...

15 coxrresponding to the requctivg speeds are obtained,
thereby performing optimal error correction at the
.respective speeds.

The present invention is not limited to a pulse
motor as a drive source for the recording head

20 (carriage), but can employ, e.g., a DC motor.

The HP sensor can be arranged outside the
acceleration or deceleration processing area.

A preliminary scanning ambunt is not limited to a
specific value. However, in consideration of -

25 preliminary scanning time and precision, this amount is

preferably set to be 1/2 to 1/4, particularly 1/3, of

the recording width.
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recordi ng
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ustrated enbodi nent) can be arranged in accordance with the
I nk col ors. Referring to Fig. 1, the |nk Jet recordi ng
al so includes a pul se notar 247 for scanning -t £
shafts 21, and a wire 22 for transmtti gn'Q HERT A BEER ’of
17 to the carriage 15. This apparatus fyrther RERCAGHDes a
not or 20, connected to a platen roller 19, for teeding e

medi um 18, and an HP (hone position)
The present invention can equally applied to,

e.g., a thermal transfer recordlng system using a
thermal head, a heat-sensitive recording system, and an.
impact recording system usiné a daisy wheel, a wire
dot, or the like. -When the ink-jet recording system is
employed, an excellent effect can be obtained in the
ink~jet recording apparatus utilizing heat energj; as
described in the above embodiments. ‘According to this
system, high-density, high-precisidn recording can be
performed.

As to its representative constitution and
principle, for example, one practiced by use of the
basic principle disclosed in, for example, U.S. Patents
4,723,12§ and 4,740,796 is preferred. This system is
applicable to either of the so éalled on-demand type
and the continuous type. Particularly, the case of the
on-demand type is effective because, by applying at
least one driving signal which giveshrapid temperature
elevation excéeding nucleus boiling corresponding to
the recording information on aﬁ electricity-heat
converters arranged corresponding to the sheets or
liquid channels holding liquid -(ink), heat energy is
generated at the electricityeheat converters to effect
film boiling at the heat acting surface of the
recording head, and consequently the bubbles within the
liquid (ink) can be formed corresponding one by one to

the driving signals. By discharging the liquid (ink)-
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10 sensor 4 for detecting the hone p05|t|on of the carriage 15.

The
HP sensor 4 is turned off when the “‘carriage 15 is Iocated in a
positive direction with respect 49 41 he HP sensef— =5 Q. 2
shows an arrangenent of the recording head 15 H. Wlﬁe&ﬂfﬂ MﬁalngN
conprises an el ectro-thernal conversion unit (lej ect iREALAGEDt er)
formed on a silicon substrate and a wiring 6 nade of A_Or 1 i ke
to supply power to the electro-thermal conversion unit i n accordance

with filinfothaough becopenisg. far discharging by growth and

10

15

20 -

25

shrinkage of the bubble, at least one droplet.is
formed. By making the driving signals into pulse
shapes, growth and shrinkage oflthe bubble can be
effected instantly and adequately to accomplish more
preferably discharging 6f the liquid (ink) particularly
excellent in response .characteristic. As the driving
signals of such pulse shape, those as disclosed in-U.S.
Patents 4,463,359 and 4,345,262 are suitable. Further
excellent recording can be performed by employment of
the conditions described_in U.S. Patent 4,313,124 of
the invention concerning the temperature elevation rate
of the above-mentioned heat acting surface.

As the constitution of the recording head, in
addition to the combination constitutions of
discharging orifice, liquid channel,_electricity—heat
converter (linear liquid channel or right angle liquid
channel) as disclosed in the above-méhtioned respective
specifications, the constitution by use of U.S. Patent
4,558,333, 4,459,600 disclosing the constitution having
the heat acting portion arranged in the flexed region
is also included in the present invention. 1In
addition, the present inﬁention can be also effectively
made the constitution as disclosed in Japanese Patent
Laid-Open Application No: 59-123670 which discloses the

constitution using a slit common to a plurality of

electricity-heat converters. as the discharging portion

Tlus Sheet Has Been R..Dlaced
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20 ce€iling plate 30 having partition wal I's for defining l'i quid paths
(nozzles) 25 for a recording liquid is adhered to the heater board 1
to constitute the ink-jet type recording head H 0.

A
recording liquid (ink) is supplied To?a Tommon 25 IldNWSisw@g ‘B a
supply port 24 fornmed in the . ceiling plate 30 a dB&&d pach
nozzl e 25. When the heater 5 is heated upon its ' , a

1

10

15

20

25

L) -

of the electricity—heet cqnve:ter or Japanese Patent
Laid-Open Application NB. 59-138461 which discloses the
constitution having the opening for absorbing pressure
wave of heat energy cor:espondent to the discharging
portion.

Further, as the recording head of the full line
type having a length corresponding to the maximum width
of recording medium which can be recorded by the “
recording device, either the constitution which
satisfies its length by combination of a plurality of
recording heads as disclosed in the above-mentioned
specifications or the COnstitution as one recording
head integrally formed may be used, and the present
invention can exhibit the effects as described above
further effectively.

In addition, the present invention is effective
for a recording head of the freely encﬁangeable chip
type which enables eleetriqal connection to the main
device or supply of ink from the main device by being
mounted on the main device, or for the case by use of a -
recording'head of the cartridge type provided
integrally‘on the recording head itself.

Also, addition of a restogation means for the
recording head, a preliminary auxiliary means, etc.
provided as the constitution of the recording device of
the present“invention is preferable, because the effect

of the present invention can be further stabilized.
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1° bubbli ng phenonmenon occurs in the ink filled in the

nozzl es 25. An

i nk droplet is ejected from each - ejection port 26 upon growth and
contraction of the bubble. 5 - As shown in Fig. 3, a pulse notor
drive circuit 31 -24 -

THIS SHEET HAS BEEN
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Specific examples of these may include, for the

recording head, capping means, cleaning means,

" pressurization or aspiration means, electricity-heat

converters or another heating element or preliminary.
heating means according to a.combination of these, and
it is also effective for performing stable recording to
perform preliminary mode which performs discharging
separate from recording. “
Fﬁrther, as the recording mode of the recording
device, the present invention is extremely effective
for not only the recording ﬁode only of a primary color
such as black etc., but also a device equipped with at

léast-one of plural different éolors or full color by

- color mixing, whether the recording heat may be either

integrally constituted or combined in plural number.
In each embodiment described above, the ink is
exemplified as a liquid. - However, an ink which is
solidified at room fempefature or less is generally
temperature-controlled to be sbftened or liquefied at
room temperature or in a temperature range of 30°C to
70°C, thereby controlling the wviscosity of the ink to
fall withiﬁ a stable ejection range. For this reason,
an ink need only be in a liquid phase when a recording
signal is applied. Alterﬁétively, by using an ink
which positively prevehgé temperature increase by heat
energylby using it as energy for changing a state from

a solid phase to a liQuid phase of the ink, or by using
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drives the pulse notor 17. A CPU 32 supplies a control signal to the

pul se notor drive circuit 31 to drive the pul se notor 17, as wll be
described later. A ROM 33 st ores2% <ontrol sequence (to be descri bed
| ater) of 10 the CPU 32. A RAM 34 has a counter

| ater) and tenporary data storage areas A and M nﬂ-ns SHEET A i
A correction value detection operation (prel

embodi ment having the 15 above arrangenent will
referencé toan ink which is solidified in an exposed state fo

10

15

20

25

n1na¢&P§maﬁn|ng'

purpose of evaporation prevention, heat energy is
applied to the ink in accordance with a recordihg
signal, and the 1iquefied ink is.ejected. An ink
which starts solidifying before it reaches the surface
of a recording medium may also be used. That is, an
ink which is liquefied only upon application of hé&t
enexrgy may be used in the'present invention. In
addition, as described in Japanese Patent Laid-Open
Application No. 54-56874 or 60-71260, an ink as a
liquid or solid body stored in a recess or through hole
of a porous sheet may be opposed to an electricity-heat
converter. According to the present invention, a most
effective method for each ink is a film boiling method.
| In addition, the ink-jet recoxrding apparatﬁs
according to the present invention is used in an
application form as an image output terminal of data
processing equipment such as a compuﬁer, a copying .
apparatus in combination with a reader and the like,
and a facsimile apparaﬁus having transmission and
reception functions.

Fig. 14 is a schematic block diagram in which a
recording apparatus of the present invention is applied
to a data processing apparatus-having functions as a
wordprocessor, a personai:computer, a facsimile

apparatus, and a copying apparatus.

“This Sheet Has Been Replaced
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flow chart of Fig. 4 and a recordi ng head novenent di agram shown in
Fig. 5. As shown in Fig. 4, initialization (101) is
performed upon a power-on operation, 3 d then 20 dlrectfﬂﬁ acceleration

processing (102) is perfornmed in Tch the pul se not BIIS1SHEET HAS \BEENt
drive the carriage 15 (recording head H) in a positjve dm&egAggm

at a speed equal to acceleration in the recording node tpormt—vi-t-e
point Bin Fig. 5. 25 The counter Ain the RAM 34 is set at "1"

(105). 1 Every i Gt I RGO NEdifkbls | thabiskanl Wigerution of

the apparatus and includes a CPU (e.g., a

microprdcessor) and has various I/0 ports. The
controller 201 outputs control and data signals to the

5 respective circuit compohents or receives control and
data signals from these éomponents. A display 202
displays various menus, docﬁment information, andlimage
data read by an image reader 207 on the display'scfeén.
A transparent pressuré-sensitive touch panel 203 is

10 arranged on the display 202. When the surface of the
touch panel 203 is pressed with a finger or the like, a
desired item or a coordinate position can be input on
the display 202.

An FM (Frequency Mbdulation) sound source 204

15 stores music information generated by a music editor or
the like in a memory 210 or an external memory device
212 in the form of digital data, reads out stored data
from the memory and the like, and pefformS'FM
modulation of the readout data. An electrical signal

20 from the FM sound'source 204 can be produced as sounds
from a speaker 205. A printer 206 is constituted by
the recording apparatus of the-present invention as an
output terminal for a wordprocgssor, a personal
computer, a facsimile apparatus, and a copying machine.

25 The image reéder 207 photoelectrically reads

origin§1-data and inputs the read data. The image

readexr 207 is arranged in an-original convey path and
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at a constant speed (106), the level of the HP sensor_4
Is detected (107). Wien the HP sensor 4 is ngg

-9-

counter A is increnented by one (108)27When the HP J.HAS§EEMrned

on (point Cin Fig. 5), the head H

10

15

20

reads a facsimile original, a copying original, and
various other originals. A FAX transmitter-receiver
208 performs facsimile transmission of original data

read by the image reader 207, receives a transmitted

facsimile signal, and decodes the received facsimile

signal. The FAX transmitter-receiver 208 has an
interface function with an external device. A
telephone 209 has various telephone functions such’ as
normal telephone functions and automatic telephone
answering functions.

The memory 210 includes a ROM for storing a system
program, a manager program, other application programs,
character fonts, and a dictionary, and.a video RAM, and
further stores application programs loaded from the
external memory device 212 and document information.

A keyboard 211 is used to input document
information and various commands.

The external memory device 212 ﬁses-a memory
medium such as a floppy or hard disk. Document

information, music or voice information, and user

application programs are stored in the external memory

device 212.

Fig. 15 is an external perspective view of the
data processing apparatus.showﬁ in Fig. 14.

A flag display panei.301 is obtained by using a
liquid crYsﬁal or the like and displays various menus,

graphic data, and document data. ‘The touch panel 203
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I's moved by an arbitrary nunber of pulses N (109) 5 (point Din Fig. 5).
At this tinme, the counter A retains pul ses between p0|nts B and C.
Thereafter, positive direction- qﬁfeleratlon pr oc
(110), and noverent of the recording ‘head H is stoppddHIS § Eﬁ)dﬂkﬁ BEER
Fig. 5. 10 Negative direction-accel eration procesREMRCEDHLL)

i n which the pulse notor 17 is driven in a reverse or regattv-e
direction by the sane nunber of pulses as in positive

di recti ofi- acg@l Fomcd ol @heS8iBPlay BOLLOr WpBn depression of the

d

surface of the touch panel 203 with a finger or the
like, coofdinate data or an item can be input. A
handset 302 is used when the apparatus serves as a
5 telephone. A keyboard 303 is detachably connected to
the main body through a.cord and is used to input
various docﬁment data and other data. .The keyboafd 303
has various function keys 304. A floppy disk slot 305
is formed in the main body for accessing data from the
10 external memory device 212. |

An original is placed on an origihai table 306 and
is read by the image reader 207. The read original is
discharged from the rear porﬁion of the apparatus. In
a facsimile reception m@de or the like, the réceived

. 15 data is recorded at an ink-jet printer 307.
 The display 202 may be constituted by a CRT
display. However, a flat panel such as a liquid
crystal display utilizing a férromagﬁetic.liquid
crystal is preferre@ to obtain a compact, low-profile,
20 lightweight display.

When the data procéssing apparatus is used as a
personal compdter or a wordprocessor, various data
input from the keyboard 211 is“processed by the
controllexr 201 ih accordance with a predetermined

25 program. The processed data is output as an image-at

the printer 206.
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(point Eto point Fin Fig. 5. The counter M 15 different fromthe

counter Ain the RAM 34 is set at "1" (112). Every tine the recording
head H is noved by one pulse (113), the | evep he HP sensor 4 is
detected (114). If the HP sensor 4 |529ndT set int BHIS SPKE@ES%% , the
counter Mis incremented by one (115). 20 en t tﬁbaf S 4 1is
set in the OFF state (point Hin Fig. 5), the cotxter as_thd nunber
of . pul ses between points F and H At this time, the nunber of

pul ses ?gp' ed {0ghag R8I Akul sBivke Es a recBiVal b il Of pulses

in an ideal drive syste
facsimile apparatus, facsimile data input from the;FAX

transmitter-receiver 208 through a communication line
is received and processed by the controller 201 in

5 = accordance with a predetermined program. The processed
data is output as a reception image at the printer 206.

When the apparatus serves as a copying machiﬁe, an
original is read by the image reader 207, and the read
original data is output as a copy image at the printer.

10 206 thraugh the controller 201. When the apparatus
serves as a transmitter of the facsimile apparatus,
ofiginal data read by the iﬁage reader 207 is
transmitted.by the controller 201 in accordance with a
predetermined program. The processed data is sent to

15 the transmission line through the FAX
transmitter-receiver 208.

' The data processing apparatus may'be an integral
unit including an ink-jet printer, as shown in Fig. 16.
In this case, a more portable apparatus can be

20 obtained. The same reference numerals as in Fig. 15 -
denote the same parts in Fig. 16.

As déséribed above, the recording apparatus of the.
present invention is applied to the multifunctional
data processing apparatus as described above to obtain

25 a high-quality recorded'{mage with low noise at high

speed, ﬁhefeby further improving the functions of the

data processing apparatus.
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25 M= N. However, since novement of the recording head H does not
I mredi ately correspond to the nunber of pul ses '
notor, a switching position error - 30 -
of the HP sensor 4 occurs, and M> N is obtained.:
error varies in accordance with a change

1 As has been described above, according to the
present invention, the positions of the recording head
- in the positive and negative directions can be
accurately controlled regardless of drive load

5 variations.

10
i5
20 i
- 25 | .
-
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in mefght of an ink tank of the recording head H, i

.e., a change in

driveTo In practice, the drive systemis not an
i deal & I“)‘W‘L nd has a plapl and has error factors such as

t he hyst I*.sensor 4 and a circuit
factors are given as a characteristic value B,
stored 10 inthe RAM34 as X = M- N- B (116).

rlnl L r

THE ST FBs AR i s
n or dREPLAGED aplj ust

—recording head H, the

the positive or_negative_novenent anount of the
r ecor di ngt hodBHAT; IS (CLATMED 18: .,

1. A serial recording apparatus for reciprocating
a recording head with respect to a recording medium to’

perform bidirectional recording, comprising:

5 position detecting means for detecting a reference
position of said recording head;
driving means for reciprocating said recording
head within a predeterminéd éréa including the
reference position;

10 means for calculating a difference-between
reference positions detected by said position detecting
means by.reciprocal movement when said recording head
is reciprocated by éaid'd;iving means within the
prede£ermined area; and |

15 means for correcting a positional error in
bidirectional recording on the basis of the difference
calculated by said calculating means.

2. An apparatus according to claim 1, wherein

20 Said correcting means corrects a positional error on
the basis of-a difference calculated by said
calculating means and a éharacteristic value of said
driving means.

25 3. An apparatus agcdrding to claim 1, whereih

said correcting means corrects a positional error while
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decel erati on processing (118) I's perfornmed by
the sa “H“ |H s as that in 15 positive direction-acceleration
processlil¥ Fig. 5A)32 Note that aracteristics in

consi derati‘on " *of “the characteristic val ue p S y and the
| i ke are indicated by a dotted line in Fig. 5. Al fe>S Q'HES ﬁrt X wth

respect to the | oad upon power-on 20 oper ati on-s ddE F%ﬁ@ed as '
descri bed above, An actual recording operatiopn (record

scanning)l  5aid; ¥ecorpding Heark it % MIved t EPEnERCPEILNG | L R ¢ i ng

‘direction or the other direction.

)

4. An apparatus according to claim 1, wherein
5 said correcting means corrects the positional errorx
during movement of said recording head for recording in

both directions.

5. An apparatus according to claim 1, wherein
10 said driving means includes a pulse motor, and said
calculating means calculates the difference between the
detected reference positions by the number of pulses -

for driving said pulse motor.

15 6. An apparatus according to claim 1, wherein

| said driving means includes a pulse motor, and said
calcﬁlating means calculates the difference between the
detected reference positioné in accordance with a
plurality of phases obtained by dividing the pulse for

20 driving said pulse motor.

7. An apparatus according to claim 1, wherein
said driving means drives to reciprocate said recording
head to cause said calculétingwmeans to calculate the

25 difference between the qaéected reference positions

upon a power-on operation.

- -
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venent di agram of the recording head in Fig. 5. 25

ecording or print instruction (301), positive
,ali}'gn processi ng (3033 is periarned. In order to
rea, F THIS SHEET HAS BEEN
REPLACED

8. An apparatus according to claim 1, wherein
said driving means drives to reciprocate said recording
head to cause said calculating means to calculate the
difference between the detected'reference positions in

an on-line mode.

9. An apparatus according to claim 1, wherein
said calculating means calculates the differences ~
between the detected reference positions at a plurality

of speeds.

10. An apparatus according to claim 1, wherein the

predetermined area is about 1/3 the recording area.

11. An apparatus éccording to claim 1, wherein
said recording head is an ink-jet recording head for

ejecting an ink droplet to perform rgcérding.

12. An apparatus according to claim 1, wherein
said recording head is a bubble-jet recording head for

ejecting an ink droplet to perform recording upon.

growth and éhrinkage of a bubble.

13. An apparatus according to claim 1, wherein
said recording head compiises.a plurality of ejection
ports for ejecting an ink, and heat energy generating

means, respectively arranged in correspondence with

This Sheet Has Been Rep! laccd

III




1 the Tecordimgtead—H i s driven by K pul ses (303)'(point I in Fig.

wm HJI Hﬂ””l”performed on the basis of data (point J in Fig.
g processing (30534is perforne er

fFare~then-the pal
When the print instructio '@ﬁbﬁWEBT}ﬂ%EBHQM

_5 fed (30
I's 1 nput, negatlve di rection-accel erati on processingg Rgmgggm S
performed (point O in Fig. 7), and the recor ding head—Ht+s—reved

'Correctlgn p%é?ﬁséfﬁnglty of ejection ports, for causing a change
in state in the ink by heat and ejecting the ink from
said ejection ports to form flying liquid droplets on

the basis of the change in state.

5
14. An apparatus according to claim 1, wherein
said recording head is interchangeable with respect to
- said serial recording apparatus.
10 15. An apparatus according to claim 14, wherein

said recording head is an ink-jet recording head for

ejecting an ink droplet to perform recording.

16. An apparatus according to claim 15, wherein
15 Said recording head comprises a tank for storing an

ink.

17. A serial recording method of reciprocating a
recording head with respect to a recording medium to
20 perform bidireetionel-recording, comprising the steps
of: - _
reciprocating said recording head within a
predetermined area ineluding a reference position prior
to recording;
25 detecting the refe;ence positions in both movement
directions during recié:ocal movement ahd calculating a

difference between the detected reference positions; and
' Th1s Sheet Has Been R
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" ~Apoirnt—P—inF 7y. Data of the next line is recorded (310)

BT i i

above oper atibns" are repeated to perf%$n1 15 one- e—recordi ng.
Fig. 7 illustrates the above operations. The lﬁa$HE‘E¢c;q) gilBIEgNEead

positions are plotted along the abscissa. Th pOInPtpLAdE t 0)
upon conpl etion of accel eration processing in e-hegat De ction

1S 1 correcting a positional error to perform

dir

bidirectional recording on the basis of the calculated

difference.

5 18. A method according to claim 17, wherein the
step of performing bidirectional fecording comprises
the step of correcting the positional error while said
recording head performs recording in one direction or
the other direction. |

-10
19. A method according to claim 17, wherein the
step of performing bidireetional recording comprises
the step of correcting the positional error during
recording of said recording head in both directions.
15
20. ‘An apparatus according to claim 17, wherein

the predetermined area is about 1/3 the recording area.

21. An apparatus according to claim 17, wherein
20 said recording head is an ink-jet recording head for

ejecting an ink droplet to perform recording.

'22. An apparatus according to claim 17, wherein
said recording head is a bubble-jet recording head for

25 ejecting an ink droplet ‘to perform recording upon

‘growth and shrinkage of a bubble.
i . ‘This Sheet Has Been Replaced




20 " ‘sifted t it fromthe point (i.'., point J) of the end of

pri “\““M‘/e direction. By novi ng t hiisiskeon#iBeg RagiadaH by

X pul s\ﬂ\! M range P=Rigipon conpl etion al nost
coi nci ih #heSprinting range I-J in the positive l%ﬂlﬂﬁﬂ“ﬁ[w

As descri bed above, according to this enbodinent, head H
Is noved in the positive and

1 23. An apparatus accdrding to claim 17, wherein
said recording head comprises a plurality of ejection
ports for ejecting an ink, and heat energy generating
means, respectively arranged in correspondence with

S said pluraiity of. ejection ports, for causing a change
-in state in the ink by heat and ejecting the ink from
said ejection ports to form.flying liquid.dropleté on

the basis of the change in state.

10 24. An apparatus according to claim 17, wherein
éaid reéording head is interchangeable with respect to

said serial recording apparatus.

25. An apparatus according to claim 24, wherein
15 ‘said recording head is an ink-jet recoxrding head for

ejecting an ink droplet to perform recording.

26. 2n apparatus:according to claim 25, wherein

éaid-recording head comprises a tank for storing an
50 | ink.

27. A serial recording apparatus for
reéiprocating a recording head with respect to a
recording medium to perform'gy directional recording

s characterised in that thg;é are means for calibratihg
; the recording head in response to variations in load

on the recording head and means respénsive to the

calibration in order to correct any positional errors

- ! . (- - . . .- "
CUE Qg.of ~ the . bldlrectlonal recordlng head caused by :

i variations in the load

PR T S e e St s
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s e T
-12- 1 negative directions under the same c ncﬁlfsl %’é@ﬁaﬂm BEEN

recordi ng node upon the power-on operation. The ACEGf pu
until a noment at which the recording3?7 = head H crosses the
are counted, and print 5 error correction in both the directions is

performed in spRIARGHRICHIGR UBBARAY L ¥R | XK e TToR? N R coRDTney

1 ABSTRACT OF THE DISCLOSURE

A serial recordihg apparatus for reciprocating a
recording head with respect to a recording medium to
perform bidirectional fecording includes a position

5 detector for detecting a reference position of the
recording head, a driving unit for reciprocating the
recording head within a predetermined area including '
the referencé position, a calculating unit for |
calculating a difference between reference positions

10 detected by the position detector by reciprocal
movement when the recording head is reciprocated by the
driving unit within the predetermined area, and a
correcting unit for corrécting a positional error in
bidirectional recording on'the-basis of the difference

15 calculated by the calcﬁlating'unit.

20

Th1s Sheet Has Been Replaced
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hi pr ect

—ch—r ect i ons can bsg ﬂ$$r ned iﬁ dgli ti on,
sinCe the ab@y@neediths B Wepifhi ON operation is al Jay's” &g%gﬁr’%d Bdbp each

power - on oper | ate correction can be %é“*ﬁrned gai nst
variations i nﬂ IlHHI"mHITEHd parﬁ{j ggl arly changes 1 n 1 nk Tank wei ght
over tine. : dition to t é ifference in nunbers of 15

pul ses, error correction in consideratd of the characteristic value
unique to the head drive systemis IOG 18 1

i ncreasing cost or performng adjustment, print error - correction vﬁtr1T;ZL

1




N o

performed in this enbodi nent. Therefore, print error correction in
botdat he directions can be perfornmed with hi gh precision. 20

In i s enbodi nent, the positive recording area is set to be equal to
t he negative recording area. However, these areas may be different
from each ot her, and printing with a m ni num di stance can be
simlarly perfornmed. 25. 25613 hown i n Fig. 4, when the state is
changed from an off-line state to an on-line state (102), the sane
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-1 1 control as in (104) to (118) can be perforned upon
I ni allzatlon (103) to update correction data. In this

enbodi ment, correction is perforned when
in the negatlve direction.

t he rreeg qing head i s noved

1AS BEEN

o
101~ . ' - 102
[ nrTIALIZATION ON LINE
| — v 103
O STTIVE DIRECTION THTTIALIZATTON
" | ACCELERATION PROCESSING L 1
105~ —Y
A=1
106 B | 108
L y . Z
MOVEMENT TO POSITIVE DIRECTION AT A=AH

CONSTANT SPEED ON A PULSE DRIVE BASIS T

o
107 HP NO
SENSOR ON
?
109\ y
N PULSES (POSITIVE) |
1 . This Sheet Has Been Rep laccd.
110~ :
POSITIVE DIRECTION-
DECELERATION PROCESSING
111~ Y
NEGATIVE DIRECTION-
ACCELERATION PROCESSING
@ 112y— ! '
PULSE ‘COUNTER M=1
13 ,= ——— us
MOVEMENT TO NEGATIVE DIRECTION AT M=M+1
'CONSTANT SPEED ON A PULSE DRIVE BASIS <
114 HP NO
SENSOR OFF
? g
16 - 17

M-N-B=X X—MEMORY

'MOVEMENT AT CONSTANT SPEED BY
(A+N-M) PULSES.

L

¥

~ DECELERATION PROCESSING ,




5 However, correction may be perforned when the recording head is
no In the positive direction, as shown in Fig. 8. Mor e
specifically, after positive di rection-accel eration processing is
performed, the 10 recording head is noved by the X pul ses correspondi ng
to the correction value. In this stat {fmordlng IS perfornmed, and
the recording head is noved by (K - X?ll pul ses. Thereafter, the

recording head is decel erated and finally st Gﬂ?ﬁ?%HEH f;;\S: EEE Ag in the
ﬁT

negative
REPLACED
FIG. 6
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di rection, upon conpl.etion of accel eration processing, t he
C.dl ng head is noved by K pulses to ensure a. correction area.
Recordl ng is then perforned, and the recordi ng head is decel erated
and finally stopped. In this manner, even if the recording head is

noved by 20 pul ses in the positive cyﬁection, the sane effect as in

t he above enbodi mrent can be obt ai ned. The second enbodi nent of
the present invention wi |l be described bel ow Thi s
enbodi nent has the same nmechani cal structure

e THIS SHEET Hag BEEN
| as Been Replaced. REPLACED

\\\\\\\\\\\\\\\\\\\\\\\\\

FIG. 7

‘ . .
POSITIVE ¢ pyLSES . . POSITIVE
_4 DIRECTION- POSITIVE DIRECTION-_, DIRECTION-
| ACCELERATION PRINTING RANGE - DECELERATION ™
PROCESSING | PROCESSING
-t — -
1 J
N, ,I i
AN R@ PO |
i - T "“"“I'"“'“““’ |
{NECATIVE PRINTING RANGE !
I T e
PROCESSING |
NEGATIVE DIRECTION- NEGATIVE
«—PRINTING RANGE < DIRECTION-
\  AFTER CORRECTION X PULSES ACCELERATION

" (K-X) PULSES PROCESSING




25 as in the enbodi nent.shown in Fig. 1, and the bl ock - di agram of

an ﬁectri cal arrangenent of a drive system for a recording head His
sho in Fig. 9. _ - 14 -
6/13
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Referring to Fig. 9, the drive systemincludes a pul se motor drive

Ci mit 31 for driving a pul se notor 17, .a CPU 32 for supplying a
co ol signal to the pul se notor drive circuit 31 to drive the pul se
notor 5 17, as will be described later, aRO\/I33for storing a -
control sequence (to be described later), and a havi ng counters
(to be described later) or tenporary 7/13 data stcr'ﬁ.g B and X,
and the liKke. se notor 17 has a reso htprhgégér E $e 10
corresponding to a dr ﬂrmﬁ& of 1/60" of the L
FIG. 10A
i1 | FIG, 10A
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recordlng head H. A print area corresponds to 480 pul ses (8" )

Ac ection val ue detection operation (prelimnary scanning) of thIS
enbodi ment will be 15 described with reference to a flow chart in Fig. 10
and a novenent di agram of the recordlng head shown in Fig. 11

As shown in Fig. 10, initialization (gh}ﬁ LQroed._upon r-on
operation, and positive. 20 directi 3ce|erat|0 THISOSKERT HYS (BEBR;| poi nt
Ato point Bin Fig. 11) is performed wherein tﬁiirnnﬁgpLACED
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nmotor 17 is driven to drive a carrlage 15 (recording head |n a

po | ve direction at a speed equal to that i 25
A enment pul se count V (e.g., 180: 1/3 of 480 - 'ﬂﬁ&ﬁﬁﬁﬁT dlng
to the print area) in the positive direction i}s set REHLMEBDvem

pul se counter U in the :
- 9/13
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e

- 15 - RAM 94 (403). In this case, the count V is a value

st din the ROM 33 and corresponding to a pul se count representing a
di nce up to point E sufficiently - spaced apart frompoint B in Fig.
11, passing through an HP sensor 4. The counter P is set to be "O
(404) . Every time the recording head His E LBEEN at a
constant speed (405), the |evel of t @ /MB sensor ﬁ‘% g&%@é‘gt ectegd (406).
| f the HP sensor 4 is set in-the
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OFF state, the counter P is incremented by one (407). 10 This operation
S ')eat ed by V pul ses (408 and 409). At this time, the counter P
represents a pul se count frompoint Dto point Ein Fig. 11, i.e., a
peri od during which the sensor level is changed fromthe ON :
state to the OFF state. Upon conpletion,of novenent by 15 V pul ses,
positive direction-decel eration proce L/ é (410). is-perfermed, and
movenent of the recording head His stot?ﬁ; SHBEMHASEBERAG| F in Fig.

11). _ The pulse notor 17 is driven in theggmggtDve or
reverse direction, and negative direction-decsle~att+on
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20 ﬂrocessi ng (411; point Gto point Hin Fig. 11) is perfornmed by
t he me pul se count as that in the positive direction-decel eration
processi ng. The sane value V as in positive novenent is set as a
novenent pul se count in the negative direction in the novenent 25
pul se counter U (412). The counter q2f1§et to be—-0- (413)Every
time the recording head His noved by éne p’.ﬂ"h&lé SHEE HA®BEENt] speed

(414), the level of the HP . REPLACED

-~ This Sheet Has Been Re

LT

—305

307




16 sensor is detected (415). Wen the |level of the HP sensor
S ’ in the OFF state, the counter Qis I ncrenmented by one (461).
Thi s processing is repeated by V pul ses (417 and 418). At this tine,

i
the counter Q 5 stores a pulse count fromperprt—H-to—potrntt] in Fig. 11
gﬁ'ﬂSfSHﬁE\T HAS BEENJOFF state to

during which the level of the sensor i|§/q§an
the ON state. Upon conpl.etion of : REPLACED

" This Sheet Has Been Replaced




nnvené%t of the recording head by V pul ses, negative

di rection-decel eration processing is performed by the 10 | BEPIACPMERE
count as in the positive direction-accel eration proceS>|.U (419§, SH§ET

novenent
in Fig. 11).

15 P = Q nust be obtained in an ideal drive system In practice,
however, since the drive systemis not an 1 - i deal rigijd body, the drive

of the recording head H.is stopped (point Kto

When the above processing is conplefed, %H@Vtﬂ%

system has a characteristic value Y (points Ato L arg-—peints E 10 G

in Fig. 11)
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Serial Recording Apparatus for Bidirectional Recording

BACKGROUND OF THE INVENTION

Figld of the Invention

The present invention relates to a serial
recording apparatus for performing bidirectional
recording upon reciprocal movement of a recording head.
Related Béckground Art

Iﬁ a conventional serial recording apparatus, a
recording head is reciprocated to perform high-speed
bidirectional recording. In this serial recording
apparatus, when a drive signal (i.e., drive pulses when
a recording head is to be moved using a pulse motor)
necessary for moving a recording head is applied, a
delay time occurs until the recording head reaches a
target position. Print errors occur during
bidirectional recording due to various types of
electrical and mechanical variations.

In oxder to correct positional erfors in both
directions in a conventional apparatus, as described in
Japanese Patent Publication No. 61-27194, pulses and
time are shifted using a DIP switch or jumper wiré
while an operator observes an actual prlnt result,
thereby adjust%ng such,an error 1n ea¢h apparatus.

The above conventional recording apparatus poses

the following problems.



such*as a play.

In addition, since the recording head 20 H cannot

I medi ately respond to the pul ses supplied to th r

| eyel inversion position of the HP sensor 4 is ﬂﬁ&e@%@ﬁm SH&Tt &C
to point Din the - positive direction and from pqi to point

t he - negative position, thereby obtagjning conditlor CD{,HOV‘@Bb \Me
this error value is given as X, the valug€ X in the positive dirdgctii
is regarded to be equal to that in t he negative [di'rectTon, SO that
the error value can be

10

15

20

25

(1) Extra circuit parts such as a DIP switch or
jumper wire are required.

‘(2) Adjustment is time-consuming since it is
performed while the operatar'observes the print result.
’ (3) WwWhen.a load variea due to deteriorations over
time, an initial adjustment value is changed, resulting
in an unstable state.

On the other hand, in recent years, an ink-jet
recording apparatus'for causing a change in state
(e.g., film boiling) of an ink by heat energy, for
ejecting the ink to a recording medium by using
bubbles generated by the change in state of the ink,
and for recording a character or graphic image has been
developed. The-size of a heaﬁing resistor (heater)
arranged in eaah ejection port is considerably smaller
than that of a piezoelectric element used in a
conventional inkéjeﬁ recording apparatus. For this
reason, a high-density multiple airangement of
ejection ports can be obtained, a high-quality
recording image can be.obtained, and characteristics
such as a high-speed operation and low noise can be
obtained.

Of various types of ink-jet recordlng apparatuses,

there is prov1ded an_apparatus usxng recor'ff¢”

which has an 1nk tank and is detachable from“a-
carriage.  In this ink-jet recording apparatus, when

bidirectional recoxrding is performed to achieve



-17- % 1 calculated by X = (Q- P - Q/Y. This value_is stored—
in the RAM 94 as a correction value (420). The error RERUAGEMENK JHEET t
| o08d upon the power-on operation can . thus be obt al nees

0.6 NOV 1996

i recording at a higher speed, the following problems are
posed.
Since the weight of the ink within the ink tank is
changed (decreased) by use of the ink, a drive load of
5 arcarriage motor greatly varies. For this reason, the
problem (3) becomes more conspicuous.
SUMMARY OF THE INVENTION _
It is an object of the present invention to
provide a serial recording apparatus capable of
10 reciprocating a recording head with high precisionf
It is another object of the present invention to
provide a serial recording apparatus capable of
performing bidirectional recording with high precisionm.
It is still another object of the present
15 . invention to provide a serial recording apparatus
capable of performing bidirectional recording with high .
precision regardless of load variations in a carriage
motor.
It is still another object of the present
20 invention to prOvide'a serial recording apparatus
capable of automatically adjusting a recording error in
bidirecfional fecording.
In order to achieve the above objects of the
present invention, thére is_provided a serial recording
25 apparatus for reciprocating a recording head with

respect to a recording medium to perform bidirectional

recording, comprising:




5 = | In this enbodinent, since P = 145, Q = 150, .and Y = 1, then
X = 2. Alternatively, the above operations are rggqg%@@EﬁT@PQ@?| ty
erage

of-tinmes to obtain a plurality of correction v
of the plurality of correction values is calcu
10 value may be stored in the RAM 94_ag a correcti ¢n| 06 NGRS
A correction sequence (recording scanning) during actual recorHihg
will be described with reference to a flow chaft in Fig. 12 and p
recordi ng head novenent

1
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ated, and the ayefage
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position detecting means for detecting a reference
position of the recording head;

driving means for reciprocating the recording head
within a predetermined area including the reference
position;

means for calculating a difference between
reference positions detected by the position detecting
means by reciprocal movement when the recording head'is
reciprocated by the driving means within the
predetermined area; and

means for correcting a positional exror in
bidirectional recording on the basis of the difference
calculated by the calculating means.

According to the present invention, uﬁon a
power-on operation or switching from an off-line mode
to an on-~line mode, since the difference between the
reference positions detected by the position detecting
means in both the directions is calculated, a print
position error in bidirectional recording can be
automatically adjusted by using the difference.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially cutaway perspective view
showing an arrangement of an ink-jet recording
apparatus according to the first embodiment of the
present invention;

Fig. 2 is a perspective view showing an

arrangement of a recording head shown in Fig. 1;



15 “chart shown in Fig. 13. During actual rding, as sho

in Fig. 12, upon reception of a print instructi y
di fection-accel erati on processing is perforned (502; - FEI
Bin Fig. 13). The recording head is 20 noved by |Z |p

area for ensuring a correction ared,~and the rdc rd@ﬁgNﬁvangés
by the correction value corresponding to X pul $e 503; from

point Bto points Cand Din Fig. 13). At this tine,
set to have a larger value than a sum of .

1
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Fig. 3 is a block diagram showing a recording head
drive system of the first embodiment;

Fig. 4 is a flow chart showing a correction value
detection operation of the first embodiment;

Fig. 5 is a view showing the correction value
detection operation of the first embodiment;

Fig. 6 is a flow chart showing a recording
operation of the first embodiment;

Figs. 7 and 8 are views showing a recording
operation of the first embodiment;

Fig. 9 is a block diagram showing a recording head
drive system according to the second embodiment of the
present invention; |

.?ig. 10 is a flow chart showing a correction value

detection operation according to the second embodiment

of the present invention;

Fig. 11 is a view showing a correction value

‘detection operation of the second embodiment;

Fié. 12 is a fiow chart showing a recording
operation of the second embbdiment;

Fig. 13 is a view showing a correction value
'deteCtion operation of thé second embodiment;

Fig. 14 is a schematic block diagram showing an
arrangement obtained when the present ihvention is
applied to a data processing apparatus; and

Figs. 15 and 16 are perspective views of the data

processing apparatus shown in Fig. 14.




25 “a maxi num val ue of the assuned correction value X and t he

characteristic value Y caused by a play.
- 48 - 1
recording data (504; point Dto point Ein Fig. 13)
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Recording is then performed in afc FLAREMENT (SHEET

N & NOV 1996

Serial recording apparatuses according to
preferred embodiments of the present invention Qill be
described with reference to the accompanying drawings.

Fig. 1 shows an arrangement of the first
embodiment obtained when the present invention is
applied to an ink-jet reco:ding apparatus, Fig. 2 shows
an arrangement of its reccrdiﬁg head, and Fig. 3 is A
block diagram showing an electrical arrangement of a
recording head drive system.

Referring to Fig. 1, in-tbe ink-jet recording
apparatus, a head cartridge 14 has an integral
structure consisting of a recording head H constituted
by using a heater board to be described with reference
to Fig. 2 later, and an ink tank serving as an ink
supply source. The head cartridge 14 is fixed on a
carriage 15 by a press member 41. These members can be
reciprocated along shafts 21 along their longitudinal

direction. An ink ejected from the recording head

reaches a recording medium 18, whose recording surface

is regulated by a platen 19, through a small gap formed
with the recording head H, thereby forming an image on
the recording medium 18. |

An ejection signal corrgsponding to image data is
supplied from an appropriate data supply source to the
recording head H through a cable 16 and a terminal

connected to'it. At least one head cartridge (two in



and the recording head is noved by (Z - X) pulses to adj ust the
correction area upon recording (505; point E 5 to pojt—+—in. Eig. 13).

AfTer positive di rection-decel eration processing i$ BERUAGENEAT (HRET
point Fto point Gin Fig. 13), the paper is fed (507). '“*"~—-—¥%en_
print instruction of the next line is~ 7 - received (5P8 tive
direction-acceleration 10 processing is perfornmed byit he sa Vpﬂﬂ e
count as in the positive direction-decel eration processing_ (509;

point Hto point | in Fig. 13). The recording head is nnved by Z
pul ses to obtain an area for assuring the.
1 the illustrated embodiment) can be arranged in

accordance with the number of ink coloxs.
Referring to Fig. 1, the ink-jet recoxding
apparatus also includes a pulse motoxr 17 for scanning

5 the carriage 15 along the shafts 21, and a wire 22 for
transmitting a driving force of the motor 17 to the
carriage 15. This apparatus further includes a feed
motor 20, connected to a platen roller 19, for feedihg
the recording medium 18, and an HP (home positioh)

10 sensor 4 for detecting the home position of the
carriage 15. The HP sensbr 4 is turned off when the
carriage 15 is located in a positive direction with
respect to the HP sensor 4.

Fig. 2 shows an arrangement of the recording head
i5 H. A heater board 1 comprises an electro-thermal
conversion unit (ejection heater) 5 formed on a
- silicon substrate and a wiring 6 made of Al or the like
to supply power to the electro-thermal conversion unit
in accordance with f£ilm formation techniques. A
- 99 ceiling plate 30 having partition walls for defining
liquid paths (nozzles) 25 for a recording liquid is
adhered to the heater board 1 to constitute the ink-jet
type recording head H.
A recording’liquid (ink) is supplied to a common

25 liquid chamber froﬁ a supply port 24 formed in the

ceiling plate 30 and is supplied to each nozzle 25.

When the heater 5 is heated upon its energization, a




correction area, and then the recording head is noved _by Y pul ses

the characteristic value Y caused by a play and | ENTY SHE
addition, the recording head is noved by X pulsesn&ftbggw ars g[

val ue (510;

from point I to points J, K and L ijn Fig. 1%2%l
Recording is then perforned i n accordange with 20 rlecor @& HOYaT1996( 51 1);
point L to point Min Fig. 13). In order. to adjust fhe correction

as

cor.recl.|

upon recordi ng, the recording head is noved by (£ - X - Y) pul ses

(505;
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point Mto point Nin Fig. 13). Negative

qn

ar ea

bubbling phenomenon occurs in the ink filled.in the
nozzles 25. An ink droplet is ejected from each
ejection port 26 upon growth and contraction of the
bubble.

As shown in Fig. 3, a pulse motor drive circuit 31
drives the pulse motor 17. A CPU 32 supplies a control
signal to the pulse motor drive circuit 31 to drive the
pulse motor 17, as will be described later. A ROM 33
stores a control sequence (to be described later) of
the CPU 32. A RAM 34 has A counter (to be described
later) and temporary data storage areas A and M, and
the like. .

-A correction value detecﬁion opefatidn
(preliminary scanning) of the embédiment having the
above arrangement will be described with reference to a
flow chart of Fig. 4 and a recording head movement
diagram shown in Fig. 5.

As shown in Fig. 4, initialization (101) is
performed upon a power-on operation, and then
direction-acceleration processing (102) is performed in
which the pulse motor 17 is driven to drive the
carriage 15 (recording head H) in a positive direction
at a speed equal to acceleration in the recording mode
(point A to point B in Fig. 5).

The counter A in the RAM 34 is set at "1" (105).
Every time the recording head H is moved by one pulse

at a constant speed (106), the level of the HP sensor 4



directi decel ' ' .
i i-on-decel eration processing is perforned by the gﬁﬁﬁ@ﬁbﬁgEf

count as in the positive di rection-accel eration pmoc

1. ~ The above operations are repeated to perform one- page

recor di ng. 0 & NOV 1996
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1 is detected (107). When the HP sensor 4 is not ON, the
counter A is incremented by one (108). When the HP
sensor 4 is turned on (point C in Fig. 5), the head H
is moved by an arbitrary number of pulses N (109)

5 (point D in Fig. 5). At this time, the counter A
retains pulses between points B and C. Thereafter,
positive direction-deceleration processing is perfofmed
(110), and movement of the recording head H is stoppéd
(point E in Fig. 5). |

10 Negative direction-acceleration procéssing (111)
in which the pulse motor 17 is driven in a reverse or
negative direction by the same number of pulses as in
positive direction-acceleration processing is performed
(point E to point F in Fig. 5). The counter M |

15 different from the counter A in the RAM 34 is set at
*1" (112). BEvery time.the recording head H is moved by
one pulse (113), the level of the HP sensor 4 is
detected (114) If the HP sensor 4 is not set in the
OFF state, the counter M is lncremented by one (115).

20 When the HP sensor 4 is set in the OFF state
(point H in Fig. 5), the countef M has the number of
pulses between points F and H. At this time, the
number of pulses applied to the pulse motor 17 must be
equal to that of pulsés in an ideal drive systen, i.e.,

25 M = N. However, since movement of the recording head H
does nof immediately correspond to the numbexr of pulses

applied to the pulse motor, a switching position error



Fig.~13 illustrates the positions of the recording ——heads—H-_Ln 1 he

above operations. This processing is 5 performed s RH%AEEMEMpGHEETn'
: |2

range in the positive direction falls between poin .| and
t hat in the negative direction falls between poijnt N@gggo 1 pgint L
In practice, however, an error corregpQ%dLng to X |oc qu9é
detection of the correction value. 10 The printing r in_the pgsijtive
direction falls bet ween point C and point E, gnd that in the

negati ve direction falls between point M and point—K

1 of the HP sensor 4 occurs, and M > N is obtained. 1In
addition, this error varies in accordance with a change
in weight of an ink tank of the recoxding head H, i.e.,
a change in drive load over time.
5 - In practice, the drive system is not an ideal
rigid member and has a piay, and has error factors such
.as the hysteresis of thé HP sensor 4 and a circuit
delay. These error factors are given as a
characteristic value B, and an error amount is stored
10 in the RAM 34 as X =M - N - B (116). In order to |
adjﬁst the positive or negative movement amount of the
recording head H, the recording head H is moved by (A +
N - N) pulses (117), and deceleration processing (118)
is performed by the same number of pulses as that in
15 positive direction-acceleration processing (point A in
Fig. 5A). Note that characteristics in consideration
of the characteristic value B caused by a play and the
like are indicated by a ddtfed line in Fig. 5. An
error amount X.with respect to the load upon power-on
20. operation'is determined as described above.
An actual recording operation (recording scanning)
will be described with reference to a flow chart'ih
Fig. 6 and a movement diagram of the recording head in
Fig. 5. | | |
25 Upon reception of a recording or print instruction
(301), positive direction-acceleration processing (302)

is performed. In order to ensure a correction area,



An actual print start position can be kept to be
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correction value X upon detection 15 I's changed b RE&H{yQEN $o s—guch
asy di fferences bet ween apparatuses and deteriofa ERE. [This
I s because error correction is perforned in both the ositive pnd

negative directions. - I'n thisgenbodinment,
area is 20 #

However, the positive recording area nmay be different
the negative recording area, and printing
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Q&mew%e or{di ng

set to be equal to that o di ng ared.

t he negatl

the recording head H is driven by K pulses (303) (point
I in Fig. 7). Recording (304) is performed on the
basis of data (point J in Fig. 7). Deceleration
processing (305) is performed, and then the paper is
fed (306).

When the print instruction (307) of the next line
is input, negative direction-acceleration processing
(308) is performed (point O in Fig. 7), and the ..
recoxding head H is moved by X correction pulses (309)
(point P in Fig. 7). Data of the next line is recorded
(310) (point R in Fig. 7). The recording head H is
moved by (K ~ X) pulses (311), and deceleration
processing (312) is performed.

The above operations are repeated to perform
one-page recording.

Pig. 7 illustrates the above operations. The
actual recording headlpositions'are plotted along the
abscissa. The point.(i.e.,'point O) upon completion of
acceleration processing in the negativé direction is
sifted to the right from the point (i.e., point J) of
the end of printing in the positi#e direction. By
moving the recording head H by X pulses, the printing
range P-R upoh completion of correction almost
coincides with the printing range.I-J in the positive
direction. |

As described above, according to this embodiment,

the recording head H is moved in the positive and



wi th a m ni num di stance can be perforned. r?iﬂngoﬂmaqr%f rr'pe
state is changed to the on-line 25 state, as shp r~fgs- ﬁ 421, 402
ta 420), the sane control as described abovel can q§ erforngd [t o
updat e the correction value. In addition to | the2&¥BVie96eiln
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negative directions under the same conditions as in the
recording mode upon the'power-on operation. The
numbers of pulses until a moment at which the recording
head H crosses the HP sensor 4 are counted, and print
error correction in both the directions is performed in
accordance with the calculated difference. Without
increasing cost or perfdrming adjustment, print errox
correction with high precision in both the directioné
can be performed. In addition, since the above
correction operation is always performed upon each
power-on operation, appropriate correction can be
performed against variations in drive load and
particularly changes in ink tank we;ght over time.

In addition to the difference in numbers of
pulses, error correction in cpnsideration of the_
characteristic value unique to the head drive system is
pexrformed in this embodiment. Therefore, print error
correction in both the directions can be performed with
high precision.

In this eﬁbodiment, the positive recording area is
set to Be equal to the negative recording area.
However, these areas méy be different from each other,
and printing with a minimum distance can be similarly
performed.

As shown in Fig. 4, when the state is changed fiom

an off-line state to an on-line state (102), the same



1 “the apparatus is powered on, or is changed fromthe| REPLAGEMBNTNSHERTafe
to the on-line state, the correction val ue cal cul at}i gn-contro

descri bed above can be performed prior to recording. fhils
enbodi ment, the pulse count (i.e., a swi t chi ng count O%Q%?Yegﬁgn
phases) of the pul se motor 17 is.aounted. However, en—nk-ejection
(dot) I.s perforned at tim ngs each obtai ned by dividing (e.qg.,

si x divisions) one phase of the pul se, the
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control as in (104) to (118) can be §erformed upon
initialization (103) to update correction data.

In this embodiment, correction is .performed when
the recording head is moved in the negative direction.
However, correction may be performed when the recoxrding
head is moved in the positive direction, as shown in
Fig. 8.

More specifically, after positive
direction-acceleration processing is perfofmed, the
recording head is moved by the X pulses corresponding

to the correction value. In this state, recording is

' performed, and the recording head is moved by (K - X)

pulses. Thereafter, the recording head is decelerated
and finally stoppedQ In printing in the negative
direction, upon completion of acceleration processing,
the recording head is moved by K pulses to ensure a
correction area. Recording is then performed, and the
recording head is decelerated and finally sﬁopped. In
this manner, even if the recording head is moved by
pulses in the positive direction, the same effect as in
the above embodiment.can-be obtained. |

The second embodiment of the present invention_
will be described below.

This embodiment has the same mechanical structure
as in the embodiment shown in Fig. 1, and the block
diagram of an electrical arrangement of a drive system

for a recording head H is shown in Fig. 9.



10 -nunber of dots may be counted. |In this case, errqc eotrect

preci sion can be given as 1/360", thereby furth*rREWﬂKﬁNﬁN@ %ﬁ
cqrrection precision. : In a recordi ng appar attug—tavimng a plu allty
of print speeds, correction values X1, X2,... 15 ﬁ Plrg to
the respective speeds are obtained, _ ;4 thereby perfijorim g’optlna gr rjor
correction at the respecti ve speeds. ' The,pLesanL—+ﬁvefiLFn
is not limted to a pul se notor as a drive source for the recording
head

1 Referring to Fig. 9, the drive system includes a

pulse motor drive circuit 31 for driving a pulse motor
17, a CPU 32 for supplying a control signal to the
pulse motor drive circuit 31 to drive the pulse motor

5 17, as will be described 1ater,.a ROM 33 for storing a
control sequence (to be described later), and a RAM 94
having counters (to be described later) or temporary
data storage areas P, Q, and X, and the like. |

The pulse motor 17 has a resolution per pulse

10 corresponding to a drive amount of 1/60" of the
recording head H. A print area corresponds to 480
pulses (8"). .

A correction value detection operation
(preliminary scanning) of this embodiment will be

15 described with reference to a flow chart in Fig. 10 and
a movement diagram of the recording head shown in
Fig. 11. |

As shown in Fig. '10, initialization (401) is
performed upon power-on operation, and positive.

20 direction-acceleration processing (402; point A to
.point B in Fig. 11) is performed wherein the pulse
motor 17 is driven to drive a carriage 15 (recoxrding
head H) in a positive direction at a speed ‘equal to
that iﬁ a recording mode. |

25 : A movement pulse count V (e.g., 180; 1/3 of 480
pulses corresponding to the print area) in the positive

direction is set-in a movement pulse counter U in the



can be arranged outside the accel eration or decele
arzea. A prelimnary scanning amount is not | nwtﬁg t

specific value. However, in consideration of 25 prefim @fﬁgzﬁﬁﬁ n
time and precision, this amount is . 1spreferably sef ta he 1/2 to 1 4
particularly 1/3, of the recordi ng w dth.

20 - (carriage), but can enploy, e.g., a DC notor. REPLACEMENTR S
[atrTor-preeess| n

[(®]

1 RAM 94 (403). In this caSe, the count V is a value
stored in the ROM 33 and corresponding to a pulse count
representing a distance up to point E sufficiently
spaced apart from éoint B in Fig. 11, passing through

5 an HP sensor 4. The counter P is set to be "0" (404).
Every time the recording head H is moved by one pulse
at a constant speed (405), the level of the HP sensor 4

~is detected (406). If the HP sensor 4 is set in the
OFF state, the counter P is incremented by one (407).

10 This operation is repeated by V pulses (408 and 409).
At this time, the counter P represents a pulse count
from point D to point E in Pig. 11, i.e., a period
dur;ng which the sensor lével is changed from the ON
state to the OFF state. Upon completion of movement by

15 V pulses, positive direction-deceleration processing
(410) is performed, and movement of the recording head
H is stopped (points E and F in Fig. 11).

The pulse motor 17 is driven in thé_negétive or
reverse direction, and negative direcﬁion-deceleration

20 processing (411} point G to point H in Fig. 11) is
performed by the same pulse count as that in the
positive direction-deceleration processing. The same
value V as in positive movement is set as a movement
pulse count in the negative direction in the movement

25 pulse counter U (412). The counter Q is set tb be "0O"
(413). Every time the recording head H is moved by one

pulse at a constant speed (414), the level of the HP



-21-" 1 The present invention can equal |y RERIACEMEND.SHEET | €. 0.,
a thermal transfer recording systemusing a t peymat—tead—a

heat - sensitive recording system and an i npac e%ﬁéq%ﬁ? &éﬁtew usi ng
a daisy wheel, a wire 5 dot, or the like. When fhe i*hR- 1 of d{ ng
systemis enpl oyed, an excellent_eﬁﬁgq; can bp ohtained in the

1 sensor is detected (415). When the level of the HP
sensor is set in the OFF state, the counter Q is
~ incremented by one (461). This processing is repeated
by V pulses (417 and 418). At this time, the counter Q
5 stores a pulse count from point H to point J in Fig. 11
during which the level of the sensor is changed from
the OFF. state to the ON state. Upon completion of
movement of the recording head by V pulses, negative-
direction-deceleration processing is performed by the
10 same pulse count as in the positive
direction-acceleration processing (419), énd movement
of the recording head H is stopped (point K to poiht L
in Fig. 11). |
When the above processing is completed, condition
15 P = Q must be obtained in an ideal drive system. In
practice,.however, since the drive system is not an
ideal rigid body, the drive system has a characteristic
value Y (points A to L and points F to G in Fig. 11)
such as a play. In addition, since the recording head
20 H cannot immediately respond to the pulses supplied to
" the pulse motor i7, a level inversion position of the
HP sensor 4 is shifted from point C to point D in the
positive direction -and from point I to point J in the
negative position, théreby obtaining condition Q > P.
25 When this error value is given as X, the value X in the
positive direction is regarded to be equal to that in

the negative direction, so that the error wvalue can be



I nk-"j et recording apparatus utilizing heat energy, as
above enbodi nents. According to this system hi gh-
hizgh- preci sion recording can be 10 perforned.
representative constitution and principle, for exaf

by use of the
4,723,129 and
ei ther of the
Particul arly,
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basic principle disclosed in, for exg
4,740,796 is preferred. This systemis
so call ed on-demand type 17 =and the continuous t YpE-
t he case of the :

calculatéd by X = (Q - P - Q)/Y. This value is stored
in.the RAM 94 as a correction value (420). The error
amount X for the load upon the power-on operation can
thus be obtained.

In this embodiment, since P = 145, Q = 150, and Y
=1, then X = 2. Alternatively, the abowve operations
are repeated a plurality of times to obtain a plurality
of correction values, an average value of the plurality
of correction values is calculated, and the average
value may be stored in the RAM 94 as a correction
value.

A correction sequence (recording scanning) during
actual recording will be described with reference to'a
flow chart in Fig. 12 and a recording head mdvement
chart shown in Fig. 13.

During actual recording, as shown in Fig. 12, upon
reception of a print instruction (501), positive
direction-acceleration processing is performed (502;
point A to point B in Eig. 13). The recording head is
moved by Z pulses to obtain an area for ensuring a
correction area, and the recording head is moved by the
correction value corresﬁonding to X pulses (503; from
point B to points C and D in Fig. 13). At this time,
the area Z is set to have a larger value than a sum of
a2 maximum value of the assumed correction value X and

the characteristic value Y caused by a play.



on-demand type is effective because, by applying at | east one dri
signal which gives rapid tenperature el evati on exceedi ng nucl eus

bailing corresponding to 20 the recording i nfornmagt

el ectricity-heat converters arranged correspo d§ﬁ3ﬁﬁ%ﬁﬁN£ %ﬂ%@t

l'iquid channels holding liquid (ink), heat energy i generate
el ectricity-heat converters to effect” 8 - film boitl ifng~ atNOP cl0bE a
surface of the 25 recording head, and consequently tthe bubbl es w fh

liquid (ink) can be fornmed correspondi ng one by onelto e
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Recording is then performed in accordance with
recording data (504; point D to point E in Fig. 13),
and the recording head is moved by (2 - X) pulses to
adjust the correction area upon recording (505; point E
to point F in Fig. 13). After positive
direction-deceleration processing is performed (506;
point F to point G in Fig. 13), the paper is fed (507).

Wheﬁ a print instruction of the next line is -
received (508), negative direction-accelefation
processing is performed by the same pulse count as in
the positive direction-deceleration processing (509;
point H to point I in Fig. 13). The recording head is
moved by Z pulses to obtain an area for assuring the .
correction area, and then the recording head is moved
by Y pulses as the characteristic value Y caused by a
play and the like. In addition, the recording head is
moved by X pulses.as the correction value (510; from
point I td points J, K, and L in Fig. 13).

Recording is then performed in accordance with
recording data (511; point L to point M in Fig. 13).
In order to adjust the correcﬁion area upon recording,

the recording head is moved by (2 - X - Y) pulses (505;

" point M to point N in Fig. 13). Negative

direction-deceleration processing is performed by the
same pulse count as in the positive

direction-acceleration-processing (513).

Vi ng

n the



thedriving signals. By discharging the liquid (ink)
t hrough an opening for discharging by growh and
| east one droplet is formed. By maki

bubbl e, at
i nto pul se

10

15

20

25

- 19 -

The above operatidns are repeated to perform
one-page recording.

Fig. 13 illustrates the positions of the recording
heads H in the above operations. This processing is
performed so that the printing range in the positive
direction falls between point D and point E, and that

in the negative direction falls between point M and

.point L. In practice, however, an error corresponding

to X occurs as in detection of the correction value.
The printing range in the positive direction falls
between point C and point E’, and that in the negative
direction falls between point M’ and point K.

An actual print start position can be kept to be
point C even if the correction value X upon detection
is changed by load variations such as differences
between apparatuses and deteriorations over time. This
is because error correction is performed in both the
positive and negative directions.

In this embodiment, the positive recording area is
set to.be equal to that of the negative recording area.
However, the positive recording area m&y be different
in size from the negative recording area, and printing
with a minimum distance can be performed.

When the off-line state is changed to the on-line
state, as shown in Figs. 10 (421, 402 to 420), the same
control as described above can be performed to update

the correction value. 1In additioh to the case wherein



shapes, growt h and shrinkage of the bubble can be 5 efj Lnstantly
and adequately to acconplish nore preferably disch rBE“G\OQ'ME'WGSH T
lizquid (ink) particularly excellent in response char§ ' o B85

t he driving signals of such pul se shape, those as

Patent's 4,463, 359 and 4, 345,262 are sui pgblLe. Further 1

recordi ng can be performed by enpl oynent of t he condi d
in US. Patent 4,313,124 of the invention concernijng the tenperature

el evation rate of the above-nentioned heat .acting
As the constitution of the recording head, in
1 the apparatus is powered on, or is changed from the

rTace-

off-line state to the on-line state, the correction
value calculation control described above can be
performed prior to recording.

5 . In thi; embodiment, the pulse count (i.e., a
swifching count of ekcitation phases) of the pulse
motor 17 is counted. However, when ink ejection (dot)
is performed at timings each obtained by-dividing
(e.g., s8ix divisions) one phase of the-pulse, the

10 number of dots may be counted. 1In this case, error
correction precision can be given as 1/360", thereby
further improving error correction precision.

In a recording apparatus having a plurality of
print'speeds, correction values X1, X2,...

15 corresponding to the respective speeds are obtained,
thereby performing optimal error correction at the
respective speeds.

The present invention is not limited to a pulse
motor as a drive source for the recording head

20 (carriage), but can employ, e.g., a DC motor.

The HP sensor can be arranged outside the
acceleration or deceleration processing area.

A preliminary scanning amount is not limited to a
specific value. 'HoweVer, in consideration of

25 preliminary scanning time and precision, this amount is
preferably set to be 1/2 to 1/4, particularly 1/3, df

the recording width.




15 ° addition to the conbination constitutions of
orifice, liquid channel, electricity-heat converfe
chkhannel or right angle liquid channel ) as discl ofe¢
above-nmenti oned respective specifications, the c

U. S. Patent

the heat acting portion arranged in the flexed region
included in the present invention. In addition, the present 1 nv

20 4,558, 333, 4,459, 600 2iselosing the

constituinTo
i al so

can be al so effectively made the constitution as disclosed in
Japanese Pat ent
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The present invention can equally applied to,
e.g., a thermal transfer recording system using a
thermal head, a heat-sensitive recording system, and an
impact recording system using a daisy wheel, a wire
dot, or the like. When the ink-jet recording system is
employed, an excellent effect can be obtained in the
ink-jet recording apparatus utilizing heat enexgy, as
described in the above embodiments. According to tﬁis
system, high-density, high-precision recording can be
performed.

As to its representative constitution and
principle, for example, one practiéed by use of the
basic principle disclosed in, for example, U.S. Patents
4,723,12§ and 4,740,796 is preferred. This system is
applicable to either of the so called on-demand ;ype
and the continuous type. Particularly, the case of the
on-demand type is effective because, by applying at
ieast one driving signal which gives rapid temperature
elevation egceeding nucleus boiling corresponding to
the recording information on an electricity-heat
converters arranged corresponding to the sheets or

liquid channels holding liquid (ink), heat energy is

 generated at the electricity-heat converters to effect

film boiling at the heat acting surface of the
recording head, and consequently the bubbles within the
liquid (ink) can be formed corresponding one by one.to

the driving signals. By discharging the liquid (ink)




25 ° Laid-Open Application No. 59-123670 which discloses the

constitution using a slit common to a plurality of ____——ekee%++e?fyjheat
canverters as the discharging portion REPLACEMENT SHEET
-23- 1 of the electricity-heat converter or Jap seParent
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1 through an opening for discharging by growth and
shrinkage of the bubble, at least one droplet is
formed. By making the driving signals into pulse
shapes, growth and shrinkage of the bubble can be

5 effected instantly and adequately to accomplish more
preferably discharging of the liquid (ink) particularly
excellent in response characteristic. As the driving
signals of such pulse shape, those as disclosed in U;S.
Patents 4,463,359 and 4,345,262 are suitable. Further

10 excellent recording-can be performed by employment of
the conditions described in U.S. Patent 4{313,124 of
the invention cbncerniﬁg the temperature elevation rate
of the above-mentioned heat acting surface.

As the constitution of the recording head, in

15 addition to the combination constitutions of
discharging orifice, liquid channel, electricity—heat
converter (linear liquid channel or right angle liquid
channel) as disclosed in the above-mentioned respective
specifications, the constitution by use of U.S. Patent

20 4,558,333, 4,459,600 disclosing the constitution having
the heat acting portion arranged in the flexed region
is also included in the preseﬁt invention. 1In
addition, the present invention can be also effectively
made the constitution'as disclosed in Japanese Patent

25 Laid-Open Application No. 59-~123670 which discloses the
constitution using a slit common to a plurality of

electricity-heat converters as the discharging portion



Lai d- Open Application No. 59-138461 which discl oses the

constitution

havi ng the openi ng for absorbing pressure waye Reat

carrespondent to the discharging 5 portion. Rﬁﬂﬁuﬁg Nfﬁgﬁ£¥as t he
recordi ng head of the full line type havinglajl ength correspopding to
t he maxi mrum wi dt h of recording aegisum whi chican (bé KRB A9ed| by t he
recordi ng device, either the constitution which 10} satisfies it{silength
by conbination of a plurality of recordi ng headsas discrosed{in the
above- nenti oned
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of the electricity-heat converter or Japanese Patent
Laid-Open Application No. 59-138461 which discloses the
constitution having the opening for absorbing pressure
wave of heat energy correspondent to the discharging
portion.

Further,.as the recording head of the full line
type having a length corresponding to the maximum width
of recording medium which can be recorded by the
recording device, either the constitution which -
satisfies its length by combination of a plurality of
recording heads as disclosed in the above-mentioned
specifications or the cbnstitution as one recording
head integrally formed may be used, and the present
invention can exhibit the effects as described above
further effectively.

In addition, the present invention is effective
for a recording head of the freely exchangeable chip
type which enables -electrical connection to the main
device or supply of ink from the main device by being
mounted on the main device, or for ﬁhe case by use of a
recording.head of the cartridge type provided
integrally on the recording head itself.

Also, addition of a restoration means: for the
recording head, a preiiminary auxiliary means, etc. .
provided as the constitution of the recording device of
the present invention is preferable, because the effect

of the present invention can be further stabilized.



specifications or the constitution as one recording —headi-ntegral ly

formed may be used, and the present i nvention ¢ %&%ﬁBEMEﬂhQHEPfe ts
as descri bed above 15 further effectively. [N addr-t+oer
present invention is effective for a recording Rhe @ N@ﬁ { g
exchangeabl e chip type which enablogs el ectrical jcgnn cq 9861 He
mai n device or supply of ink fromthe main devide | 20
nounted on the nain device, or for the case by use of ja recordi ng
head of the cartridge type provided

1 Specific examples of these may include, for the

recording head, capping means, cleaning means,
" pressurization or aspiration means, electricity-heat
converters or another heating element or preliminary
5 heating means according to a combination of these, and
it is also effective for performing stable recording to
perform preliminary mode which performs discharging
separate from recording. |
Further, as the recﬁrding mode of the recording
10 device, the present invention is extremely effective
for not on;y the recording mode only of a primary color
such as black etc., but also a device equipped with at
least- one of plural different colors or full color by
color mixing, whether the recording heat may be either
15 integrally constituted or combined in plural number.
In each embodiment described above, the ink is
exemplified as a liquid. However, an ink which is
solidified at room temperature or less is generally
| temperature-controlled to be softened or liquefied at
20 room temperature or in a temperature range of 30°C to
70°¢C, thereby pontrolling the viscosity of the ink to
fall within a stable ejection range. For this reason,
an ink need only be in a liquid phase when a recording
signal is applied. Alternatively, by using an ink
25 which positively prevents temperature increase by heat
enexgy by using it as energy for changing a state from

a solid phase to a liquid phase of the ink, or by using |



integrally on the recording head itself. Al so, addition of a
restoration neans for the recordi ng head, a prelf =
means, etc. 25 provi ded as the constitution of thejr i@ii%ﬂ@%®g$ﬁﬁﬁ gf
the present invention is preferable, because the effedt of the

present invention can be further stabil&ged. 06 NOV 1996
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1 an ink which is solidified in an exposed state for the
purpose of evaporation prevention, heat energy is
applied to the ink in accordance with a recording
signal, and the liquefied ink is ejected. An ink

5 which starts solidifying before it reaches the surface
of a recording medium may also be used. That is, an
ink which is liquefied only upon application of heat
eneréy may be used in the present invention. 1In |
addition, as described in Japanese Patent Laid-Open

10 Application No. 54-56874 or 60-71260, an ink as a
liQuid or solid body stored in a recess or-through hole
of a porous sheet may be opposed to an electricity-heat
converter. _According_to the present invention, a most
effective method for each ink is a film boiling method.

15 In addition, the ink-jet recording apparatus
according to the.présent invention is used in an
application form as an image output terminal of data
processing equipment such as a computer, a copying
apparatus in combination with a reader and the like,

20 and a facsimile apparatus having transmission and
reception functions.

Fig. .14 is a schematic block diagram in which a
recording apparatus of the present invention is applied
to a data processing apparatus having functions as a
25 wordprocessor, a personal cémputer, a facsimile

apparatus, and a copying apparatus.



1 ~Specific exanples of these may include, for the recordi ng head,

cappi ng neans,

elLectricity-heat : converters or another heating
5 heati ng means according to a conbinati on of these
al so effective for perform ng stable teggprding to

prelimnary node which perfornms discharging se

10

15

20

25

cl eani ng neans, pressuri zation o

rate fromrecord

I hary

I ng.

A controller 201 controls the overall oéeration of_
the apparatus and includes a CPU (e.g., a

microprocessor) and has various I/0 ports. The

‘controller 201 outputs control and data signals to the

respective circuit components or receives control and
data signals from these components. A display 202
displays various menus, document information, and image
data reéd by an image reader 207 on the display screen.
A transparent pressure-sensitive touch panel 203 is
arranged on the display 202. When the surface of the ’
touch panel 203fis pressed with a finger or the like, a
desired item or a coordinate position can be input on
the display 202.

An FM (Frequency Modulation) sound source 204
stores music information generated by a music editor or
the like in a memory 210 or an external memory device
212 in the form of digital data, reads out stored data
from the memory and the like, and performs FM
modulation of the readout data. An electrical signal
from the FM soundlsource 204 can be produced as sounds
from a speaker 205. A printer 206 is constituted by
the recording apparatus of the present invention as an
output terminal for a wordprocessor, a personal
computer, a facsimile apparatus, and a copying machine.

The image reader 207 photoelectrically reads
original data and inputs the read data. The image

reader 207 is arrangéd in an original convey path and



Further, as the recording node of the recording 10

i nvention is extrenely effective for not only thejrecordi ng nod¢
only of a primary col or such as bl ack etc., but[alsd?& N@Vi1e2s
equi pped with at | east one of plural different g¢ollors or full c¢
by col or m xing, whether the rec dt ng heat may|be either I5
integrally constituted or conbined in plural nunber. Ln each
enbodi ment descri bed above, the ink is exenplified as a |iquid.
However, an ink which is solidified at roomtenperature or less is

ener al |
g y 1

10

15

20

25
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reads a facsimile original, a copying original, and
various other originals. A FAX transmitter-receiver
208 performs facsimile transmission of original data
read by the image reader 207, receives a transmitted
facsimile.signal, and decodes the received facsimile
signal. The FAX transmitter-receiver 208 has an
interface function with an external device. A
telephone 209 has various telephone functions such as
normal telephone functions and automatic telephone
answering functiomns. |

The memory 210 includes a ROM for storing a system

program, a manager program, other application programs,

character fonts, and a dictionary, and a video RAM, and

further stores application programs loaded from the
external memory device 212 and document information.

A keyboard 211 is used to input document
information and various commands.

The external memory device 212 uses a memory

‘médium such as a floppy or hard disk.- Document

information, music or voice information, and user
applicatibn programs are stored in the external memory
device 212.

Fig.-15 is an external perspective view of the
data processing apparatus shown in Fig. 14.

A flag display panel 301 is obtained by using a
liquid crystal or the like and displays various menus,

graphic data, and document data. The touch panel 203



tenperature-controlled to be softened or |liquefied at 20 room

tenperature or in a tenperature range of 30[ERR]C to 70[err] C

t hereby controlling the viscosity of the ink to [ pepf +tdijoaral st abl e
ej ection range. For this reason, an i nk neegl R%ﬁL}é\@Ej\AﬁEm é;!.ll:'l@-'rq Ui d
phase when a recording signal is QQDLiEd- Alternatively, bylusing an
ink 25 which positively prevents. tenperature ihcfeddé MOV 1826

energy by using it as energy for changing a statej{ffom a soli ¢ phase

to a liquid phase of the ink, or by using

1 is formed on the display 301. Upon depression of the
surface of the touch panel 203 with a finger or the
like, coordinate data or an item can Be input. A
handset 302 is used when the apparatus serves as a

5 telephone. A keyboard 303 is detachably connected to
the main body through a cord and is used to input
various document data and other data. The keyboard 303
has various function keys 304. A floppy disk slot 305
is formed in the main body for accessing data from the

10 external memory device 212.

An original is placed on an original table 306 and
is read by the image reader 207. The .read original is
discharged from the rear porfion of the-apparatus. In
a facsimile reception mode or the like, the received

15 data is recorded,at an ink-jet printer 307.

The display 202 may be constituted by a CRT
display. However, a flat panel such as a liquid
crystal display utilizing a ferromagﬁetic.liquid
crystal is preferred to obtain a compact, low-profile,

20 lightweight display.

When the data precessing apparatus is used as a
personal computer or a wordprocessoi, various data
input from the keyboard 211 is processed by the
controllexr 201 in accerdance with a predetermined

25 program. The processed data is output as an image at

the printer 206.
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purpose of evaporation prevention, heat energy is
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When the apparatus serves as a receiver of the

facsimile apparatus, facsimile data input from the FAX

transmitter-receiver 208 through a communication line
is received and processed by the controller 201 iﬁ
accordance with a predetermined program. The processed
data is output as a reception image at the printer 206.

When the apparatus serves as a copying machine, an
original is read by the image reader 207, and the read
original data is output as a copy image at the printer,
206 through the controller 201. When the apparatus
serves as a transmitter of the facsimile apparatus,
original data read by the iﬁage reader 207 is
transmitted by the controller 201 in acéordance with a
predetermined program. The processed data is sent to
the transmission line through the FAX
transmitter-receiver 208.

The data processing apparatus may be an integral
unit including an ink-jet printer, as shown in Fig. 16.
In this case, a more portable apparétus can be

obtained. The same .reference numerals as in Fig. 15

‘denote the same parts in Fig. 16.

As described above, the recording apparatus of the
present invention is applied to the multifunctional
data processing apparatus as described above to obtain
a high-quality recorded image with low noise at high
speed, thereby further improving the functions.of the

data processing apparatus.



of a recording nediummay al so be used. That is, an ink which is

| i quefied only upon application of heat ener gj e
present invention. In addition, as described nREHﬁﬁEEEMTﬁ&EEﬁt
Laid-Open 10  Application No. 54-56874 or 60-71260, jamTtmk—as a
liquid or solid body stored in a recess or through hole N()Vj@ DOf OuUS
sheet may be opposed to an electricity-h con er er corgling to
the present invention, a nost ef fective method flor_each ink—is film
boiling nethod. 15 In addition, the ink-jet recordlng appar at ¢is

1 As has been described above, according to the

present invention, the positions of the recording head

in the positive and negative directions can be

accurately controlled regardless of drive load

5 variations.
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1 WHAT IS CLAIMED IS:

1.

/] f@g%@g lﬁ%ap)a'at us having transm ssion and

s a schematic bl ock diagran1in

14
h%ipresent

tug of T
ssi ng appar at us hq

invention is applied

fhrocessor,

A serial recording apparatus for reciprocating

a recording head with respect to a recording medium to

perform bidirectional recording, comprising:

position detecting means for detecting a reference

position of said recording head;

driving means for reciprocating said recording

head within a predetermined area including the

reference position;

10

means for calculating a difference between

reference positions detected by said position detecting

means by reciprocal movement when said recording head

is reciprocated by said drivihg means within the

predetermined area; and

15

means for correcting a positional error in

bidirectional recording on the basis of the difference

calculated by said calculating means.

2.

An apparatus according to claim 1, wherein

29 Said correcting means corrects a positional error on

the basis of a difference calculated by said

calculating means and a characteristic value of said

driving means.

25

3.

An apparatus according to claim 1, wherein

said correécting means corrects a positional error while

This Sheet Has Been Rep lar'ed
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said recording head is moved for recording in one

direction or the other direction.

4. An apparatus according to claim 1, wherein
said correcting means corrects the positional error
during movement of said recording head for recording in

both directions.

5. An apparatus according to claim 1, wherein
said driving means includes a pulse motor, and said
calculating means calculates the difference between the

detected reference positions by the number of pulses

" for driving said pulse motor.

6. An apparatus accor&ing to claim 1, wherein
said drivihg means includes a pulse motor, and said
calculating_means'calculates the difference between the
detected reference ?ositions in accordance with a
plurality of phases obtained by dividing the pulse for

driving said pulse motor.

7. An apparatus according to claim 1, wherein
said driving medns drives to reciprocate said recording
head to cause said calculating means to calculate the

difference between the detected reference positions

upon a power-on operation.

This Sheet Has Been Replaced
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control l er 201 outputs..control and data signals to

f ctive
circuit conponents cﬂﬁpr_mgmssﬁpgﬁrol and daﬂﬂﬁlﬁ@!lﬂﬂﬂﬂﬁ”i“ese
conmponents. A di sgl qy—-262 g-~spllays vari ous ne NS g e

i nf ormati on,
screen.

arranged on the dijsdlay 202. \Wen tthe surface
is pressed with ajfinger or the |ikg¢, a d
posi tion can be i npwt—en t-he di splay 202,

1
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and ifngge data n
A trenspapéhyoﬁfﬁééure-senthLve touch panel 203 is 10

edd by an inmage reader 207 on the display

. panel 203
chordi nate

8. An apparatus according to claim 1, wherein
said driving means drives to reciprocate said recording
head to cause said calculating means to calculate the
difference between the detected reference positions in

an on-line mode.

9. An apparatus according to claim 1, wherein
said calculating means calculates the differences
between the detected reference positions at a plurality

of speeds.

10. An apparatus according to claim 1, wherein the

predetermined area is about 1/3 the recbrding area.

11. An apparatus according to claim 1, wherein
said recording head is -an ink-jet recording head for

ejecting an ink droplet to perform recording.

12. An apparatus according to claim 1, wherein
said recording head is a bubble-jet recording head for

ejecting an ink droplet to perform recording upon

growth and shrinkage of a bubble.

13. An apparatus according to claim 1, wherein
said recording head comprises a plurality of ejection
ports for ejecting an ink, and heat energy generating

means, respectively arranged in correspondence with

This Sheet Has Been Replaced
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said plurality of €jection ports, 1
in state in the ink by heat and ejecting the ink from
said ejection ports to form flying liquid droplets on
the basis of the change in state.

14. An apparatus according to claim 1, wherein
said recording head is interchangeable with respect to

said serial recording apparatus.

15. An apparatus according to claim 14, wherein
said recording head is an ink-jet recording head for

ejecting an ink droplet to perform recording.

16. An apparatus according to claim 15, wherein
said recording head comprises a tank for storing an

ink.

17. A serial recording method of reciprocating a
recording head with respeét to a :ecording medium to
perform bidirectional recording, comprising the steps
of:

reciprocating said recording head within a
predetermined area including a reference position prior

to recording;

detecting the reference positions in both movement

directions during reciprocal movement and calculating a

difference between the detected reference positions; and

I‘hls Sheet Has Been Replaced -




computer, a facsimle apparatus, and a copying nac The
I mge reader 207 photoelectrically reads . ﬂ mﬂ ‘Hﬂ?"u puts the
read data. The immge _____reader 207 is arrang d
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1 correcting a positional error to perform
bidirectional recording on the basis of the calculated

difference.

5 . 18. A method according to claim 17, wherein the
step of performing bidirectional recording comprises
the step of correcting the positional error while said
recording head performs recording in one direction or
the other direction.

10 .

19. A method according to claim 17, wherein the
step of performing bidirectional recording comprises
the step of correcting the pbsitional error during
recording of said recording head in both directions.

15
20. 'An apparatus according to claim 17, wherein

the predetermined area is about 1/3 the recording area.

21. An apparatus according to claim 17, wherein
20 said recording head is an ink-jet recording head for

ejecting an ink droplet to perform recording.

22. An apparatus according to claim i7, wherein

said recording head is a bubble-jet recording head for .

25 ej_ecting an ink droplet to perform recording upon

éiowth and shrinkage of a bubble.
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functions steh—as morat— t el ephone functi ons and«aet=enetTT Tel ephone
10 answering functions. '
1 23. An apparatus according to claim 17, wherein

said recording head comprises a plurality of ejectiqn
ports for ejecting an ink, and heat energy generating
means, respectively arranged in correspondence with
5 said plurality of. ejection ports, for causing a change
in state in the ink by heat and ejecting the ink from
said ejection ports to form flying liquid droplets on

the basis of the change in state.

10 24. BAn apparatus according to claim 17, wherein
éaid'recording head is interchangeable with respect to

said serial recording apparatus.

25. An apparatus according to claim 24, wherein
15 said recording head is an ink-jet recoxding head for

ejecting an ink droplet to perform recording.

26. An apparatus according to claim 25, wherein
said.- recording head comprises a tank for storing an

'20 ) ink.

27. A serial recording apparatus for
reéiprocating a recording head with respéct to a
recording medium to perform by directional recording

s characterised in that there are means for calibrating
the recording head in response to variations in load
on the recording head and means responsive to the-

calibration in order to correct any positional errors

of the bidirectional recording head caused by

variations in the load.

This Sheet Has Been Replaced
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The” menory 210 includes a ROM for storing a system program a manager
program ot her application prograns, character fonts, and a

dictionary, and a video RAM and further stores appli cRilRQNSIECYHASEBEEN
| oaded fromthe 15 external nenory device 212 and docunenf I nf hERD.
A keyboard 211 is used to input docunent I nformation

conmands. The external nenory device 212 uses a nenory
medi um such as a floppy or hard dlsk‘3{bcunent 20 information, nusic or
voi ce information, and user -

SERIAL RECORDING APPARATUS FOR BIDIRECTIONAL RECORDING

ABSTRACT OF THE DISCLOSURE

A serial recording apparatus for reciprocatihg a
recording head with respect to a recording medium to
perform bidirectional recording includes a position
detector for detecting a reference position of the
recoxding head, a driving unit for reciprocating the
recording head within a predetermined area including
the reference position, a calculating unit for
_calculéting a difference beﬁween reference positions
-detgcted by the position detector by recipiocal
movement when the recording head is reciprocated by the
driving unit within the predetermined area, and a
correcting unit for corrécting a Positional error in
bidirectional recording on the.basis of the difference

calculated by the calculating unit.

FIGURE 1
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application prograns are stored in the external nenory devi ce 212.

Fig. 15 is an external perspective view of the data processing
apparatus shown in Fig. 14..i .25 A flag display panel 301 is obtained
by using a liquid crystal or the |ike and displays various nenus,

graphi c data, and docunment data. The t-ouch panel 203

o e e o it 2 &
- L)
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- 28 - 1 is formed on the display 301. Upon depression of the
surface of the touch panel 203 with a finger or the | i ke, coordinate
data or an itemcan be input. A handset 302 is used when the
apparatus serves as a b5 t el ephone. A keyboard 303 is detachably
connected to the main body throughga-cord and is used to input

vari ous docunent data and ot her data. The keyboard 303

REPLACEMENT SHEET
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has® various function keys 304. A floppy disk slot 305 is fornmed in

the main body for accessing data fromthe 10 ext erpad-eanry device 212.
An original is placed on an original table 306 and REPL#CEN?ﬂ# 5&
i mage reader 207. The read original is di schar geg—frem-the
portion of the apparatus. In a f-a@si+m |l e recepti ¢n de_or thejlike,
the received 15 data is recorded at an ink-jet pringer?8d¥0V 1994
The di splay 202 may be constituted by a CRT di $p However, B flat
panel such as a liquid [ .
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crystal display utilizing a ferromagnetic liquid crystal is preferred

to obtain a conpact, lowprofile, 20 | i ght wei ght di spl ay.

When the data processing apparatus is used as a personal conputer or
a wordprocessor, various data i nput fromthe keyboard 211 is
processed by the controller 201 4 & accordance with a predeterm ned
25 program The processed data is output as an inage at t he
printer 206. '
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29 - 1 When the apparatus serves as a receiver of the

facsimle apparatus, facsimle data input fromthe FAX

transmtter-receiver 208 through a comunication |line is received and
processed by the controller 201 in 5 accordance with a predeterm ned
program The processed data is euspet as a receptiqn image at the

printer 206. REPLACEMENT SHEET

06 NOV 1996
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When t he apparatus serves as a copying nachine, an original is read
by the i mge reader 207, and the read original data is output as a
copy inmage at the printer, 10 206 through the controller 201. Wen the
appar at us serves as a transmitter of the facsim | e apparatus,
original data read by the inage reader-207-is transmtted by the
controller 201 in accordance with a predeterm ned program The
processed data is sent to 15 the transm ssion |ine_through the FAX

transmtter-receiver 208. ~ -
RcPLACEMENT SHEET
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The* data processi ng apparatus nmay be an integral
I nk-jet printer, as showmn in Fig. 16.
apparatus can be 20 obtai ned. The ‘sanme ref erence
denote the sane parts in Fig. 16. As deschi
recordi ng apparatus of the present invention
mul tifunctional data processi ng apparatus as
obtain 25 a high-quality recorded inage with | ow
speed, thereby further inproving the functions of th
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data processi ng appar at us. - 30- 1

As has been descri bed above, according to the present invention, the
positions of the recording head in the positive and pegal]
directions can be

-8 -
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- 31~ VWhat is clainmed is: 1. A serial recording apparatus for

reci procating a recording head with respect to a recording nediumto
perform bidirectional recording, said apparatus com prising: position
detecting neans for detecting a reference position of said recording
head; driving neans for reciprocatkngisaid recording h C Lt hin a
predeterm ned area including the refer- EPLACEMENT SHEET

06 NOV 1994
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ence position, the predeterm ned area being within a range from [err]
to [err] of a recording area,; means for calculating a difference between
reference positions detected by said position detecting neans by
reci procal novenent when said recordi ng head is reciprocated by said
driving neans within the pr edet ecnmpped area; and means for
correcting a positional error in bidirec- tional recording on a basis
of the difference cal cu- | at ed by said cal cul ati ng neans. 2. An
apparatus according to claim1l, wherein said correcting . orrects.the
positional error on the basis of the difference cal cul ated '

apparatus according to claim2, wherein the characteristi¢ yalue of sal
driving neans is based at least in part on play of said dfi ingérﬁ@nqgg
An apparatus according to claim2, wherein said driving ne conpri ses
circuitry and the characteris- tic value of said drivingjnmeans is

| east in part on
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a delay in said circuitry of said driving neans. 5. An apparat us
according to claiml1l, wherein said correcting neans corrects the positional
error on the basis of the difference calcul ated by said cal cul ati ng neans
and a characteristic value based at least in part on a hysteresis of said
position detecting nmeans. 6. An appar a@aus- according tewglaim1l, wherein
said correcting nmeans corrects the positional error whi ep '
head is noved for recording in one direc- tion or the o} hgl

[

N :
xQ lox
S
=
&
wt
. = o =
g\/ o gv'm‘ ‘S-« <% 8.’ ==
~ T ~N a N o o e ¢
<€ =z o Ll L
& = <5 = o
A a = e [
'y 4 [ Y [ [
~F o
=~ P4
aER
Al
=
=0
< &
T S AAl =1l o
<.f§
. ] - :E‘r
b 8«- E - o=
— N | » |
Lk (waTY] ™ ==
: pn A >
O <
a T
-
]
N
Ol o
o~ ~
-1 = =] a o
- PN = —a0
o, < > <
& 2| Bk
Q 506
> —_—=
(1%] N id
4 =




7. “An apparatus according to claim1, wherein said correcting neans
corrects the positional error during novenent of said recording head for
recording in both directions. 8. An apparatus according to claim1,

wherein said driving nmeans includes a pul se notor, and saic“gﬁ‘buiat A G
means cal cul ates the difference betweeni4he de- tected refdr Eb“@f@%ﬁf\ﬂi SHEET
by a nunber of pulses for driving said pul se notor. 9. An gpparaius
according to claim 1, wherein said driving neans includes & ul@ .w@@cwgé
and said calculat- ing neans cal cul ates the difference betywe¢n the de-
tected reference positions in accordance with a plurality ¢f —phases
obt ai ned by dividing a pulse for driving said pul se notor. 10. An
apparatus according to claiml1l, wherein said driving neans driVEs tO
reciprocite said recording head to cause said calculating nmeans to
calculate the differ-

o~
(=
m




ence between the detected reference positions upon a power-on operation.
11. An apparatus according to claim1, wherein said driving neans drives to
reci procate said recording head to cause said cal cul-at++rag—TEd

calculate the differ- ence between the detected ref r%ﬁﬁz ﬂﬁ@ﬁfﬁ%ﬁ'ri an

on-1ine node 12. An apparatus accordlBg-to claim il wherein said
cal cul ating neans cal cul ates the differences betwee het1 falEetiess r gf erence
positions at a plurality of speeds. 13. An apparatjug according tojchai m

| : .

1, wherein the predetermned area is about [err] th 14.
An apparatus according to claim 1, wherein said recqgrding head conprides an
I nk-jet recording head for ejecting ink droplets to ‘performrecordi ng.

15. An apparatus according to claim1, wherein said recording head
conprises an ink jet recording head for ejecting ink droplets to perform
recording upon growth and shrinkage of bubblegs 16. An apparatus
according to claiml1, wherein said . n




recordlng ‘head conprises a plurality of ejection portg-far_ejecting ink,
and heat energy respectively arrang dREHLAGP{quS Al e
wiith said pl 'Eﬁm ﬂ& ﬁﬁi uiﬁ ports, for causing h f

the ink byhat ink fromsaid ejectlonprtstoror
flying liquid droplet on the basrs of the 26 JUN 197

-3 3- change In state. 17. An appar atus according t claim1, . whgrein
said recording head is interchangeable with respect tjo said

What is claimed is:

1. A serial recording apparatus for reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said apparatus com-

~ prising:

position detecting means for detecting a reference

position of said recording head;

driving means for reciprocating said recording head

within a predetermined area including the refer-

.. ence position, the predetermined area being within

a range from % to 4 of a recording area;

means for calculating a difference between reference
positions detected by said position detecting means
by reciprocal movement when said recording head
is reciprocated by said driving means within the
predetermined area; and

means for correcting a positional error in bidirec-

tional recording on a basis of the difference calcu-
‘lated by said calculating means.

2. An apparatus according to claim 1, wherein said
correcting means corrects the positional error on the
basis of the difference calculated by said calculating
means and a characteristic value of said driving means.

3. An apparatus according to claim 2, wherein the
characteristic value of said driving means is based at
least in part on play of said driving means.

4. An apparatus accordmg to claim 2, wherzin said
driving means comprises cxrcmtry and the characteris- -
tic value of said driving means is based at least in part on
& delay in said circuitry of said driving means.

' 5. An apparatus according to claim 1, wherein said
correcting means corrects the positional error on the
basis of the difference calculated by said calculating
means and a characteristic value based at least in part on
a hysteresis of said position detecting means.

" 6. An apparatus according to claim 1, wherein said
correcting means corrects the positional error while
said recording head is moved for récording in one direc-
tion or the other direction.
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seri aI recordi ng al;muluuluslll

wher ei.n said recordl nd héad"cofprtses an ink-jet reecord a
ej:ecting ink droptets—toperformrecording. 19. |ARER @E[&ﬁsg%%@g

(
claim 18, wherein qﬁgghegtqﬁpgghﬁqﬁa}g&ad conprises a ft n for storing ijnk.
20. An apparatus ac m-1, further co Qg; OGNCE9PRULli g nmeans
for conputing and ra s 4-n20;-mat|on i nput ted through an |nput

devi ce. 21. An ap
recordi ng apparatus has a fac3| mI

I"IIHH“IAn apparatus according to claim 17,

ding to

to cllaimi1,

functi on whichf records facsi mle

i nformati on recei vecﬂtmmaplpaaaummoomngommmﬁnI wherdin dapdr at us
according to clai %éne%ﬁi'n?% Sorpétdl tHe® P %Hﬁafi@%tatdhhlgs a word

processing func- t
keyboar d. 23. An@ argﬁ

recordi ng appar at
I nformati on.

oF SARL Peroling irdd 9% FEuhiing b

An apparatus according to claim 1, wherein said
dnvm g means includes a pulse motor, and said calculat-
ing means calculates the difference between the de-
tected reference positions by a number of pulses for
driving said pulse motor.

9. An apparatus according to claim 1, wherein said
dnvmg means includes a pulse motor, and said calculat-
ing means calculates the difference between the de
tected reference positions in accordance with a plurality
of phases obtained by dividing a pulse for driving said
pulse motor.

10. An apparatus according to claim 1, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected reference pasitions upon a
power-on operation.

11. An apparatus accordmg to clalm 1, wherein said
driving means drives to reciprocate said recording head

' to cause said calculating means to calculate the differ-

ence between the detected reference positions in an
on-line mode. =

12. An apparatus according to claim 1, wherein said
calculating means calculates the differences between

the detected reference positions at a plurality of speeds.

13. An apparatus accordmg to claim 1, wherein the
predetermined area is about } the recording area.-

14. An apparatus according to claim 1, wherein said
recordmg head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

15. An apparatus accordmg to claim 1, wherein said
rccording head comprises an ink jet recording head for
¢jecting ink droplets to perform recording upon growth
and shrinkage of bubbles.

16. An apparatus accordmg to claim 1, wherein s:ud
recordxng head comprises 2 plurality of ejection ports
for cjecting ink, and heat encrgy generating: means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection

narte ta farm flvrine lHAanid ArAanlate An tha khaelie AF sLa

through a

seri al
Qscopl er function which records read original



24. A serial recordi ng nmet hod of reciprocating a _recording head with

respect to a recordi ng medi um to perform bi di rECtR'EPDﬁd{ﬂVfEWTOﬁ gEﬁg sai d
met hod conpris- img ttre—steps of — eci procat ijng—-sal 1g { head

within a predetery cul I m | udi ng a rieflerence positi niprior to
recordi ng, the prie Iulmlmm Eﬂﬁ” ijng withinja| 2& 3d§e997omjjerr] to -
[err] of a recording area;’ det &ctfng seferencq fgositions in bet _
directions dur- ' i ng reciprocal venment and calcurating a differ--

ence between the dgige¢ rcg &rence posi tions; :and correcti nq
positional error to inz |d|rect|onaéBg eco dlnﬁ?on a sis of the
APPALAS RGF L cfpnﬁ rein said

calculated differen
step of perform ngrqsm dirgtheashis r@cﬁchanacabhpwxsbgesmcmt@;satd correcting

the positional errserialhtdcordaig apparatisog head perforns recording in.one
direction or the otfg. Ah'4idrabus according to claim 17, wherein said
recording head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

19. An apparatus according to claim 18, wherein said
recording head comprises a tank for storing ink.

20. An apparatus according to claim 1, further com-
prising computing means for computing and recording
various information inputted through an input-device.
* 21. An apparatus according to claim 1, wherein said
serial recording apparatus has a facsimile function
which records facsimile information received through a
communication line.

22. An apparatus according to claim 1, wherein said
serial recording apparatus has a word processing func-
tion which records various information mputted
through a keyboard.

23. An apparatus according to claim 1, whereir said
serial recording apparatus has a copier function whlch.
records read original information. _

24. A serial recording method of reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said method oompns-
ing the steps of:

reciprocating said recording head thhm a predeter-

mined area including a reference position prior to
recording, the predetermined area being within a
range from % to % of a recording area;

detecting reference positions in both directions dur-

ing reciprocal movement and calculating a differ-
ence between the detected reference positions; and

correctmg a posmonal error to perform bidirectional
recording on a basis of the calculated difference.

25. A method according to claim 24, wherein said

step of performing bidirectional recording comprises

the step of correcting the posmonal error while said

recording head performs recording in one direction or

. the other direction.

Thls Shéet Has Been Replaced
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26. A method according to claim 24, wherein saild REPLAREMENTDSHERT nfi ng

bi di rectional recording conprises the step of korrecting the pogitional
ersror during re- ,cording of said _recording hepd I?cé ctijons.
27. A et hod accord| wherein the termned farlea i s
about [err] the: x rﬂy ﬂLﬂnﬁﬂmﬂi 28. A et hod Lnud‘og—J—e—erl m 24,

wherein said r C be54an. I nk-j ¢t recording head for

ej ecting ink er)pI ets to perform recor di ng. Po—A—mettotaccording to
claim 24, wherein sa d reco conpr i i nk jet regording head
for . A met od accorc?ing B chaim N Eci'cm said g

stcp of performing bidirectional recording comprises
the step of correcting the posmonal error during re-
cording of said recording head in both directions.

27. A method according to claim 24, wherein the
predetermined area is about %3 the recording area.

28. A method according to claim 24, wherein said
recording head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

29. A method accordmg to claim 24, wherein said
recording head comprises an ink jet recording head for
ejecting ink droplets to perform recording upon growth

" and shrinkage of bubbles.

. 30. A method accordmg to claim 24, wherein said
recording head comprises a plurality of ejection ports
for ejecting ink, and heat energy generating means,
reSpecnver arranged in corrspondencc with said plu—
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection
pots to form flying liquid droplets on the bams of the

- change in state.

31. A method accordmg to claim 24, wherein said
recording head is interchangeable with respect to a
serial recording apparatus.

32. A method accordxng to claim 31, wherem said
recordmg head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

33. A method accordmg to claim 32, wherein said

recording head comprises a tank for storing ink.
~ 34. A serial recording apparatus for reciprocating a
recording head with respect to a recording medium to.
perform bidirectional recording, said apparatus com-
prising:

position dctectmg means for detecting a passage of a

reference position by said recording head;

driving means for reciprocating said recording head

within a predetermined area of a recording area
including the reference position;

means for calculating a difference in timing between

passages of reference positions detected by said
position detecting means of movements in both
dircctions, respectively, when said recording head
is reciprocated by said dnvmg means within the
predetermined area; and

This Sheet Has Been Replaced
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ej ect| ng ink droplets to perform recordl ng upon growth and shrinkage of
bubbl es. 30. A nethod according to claim?24, wheferi—satd—+eeord-ayg head
conprises a plurality of ejectien-ports for ejecti 1gRERﬂAC[MENT HkET eher gy

generating means, anged in corresppn@ienc H pl u-
rality of ej ect;clr“mﬁmlllllﬁmuﬁml ng a change in $t t‘?é’vn\llﬁf@%‘)f'k by heat
and ejecting the imk drom %ai d e]"eCtJ..OS’l ports to forn fTying I'iqui -
droplets on the basis of the change in state. 31 Hi hg to

claim 24, wherein said. recording head is interchakhgeahl e wi,th respegt to a

serial recordi ng ap;mﬁ%ﬂl%stf comeching: tah pesiienal; Wﬁ@r—vwmel n

sai d recordi ng head cmmnalsmoa'dmgl@me! bastsoofliandifferendecalgwct i ng i nk

droplets to perform r ¢g@idh @md c#leul trhedngand’ 4 charictesistic 32,

wherein said recordi ng, & q g; s for storing ink 34. A serial
rec

recordi ng apparatus ecl ad wrth r ect to a
recording nedi umt o3 SOAn 2ratss ac ording ochm%:l}a crcin the

cha.ractcnstxc value of said driving means is based at
least in part on play of said driving means. :

36. An apparatus according to claim 34, wherein said
driving means comprises circuitry and the characteris-
tic value of said driving means is based at least in part on
a delay in said circuitry of said driving means. '

. 37. An apparatus according to claim 34, wherein said
correcting means corrects the positional error on a
further basis of another characteristic value based on a
hysteresis of said position detecting means.

38. An apparatus according to claim 34, wherein said .
correcting means corrects the positional error while - .
said recording head is moved for recording in one direc-
tion or the other direction.

39. An apparatus according to claim 34, wherein said
correcting means corrects the positional error dunng
movement of said rccordmg head for recording in both
directions.

40. An apparatus according to claim 34, wherein saxd
driving means includes a pulse motor, and said calculat-
ing -means calculates the difference between the de- -

tected reference positions in accordance with a plurality
of phases obtained by dividing a pulse for driving said
pulse motor.

41. An apparatus according to claim 34, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected reference positions upon a
power-on operation. |

- 42. An apparatus according to claim 34, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected reference positions in an
on-line mode. o

43. An apparatus according to claim 34, wherein the
predetermined area is about } the recording area.

L.J.
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NEFLALGCVIEN D oantel

peffor m bi di rect | onal recording, said apparatus co pri sing: po

sdetecting nean ' $sage of a
recordi ng head; m mmwwﬂ reci procating
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within a predeter area a*recordl ng area
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position; nmearls for calculating a'difference in tinng between
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predet er ni ned aregordimg head comprises a plurality o
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py sai d
)
erence

posi ton detectl

n the

ejection ports

for ejecting ink, and heat energy generating means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection
ports to form flying liquid droplets on the basis of the
change in state.

45. An apparatus according to claim 34, wherein said
recording head is interchangeable with respect to said
serial recording apparatus.

46. An apparatus according to claim 34, wherein said
serial recording apparatus has a facsimile function
which records facsimile information received through a
communication line. '

47. An apparatus according to claim 34, wherein said
serial recording apparatus has a word processing func-
tion which records various information inputted
through a keyboard.

48. An apparatus according to claim 34, wherein said
serial recording apparatus has a copier function which
records read original information. -

49. An apparatus according to claim 34, further com- |

prising computing means for computing and recording
various information inputted through an input device.
§0. A serial recording method of reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said method compns-
ing the steps of: -
providing a recording head driving system to recip-
rocate said recording head;
reciprocating said recording head within a predeter-
mined are of a recording are mcludmg a reference
position prior to recording;
detecting reference positions of movements in both
directions, respectively, during recipracal move-
ment and calculating a difference in timing of the
detection of the reference positions; and
correcting a positional error in order to perform bidi-
rectional recording on a basis of the calculated
difference and a characteristic value of the driving
system.

This. Sheet Has Been Replaced -
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-35 - means for correcting .a posr:t'lonal error in bidirec- tional
recording on a basis of a difference calcu- l.ated by said cal culating

means and a char act ue of said dri VRE 51 An
appar at us accor dij u:rg !mﬂmlm&ulmrel n the chafagt %@W,@T Saﬁ[ﬁ pf sai d

driving neans is [bas art on play ¢f [said driving jreans.

36. An apparatus-jaccording to claim 84,7 wherein said 26i 9% ahs :
conprises circuitry and the char acteris- tic val §ejof said drivi ng| means
Is based at least in part on a delay in said cirguitry of sard ariying
nmeans. 37. An apparatus accord| ng to claim34, twherein sdi d corfecting
means corrects the _Qosi t|on error on a further gasi of. a t her
characteristic val gd daacwsclmgesq% claim o9 TAND Bn tecting

means. 38. An c&q@pa«EMxmmﬂndm@ the dhixing3ystemeisibased at
least in part on play of the driving system.

52. A method according to claim 50, wherein the
driving system comprises circuitry and the characteris-
tic value of the driving system is based at least in part on
a delay in the circuitry of the driving system. '

53. A method according to claim 50, wherein said
step of correcting a positional error is effected on a

- further basis of another characteristic value based at
least in part on 2 hysteresis of a detector for detecting
the reference position.

54. A method according to clann 50, wherein said
step of performing bidirectional recording comprises
the step of correcting the positional error while said
tecording head performs recordmg in one dn'ectlon or
the other direction. ~ -

55. A method according to claim 50, wherein said
step of performing bidirectional recording comprises

- the step of correcting the positional error during re-

- cording of said recording head in both directions. .
+ §6. A method according to claim 50, wherein the
. predetermined area is about } the recording area.

57. A method according to claim 50, wherein said
recording head comprises a plurality of ejection ports
for ejecting ink, and heat energy generating means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in’
the ink by heat and ejecting the ink from said ejection
ports to form flying liquid droplets on the basis of the
change in state.

§8. A method according to claim 50, wherein said
recording head is interchangeable with respect to a
serial recording apparatus.

59. A serial recording apparatus for recxprocanng a
recording head with respect to a recording medium to

| paform bidirectional recording, said apparatus com-
prising: g
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correcting means corrects the positional error while said recording head
i's novwed for recording in one direc- tion or th 39.
An appar at us—according—te—etarm 34, wherein said cg*iMQEW@?&%é?J gorrects
t he positi onal ”mnf mﬂ“n ement of said recdrging head for rdegording
in both dir "ﬂ'lmnpar atus accordi ng chal JURHMGoPhEr ¢i n said

g
driving nea s i heludeés & pdl se pot or, —aBd-sai d cd Cu| at- 1'ng megns
cal cul ates the difference between the de- tected ference—postt+ons in
accordance with a plurality of phases obtained by dividing a pul se |for
driving said pul se notor. 41.  An apparatus according to claim 34, wherein

sai d driving neans ch!rxwmgtmeanmfpraeetprmtmgsmﬂm‘eogrchﬂgdheadcause said
cal cul ating nmeans to Cﬁﬂxﬁﬁhaiep?éﬂététﬁﬁﬁéd &feae ofed %@Brﬂﬂfg deegct ed
reference positions u I T Rr & ?H gﬁys accordi ng
to claim 34, wherein sal d aq ians { %s eC| %me sai d

. COII lpnsmg pulse mo or nven ltc

recordi ng head
exciting phase; ° .
position detecting means for detecting a passage of
the reference position by said recording head, said
position detecting means performing the detection
in accordance with a plurality of phases obtained
by dividing the exciting phase;

means for calculating a difference in timing between

the passages of reference positions detected by said
position detecting means of movements in both
directions, respectively, when said recording head
is reciprocated by said driving means within the
predetermined area, said calculating means calcu-
lating the difference in accordance with a plurality
of phases obtamed by dividing the exciting phase'
and

means for correcting a positional error in bidirec--

tional recording on a basis of the difference calcu-
lated by said calculating means.

60. An apparatus according to claim 59, wherein said
correcting means corrects the positional error on a basis
of the difference calculated by said calculating means
and a characteristic value of said driving means.

61. An apparatus according to claim 60, wherein the

. characteristic value of said driving means is based at
“least in part on play of said driving means.

- =+
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to cause said calculating neans to-calculate the_differ- ence between the

det ect.ed reference positions in an on-line node.

43. An apparat us

- i i det erm ned 4r @gpy fer+] the
according to claim 34, wherein the predeter RERRACEMEN) SHRET par at us

recording area.
according to clai
ej ection parts <o
respectively arfra
ports, for causjin

rality of

e sakd recording hea Eonprises-a P
Gmw’ﬁ’ uﬂt '_Emnd edmt-energy peperZbiJun mgns) .
c Ny COf dence with saidf plu- rality of jejjection

g a change in statle in

62. An apparatus according to claim 60, wherein said
driving means comprises circuitry and the characteris-
tic value of said driving means is based at least in part on
& delay in said circuitry of said driving means. .

63. An apparatus according to claim 59, wherein said
correcting means corrects the positional error on a basis

~of the difference calculated by said calculating means

and a characteristic value based at least in part on a
hysteresis of said position detecting means.

64. An apparatus according to claim 59, wherein said
correcting means corrects the positional error while.
said recorditig head is moved for recording in one direc-
tion or the other direction. :

65. An apparatus according to claim 59, wherein said
correcting means corrects the positional error during
movement of said recording head for recording in both
directions. : '

66. An apparatus according to claim 59, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-

~ence between the detected reference positions upon a

power-on operation. ) .
67. An apparatus according to claim 59, wherein said

- driving means drives to reciprocate said recording head

to cause said calculating means tq calculate the differ-

ence between the detected reference positions in an

on-line mode.

68. An apparatus according to claim 59, wherein the
predetermined area-is about } the recording area.

69. An apparatus according to claim 59, wherein said
recording head comprises a plurality of ejection ports
for ejecting ink, and heat.energy generating means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection.
ports to form flying liquid droplets on the basis of the
change in state. '
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i'nt erchangeabl e. W @m mpmlj l“ id serialjr c @i AN g?ﬂ?ar tus. 46. An
appar at us accof d rherein sald{serial recordj ng apparatus
has a facsim lle function which recor—dsl()c acsfmle information yeceived

t hrough a communi cation | ne. 47. An appatatus according tal clai m 34,
wherein said seri al esar Mﬁp dunc- tion
whi ch records var b4 ‘&;é Lonalbég}gg%:% agﬁggﬁsﬁgﬁﬁ% 48. An
appar at us accordi Sh appar at us
has a copier fun @&Rﬁ'ﬂ ®Rxd original information, 49. An
appar at us accordi nglk &ul@mWSMcomng:wdm&mybmmlsmdg means for

conputing and reeriiingevordings appaatrasi hasi apfacsithildr fnghion i nput
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which records facsimile mformatmn received through a
communication line.

72. An apparatus according to claxm 59, wherein said
serial recording apparatus has a word processing func-
tion which records various information mputted

_through a keyboard. - -

73. An apparatus according to claim 59, wheérein said
serial recording apparatus has a copier function whxch
records read original information.

74. An apparatus according to claim 59, further com-
pnsmg computing means for computing and recording
various information inputted through an mput device.

75. A serial recording method of reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, saxd method compris-
ing the steps of:

providing a recording head driving system to recip-

rocate said recording head in accordance with the
switching of an exciting phase;

reciprocating said recording head within a predeter-

mined area of a recording area including a refer-
~ ence position prior to recording;

detecting reference positions of movements in both

directions, respectively, during reciprocal move-
ment in accordance with a pluralxty of phases ob-
tained by dxvxdmg the excxtmg phase and calculat-
ing a difference in timing of the detection of the
reference positions; and

correcting a positional error in order to perform bidi-

rectional recording on a basis of the calculated
difference. .
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50. A serial recording nethod of reciprocating a_recording head-w-th

respect to a recording mediumto perform bi dlrec | I|r" H IH I d

met'hod conpri s- [i T i provi di ng a l E m ﬂr ng
TS SE PLRRS BEN |

systemto recip g\ﬁl& %cor di ng reC| procatmngs sai d
recordi ng head W thin prr- m ned area of a recording area.

I ncluding a reference position pri éd to recording; detecting
reference positions of movenments in both directions, respectively,
during reciprocal nove- ment and cal cul ating a di fference in tim ng of
t he - det ecti on' off6t & meithodnaccpoding sasclaimd 75¢ ovhereinigpid positi onal
error in order tostes foff pebfotming bitdéwictivred]l recordinggcomprisessi s of the
cal cul ated di ftﬁérﬁEﬁeoP%ﬁ' ﬁrga@ﬁ@r‘;&giﬁgwlggopfwhm giitdvi ng
system recording head performs recording in one direction or
the other direction.
77. A method according to claim 75, wherein said
" step of performing bidirectional recording comprises
the step of correcting the posmonal error during re-
cording of said recording head in both directions.
78. A method according to claim 75, wherein the
.predetermined area is about % the recording area.
79.. A method according to claim 75, wherein said
'recordmg head comprises a plurality of ejection ports
for ejecting ink, and heat energy geuerating means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection
ports to form flying liquid droplets on the basis of the
.change in state.
80. A method accordmg to claim 75, wherein said
recording head is interchangeable with respect to a
serial recording apparatus.
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37° '51. A nmethod according to claim51, wherein the
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fTTcurtTy—and—j hg characteris- tic value of the driving
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5’23 éf#rg?%d afcording to claim 5
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;val ue_of the dri
driving system

system conpri se$
systemis based
driving system
of correcting a
characteristic

What is claimed is:

1. A serial recording apparatus for reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said apparatus com-
prising:

posmon detectmg means for detecting a reference

position of said recording head;

driving means for recipracating said recording head

- within a predetermined area including the refer-
- ence positian, the predetermined area being within
a range from % to 2 of a recording area;

means for calculating a difference between reference
positions detected by said position detecting means
by reciprocal movement when said recording head
is reciprocated by said driving means within the
predetermined area; and

means for correcting a positional error in bidirec-

tional recording on a basis of the differsnce calcu-
lated by said calculating means. .

2. An apparatus according to claim 1, wherein said
correcting means corrects the positional error on the
basis of the difference calculated by said calculating

means and a characteristic value of said driving means.

3. An apparatus according to claim 2, wherein the
characteristic value of said driving means is based at
least in part on play of said driving means.

4. An apparatus according to claim 2, wherein said
driving means comprises circuitry and the characteris-
tic value of said driving means is based at least in part on

@ delay in said circuitry of said driving means.

S. An apparatus according to claim 1, wherein sa.xd
correcting means corrects the positional error on the
basis of the difference calculated by said calculating
means and a characteristic value based at least in part on
a hysteresis of said position detecting means.

" 6. An apparatus according to claim 1, wherein said
correcting means corrects the positional error while
said recording head is moved for recording in one dxrec-
tion or the ather direction.

characteristic

NT SHEET
riving




| edst in part on RYBIACEMENT SHEEHi et ector for detecting the reference
;posi tjon. 54. ngito claim50, wherein said Steﬁ\éﬂﬁ SHEET
performng bidire ti or}?éaé;gﬁqlég%n conpri ses the step of cquPé_@\ﬁ he

positional error i hg head perforns recordingi-n-ene

direction or the 55. A net hod, ac
wherein said stepfof performng bi dLrectlonaI recor @‘ﬂj\m‘“ Hgmm“m step
of correcting the ur.pg-re- cordi recordi ng

head in both directions. 56. A nethod according to claim50, wherein the

predeterm ned area is about [err] the recording area 57. A nethod
according to clai m%omﬁwﬁmﬁsﬂaecbeéﬁsgilt&gcmﬁﬂ Eméréﬁssﬂdm urality of

ej ection ports fo&oﬁfﬁ{d Gnilks ] F‘}

respectively arran esponde

shEse ﬁé’g‘e‘?e‘g& r@‘qé
ports, for causi nBFXTHER é’f%‘:’l1 {F&EaT nﬁw&“’h&-‘# ct Fjrlgct |hgn

ink fromsaid eje F§ﬁ10f§§|=ts to formflying I|qU|d dropl ets on the basis of
t he 8. An apparatus according to claim 1, wherein said

driving means includes a pulse motor, and said calculat-
ing means calculates the difference between the de-
tected reference positions by a number of pulses for
driving said pulse motor.

9. An apparatus according to claim 1, wherein said
driving means includes a pulse motor, and said calculat-
ing means calculates the difference between the de-
tected reference positions in accordance with a plurality
of phases obtained by dmdmg a pulse for driving said
pulse motor.

10. An apparatus accordxng to claim 1, wherein said
driving means drives ta reciprocate said recording head

.to cause said calculating means to calculate the differ-
ence between the detected reference positions upon a
power-on operation.

11. An apparatus accordxng to claim 1, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected referencc positions in an

on-line mode. .

12. An apparatus according to claim 1, wherein said
calculating means calculates the differences between
the detected reference positions at a plurality of speeds.

13. An apparatus according tc claim 1, wherein the
predetermined area is about § the recording area.-

14. An apparatus accordmg to claim 1, wherein said
recordmg head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

15. An apparatus according to claim 1, wherein said
recording head comprises an ink jet recording head for
ejecting ink droplets to perform recording upon growth
and shrinkage of bubbles.

16. An apparatus according to claim 1, wherein said
recording head comprises a plurality of ejection ports
for ecjecting ink, and heat energy generating means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection
perts to form flying liquid droplets on the basis of the
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change in state.

17. An apparatus according to claim 1, whcrcm said
recording head is interchangeable with respect to said
serial recording apparatus.

18. An apparatus according to claim 17, wherein said
recarding head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

19. An apparatus according to claim 18, wherein said
recording head comprises a tank for storing ink.

20. An apparatus according to claim 1, further com-
prising computing means for computing and recording
various information inputted through an input-device.
* 21. An apparatus according to claim 1, wherem said
serial recording apparatus has a facsimile function
whick records facsimile information received through a
communication line.

22. An apparatus according to claim 1, wherein said
serial recording apparatus has a word processing func-
tion which records various information mputted
through a keyboard.

23. An apparatus according to claim 1, wherein said
serial recording apparatus has a copier function whxch
records read original information.

24. A serial recording method of reciprocating a
recording head with respect to a recording medium to
pcrform bidirectional rccordmg, said method comanc
ing the steps of:

reciprocating satd recordmg head within a predeter-

mined area including a reference position prdor to
recording, the predetermined area being within a
range from % to % of a recording area;

detecting reference positions in both directions dur-

ing reciprocal movement and calculating a differ-
ence between the detected reference positions; and

correctxng a posmonal error to perform bidirectional
recording on a basis of the calculated difference.

25. A method according to claim 24, wherein said

step of performing bidirectional recording comprises

the step of correcting the posxtxona.l errar while said

recocding head performs recording in one direction or

_ the other direction.
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7. A method accordmg to claim 24, wherein the
predetermined area is about % the recording area.

. 28. A method according to claim 24, wherein said
recording bead comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

29. A method according to claim 24, wherein said
recording head comprises an ink jet recording head for

_ ejecting ink droplets tc perform recording upon growth
and shrinkage of bubbles.

- 30. A methad according to claim 24, wherein said
recording head comprises a plurality of ejection ports
for ejecting ink, and heat energy generating means,
respecnve!y arranged in corrapondcnc- with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection

Borts to form flying liquid droplets on the basis of thc

- change in stara.

31. A method a.ccordmg to claim 24, wherein said.
recording head is interchangeable with respect to a
serial recording apparatus.

32. A method accordmg to claim 31, whcrem said
recording head comprises an ink-jet recording head for
ejecting ink droplets to perform recording.

33. A method according to claim 32, wherein said
recording head comprises a tank for storing ink.

34. A scrial recording apparatus for reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said apparatus com-
pnsmg

posidon dctecung means for detecting a passage of a

reference position by said recording head:

driving means for reciprocating said recording head

~ within a predetermined area of a recording area

including the reference position;

means for calculating a difference in timing bcr.wccn

passages of reference posidons detected by said
position detecting means of movements in both
directions, respectively, when said recording head
is reciprocated by said driving means within thc
predetermined area; and
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means for correcting a positional error in bidirec-
tional recording on a basis of a difference calcu-
lated by said calculating means and a characteristic
value of said driving means.

35. An apparatus according to claim 34, wherein the
characteristic value of said driving means is based at
least in part on play of said driving means. -

36. An apparatus according to claim 34, wherein said
driving means comprises circuitry and the characteris-
tic value of said dnvmg means is based at [east in part on
a delay in said circuitry of said driving means.

. 37. An apparatus according to claim 34, wherein said
correcting means corrects the positional error on a
further basis of another characteristic value based on a
hysteresis of said position detacting means.

38. An apparatus according to claim 34, wherein said :
correcting means corrects the positional error while
said recording head is moved for recording in one direc-
tion or the other direction.

39. An apparatus according to claim 34, wherein said
correcting means corrects the positional error dixring
movement of said recordmg head for recording in both
directions.

40. An apparatus according to claim 34, wherein said
driving means includes a pulse motor, and said calculat-
ing ‘means calculates the difference between the de-
tected reference positions in accordance with a plurality
of phases obtained by dividing a pulse for driving said
pulse motor.

41. An apparatus according to claim 34, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected reference positions upon a
power-on operation.

42. An apparatus according to claxm 34, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected refcrcncc positions in an
on-line mode.

43. An apparatus accordmg to claim 34, wherein the
predetermined area is about } the recording area.
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conpr i ses circuitr ngq@;” E“&éﬁﬁaerl s- ticv l’ Hﬂ' Jm' mrng nmeans
" is based at |.east part on g dy in said C|rCU|tr§/ of shid driving

means. 63. An ap aratmsap@zcc}gyadi ng to claimb59, wherein said correcting

means corrects th sitional errqgr jon a basis of the differenc ur

cal'cul ated by sai d carcuratimg—meany and a characteri stlt?\EPhA@%‘?%‘ggégtg

| east in part on d__hysteresis of sgdid p&%‘ttlon det ecti ng neans. 64. An

apparatus accordin &to claim59, Wherein said correwy ng nmeans corrects

the positional err Mapparaamccacdmgng SERIBf ¥l r ecording in
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rality of ejecuon ports, for causing a change in state in

the ink by heat and ejecting the ink from said gjection

ports to form flying liquid droplets on the basis of the

change in state. _

43. An apparatus according to claim 34, wherein said

* recording head is interchangeable with respect to said
serial recording apparatus.

46. An apparatus according to claim 34, wherein said
serial recording apparatus has a facsimile function
which recards facsimile mformatxon received through a
communication line.

47. An apparatus according to claim 34, wherein said
serial recording apparatus has a word processing fuac-
tion which records various information inputted
through a keyboard.

48. An apparatus according to claun 34, wherein said
serial recording apparatus has a copier function which
records read original informarion. _

49. An apparatus according to claim 34, further com-
prising computing means for computing and recording
various information inputted through an input device.

50. A serial recording method of reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said method cempris-
ing the steps of:

providing a recording head driving system to recip-

rocate said recording head;

reciprocating said recording head within a predeter-

 mined grea of 2 recording aredincluding a reference
position prior to recording;
detecting reference positions of movements in both
directious, respectively, during recipracal move-
ment and calculating a difference in timing of the
detection of the reference positions; and '

correcting a positional error in order to perform bidi-
rectional recording on a basis of the calculated
difference and a characteristic value of the driving
system.



driving neans drives to reci procate said recording head to cause said
eal cul at.i ng neq“ ro—catew-at-e—-the differ- ence between the detected
t

ref erence posi thi oYr8LAGRMENT PBEET qon operati on. 67. An apparatus according

to claimb59, wherléein said—driving nmeans drives to reciproc ]
recordi ng head |t ?u‘eﬁpgawg ul ati ng neans to cal cul at ZK%FHBEWFN-L?HEH
ence between tHe jdefecte ?eje ce posrtronSﬁw 68. An
appar at us accortdi , Iwheérein the s about
[err] the recorlding area. 69. An ap rat us ac @m u mt"i aEQ wherein
sai d recordi ng nead—conprises—a—plurality of eje jecting

ink, and heat energy generating neans, respectively arranged I n
correspondence with said plu- rality of ej ection ports, for causing a
change in state i nSi.hé& imkethydheetoadihgejtoctlaig Sie witlerkimrtheai d ej ection.

ports to form flghagdiedsiie Jand G cRE dﬁe"{gl%rygtéqﬁ {sheasédinge in state.
least in part on play of the driving system.

52. A method according to claim 59, wherein the
driving system comprises circuitry and the characteris-
tic value of the driving system is based at least in part on
a delay in the circuitry of the driving system.

53. A method according to claim 50, wherein said
step of correcting a positional error is effected on a

further basis of another characteristic valuc based at
least in part on a hysteresis of a detector for detecting
the reference position.

54. A method according to claim 50, wherein said
step of performing bidirectional recording comprises
the step of correcting the posmonal error while said
‘recording head performs recording in one d:rectxon or
the other direction.

55. A method according to claim 50, wherein said
step of performing bidirectional recording comprises
the step of correcting the positional error during re-
cording of said recording head in both directions. .

S6. A method according to claim 50, wherein the

" predetermined area is about } the recording area.

§7. A method according to claim 50, wherein said
recordmg head comprises a2 plurality of ejection ports
for ejecting ink, and heat energy generating means,"
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in’
the ink by heat and ejecting the ink from said ejection
ports to form flying liquid droplcts on the basis of the
change in state.

S8. A method according to claim 50, wherein said
recording head is interchangeable with respect to 2
serial recording apparatus.

59. A serial recording apparatus for reczprocanng a
recording head with respect to a recording medium to
pe;t:orm bidirectional recording, said apparatus com-
prising:

Q




- 40- 70. An apparatus according to claim59, wherein said recording head

ds interchangeabl I—to—said serial recording apparatus. 71.
{}’mﬁﬁp{,ﬁ@?ﬁm@ wherein said serial recordi ng appar at us

An apparatus acc
has a facsinmile f tion which rdcqrds facsimile informati omm@iEMENTSHEET

t hrough a comunifcati 02 APReisog 742.] An apparatus according to claim 59,

wherein said serifal{ recording apgafjatus has a wor tion
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driving means for reciprocating said recording head
within a predetermined area of a recording area
including a reference position, said driving means
comprising a pulse motor driven by switching an
excxr.mg phase;
position detecting means for detecting a passage of
the reference position by said recording head, said
position detecting means performing the detection
in accordance with a plurality of phases obtained
by dividing the exciting phase;
means for calculating a difference in timing between
the passages of reference positions detected by said
position detecting means of movements in both
directions, respectively, when said recording head
is reciprocated by said driving means within the
predetermined area, said calculating means calcu-
lating the difference in accordance with a plurality
of phases obtained by dividing the exciting phase-
and
means for correcting a posirional error in bidirec-
tional recording on a basis of the difference calcu-
lated by said calculating means.
~ 60. An apparatus according to claim 59, wherein said
correcting means corrects the positional error on a basis
of the difference calculated by said calculating means
and a characteristic value of said driving means.
61. An apparatus according to claim 60, wherein the
. characteristic value of said driving means is based at
" least in part on play of said driving means.




t hrough a keyboard.
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73. An apparatus according to claimb59, wherein said

serial recording apparatus has a copier function which records read
further
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plurality of pha

valae of said dnvmg means is based at least in part on
a dclay n said circuitry of said driving means.

63. An apparatus according to claim 59, wherein said
correcting means corrects the positional error on a basis
of the difference calculated by said calculating means
and a characteristic value based at least in part on a
hysteresis of said position detecting means.

64. An apparatus accarding to claim 59, wherein said

correcting means corrects the positional error while.

said recording head is moved for recording in one direc-
tion or the other direction.

65. An apparatus according to clann 59, wherein said
correcting means carrects the positional error during
movement of said recording head for recording in both
directions.

66. An apparatus according to claim 59, wherein said
driving means drives to reciprocate said recording head
to cause said calculating means to calculate the differ-
ence between the detected reference positions upon a
power-on operation.

67. An apparatus according to claim 59, wherein said -

-driving means drives to reciprocate said recording head

to cause said calculating means ta calculate the differ-
ence between the detected reference positions in an
on-line mode. _

68. An apparatus according to claim 59, wherein the
predetermined area is about } the recording area.

69. An apparatus according to claim §9, wherein said
recording head comprises a plurality of ejection ports
for ejecting ink, and heat energy generating means,

respectively arranged in correspondence with said plu--

rality of ejection ports, for causing 2 change in state in

the ink by heat and ejecting the ink from said ejection.

ports to form flying liquid droplets on the basis of the
change in state.
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tained by dividing t exeH-Rg-phase.~.gnd cal cul at - ing a difference in
timng of the detectijorREPLACEMENT SHEEH qrence positions; and correcting a
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error while said

70. An apparatus according to clax.m 59, wherein said
recording head is interchangeable with respect to said
serial recording apparatus.

71. An apparatus according to claim 59, wheretn said
serial recording apparatus has a facsimile function
which records facsimile information received through a
communication line.

72. An apparatus according to claim 59, wherein said
serial recording apparatus has a word processing func-
‘tion which records various information mputted
through a keyboard.

73. An apparatus according to claim 59, wheérein said
- serial recording apparatus has a copier function whxch
records read original information.
74. An apparatus according to claim 59, further com-
prising computing means for computing and recording
various information inputted through an input device.
75. A serial recording method of reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording, said method compris-
ing the steps of:
providing a recording head driving system to recip-
rocate said recording head in accordance with the
_switching of an exciting phase;

reciprocating said recording head within a predeter-
mined area of a recording area including a refer-
ence position prior to recording;

detecting reference positions of movements in both

directions, respectively, during reciprocal move-
ment in accordance with a plurahty of phases ob-
tained by d1v1dxng the excmng phase and calculat-
ing a difference in timing of the detection of the
reference positions; and

correcting a positional error in order to pcrform bidi-

rectional recording on a basis of the calculated
difference. .



recordi ng head perRdtABEMBNIOSHERL fi n one direction or the other direction.

77. A nmethod accprding to crarm/74, wherein said step of performng :
bi di rectional recof di W's s [{the step of correcting the positional
error ddring re- corg%g‘ of sglgi rMecordi ng head in both di re@EPbAGEMENﬁﬁHEW

met hod according t rg¢in the predeterm - [err]
the recording arjea 79. A nethodfaccording to cl aj m nn Iy g d
recording head conpriSe€s a pruratrtty aofgiej ection pum Hm ﬂmn”m i nk,
and heat energy generating nmeans, respectively arrafgetl i'n dorsespondence
with said plu- rality of ejection ports, for causing a change in state in

lying 11 uid dr infﬁéem” ARl iP S Enlf T, el Salf 1T oo
according to cl ai 3 % of] e $ gié,db SORS RN ﬁg r&%’& .‘FP@?BHQ?};'eam e with
respect to a seri Q’cr%te_ar 9f RPHEEGHNG the positional error while sai

recording head performs recording in one direction or

-the other direction.

77. A method according to claim 75, wherein said
step of performing bidirectional recording comprises
the step of correcting the positional error during re-
cording of said recording head in both directions.

78. A method according to claim 75, wherein the
.predetermined arez is about } the recording area.

79.. A method according to claim 75, wherein said
recording head comprises a plurality of ejection ports
for ejecting ink, and heat energy genmerating means,
respectively arranged in correspondence with said plu-
rality of ejection ports, for causing a change in state in
the ink by heat and ejecting the ink from said ejection
ports to form flying liquid droplets on the basis of the
change tn state. .

80. A method according to claim 75, wherein said
recording head is interchangeable with respect to a
serial recording apparatus. o




REPLACEMENT SHEET

REPLACEMENT SHEET
02 APR 1998 |

-42-

SERIAL RECORDING APPARATUS FOR BIDIRECTIONAL RECORDING

ABSTRACT OF THE DISCLOSURE

A serial reéording apparatus for reciprocating a
recording head with respect to a recording medium to
perform bidirectional recording includes a position
detector for detecting a reference position of the
recording head, a driving unit for reciprocating the
recording head within a predetermined area including
the reference gosition, a calculating unit for
calculating a difference between reference positions
detgcted by the position detector by reciprocal
movement when the recording head is reciprocated by the
driving unit within the predetermined area, and a
correcting unit for cbrrécting a'bositional error in
bidirectional recording on the basis of the differgnce

calculated by the calculating unit.

FIGURE. 1



