SERI AL PRI NTER - BACKGROUND -OF #é %JI%;’%O Fi .eI d of the op tPos

| nvention 5 The present invention,relates generally to a

sehi-dl primter and,.-ore particularly, to & serial priif F40h HRidi ng
a synchronous signal geherating - .¢ircuit for synchronizing a novenent
of a carriage nounted with a printing head with-a recording action
of 10 t he recordi ng head. Rel at ed Background Art A
serial printer perforns a record (print) while causing a carriage

nounted with a printing head of a . gERIAL TENUEW Means to scan across a
recordi ng medium |If

BACKGROUND OF THE INVENTION
Field of the Invention

5 The present invention relates generally to a
serial printer and, more particularly, to a serial
printer including a synchronous signal generating

circuit for synchronizing a movement of a carriﬁge

mounted with a printing head with a recording action of
10 the recording head.

Related Background Art

- A serial printer performs a record (print) while

causing a carriage mounted with a.printing head of a

recording means to scan across a recording medium. If
15  a carriage speed fluctuates due to some influence,

however, a scatter in density appears as a result of

recording. Especially in a color printer, the problem

is a deviation in terms of color registration.
_ One of known methods of obviating tnese problens
20 has hitherto involved steps of detecting a moving
quantity of the carriage mounted with the recording
‘means with reépect to an apparatus body and performing
a recording action through the recording means while
synchronizing with this detected result.
25 More specifically, a scale portion of a 1inéar
~encoder is fixed to the apparatus body. The carriage

which moves relatively to this scale portion is mounted



15 a carriage speed fluctuates due to some influence, however, a

scaLLer In density appears as a result of recording. Especially in a
color printer, the problem is a devation in terms of color

regi stration. One of known net hods of obviating these probl ens
20 has hitherto involved steps of detecting a noving quantity of
the carriage nounted with the recording nmeans With respect to an
appar at us body and perform ng a recording action through the

recording. means i | detecting SYGEBI R Gk il 1InbbiSeflEhBgked BESk,

Mor e speci fi cal sca ed to

the apparatus wer%&araﬁaeetput sigHQiCErSHVEﬁiéehé’té&%h.ﬁ to this
scal e portion is nounted
portion is amplified and thereafter fetched outside the
carriage. A recording signal is generated in
5 synchronization with this amplified signal, thereby
preventing occurrences-of the scatter in the printing
density and of the deviation in the color registration.
An example of the prior art will be explained with
reference to the drawings. Fig. 44 is a circuit
10 diagram showing a configuration of a synchronous signal
generating circuit in the conventional example. The
scale portion of the linear encoder is mounted in the
carriage and fixed to.the-apparatus body. A detecting
portion 101 of the linear encoder detects a relative
15 moving position of the carriage with réspect to the
apparaths body by detecting the scale portion. The
detecting portion 101 consisting of MR elements .which
f%& act based on a magnetic resistance effect is provided
integrally with a pair of magnetic detecting elements
20 102, 103. This detecting portion 101 is also connected
to a substrate 5 mounted on the carriage and shown by a
broken line in the Figure. Connected, as known well,
to this substrate 5 are amplifiers 104, 105
¢onstituting constant current circuits, an amplifier
25 106 for amplifying a detected signal and a compérator
107. An output signal 303 is thereby outbutted. Then,

a variable resistor 158 for determining a reference



on _a detecting portion of .the linear encoder. On the ' ot her hand, an

oukgyt signal fromthis detecting portion is anplified and
thereafter fetched outside the - carridge. A recording signal is
generated in 5 synchroni zation with this anplified signal, thereby
preventing occurrences of the scatter in the printing density and of
the deviation in the color registration. An exanpl e of the prior
art will be explained with reference to the drawings. Fig. 44 is a

Sia:\glrjiatl néom rcul rtaa:g%she co ve Q&%a&]e@g Oﬁfpﬁégp%a}mﬁ%l éé‘%gsliiﬁgn of
e g oal encol i BUEGid 3% an Mﬁﬁé@@.@f&élr&%ﬁa ! Hae-

apparatus body. A cting I near enco
detects a reIatﬁﬁatﬁgicafgmgﬁg.p03|tlon of the carrlage\Mtr1respect to
t he apparatus body by detecting the scale portion. The

detecting portion 10irH®nsperdtibrfof/Ried cefis ScokktFucted circuit will
5 be explained. The magnetic detecting elements 102, 103
are supplied with a constant current via the constant
current circuits 104, 105, reSpecfively. Magnetic
i patterns are previously recorded at a fixed inéérval on
- "the scale portion of the linear encoder which is fixed
10 to the apparatus body. The detecting portion 101 moves
along the scéle portion. With this movement,_
resistance values of the magnetic detecfing elements
102, 103 vary. - The variation in thelresistanée value
is detected as a change in voltage and amplified by the
15 amplifier 106. An amplified signal is inputted to one:
input terminal of the comparator 107. This comparator
107 compares the amplified signal with a reference
| voltage preset by an adjustment of the wvariable
resistor 158 and inputted to the other input terminal
20 6f the comparator 107. An output signal 303 is thereby
obtained as a synchronous signal.

Further, an adverse effect may be exerted on the
printing/recording result because of a high dependency
on temperatures according to a detecting device_and.a

25 circuit system. A detailed explanation will bé:given
based on the drawings. Fig. 45A is a diagram showing a

relationship of the reference voltage versus the signal



act ~based on a hagnetic resi stance effect is provided integrally

with a pair of nagnetic detecting elenents 20 102, 103. This detecting
portion 101 is al so connected to a dubstrate 5 nounted on the
carriage and shown by a - broken line in the Figure. Connected, as
known wel |, to this substrate 5 are anplifiers 104, 105

constituting constant current circuits, an anplifier 25 106 for
anplifying a detected signal and a conparat or 107. An output signa

303 is th b t ted, T , a | abl esistor 158 fqr
deteLiiniﬁgeayr£§é§%$%§ to Qﬁg comparatorvgﬁ5. Sié.shég is a puise

e ORI ot MR A hy 4 R0 PORRIG ‘or tne BleblE
signal 303 of the comparator 107 in combination with
Fig. 45A. An input signal 301 to the comparator 107
5 takes, as depicted in the Figﬁre, a waveform
approximate to a siné waveform which varies with a
fixed period.
On the other hahd, in the pulseQShaped outﬁut
signal 303 of the comparatdr, in consequence of
10 obtaining the reference voltage as a threshold value, a
difference between the input signal 301 and the
.reference voltage 302 appears, as can be understood
from the Figﬁre, in the form of a duty change in the
output signal. If the recording/printing action is
15 executed in synchronization with this output signal
303, the scatter in the density and a ruled-line
deviation in an output image are caused. This results
in a remarkable decline in terms of recording quality.
Figs. 46A and 46B are explanatory views of the
20 recording action, showing how dots D are recorded on a
recording medium by driving a recording means in
synchronization with the output signal 303 described
above. As illustrated in the Figure, a fluctuation in
pitch P between the dots D can be seen, and
25 consequentiy, the scatter in the density is pro&ﬁced as
a result of recording. Particularly in the color

printer, this may cause the deviation in the color



on the carriage. : The operation of the thus constructed circuit
Wil 5 be explained. The nagnetic detecting elenents 102, 103

are supplied with a constant current via t®e constant current
circuits 104, 105, respectively. Mgnetic patterns are previously
recorded at a fixed interval on the scale portion of the linear
encoder which is fixed 10 to the apparatus body. The detecting portion
101 noves al ong the scale portion. Wth this novenent,

resi stance val gnetic detecting el enments 102, 103 vary.
The variation ﬁﬁ§?£%t#£§%§$énce val ue Is detected as a change in

vol t age and anpliflqﬂsb¥ﬁ%8§i?é§ abo?gg;k%Lgﬁelggnvgﬁgggggéi%ﬁﬁ%ﬁ%éﬁgﬁ S

i nputted to one erm na € conmnpar

comparator - the Pdc6pdRAsPRrifg1ARPRLEIGH 1h0BRECHER ByBhE g

vol tage preset by an adjusthent o vari ab ‘Tesfstor
inputted to th%ﬂéﬁeﬁhénéﬁgpﬁﬁrﬂﬂﬂhl.zo'rheré&'oi'a? ¢tRBPaLtYOchEhge

out put signal 303 is thereby _
5 the output signal pulse waveform leads directly to the

decline in quality as a result of printing.

Further, in the conventional apparatus, a means
for restraining the duty change in the output signal
pulse waveform depends on a stability of the circuit

10 elements themselves. Hénée, expensive parts have to be
employed. A problem arises in terms of increasing the
cosfs. | |

Additionally, when examining the conventional
example from a different point of view; the temperéture

15 dependency is high according to the detecting device
and the circuif system as well in the example of the
prior art. The adverse iﬁfluence may be therefore
exerted on the printing/recording result. Fig. 47 is a
g;aphic chart showing a temperature dependency

20 characteristic with respect to a magnetic resistance
effect rate of the MR element. Fig. 48 is a graphic
chart showing a temperature dependency characteristic
with respect to a resistance value of the MR element.
An output of this MR element is expressed by the

25 following formula: :

Vs=Kx(Ap/'p)xin

where k is the constant, Ap / p is the magnetic



obt ai ned as a synchronous signal. ' Further, an adverse effect

may, be exerted on the : printing/recording result because of a high
dependency ' on tenperatures according to a detecting device and a 25
circuit system A detailed explanation will be given based on the
drawi ngs. Fig. 45A is a diagram show ng a rel ati onship of the
reference vol tage versus the signa

4 i nputted to the conparator.107. Fig. 45B is a pul se

pavel orn 9 29" SRSIAAG L L 0B e oo Ui Y Bl rop ShER, 0% S5,
to the corrpfar atQly Jf)?is 'a'xe }%g&,c&srgggoi cted in the Figure, a wavef orm

The MR element expressed by the preceding formula
and shown in Figs. 47, 48 has the large temperature

5 dependency characteristic, and hence, its_outpuf
. becomes as illustrated in Fig. 17.

The following is an.explanation of actions in a
case where such an MR element is emploYed in thé
detecting portion of the linear encoder. Fig. 49A is a

10 waveform diagram showing a relationship of the
reference voltage 302 versus the signal 301 inputted to
the comparator 107. Fig. 49B is a waveform diagram of
the synchronization output signal 3b3'obtained when

establishing the reiationship shown in Fig. 49A. The

15 input signal 301 to the comparator 107 assumes a
waveform approximate to the sine waveform which varies,
as shown in the Figure, with a fixed period.

On the other hand, in the output signal 303 of the
comparator, in consequence of obtaining the reference

20 voltage 302 as a threshold value, a difference between
the input signal 301 and the reference voltage 302
appears, as can be understood from Figs. 45A and 45B,
in the form of a duty change in the output signal. If
the recording/printing actidn.is executed in _

25 synchronization with this output signal 303, thé
scatter in the density and a ruled-line deviation in an

output image are caused. This results in a remarkable



approximate to a sine waveform which varies with a _ fixed period.
Or ¢ he other hand, in the pul se-shaped out put signal 303 of the
conparator, in consequence of 10 obtai nfyhg the reference voltage as a
t hreshol d val ue, a di fference between the input signal 301 and the
ref erence voltage 302 appears, as can be understood fromthe Figure,
in the formof a duty change in the output signal. If the .
recording/printing action is 15  executed in synchronization with this

out put si gnal 30 the scatter in the density and a rul ed-1line
deviation i n an98GFHHRe A JETHE &éeéi?réﬂﬂ% quality. For this,

Lne - NG qualjty. | 46A and
omeriabl o ecl ikt | S idads IR I Yergrian. o e S 4Rl
D are recorded gagiaep e SAUHML B ML o b G G Iogns i1

synchroni zation w th the output signal scri be

illustrated in £@f beddéeln,d dnd dotilddiently, the scatter in the
5 density is produced as a result of recording.
Particularly in the color printer, this may cause the

deviation in the color registrafioh.

10 It is a first object of the present.invention to
provide a serial printer capable of restraining a duty
change.

It is a secbnd object of the present invention to
provide é serial printer capable of preventing a

15 mistake in counting due to noises entering a

synchronous signal generating circuit.

It is a third object of the present invention to

RER

provide a serial printer capable of obtaining an
excellent recording result over a wide temperature
20 range.
It is a fourth object of the present invention to
provide a serial printer capable of adjusting a
reference voltage to obtain an ideal reference voltage.
It is a fifth embodiment of the present invention
25 to provide a serial printer capable of obtaininé the
ideal reference voltage in an entire moving range of a

carriage even when a gap between a scale portion of a



pitch P between the dots D can be seen, and 25  consequently, the

ter in the density is produced as a result of recording. .
Part|cularly in the color printer, tis may cause the deviation in
t he col or 5 regi stration.
As expl ai ned above, in the conventional apparatus, t he
recording/printing action is effected synchronizing wi th the output
signal. Therefore, the duty change in t he out put signal pu:se f
wavef orm | eads (] I - decll ual i t S result o
printing. ﬂé&ﬁg&iﬁu??ﬁé?’: PREPRET c@ﬁ\?eﬂﬁ S‘H'Eﬁ' \Fl’ﬁ %eét%t&figf
for restraining [ t ¥ aC g t he out put S|gnal pul.-se waveform
depends on a stg%?e%€§ %F pﬁg ?F?%&it B

BRIEF DESCRIPTION OF THE DRAWINGS

5 Other-objects and advantages of'the.présent
invention will become apparent during the following
discussion in conjunctioﬁ with the accompanying
drawings, in which: |

Fig. 1 is a perspective view illustrating the

10 principal portion of a serial printer according to the
present.invention;

Fig. 2 is a diagram showing a block control
circuit for generatin§ a syndhronous signal from an
encoder of the printer shown in fig. 1 in a first

15 embodiment of this invention;

Fig. 3 is a circuit diagram fully illustrating a
synchronous signal generating circuit shown in FEig. 2;

Fig. 4 is a diagram showing a block control
circuit of a duty change restréining means shown in

20 Fig. 2;

Fig. 5 is a flowchart of.an observing means of the
duty change restraining means shown in Fig. 4;

Fig. 6 is a flowchart of a detecting means of the
dufy change restraining means shown in Fig. 4;

25 Fig. 7 is a flowchart of a control means oé the
duty change restraining means shown in Fig. 4;

Figs. 8A and BB are diagrams illustrating printing



10 el enments thensel ves. Hence, expensive parts have to be

enmpl oyed. A problemarises in ternms of increasing the costs.

Addi tionally, when exam ning the conventi orfal exanple froma

different point of view, the tenperature 15 dependency is high

according to the detecting device and the circuit systemas well in

t he exanpl e of the prior art. The adverse influence may be therefore

exerted on the prlntlng/recordlng resul t. Flg 47 is a graphi c chart

showi ng a tenpe epe 2 teristi th r t to a
magnet ¢ st siaged and BEEGRE e dne oPREREY 1P, Phot, Hh e

gr aphi c fhart shomﬁng a tenperature dependency characterlstlc

With respect to a resistance value of the MR el enent. An out put of-

this MR element is esgegab o] it ro

Vlerr] = KX ([err]gi“?ép)gx@!s % hﬁﬁgrgﬁ mﬁaghbkw:gg?kgrconsta#i Ap-/ pis

the magnetic circuit of the duty change restraining means in a
5 second embodiment of this invention;
Fig. 10 is a circuit diagram illustrating the
principal portion of the duty change restraining means
i _ ~shown in Fig. 9; :
' Fig. 11 is a time chart of the observing means of

10 the duty change restraining means shown in Fig. 9:;

Fig. 12 is a diagram illustrating a block control
circuit of the duty change restraining:means shown in
Fig. 2 in a third embodiment of this invention;

Fig; 13 is a 6ircuit diagram fully showing the

15 synchronous signal generating circuit illustrated in
Fig. 2 in a fourth embodiment of this invention;

Fig. 14 is a diagram showing a block control
circuit of a temperature compensating circuit shown in
Fig. 13;

.20 | Fig. 15A is a chart showing a relationship of a
temperature versus an ideal reference voltage of a
comparator;

Fig. 15B is a chart showing a relationship of a
temperature versus an output voltage of a tempe;ature

25 measuring portion illustrated in Fig. 14; :

Fig. 15C is a diagram showing a relationship

between a set value of the reference voltage and the



6 resistance effect rate, Ris the electric resistance,

and i, is the rated current. The MR el enent expressed by the
precedi ng formul a and shown in Fig¥0 47, 48 has the large
tenperature 5 dependency characteristic, and hence, its output
becones as illustrated in Fig. 17. The following is an

expl anation of actions in a case where such an MR elenent is

enpl oyed in the detecting portion of the |inear encoder. Fig. 49A

vo1 fage 202 "veF e PAEONSRsPoR0e) chet FelbBARLcE Heeling, portfondny
Fig. 49B is a wAYehOb¥eds8ked th a memory shown in Fig. 14; .
Fig. 15D is a chart showing a relationship of a
temperature versus a reference voltage given by data of
5 the memory shown in Fig. 14;
Fig. 16A is a waveform diagram illustrating an
output signal of the comparator shown in Fig. 14;

Fig. 16B is a flowchart showing a writing action

of the set value of the reference voltage to the memory
10 shown in Fig. 14;

Fig. 16C is a flowchért shqwing-a setting action
of the reference voltage of the comparator illustrated
in Fig. 14;

Fig. 17 is a chart showing a relationship of a

15. = temperature versus an output of the MR element;

Fig. 18A is a circuit diagram illustrating the
temperature compensating circuit shown in Fig. 13 in a
fifth embodiment of this invention;

Fig. 18B is a circuit diagram illustrating another

20 e#ample of the temperature compensating circuit shown
in Fig. 18A;

Fig. 19A is a diagram showing a relationship of
the reference voltage versus an input signal to the
comparator depicted in Fig. 13;

25 Fig. 19B is a waveform diagram showing an dﬁtput
signal of the comparator illustrafed in Fig. 13;

Fig. 20 is a circuit diagram fully illustrating



t he. synchroni zati on out put signal 303 obtai ned when establishing the

reli@ati onship shown in Fig. 49A. The 15 I nput signal 301 to the
conpar at or 107 assunes a wavef orm appkoxi mate to the sine waveform
whi ch vari es, as shown in the Figure, with a fixed peri od.

On the other hand, in the output signal 303 of the conparator, in
consequence of obtaining the reference 20 vol tage 302 as a threshold
val ue, a difference between the input signal 301 and the reference

| 302 - be. under st ood from Figs, 45A and_45B,

'n the form of SRR ETRIRROTR Fhansh StRetehity. Sffoulsncip Ia <i5.
di ng/ printi | O | Lzation with this
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the synchronous signal generatihg circuit in a seventh
5  embodiment of this invention;
Fig. 22 is a diagram fully illustrating a circuit
of a counter portion shown in Fig. 21;
Figs. 23A - 23I are time charts of respective
;portions of the counter circuit shown in Fig. 22;

10 Fig. 24 is a circuit diagram illustrating a noise
filtering circuit provided in place of the counter
shown in Fig. 21 in an eighth embodiment of this
invention;

Figs. 25A - 26C are time charts of reépective

15 portions of the noise filtering circuit shown in Fig.

24;

Fig. 26 is a diagram illustrating a block control

e
g

circuit of the printer shown-in Fig. 1;
Fig. 27 is a diagram fully illustrating a circuit
20 of a position counter shown in Fig. 26;
Fig. 28 is a circuit diagram fully illustrating a
duty detecting circuit shown in Fig. 26;
Fig. 29 is a diagram showing a carriage moving
speed;
25 Fig. 30 is a flowchart of a control circuif shown
in Fig. 26;

Fig. 31 is a flowchart showing actions continued



7 . decline in terns of recording quality. For this reason

as already explained in relation to Figs. 46A and 46B, the
fluctuation in pitch P between the dots D12 can be seen, and,
consequently, the scatter in the 5 density is produced as a result of
recor di ng. Particularly in the color printer, this may cause the
deviation in the color registration. SUMVARY OF THE | NVENTION 10
It is a first object of the present invention to provide a serial
rinter capabl § rad i dut v. . Change. It is a
gecond obj gct ? t ﬁe@eﬁ%&nﬁoﬁi?o 30; provide a serial printer

capabl e of prevent | giyg, 3 1o " SEAbfohdlr€ Wkl Wi ObSRELE0LE 1 N 2
synchronous signal gererating circurt. :
from the flowchart shown in Fig. 30;

Fig. 33 is a flowchart showing steps in which the '

5 control contents in the flowchart shown in Fig. 31 are
-modified;

Fig. 34 is a diagram illustrating a block control
circuit of the printer shown in Fig. 1 in an eléﬁenth
émbodiment of this invention;

10 Fig. 35 is a flowchart showing an initial
adjustment sequence of the reference voltage of the
comparator shown iﬁ-Fig._34; _

Fig. 36A is a flowchart showing steps S221 - S223
of the flowchart shown in Fig. 35;

15 Fig. 36B is a flowchart showing details of step
S222 of the flowchart shown in Fig. 36A;

Fig. 37 is a diagram_depicting an input.wayeform
of the comparator shown in Fig. 34;

Fig. 38 is a diagram depicting an input waveform

20 of the comparator shown in Fig. 34 in a twelfth
embodiment of this invention;

Fig. 39 is a flowchart showing an initial
adjustment sequence of the reference voltage of the
comparator shown in Fig. 34 in a thirteenth embodiment

25 of this invention; ;

Fig. 40 is a time chart showing a relationship

between the input, the reference voltage and the output



It is athird object of the present invention to provi de a seri al

printer capabl e of obtaining an excel l ent recording result over a

wi de tenperature 20 range. 1Bt is a fourth object of the
present invention to provide a serial printer capable of adjusting a
reference voltage to obtain an ideal reference voltage. It is a
fifth enbodi ment of the present invention 25 to provide a serial

printer capabl e of obtaining the i deal reference vgltage in anI
entire noving r of a carria eyen n a ga etween a scal e
portion of ag 88%nd comparator s owngin ﬁi .ng; 98p . magnet i ¢

| i near encoder

10

and_NgiSLezin&g of £3o4e %%%i%%owing a one-line printing

sequence of the control circuit shown in Fig. 34;

Figs. 42A and 42B are explanatory time charts each

showing variations in the reference voltage of the

comparator depicted in Fig. 34;

Fig. 43 is a diagram illustrating a block control

circuit of the printer illustrated in Fig. 1 in'a
fourteenth embodiment of this invention:

Fig. 44 is a circuit diagram illustrating a

-conventional synchronous signal generating circuit;

- waveforms of an input and an output of the synchronous

15

20

25

Figs. 45A and 45B are diagrams showing signal

signal generating circuit illustrated in Fig. 44;
Figs. 46A and 46B are explanatory diagrams each
showing a fecording action based on the synchronous
signal generating circuit illustrated in Fig. 44;
Fig. 47 is a chart showing a relationship of a
tgmperature versué a magnetic resistance effect rate;
Fig. 48 is a chart showing a relationship of a
temperature versus a resistance value of the MR
element; and
Figs. 49A and 49B are time charts of respective
portions of the synchronous signal generating circuit

illustrated in Fig. 44.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



portion is not fixed. BRI EF DESCRI PTI ON OF THE DRAWNGS 5

O'her, objects and advant ages of the present I nvention will becone
apparent during the follow ng di scddsion in conjunction with the
acconpanyi ng drawi ngs, in which: Fig. 1 is a perspective
viewillustrating the 10 princi pal portion of a serial printer
according to the present invention; Fig. 2 is a diagram
showi ng a bl ock contr ol circuit for generating a synchronous signal

h f 15
erbodi ment of thi s FRREREEES ool imen‘?‘c £ gc’**e?q"gesae% YehElenr om fui 1y

illustrating a EI%M q§ﬁgp ey 0, in Fig.
2; w'i_.ll h | s%a [ agram show ng aq{% ock con eﬁ#& é&" the circuit
of a duty Cha”ﬁ%ah&%b%a'”TQ% mganRg %h%ﬂ&ﬂdéctive view illustrating

the principal portion of a serial printer together with
5 a recording medium. Referring to Fig. 1, a carriage 1
indicated by a one-dotted line is mounted with a
recording portion lh based on an inject recording
“method. On the other hand, the carriage 1 is gﬁided by
a guide shaft member 11 formed with a helical groove in

10 the outer peripheral surface thefeof. An engagement
portion (unillustrated)'is propelled along the helical
groove with rotations of the guide shaft member 11. The
carriage 1 is thus_reciprocated'in arrowed diréctions
in the Figure with respect to é recording sheet 13

15 wounded on the outer peripheral surface of a platen 12.
Dots D are recorded at pitches P on the recording sheet
(recording medium) 13, thus forming an image or a |
character. A so-called serial printer is constructed
in this manner.

20 The thus constructed carriage 1 incorporates an
encoder for obtaining a synchronous signal. This
encoder is a magnetic linear encoder. The following is
an arrangement thereof. A magnetic pattern is recorded
with a printing pitch density corresponding to, e.g.,

25 180 dot/inch (dpi) or 360 dpi on a magnetic subétance
formed on a wire surface. A scale portion 501 of the

linear encoder is fixed to an apparatus body 100. On



20 - Fig. 2 | Fig..5is a flowhart of an observing neans of

the_ duty change restraining neans shown in Fig. 4; - Fig.
6 is a flowhart of a detecting neans of th® duty change restraining
means shown in Fig. 4;, 25 Fig. 7 is a flowhart of a control neans
of the duty change restraining neans shown in Fig. 4;

Figs. 8A and 8B are diagrans illustrating printing

9 . dots and outputs of the control circuit shown in Fig.

2.

Enbs ﬁaﬁhagﬁaﬁhg%‘&ﬂghéaﬁ' 86% &8Hbo8ea of MR C'MCUIT

- of the duty change res raining n a -
elements, etc. is fixed inwardly of the carriage 1. A
positional detection is thereby attainable with the
movements of the carriage 1.

5 Further, a flexible printed circuit board 503 for
fetching output signals to the outside from the MR

elements in the magnetic head is connected to the

magnetic head 502. A connecting portion 504 is;

e

connected to a connector (not shown), thus making a
10 connection to a substrate 5 mounted on the carriage 1
and shown by a broken line in the Figure.
(First Embodiment)
Next, Fig. 2 is a basic block.diagram in a first
embodiment of the present invention. A duty change
15 restraining means according to this invention,
“designated at 215 in the Figure, is constructed of a
duty observing means 215a, a deteéting means 215b aﬁd‘a
control means 215c. A control output from the duty
change restraining means 215c is transferred to a
20 control input of a reference voltage 302 of a DC
voltage source 211. The reference voltage 302 serves
as an output generation threshold with respect to an
input sighal 301 inputted to a comparator 107 via an
'amplifying portion 106 from a detecting portion 101.
25 The reference voltage 302 is thereby stabilizedJﬁith
respect to a duty of the output signal.

Figs. 3 and 4 illustrate examples of circuitry



5 second enbodi nent of this invention; Fig. 10 is a circuit
diagramillustrating the principal portion of the duty change:
restrai ni ng nmeans shown in Fig. 9; 16 Fig. 11 is atine
chart of the observing neans of 10 t he duty change restraini ng means
shown in Fig. 9; Fig. 12 is a diagramillustrating a bl ock
control circuit of the duty change restraining means shown in

Fig. 2 in a third enbodi nent of this invention; Fig. 13 is a

Cirouit i1 ust ropeat)pA e BIpc afdgran”(B3H.000 Hiliina) g

circuit illustrate

i nventi on; 3, the d&téctifig potioAddT ?@g#g\%%ilﬁﬁw %GRt ﬂﬁt%ncg%p 20

circuit of a tenperature conpe sgtlng circu

Fig. 15A is a caetéctiny Blementha(MR Slchiedts) 102, 108SMPA Hddrfa 4l SUS
an ideal reference voltage of a conpar at or
' part of the scale portion of the linear encoder is
5 scanned by the magnetic detécting elements 102, 103.
Variations in magnetic resistance in the magnetic
detecting elements are thereby detected based on the
circuitry of the substrate 5. Constant current’sources
'104,.105 in the circuit of the substrafe 5 give a
10 proper bias to a lever as a whole in order to detect
negative signals through the MR elements. A result of
scanning magnetic characteristics of the scale portion
of the linear encoder by the detecting portion 101 is
approximate to a sine wave and the transmitted to the
15 amplifying portion 106. This sine wave is converted

into a pulse output with thé reference voltage 302

serving as a threshold value. The comparator 107 is

provided therefor and outputs an output signal 303; A
pulse duty of this output signal 303 is compared and

20 examined. A duty change restraining means (which will
be mentioned later) constructed in a control circuit
substrate 4 generates an input data signal 150 so that
a duty ratio becomes 50%. The input data signal 150 is
transferred to a D/A (digital-to-analog) converter 149.

25 The D/A converter 149 converts the input data signal
defined as a digital value into a control voltage

signal 151 as an analog value. The control voltage



Fig. 15Bis a chart showing a relationship of a tenperature versus
an oyt put voltage of a tenperature 25 nmeasuring portion illustrated in
Fig. 14; Fig. 15Cis a diagrad7showi ng a rel ationship

bet ween a set value of the reference voltage and the

10 ref erence voltage of the tenperature nmeasuring portion

which are stored in a nmenory shown in Fig. 14; Fig. 15Dis a
chart showing a rel ationship of a tenperature versus a reference

\Iél()lgt a%gAg: \éeg gy‘?&%g'ar#f&i ﬁéﬂq‘h% r%éigr’(mq ot Flsgﬂ“tr;ﬁﬁ signal of the
conparator shopgnisl fihg BF transistors Qi1» Qi2- The DC voltage '
source 211 generates the reference voltage 302 having a
proper voltage value on the basis of the control
5 voltage signal 151. The reference voltage 302 is
inputted to one input terminal of the comparator 107.
Fig. 4 is a.circuit block diagram of the above-

. mentioned duty change restraining means. Indicsted at

705 in Fig. 4 is a differentiating circuit, to which
10 = the output signal 303 is inputted from the comparator,
for detecting a switchover.of the level of the output
signal 303. An MPU 701 controls actions of the
..reSpective functional elements. A counter 702 measures
an outpﬁt pulse width (in other terms, a duty), A
15 buffer 703 temporarily stores a count value of the
counter 702. A memory 704 stores a control algorithm

and a table of the threshold values.

Fig. 5 is a flowchart showing actions of the
observing means in the duty'change restraining means.
20 At the first onset, when the level of the output signal
303 is switched over, the differentiating circuit 705
gives forth a trigger output to the MPU 701 (step Sl1).
The MPU 701 receiving the trigger output causes, after
resetting the counter 702 (step S2), the countexr 702 to
25 start counting for measuring a pulse width of the
outpﬁt signal (step S3). After a certain period has

elapsed, the level of the output signal 303 is



Fig. 16Bis a flowhart showing a witing action ~of the set value of
the_reference voltage to the memory 10 shown in Fig. 14;

Fig. 16Cis a flowhart showing a setting ééi!on _ of the reference
vol tage of the conparator illustrated in Fig. 14; Fi g.
17 is a chart showing a relationship of a 15 tenperature versus an

out put of the MR el enent; Fig. 18Ais a circuit diagram
illustrating the - t enperature conpensating circuit shown in Fig. 13

i fifts ' f S i on; Fi g, Bis a
::inr gui t diagr ;rr:ﬁb}‘lﬁ‘ét?sﬁéﬁa{?nnfgh%n% ﬁf_eérrér%fﬂilgiacniﬁ%ujb‘f ?91%’ t‘éfﬂ%'érégﬁr e
e o oy ], 0 Whvertag, Iﬁ&ég.ftﬁﬁ? e? e?éin%%er\:/o?? a%‘g?vég% Saﬁ

di agram showi ng a rel ationship of _ _ _ _
input signal tos4le At thi®rgeié, othd e A iduthdes lbhe ount valuel 9

19B is a waveform di agram showi ng an out put
of the counter 702 to the buffer 703 (step S5).
5 ' Incidentally, at this time the MPU recognizes that the
data of the count value has been inputted to the buffer
703. The action goes back to step S2. The same steps
as those described above are hereinafter sequenfially
‘repeated, thus observing the duty of the output pulse.
10 . Fig. 6 is a flowchart showing actions of the
detecting means in the duty change restraining means.
To start with, contehts of the buffer 703 are cleared
when setting the system (step S11). Next, a trigger is
outputted from the differentiating circuit 705 at a
15 rise (or a fall) of the output signal 303 with a
printing action (step S12). The MPU 701 detects the
trigger, and the count value of.the counter 702.1is
. transferred to the buffer 703 (step Si3). The MPU 701
dgtects that a value of the buffer 703 is updated. The
20 -duty is detected in the MPU 701. For this purpose, the
| data thereof are taken in from the buffer 703 (step
S14). Note that if the MPU 701 is always open for the
data transfer control, the data may be transferred to
an’ in-MPU register from the counter without using the
25 buffer 703. Next, the MPU 701, after finishing?a.
measurement of the pulses for one period, judges

whether or not two values, ji.e., a width at a High level



signal of the conparator illustrated in Fig. 13;

cincyit diagramfully illustrating . the synchronous
ing circuit shown in Fig. 19 2 in a sixth enbodi nent of

si gnal

this invention;
t he synchronous signa

gener at

this invention; Fig. 22 is a diagramfully illustrating a

ci rcui
- 23l
shown
noi se

Wy
" .o

t
are tinme
in Fig.

10

15

20

25

of a counter portion shown in Fig. 21; Fi gs.

Fig. 20 is a

Fig. 21 is acircuit diagramfully illustrating
generating circuit in a seventh 5 enbodi nent of

23A

S90S od W H S ana, LR o L iy TTHORE) cFhnc

in Figs. 8A and 8B), have been detected, these two
values serving for calculating the duty (step S15). 1If
not, the action returns to step S12. Whereas if
detected, the action proceeds to next step S16. Then,
just when obtaining the two values to be compared, a
différence between two values is taken at MPU 701, and
the widths are compared (step S16). -

Fig. 7 is a flowchart showing.actions of the
control means in the duty change restraining means.
The MPU 701 accesses the memory 704 with respect to a
compared value obtaineq through the detecting means as
well as through the observing means described above
(step S21). The MPU 701 then refers to the threshold
value (step 822); The widths Th, Tl of the signal 303
in Figs. 8A and 8B are taken in as items of count value
data by_the MPU 701. The MPU 701 compares magnitudes
of the widths. If there is a change in the duty ratio,
aqg when Th > Tl, it is required that the reference
voltage 302 be decreased. When Th < Tl, it is required
that the reference voltage be increased. That is, the
reference voltage is controlled so that the duty ratio
converges at 50% (i.e., in approximation to Th = T1).
Judged is whether or not a Th-to-Tl relationship in
magnitude needs a modification of the data 150 ih
comparison with the threshold value determined by the

system (step S23). As a result, if a necessity for the



filtering circuit provided in place of the counter shown in Fig. 21

i n@ap ei ghth enbodi ment of this I nventi on; Figs. 25A -
26C are time charts of respective 15 p&@otions of the noise filtering
circuit shown in Fig. 24;- Fig. 26 is a diagram

il lustrating a block control ' circuit of the printer shown in Hg. 1;
Fig. 27 is a diagramfully illustrating a circuit 20 of a position
counter shown in Fig. 26; Fig. 28 is acircuit diagramfully

Flg 2015 g d aaﬁ&ﬁsﬁ%#’ 55 SRRy (97 SPTLmin Ssarerion
0930153 T Uk BaoteRY s L AL ot eho Rl 76
_(step S24). The correction value data is outputted to
the D/A converter 149 (step S26). On the other hand,
5 when falling within an allowable range of the thréshold
value, and if the modification is not required, a
present value of the correction value data 150 is kept
(step S25). :
Undér the control described above, the output
10 signal 303 is controlled so that the pulse widths Th,
Tl are substantially uniformly kept (i.e., the duty
ratio is 50%) as seen in a pulse 157 exhibiting an
output voltage waveform in Fig. 8A. As illustrated in
Fig; 8B, the pitches P of the printing outputs (dots) D
15 become uniform.
~(Second Embodiment)
In accordance with the first.embodiment, the
s observation of the pulse duty ratio of the output
signal 303 involves the use of the counter and the
20 - system clocks, wherein the "H (High)" and "L (Low)"
times of the output pulse are measured. In accordance
with a second embodiment, a compared value between the
High- and Low-level widths is grasped as an electric
power ratio in terms of restraining a duty change while
25 keeping the duty ratio at 50% by a method other:than
the above-mentioned. A duty observing portion is

composed of discrete parts;



12 fromthe flowhart of Fig. 30; Fig. 32 is a

flawshart show ng actions continued fromthe flowhart shown in Fig.
30; Fig. 33 is a flowhart shovding steps in which the 5
.control contents in the flowhart shown in Fig. 31 are nodi fi ed;
Fig. 34 is a diagramillustrating a bl ock control circuit of the
printer shown in Fig. 1 in an eleventh enbodi nent of this invention;
10 Fig. 35 is a flowhart shomﬁng an initial ﬁdjustnegt
sequence of the refer e olta e of the conparator shown in Fig.
34; D B, B 14 Le 1 Rt e (Laman 96 1the vty of

the flowchart S% angé‘égékrafhing means in the second embodiment. A

power integrator generally designated at 801 in Fig. 9
accumulates the electric power proportional to lengths

5 of the pulse width Th, Tl of the output signal 303.
Low—pass_filters_BOZa, 802b fetch charge electric power
as a DC component from.the power integrator 801.

Voltage control oscillators 803a, 803b each-chaﬁge an

‘oscillation frequency with respect to the output

10 VOltages from the low-pass £ilters 802a, 802b. A phase
comparafor 805 compares phases of the output
freduencies of the voltage control oscillators 803a,
803b and outputs a phase jitter in the form of a
variation in voltage. Under the construction discussed

15 above, a duty change of the output signal 303 is
outputted as a fluctuation in voltage of a phase
comparator 805. Namely, the pulse widths "Th", -"T1" of
the output signal 303 are observed by the power
integrator. The duty change is, when recognized,

20 detected as a variatibn in the output voltage. This is
detected as a voltage variation and therefore matched
with a next-stage control signal voltage via a transfer
filter 804.. The refefence voltagé 302 is controlled by
a voltage control constant voltage source 806,-with

25 this voltage serving as a control signal of theivoltage
control constant voltage source 806.

Fig. 10 is a diagram of the circuit ranging from



15 Fig. 36Bis a flowhart showi ng details of step S222 of

the_flowchart shown in Fig. 36A Fig. 37 is a diagram depicting
an i nput waveform of the conparator28hown in Fig. 34; .

Fig. 38 is a diagramdepicting an input waveform 20 of the conparator
shown in Fig. 34 in a twelfth enmbodi rent of this invention;

Fig. 39 is a flowhart show ng an initial adj ust nent sequence of the
ref erence voltage of the conparator shown in Fig. 34 in a thirteenth
enbodi nent i nventi on; 40 is a tine chart

showi ng a reI at ! Bﬁsﬁoﬁer inte egEateEe 801n &0 Ah&: PhE:?g COMRARAReT, AQ% gk and

the output the  duty change restraining means o%sFig. 9. A

configuration and actions of this circuit will
ﬁereinafter be explained. Based on a construction
5 consisting of transistors Q1 - Q3 and capacitors C1,
C2, electric charges are accumuiéted in the capacitor
Cl for a High-time (i.e., a Th-time) of the output
i pulse 303. The electric charges are accumulateé in the
bapacitor C2 for a Low-time (i.e., a Tl-time) of the
10 output ﬁhlse 303. The electric charges accumulated in
the capacitors Cl, C2 pass through low-pass filters LPF
802a, 802b composed of a capacitor Cll and resistors
R12, R13 and of a capacitor Cl2 and resistors R11l, R14.
The electric charges are transferred as DC potentials
15 to VCOs (voltage contrél oscillators) 803a, 803b. In
this embodiment, however, the VCO 803a is constructed
of a constant current source consisting of transistors
022, 023, Q27, 028 and a Schmidt trigger circuit
qpnsisting of transistors Q41, 042, Q43, Q44. The VCO
20 803b is also constructed of a constant current source
consisting of transistors Q20, 021, Q24, 025 and a
Schmidt trigger circuit consisting of transistors Q31,
Q32, 033, Q34. Two outputs from these VCOs are
inputted to the phase comparator 805 composed of
25 transistors Q51 - Q58. An output from this phaée
comparator 805 is transferred via én LPF consisting of

R61, R62, C61 to the transfer filter 804 (see Fig. 9,



of the conparator shown in Fig. 34; Fig. 41 is a flowchart
shqwi,ng a one-line printing sequence of the control circuit shown in
Fig. 34; Figs. 42A and 42B arepgxpl anatory tinme charts each 5
showi ng variations in the reference voltage of the . “conpar at or
depicted in Fig. 34; Fig. 43 is a diagramillustrating a bl ock
control circuit of the printer illustrated in Fig. 1 in a
fourteenth enbodi nent of this invention; 10 Fig. 44 is a circuit
diagramillustrating a conventi onal synchronous signal generating
circuit; but notj gbown5AngFdg4580dre Thigr swtpytodiendrangferred
maveforns of an |n€ut and an out put of the synchronous si gnal
generating cichP¥ |F9u§hﬁaV@atP§erQntI¢l copstant volitiage searcen@B0GB
are explanatory,d |agri owing a recordlng action based on
(se 95|§na

t he synchronous P“&eﬁ@Fa?PﬁU“bFPbﬁFﬂ ‘i MOstrated in Fig. 44;

Fig. 47 is a chart 39231”91 iiiu %%g%%glaavef%rms when a duty change

5 | observing means circuit of the duty change restraining
means is open on the occasion of opening a'transfer
block of the duty change restraining means. When the
reference voltage 302 assuming a pulse generatién
fhreshold level changes with respect to a waveform of

10 the input signal 301, the High- and Low-level widths
"Th", "T1" of the wave form of the output signal 303
change. This pulse width information is converted into
electric potentials vdl, Vvd2 by means of the power
integrator 801 and the LPFs 802a, 802b. The electric

15 potentials are respectively inputted to the VCOs 803a,
803b. In Fig. 11, Vdl corresponds to Tl1l, while vd2

corresponds to Th. When the reference voltage 302 is

i
.........

not equally divided by a peak-to-peak value of the
waveform of the input signal 302, a difference is
20 produced between the electric potentials vdl, vd2. It
is herein assumed that characteristics of the VCOs
803a, 803b are identical with each other, a scatter is
caused in the oscillation frequencies generated in
these VCOs and outputted therefrom. A phase difference-
25 ¢ is therefore produced in the inputs to the phase
comparator 805. In this Figure, a control loop is

open, and hence no phase tracking is effected.



tenperature versus a magnetic resistance effect rate; 20 Fig. 48

i s\a,chart showing a relationship of a tenperature versus a

resi stance val ue of the M el enment ; 2and Figs. 49A and
49B are tinme charts of respective portions of the synchronous signal
generating circuit 25 illustrated in Fig. 44. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

14 Preferred enbodi nents of the present invention

will hereinafter be_described with reference to the drawings. Fig. 1

i s a perspecti vEUFtERT, Hh& outgwt 302 has a duty ratio on the order
of 50% when in the open state and is thus at a:’

considerably far level.  Hereat, the frequencies of'the
outputs themselves of the respective VCOs are

'5 completely different, and it follows that the output of
the phase comparator 805 does not indicate a correct
value. The voltage source 806 is controlled by closing
the control loop so that the output of the phaSé
'comparator 805 is always $0. The waveform of the

- 10 6utput signal 303 can thereby hold the duty ratio 50%.

The voltage source 806 is exactly controlled by the
phase comparator 805. For this purpose, as a transfer
function of the transfer filter 804, an arbitrary
function in a linear or non-linear form is givén

15 corresponding to an output characteristic of the phase
comparator 805.

Incidentally, under the printer printing control
where the output of the linear encoder as employed in
this invention is utilized, even when performing the

20 printing operation during an.acceleration or
deceleration of the carriage, the frequency of the
output signal pulse 303 fluctuates at stages of the
acceleration and deceleration. If the pulse duty: ratio
of "Th", "T1" does not change, however, a diffe:ence

25 output is taken out at the next stage of the poﬁeﬁ
integrator 801 and inputted to VCO. Consequently, no

influence is exerted on the output of the phase



the principal portion of a serial printer together wth 5 a recording
medi um Referring to Fig. 1, a carriage 1 i ndi cated by a one-dotted
line is mounted with a recordi ng pohii on 1h based on an inject
recordi ng - nmet hod. On the other hand, the carriage 1 is guided by

a guide shaft nenber 11 forned with a helical groove in 10  the outer.
peri pheral surface thereof. An engagenent portion (unillustrated)
is propelled along the helical groove with rotations of the guide
shaft nmenber 11. The carriage 1 is thus reciprocated in arrowed

di rections comparafer-B@%.c with respect to a recording sheet 13 15
wounded on the outer %erlpheral surface of a platen 12. . bots D are
recorded at pitches sheet (recording=medi um 13,
thus formng an inage or character. A so-called serial printer is

const ruct ed i Ay FP§ secend emppdiment, thee eleetrienpawen cts

n encoder for obtaining a synchronous
gﬁg;g?geTﬁi;ncoiggégggieg in accordance with the outpu % sié%al pulse

5 widths "Th", "T1l". The duty change is observed by use
of the phase.comparator and the VCOs. As illustrated
in Fig. 12, howéver, the output voltages of the power
integrator 801 are compared by a subtracter (voitage-
éomparator) 901. The duty ratio 50% of the output

10 'pulse 303 can be obtained even by cont:olling the
reference voltage 302 so that a difference therebetween
is zeroed. |

(Fourth Embodiment)
Fig. 13 is a circuit diagram in a fourth

15 embodiment. The detecting portion 101 is, as in the
same way with the first to third embodiments,
incorporated into fhe magnetic head 502. At the same
time, the detecting portion 101 is constructed of the
magnetic detecting elements 102, 103 which act based on

20 the MR (magnetic resistance) effect. The magnetic
detecting elements 102, 103 are also similarly
connected to amplifiers 104, 105 which constitute a
-constant current circuit. The amplifiers 104, 105 are
further connected to an amplifier 106 for amplifying a

25 detected signal and a comparator 107. 1In accoréance
with the fourth embodiment, an interior of the

detecting portion 101 is provided with a temperature



encoder is a magnetic |linear encoder. The followng is an

arrnangenment thereof. A nmagnetic pattern is recorded with a printing
pitch density corresponding to, e.g., 25 26180 dot/inch (dpi) or 360 dp
on a nagnetic substance formed on a wire surface. A scale portion
501 of the | i near encoder is fixed to an apparatus body 100. On

15 the ot her hand, a magnetic head 502 conposed of MR

el enents, etc. is fixed inwardly of the carriage 1. A posi ti onal
detection is thereby attainable with the novenents of the carriage
1 5 Measering pextioncl6Qi aoraistingi efhanr elepentothe

|gnals to the outside fromthe MR el enents in the:

.t hi t put
fetching out p ERRCY Yaly@cof which varies depending on a

magnetic head i s¢

temperature as in the case of 'a thermistor. In this
élement, a variation in the temperature is detected as
5 a fluctuation in voltage when a constant current flows
therein. This temperature. measuring pbrtion 160 is
connected to a compensator 159 for compensating

temperature characteristics'of the magnetic deéecting_

-elements 102, 103. The compensator 159 is cohsfructed
10 to set and output a reference voltage of the comparator
- 107 in accordance with an output voltage of the |
temperature measuring portion 160.
Fig. 14 shows internal circuitry of the
compensator 159. As illustrated in Fig. 14, this
15 compensator 159 incorporates an A/D converter 601, a
memory 602 and a D/A converter 603. The memory 602
previously stores, as shown in Fig. 15C, data of a
reference voltage V, of the comparator 107 which
corresponds to an output voltage V, of the temperature
20 measuring portidn 160. Herein, Fig. 15A is a graphic
chart showing a relationship of an ideal reference
voltage versus a temperature. Fig. 15B is a graphic
chart showing a relationship of a temperature measuring
portion output voltage versus the temperature. .Fig.
25 15D is a graphic chart showing a relationship af a
reference voltage given by memory data versus the

temperature. That is, the memory previously stores a



magneti c head 502." A connecting portion 504 is connected to a

connector (not shown), thus making a 10 connection to a substrate 5
nounted on the carriage 1 and shown2fy a broken line-in the Figure.
(First Enbodi nent) Next, Fig. 2 is a basic block diagramin a
first enbodi ment of the present invention. A duty change 15 _
restraining neans according to this invention, . designated at 215 in
the Figure, is constructed of a duty observi ng nmeans 21Fa a f
detecting neans_2 and control neans 215c. A control output from
the duty iﬁﬁggfrESPrépﬁpﬁgrﬁ§§ﬁ§n2958°ﬂ§agﬁaﬁ9m93599ﬂﬂiﬂg tm 211
control input of,a re nce.yol ta 2 of a DC vol t age source

The reference vgp?aag }%@ga 8% the 2 a§eHPeﬁﬁFHE? JeRsuRing: RaFteam| d

.0 I tted t tor 107 via
\glnt " espeg'ﬁm]{ |'f'y| ng por QHég 2% gea%? % %ﬁﬁatqﬁu%ﬁcgo riaSZ%a lueyrpe
reference vol tagg 302 hilihﬁéeQXpiéigbh'5gioW'tQmployed as a reference

5 voltage of the comparator.

An A/D converter 601 effects an A/D (analog-to-
digital) conversion of an output voltage of the

measuring circuit portion 160. The cpmpensatof'159

'reads,data corresponding to the converted value out of
10 the memory 602. Thereafter, the data undergoes a D/A
(digital-to-analog) conversion in a D/A converter 603
and is outputted as a reference voltage of the
comparator 107. An inflﬁence caused.due to the
variation in temperatdre-is thereby eliminated. Giving
15 one example where the temperature is Tk; and the output
voltage of the temperature measuring pértion 160 is
Vok; this value is inputted via the A/D converter 601
éﬁ% to the memory 602. A reference voltage Vsk (digital
value) corresponding to this voltage Vok is outputted
20 from the memory 602. The reference voltage Vsk of this
digital value is subjected'én analog conversion in the
D/A converter 603. Thereafter,_the converted result is
inputted fo the comparator 107.
Fig. 16A shows output signals of the comparator.
25 Fig. 16B is a flowchart showing actions to'writé a set
value of the reference voltage to the memory, which are

executed before the delivery.. Fig. 16C is a flowchart



respect to a duty of the output signal. | Figs. 3 and 4

~ilhustrate exanples of circuitry . . 16
based on the block diagram (Fig. 2). Turninggto Fig. 3, the
detecting portion 101 is provided with magnetic detecting el ements
(MR el enents) 102, 103. A magnetic part of the scale portion of the
| i near encoder is 5 scanned by the magnetic detecting el ements 102,
103. Variations in nmagnetic resistance in the magneti c

detecting el enents e thereby detected based on the circuitry of
the substrate 5.8 Qﬂﬂi?%n?°5§?¥§nF°sﬁﬁFc&Ee refereﬁ&@ vedtage taftey rehet of

the substrate 5 a_10 proper bias to a lever as a whole in order to
det ect &%gﬁy%rgrgnals through the MR el enents. A result of

As illustrated in Fig. 16A, Th indicates a time
for which the pulse of the output signal 303 remains
5 High (i.e., a pulse width at the High level). The
symbol T1 indicates a time for which the output signal
303 remains Low.(i.e., a pulse width at the Low level).

In the actions shown in Fig. 16B, a reference Goltage

is sequentially set through the D/A converter while

10 measuring a pulse duty ratio. The setting is ended
Just when the duty ratio falls within a predetermined
range. The reference voltage is automatically set so
that a diffe:encé between Th and Tl is equal to or
within a predetermined value. For this setting, the

15 carriage is moved in step S31. The action proceeds to
next step S32. Measured therein are Th, T1 of the
pulse of the output signal 303 outputted with the
movement of the carriage. Judged in step S33 is
whether or not an abSOIute value obtained by

20 subtracting Tl from Th is equal to or smaller than a
predetermined value Ttyp. If equal to or smaller than
it, it may be judged that a proper reference voltage is
present. No adjustment is required. The action
therefore proceeds to step S34, wherein the output

25 voltage of the temperature measuring portion i§
transferred to the compensator. In step S35, set

values of the temperature (actually, the output voltage



scanni ng magnetic characteristics of the scale portion : of the linear
engoder by the detecting portion 101 is approxi mate to a sine wave
and the transmtted to the 15 anplifying9portion 106. This sine wave is
converted into a pulse output with the reference voltage 302

serving as a threshold value. The conparator 107 is provi ded
therefor and outputs an output signal 303. A pul se duty of this

out put signal 303 is conpared and 20 exam ned. A duty change
restraining nea mentioned |later) constructed in a

control C|rCU|tn:ES éﬁg“%§HB§F?§F€e4m§€ﬁBF%P€sPaﬁtFﬂB 384t 9% sthRal 150 so
ngilsf erred to a %?’;&%{#g"&%?anﬁsg ggoﬁ/(l) o ?I'S%}Rg %tﬁﬁé‘gg{}al LS‘O?IPF%QD/A
conver 7 149, sonyerise! B i, 98 AgRhBARh o o nAR!BRES B, “el”
control V0|tagefinishing the adjustment..

5 On the other hand, if the difference exceeds the
predetermined value Ttyp in step S33, the action goes
to step S37. Whether or not Th > Tl is judged therein.
When Th > T1l, the set value of the reference voi%age
inputted to the D/A converter is increased in step S38.

- 10 Further, when Th < Tl1l, the set value of the reference
voltage inputted to the D/A converter is decreased in
step 839. The action goes back to step S32 in order to
set a proper reference voltage. When equal to or
smaller than the predetermined Ttyp, the action is

15 ended.

The data shown in Fig. 16C are stored in the
memory aécording to the steps described above. Note
that the graphic chart of Fig. 17 showing the
relationship of the MR element output versus the

20 temperature corresponds to Fig. 15A.

Fig. 16C shows the actions to set the reference
voltage in a delivered product after the actions to e
write the set value of the reference letage to the
memory which héve been explained in Fig. 168. In step

25 S41, the output voltage of the temperature measu}ing
portion is obtained. The output voltage acquired in

step S41 is A/D converted in step S42. The reference



17 signal 151 is inputted to a-DC voltage source

congjsting of transistors Qerr], err]. The DC voltage . source 211
generates the reference voltage 302 having 30 proper voltage val ue on
the basis of the control 5 vol tage signal 151. The reference voltage
302 is I nputted to one input termnal of the conparator 107. '
Fig. 4 1s acircuit block diagram of the above- : nment i oned duty
change restraining nmeans. Indicated at 705 in Fig. 4is a

o5 conpa oo b obE VA1 58 e 4, Ribbots 08 rRBR, b WAL
?ggggztlve functlona?ggégﬁéﬁ?ggégggéﬁﬁgghg %Zrﬁe ggogo tage&n 3E?but
pul se width (in goieowifges EhdUidy of setting an in-use reference
' voltage of the actual product. For instance, in a
5 range from a temperature Tk to a temperature Tk+1l shown
in Fig. 15B, the output voltage Vok of the temperature
measuring portion is inputted to the A/D converter 601
(see Fig. 14) of the compensator. The reference
'voltage Vsk corresponding to the output of the A/D
10 - converter is read from the memory 602 and outputted as
a reference voltage via the D/A converter 603. |
Herein, if an interval between Tk and Tk+l is
reduced to increase the data, it follows that an.
approximation to an ideal reference voltage shown in
15 Fig. 15A iéféttained. Further, thé actions in Figs.
'16B and 16C can be eésily actualized by a combination
of TT1l semiconductors such as a counter functiqp, a
. comparator function, etc., or by the software involving
Fhe use of a microcomputer, etc.

. 20 Moreover, when using a common ROM without
performing the adjustment with respect to each serial
printer, an accuracy required is slightly decreased.
However, the adjustment when delivered becomes
unnecessary. Further, the costs can be reduced down by

25 using the ROM. Additionally, if the specification of
the magnetic head is modified after the product has

come out, the apparatus can correspond to this simply



15 buffer 703 tenporarily stores a count value of the counter

A -repory 704 stores a control algorithm

and a table of the thres

val ues. Fig. 5is a flowhart s3ow ng actions of the _
observing neans in the duty change restraining nmeans. 20 At the fir
onset, when the |evel of the output signal 303 is switched over,

differentiating circuit 705

701 (step S1).

after

“start counting

(step S3).
out put si gnal

10

- 15

20

25

gives forth a trigger output to the
The MPU 701 receiving the trigger output causes,

resettin counter 702 (step S2), the counter 702 to 2
i’é’r q‘ré&‘i#‘fejrfbaﬁi]%l%% é}%ltlﬂ”gf t he out put si gnal
After a ce(rl‘tﬁ& %ggil{]eanst) el apsed, the |evel of the
303 is 18 --

In accordance with the fourth embodiment, the A/D
converter, the D/A converter and the memory are
employed in the compensator 109. In a fifth embodiment

of this invention, the compensator 109 is not limited

- to these elements but may involve the use of an OP

amplifier or the like. Note that printing with a much

" higher accuracy is attainable in the former case,

.whereas the costs increase. Further, in the létter

case, through the necessary accuracy slightly declines,
the costs can be reduced down by using inexpensive
parts. Besides, the necessity for control of a CPU is
eliminated, and hence the apparatus undergoes no
restriction when mounted. | _

The following is an explanation of a method of
setting the reference voltage by use of the OP :
amplifier. It is presumed that the output voltage, as
éxpressed in Fig. 15B, of the temperature measuring
part is approximated to the ideal reference voitage
shown in Fig. 15A. An amplification is effected by the
OP amplifier to obtain a desired multiplying factor.

Fig. 18A shows the compensator 109 in this instance.

.This compensator is conceived as a so-called non-

inversion amplifier circuit, wherein a degree of _
amplification is adjusted at a ratio of Rf to Rs.

(Sixth Embodiment)

702.
hol d

st
t he
MPU

5



inverted. The differentiating circuit 705, when the | evel is

i nwerted, gives forth a trigger output(step S4). At this time, the
MPU 701 out puts the count val ue of 3%e counter 702 to the buffer 703
(step S5). 5 Incidentally, at this tine the MPU recogni zes that the
data of the count val ue has been inputted to the buffer 703. The
action goes back to step S2. The sane steps as those described above
are hereinafter sequentially repeated, thus observing the duty of

th t put I l o ow ng agtions of the

defegglﬁg nggngeln %ﬁn Eh?yfcﬁangea?gs??gF% “Bﬂéé QS ad $8 W APt ?nth
f th f 0 I d e syst step

S11) " Next, o i ggerX and! 298, CBRE ay %% 3354 HignbbeacK o EBE cui

705 at a 15 mdi1ed (Of daiplhy eﬁetbsfgyéﬂeé ¥oftaye 3862 0 the
printing action (step S12). The MPU 701 detects the rlgger and the
count val ue of ddifp&rattdL! 7PRei fresent invention is not confined to
5 this but may adopt a method of varying the output -
signals of the magnetic detecting element. This
embodiment is configured by a circuit shown in Fig. 20.
In this case, the compensator 159 inverts the output of
the temperature measuring portion 160 and, in
10 accordance with a signal thereof, functions to amplify
the signal of the magnetic detecting element. Fig. 18B
illustrates the compensator 159 in this case. This
compensator may be a so-called inversion amplifier
circuit consisting of an OP amplifier and a
15 differential amplifier circuit, wherein the output is
adjusted at a ratio of Rf to Rs.
- As discussed above, the first through sixth
""" embodiments of . the present invention provide the
construction, wherein the duty ratio of the printing
20 synchronous output signal pulse waveform is observed,
and the . synchronous output generation reference voltage
is controlled based on the result thereof. It is thus
possible to obtain the serial printer capable of.high—
quality printing owing to the synchronous oatput which
25 is stable at all times. :

It is also feasible to acquire the serial printer

capable of restraining the duty change due to the



transferred to the buffer 703 (step S13). The MPU 701 detects that a
vakue of the buffer 703 is updated. The 20 duty is detected in the MPU
701. For this purpose, the dat a thq?ﬁof are taken in fromthe
buffer 703 (step : S14). Note that if e MPU 701 is always open for
t he data transfer control, the data may be transferred to an
I n-MPU register fromthe counter without using the 25 buf fer 703.
Next, the MPU 701, after finishing a. nmeasurenent of the pul ses for
one period, judges whether or not two values, i.e., a width at a
H gh | evel variation in the temperature. 19 _ (Th in
Figs. 8A and 8B) and a wdth at a Low |level (T1 in Figs. 8A and 8B),
have been det ected, t(Sewently Embodiment) -
| Next, Fig. 21 is a circuit diagram illustrating a
configuration of a synchronous signal generating
5 circuit according to this invention. The scale portion
of. the linear encoder is mounted in the carriage shown
in Fig. 1 and fixed to the apparatus body. A detecting
portion 101 of the linear encoder detects a reiétive
moving'position of the carriage to the apparatus body
10 by detecting the scale portion. The detecting portion
101 is constructed of MR elements which act based on
the magnetic resistance effect. The detecting portion
101 is provided integrally with a pair of magnetic
detecting elements 102, 103. This detecting portion
15 101 is also connected to the substrate 5 mounted on the
carriage, the substrate being shown by a broken line in
the Figure. Connected to this substrate 5 are the
amplifiers 104, 105 for constituting constant current
circuits, the amplifier 106 for émplifying a detected
20 signal and the comparator 107. The output signal 303
is thereby outputted. This output signal is inputted
to a counter portion 7. Note that a variable resistor
158 for determining a reference voltage is connected to
this comparator 107; these elements are packaged on the
25 substrate 5; and an adjustment is made on the dérriage.

Next, Fig. 22 is a diagram showing detailed

circuitry of the counter portion 7 shown in Fig. 21. A



val ues serving for calculating the duty (step S15). If not, the
action returns to step S12. \Wereas if 5 detected, the action proceeds

to hext step S16. Then, just when gbtaining the two values to be
conpared, a di fference between two values is taken at MPU 701, and
the widths are conpared (step S16). Fig. 7 is a flowhart
showi ng actions of the 10 control neans in the duty change restraining
nmeans. The MPU 701 accesses the nmenory 704 with respect to a
conpar ed val ue obtai ned through the detecting neans as wel | as

t hrough t he obsErequenceadiviidecrAD@8 ebnsisting of (trigg&2lfliphElipd 701
then refers to. the threshold 15 value (step S22). The widths Th, T1 of
the signal 303 effectsia k/3sfreguandys@ivisionkehthnrespectntoomncount

val ue data by the MPU 701. The MPU 701 conpares nagnitudes of
the widths. |f owepet|af the esgurarater 407y raargl,\e other hapdphé® Th >

Tl, it is required that the reference 20 voltage 302 be decreased.
Wien Th < T1, iQUtRUEgigpal of an oscillator 113 is inputted to a

5 frequgncy divider Bll4. Respective output signals of
the frequency dividers Al109, Bll4 and the oscillator
113 are inputted to add/count-back counter I115 and an
add/count-back counter J116 such as TTL, etc. via gates
110, 111, 112, 115, 116, 117, 119, respectively.

10 . Next, the action of this circuit will be explained
with reference to Figs. 21, 22 and 23A - 23I. The magnetic
detecting elements 102, 103 are supplied with a
constant current via the amplifiers 104, 105 each
constituting the constant current circuit. The

15 magnetic head 502 moves along the scale portion 501 of
the linear encoder illustrated in Fig. 1. Resistance
values of the magnetic ﬁetecting élemenfs 102, 103 vary
with the movement thereof. Variations thereof are
detected as fluctuations in voltage. A signal

20 amplified by the amplifier lbﬁ is inputted to one input
terminal of the comparator 107. The output signals 303
(Fig. 23A) of the comparator are converted into high
and low clocks (Fig. 23B) per waveform by means of the
frequency divider 109 of Fig. 22. A pulse (Fig. 23D)

25 well shorter than the output signal of the freqﬁency
divider A109 is generated from the oscillator 113.

When the output signal of the frequency divider Al09 is



that the reference voltage be increased. That is, the ref erence

voktage is controlled so that the duty ratio converges at 50%.(i.e.
in approximation to Th = T1). Judged,i s whether or not a Th-to-TI
relationship in 25 magni t ude needs a nodification of the data 150 in
conparison wth the threshold val ue determ ned by the system (step
S23). As a result, if a necessity for the

20 nodi fication is recogni zed, an optimumreference vol t age
control table is drawn out of the nenory 704 (step S24). The

correction val uatdat #igh dewved,t edclock numbiere d¥f Aot stidthd B ep
S26). On the other hand, 5 when falling within an allowable range of

the threshold (Fig.,z2BG9, ofndhef friequendyl diaiider Adldbtis egided o a
the add/back-count counter 115 through the respectivé
gates 110, 111, 112, 115, 116, 117. When the output

5 signal of‘the'frequency divider Al109 is at a Low level,
the clock number of the output signals of the
oscillator 113 is counted back from the add/back-count

) counter I115. At this time, a clock frequency gf the

R .oscillator 113 is twice as large as a clock frequency
10 of the output signal of the frequency divider Bl14.
Hence, és shown in Fig. 23E, the add/back-count.counter.
115 counts back the count number down to O in a time
which is one-half of the time of addition. Fufther,
the add/back-count counter J118 is, as illustrated in
15 Fig. 23F, in the adding process when the output signal
of the frequency divider A109 is at fhe Low level but
in the back-counting process when at the High level.
As described above, the counters I, J are counted
back after the addition has been executed. When the
20 . count number comés to 0, the counters I, J set fipple
clock output signals at the Low level. A gate 123
serves to, when any one of the counters I, J gives
forth a ripple clock output, invert this output as
shown in Fig. 23G. The inverted one is outputted to an
25 input terminal K of a JK-flip-flop 124. :
On the other hand, D-flip-flops 119, 120 and a

gate 121 output, to an input terminal J of the JK-flip-



present value of -the correction value data 150 is kept (step S25).
Under the control described above, the output 10 signal 303 is
controlled so that the pulse widths Th, 36 Tl are substantially
uniformy kept (i e., the duty ratio is 50% as seen in a pul se 157

exhi biting an

out put voltage waveformin Fig. 8A. As illustrated in

Fig. 8B, the pitches P of the printing outputs (dots) D 15 becone

uni form

first embodi ner
S
system cl ocks,
out put pul se a

out put

an electric,

(Second Enbodi nent) In accordance with the

, th observation of the pulse duty ratio of the
%ﬁa 1%63 iTnignal which asgunes the High slrveheatoa
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of the oscillator 113.

The JK-flip-flop 124 outputs a signal which
becomes,.as shown in Fig. 23I, the High level at a rise
of the gate 121 but the Low level at a rise of the gate
123. |
' The JK-flip-flop 124 is thus capable of outputting
the clocks exhibiting a duty ratio 50%. Note that in
this embodiment, TTLs 191 are used by ones in the
counters, howeve:, if two or more stages are provided,
the duty ratio approximates SO%f As an adequate

example, two stages of TTLs 191 are employed, and a

clock of the oscillator is set on the order of 500 ns.

The clock of the output signal of the comparator is on.
the order of 160 ps, and, therefore, clocks lps -of the
output signals of the frequency divider B can be
counted 160. The counter is capable of counting 8 bits
(256), and this is therefore a sufficient value.

Delays of these gates are on the order of 10 ns, and
hence this is an ignorable value for 500 ns. Supposing
that the count number fluctuates %1, the duty ratio is
50 + 0.3125%. Further, the clock can be preset _
corresponding to an amount of error. If a much'iigher
accuracy is required, the.counters may be multi-staged

corresponding thereto by increasing the frequency of



25--'keeping the duty ratio at 50% by a nethod other than . ~ the

abqve- mentioned. A duty observing portion is conposed of discrete
parts. : 37 21 o Fig. 91is
a circuit block diagramof the duty change restraining means in the
second enbodi nent. A power integrator generally designated at 801 in
Fig. 9 accunul ates the electric power proportional to lengths 5
-of the pulse width Th, T1 of the output signal 303. Low pass filters
802a, 802b fetch charge el ectric power as a DC conponent fromthe
power i ntegr at ortB@10scillatoys| t Ngeec dhatoithes cilccutisr enB0¥he 803b each
change an- oscillation frequency with respect to the output

components (counters, frequency dividers, etc.) in the
embodiment are provided by way of one example, but the
embodiment is not limited to those components if the

5 same functions are incorporated therein.

In accordance with the seventh embodiment, the
present invention is oriented to the counter for
setting the duty ratio at 50%. However, in an’eighth

" embodiment which will be discussed as beldw, a noise
10 filter circuit is used in place of the counter. |

(Eighth Embodiment) |

Fig. 24 shows one example of the noise filter .
circuit. D-flip-flops 201, 202 and gates 203, 204, 205

| are circuits for detecting leading and trailing edges
15 of the output signal 303 of the comparator and
generating pulses. Note that the three gates 203, 204,
205 (AND circuit, NAND circuit and OR circuit) .can be
substituted with a singie piece of EX-NOR (exclusive
NOR) circuit. For simplifying the function, howévér, a
20 constructién is given herein with three gates. A delay
circuit 206 can be easily actualized by connecting the
D-flip-flops in series at multi-stages. However, the
delay circuit 206 is required to have a delay time
largér than a noise pulse width. If a comparator
25 output signal shown in Fig. 25A is present, puiées
shown in Fig. 25C are obtained from the delay circuit

206. A D-flip-flop 207 latches the output signal of



10 voltages fromthe |ow pass filters 802a, 802b. A phase

conpar at or 805 conpares phases of the out put frequencies of the

vol tage control oscillators 803a, 8@% and outputs a phase jitter in
the formof a - variation in voltage. Under the construction discussed
15 above, a duty change of the output signal 303 is out putted as
a fluctuation in voltage of a phase conparator 805. Nanely, the
pul se widths "Th", "TI" of the output signal 303 are observed by the
power i ntegrator. The duty change i s, when recogni zed, 20

detected as a v Foparatiar gudispiafhdhis pulse and outpyks cthis as
a voltage vari atl Wi th a next-stage control

n_and .t heref Qre matched _
signal vol tage ™ péf%t Shenad (Fig. 58 ) t eThfo oiRGS o RS Ll ¥ede 302
is controlled bgff base@o$0|éh%g%&%t%{'xfg{t(}|¥ é%%%%gﬁq\/%lta e source 806, with

25 this voltagé serving as a C ‘age

control constant Vol jaas ML kircuit shown 1 190 36 £ YAUILY'

the circuit ranging fro _
5 way of one example, but other circuitry may be adopted.

For instance, the following arrangement may be adopted.
The D-flip-flop 207 is replaced with aIT-flip-flop, and
the outputs of the gate 205 is counted by the céunter.
'Only in the case of an odd number (low-order l1l-bit

10 -output assumes the High level), the pulses are
transmitted to the T-flip-flop.

As discussed above, accofding to the seventh and
eighth embodiments of the present invention, the
.counter portion for measuring the wavelength of the

15 synchronous output signal is provided, whereby the duty
ratib of the synchronous outbut signal pulse waveform
is set to 56%. It is thus possible t6 obtain the
éerial printer capable of high quality printing.

Provided further is the filter circuit for’

20 filtering off the noises which may probably enter the
synchronous signal generating circuit. There is
acquired the serial printer which can thereby get the
synchronous sighal output pulses with no mistake in
countihg'due to the noises.

25 (Ninth Embodiment)

Fig. 26 is a basic block diagram of a ninth

embodiment. In Fig. 26, a magnetic head 502 reads a



22 the power integrator 801 to the phase conparator 805 in

t he_gduty change restraining means of Fig. 9. A configuration and
actions of this circuit wll her ei n@lt er be expl ai ned. Based on a
construction 5 consisting of transistors QL - (B and capacitors C1,
C2, electric charges are accunulated in the capacitor a for a
H gh-time (i.e., a Th-tinme) of the output pul se 303. The eleptric
charges are accunulated in the capacitor|C2 for ahLomftine (i. I g
TI-tine of the 10 out put ulse 303 The el ectric charges accunu ate
) L he cupRRRtHS bkt Hoh S B ERS and (Ve it

802a 802D corrpgg%g %f %le%%%%.'ct Osrigglaland 'IrheeS 'm%g(g{esi:ic head 502

consists of MR elements. The magnetic head 502 outputs
a pseudo sine wave signal having a waveform similar to
5 a sine wave with a relative movement to the scale
. portion. This output signal has two outputs assuming
first and second phases, mutually shifted 90 degrees,
for detecting a moving direction of the carriage. A
‘constant current circuit 312 supplies the magnetic head

10 502 with a constant current. An amplifier 311

| amplifies a signal of the magnetic head up to a
predetermined magnitude. farts generally indicated at
502, 301, 302 are mounted.on the substrate 5 (see Fig.
1) on the carriage.

15 A comparator 313 converts an output signal of the
amplifier 311 into a pulse signal. The base voltage
(reference voltage) of the comparator 313 is giyen by
an output of a D/A converter:314. The base voltaéé is
freely variablé according to a command of a'contrbllér

20 319 which will be mentioned later. A position counter
315 counts information indicating a position of the
carriage with fespect to the scale portion from a phase
lead-to-lag relationship between a first phase pulse
signal and a second phase pulée signal as well as from

25 the number of second phase pulses. A duty deteéting
circuit 316 detects duties of the first and second

phase pulse signals. A thermistor 317 disposed in a



: \
R12, R13 and of a capacitor Cl2 and resistors Rl1l, R14. The el ectric

charges are transferred as DC potentials 15 to VCOs (vol tage control
oscillators) 803a, 803b. In . this emgpdi nent, however, the VCO 803a
I s constructed of a constant current source consisting of
transistors @2, @3, QR7, @8 and a Schmdt trigger circuit
consisting of transistors Q41, 42, (43, 44. The VCO 20 803b is al so
constructed of a constant current source consi sting of transistors
@0, @21, @4, @5 and a Schm dt trigger circuit consisting of

transi stors (B1proper paEbtiais3(presferdlly cikqee std rehe tnagretiitshead)
i nputted to the phase conparator 805 conposed of 25 transistors b1 -
B8. An out put 9 dihe Hsubshrake 5 is intepdeditlr mEASUEZe (3 gfeMkeratuyea an

LPF consi sting of R61, R62, (C61 to the transfer filter 804 ésee Fi g.
9, of this part. An A/D converter 318 converts an output

voltage of the thermistor 317 into a digital value.
5 The controller 319 is constructed of a CPU, a ROM, a
RAM, I/0 ports and a timer circuit. The I/0 ports are
employed for inputting and oﬁtputting to and from the
Ly : D/A converter 314, the position counter 315, tﬁé duty
R .detecting circuit 316 and the A/D converter 318.
10 Further, the timer circuit is used for generating a
timing signal of interruption processing.

Fig. 27 shows an example of a specific circuit of
the position counter. Réferring'to Fig. 27, the
numeral 400 represents a D-FF, and 401 denotes an up-

15 down counter. .The phases of the first and second phase
pulse signals are shifted 90 degrees. It is therefore

to know which direction the carriage moves from- the

phase lead-to-lag relationship therebetween.
Thereupon, the phase lead-to-lag relationship is

20 detected by the D-FF. An output thereof is connected
to an up-down input terminal. For example, the number
of the second (or first) phase pulses is counted.
Accordingly, when the carriage moves in a certain
directidn, the pulse number is counted up. Further,

25 when the carriage moves in.the direction opposife
thereto, the pulse number is counted down. The present

position of the carriage is therefore obtained from the



23 - but not shown in Fig. 10). This output is transferred
next .to the voltage control constant voltage source 806 (see Fig. 9,
but not shown in Fig. 10). Fig.,.11 illustrates waveforms when a
duty change 5 observing neans circuit 8t t he duty change restraining
means is open on the occasion of opening a transfer bl ock of the
duty change restrai ning neans. \Wen the reference vol tage 302
assum ng a pul se generation t hreshol d | evel changes with respect to
a waveformof 10 the input signal 301, the H gh- and Low | evel wi dths
"Th", "T1" of tBounavaubed OFf ihe AUP-adwrs icbialte’)3 change. This
pulse width information is converted into electric potentials Vdl,
Vd2 by neans of the gewaddition, iahtheyentpysitibmabridor 402 H61LvEs2b.
The electric 15 potentials are respectively inputted to the VCOs 803a,

_ the use of a photo interrupter. When the carriage is

in the home position, the light incident on-a light

5 receiving element from a light emitting element of the
photo interrupter is cut off.. A signal is then
transmitted to a clear input of the up-down counter

401, thereby zero-clearing the count of the up-%own

counfer 401. Hence, the count number of the up-down
10 counter 401 indicates a moving distance of the carriage
from the home position, i.e., a carriage position.

Fig. 28 shows a specific example of the duty
detecting circuit 316. The circuit shown in Fig. 28 |
detects a duty of the pulse signal assuming one of

15 phaées. For detecting the puise signal asSuming
another phase, as a matter of fact, one additional

circuit similar thereto is prepared (incidentally,

though not illustrated in Fig. 26, for obtaining the
.pulée signal assuming another phase, there are prepared

20 another set of the magnetic head 502, the'amplifier
311, the constant current circuit 312 and the
comparator 313; and, as explained earlier, the pulse
signals coming from the two comparators are inputted to
the position counter'315).

25 The pulse signal is at first synchronized aith a
clock period of a clock circuit 520 by means of a lst-

stage D-FF 521. The clock period selected is well



803b. In Fig. 11, Vdl corresponds to T1l, while Vd2 corresponds to
Tha_When the reference voltage 302 is not equally divided by a
peak-t o- peak val ue of the maveforn1g% the input signal 302, a

. difference is 20 produced between the &fectric potentials Vvdl, Vd2.

is herein assuned that characteristics of the VCGs

i denti cal

frequenci es generated in these VCOs and outputted therefrom A

phase difference 25 [err] is therefore produced in the inputs to the
cofpatei oth8ASthénpekiedFoguthe putedt 2gnk20putputted

phase

and hence no phase tracking is effected.
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with the movement of the carriage. Generally, ;he
pulse signal period ié on the order of 0.1 mSec (= 10
KHz). The clock period to be selected ranges from
several 100 nSec tb several pséc (several iOO KHz -
several MHz). The clock circuit 500 may be
independently provided. Normally, however, a CPU clock
within the controller 319 is usable as it is oriby
properly dividing the frequency.

An AND circuit 522 takes a logic product between
an.output of the D-FF 521 and an output of_the_clock
circuit. The result thereof is counted by a counter 523
having a predetermined number of bits. Counting
continues for a duratibn of a'High-state of the pulse
signal. More specifically, only when the pulse signal
is at the High level, the AND circuit 522 permits the
clocks to pass therethrough. The counter 523 counts
the number of clocks. When the logic of the puise
signal is inverted, videlicet, when becoming Low, a
content of the counter 523 is transferred to a D-latch
circuit 507 having a predetermined number of bits while
synchronizing with a next leading edge of the clock
output through a D-FF 524 and an AND circuit 505. That
is, when the pulse signal becomes Low, an output Q of
the D-FF 521 becomes High. The output Q of thejb—FF '
524 is set High, and the next clock output is inputted

via the AND circuit 505 to a clock input of the D-latch

803a, 803b are
with each other, a scatter is caused in the oscillation

It

open,



Further, the output 302 has a duty ratio on the order | of 50% when in

the_open state and is thus at a considerably far level. Hereat, the
frequenci es of the out puts thensel ves of the respective VCOs are 5
conpletely different, and it follows that £8e out put of t he phase
conpar at or 805 does not indicate a correct val ue. The vol tage source
806 is controlled by closing the control |oop so that the output of
t he phase conparator 805 is always [err]0. The waveform of the 10
out put signal 303 can thereby hold the duty ratio 50% The vol t age
source 806 is exget!yagonl Akt DigldGontent. A GRS B280pg For
this purpose, as a trans nction of the transfer filter 804, an
arbitrary trBHQQb&Q&d' o2 the P 1aticH' &b near formis givwen 15
correspondi.ng to an output characteristic of the phase conpar at or
805. | ncirdeealfiter, URMRY doiftdiit B Ithy idburitter BR3 ols

where the output of the |inear encoder as enployed in
cleared through the D-FF 524 and a negative logic AND

5 circuit 506 when the clock output becomes Low next.
Namely, as stated above, when the pulsé signal assumes
the Low level, an output a of the D-FF 521 becomes

High, and hence an output § of the D-FF 524 turns out

Low. For this reason, when the clock output becomes
10 Low, the output of the negafive logic AND circuit 506
becomes Low. This Low output is inputted to a clear
input of the counter, the:eby clearing the counter 523.
Hereat, a Low output of the negative logic AND circuit
506 is also-inputted.to a clear input of the D-FF 524,
15 thereby clearing the D-FF 524 itself. The content of
the D-latch circuit 507 is not therefore updated till

the next counting action of the counter 523 is finished

(till'the'pulse'éignal“assumes the Low level after the
end of the next éounting action for a High-period of
20° the pulse signal). A time-interval of a High duty of
the pulse signal is thus measured.
Similarly, a time-interval of a Low duty of the
pulse signal is measured through an AND circuit 509, a
counter 510, a D-FF 512, a negative logic AND circuit
25 513 and a D-latch circuit 514. T
The controller 319 is capable of reading contents

of the D-latch circuits 507, 514 and the latest High



this invention is utilized, even when performng the 20 printing

opgration during an accel eration or

decel eration of the carriage,

t he frequency of the out put si gnal E | se 303 fluctuates at stages of
t he accel eration and decel erati on. the pulse duty ratio of
"Th", "T1" does not change, however, a difference 25 out put is taken
out at the next stage of the power I ntegrator 801 and inputted to
VCO. Consequently, no i nfluence is exerted on the output of the
phase ' 25 conpar at or 805.

S

10

15

20

25

arbitrary timings. A duty ratio is simply obtdined by
the following formula:l

Duty Ratio = High Duty / (High Duty + Low Duty)

Given next is an explanation of a control method
of restraining fluctuations in the duty ratio on the
basis of the circuitry described abbve.

To start with, a step in a power-ON state %ill be
explained. When turning ON the power source, the
output voltage of the D/A converter 314 is set to a
proper initial value. Next, the carriage is moved
without having any recording (printing) action_
executed. At fhis momenf, the duty ratio of the pulse
signal output of the comparator 313 takes a proper
value. If the pulse signal is outputted, however,
there is no problem because of no influence being
exerted on the action of the position counter 315. _
Subsequently, the contents.of the position counfer 315
are confirmed at a predetermined ;nterval. A carriage
driving motor is controlled by a method such as PWM
control so that the carriage moves at a constant speed.
An execution of this action at a predetermined interval
is easily attainable by a method in térms of software
invqlving an interrupt processing function of the CPU
within the controller 319. A moving velocity cén.be
also calculated by dividing a difference between the

contents of the counter by an interval time per

(Third Enbodi mdd Low duty timéDihBerv8isngrekhedpiel silhalLd€i C pover



I ntegrated in accordance with the output signal pulse 5 wdths "Th",
"T", The duty change is observed by use of the phase conpar at or
and the VCGs. As illustrated in Fig.,A12, however, the output
vol t ages of the power i ntegrator 801 are conpared by a subtracter
(vol t age conparator) 901. The duty ratio 50% of the output 10
pul se 303 can be obtained even by controlling the reference vol tage
302 so that a difference therebetween ' i s zeroed. (Fourth
Enbodi ment) Fig. 13 is a circuit diagramin a fourth 15
enbodi ment. Theirsdweding portion 101 is, as in the same way Wwth
the first to third enbodi nents, - incorporated into the magnetic head
502. At the sane Fig. 129l s t@cdtagrah i shoping i amddingsveddetityciodd of
t he magneti c detecting el enents 102, 103 which act based on 20

the MR (magneti ¢chesxareirgs. cfAg@bvique frgncthe Figure, dtheccamgiage

el ements 102; 103 are also simlarly
gradually increases the velocity and, when reaching an

5 aimed velocity, moves substantially at a constant
velocity. The carriage, after moving a predetermined
distance, gradually decreases the velocity and then
stops. Now, when the carriage reaches a constéht
moving velocity at a significant level, the duty

10 detecting circuit 316 reads a duty time and calculates
a duty ratio. Then, an output (reference voltage
inputted to the comparator 313) of the D/A converter
314 is varied based on the result théreof. If the dﬁty
ratio does not reach substantially 50% in this state,

15 the duty ratio is re-calculated, and the output of the
D/A converter 314 is varied. The steps described above

are repeated till the duty ratio comes to substantially

50%. When the duty ratio reaches substahtially-so%,
the carriage is returned to the home position. A

20 temperature at this time,.i.e., the output of the A/D
converter 318, is read and stored in the RAM of the
controller 319. Note that the step enters a standby
action after the carriage has gone back tq the home
position.

25 By the way, the duty ratio may be caléulafgd.each
time per pulse signal. However, there is no problem in

terms of practicality even if calculated discretely.



connected to anplifiers 104, 105 which constitute a constant current
cikcuit. The anplifiers 104, 105 are further connected to an
anplifier 106 for anplifying a 25 dete&ged signal and a conparator 107
I n accordance with the fourth enbodifmrent, an interior of the
detecting portion 101 is provided with a tenperature
26 nmeasuring portion 160 consisting of an el enent the
resi stance val ue of which varies depending on a tenperature as in
the case of a thermistor. In this el enent, a variation in the
tenperature i s Hehes} ethafe may bearéhdcthat contentyobfaghendaitya const ant
current flows therein. This tenperature measuring portion 160 is
detecting circuit 316 together with the content& of the -

position counter when effecting the interruption
processing mentioned above. Further, as shown in Fig.
5 29; it is difficult to completely set ddnstant the
moving velocity of the carriage. Accordingly, an
average value of the measurement effected several times

is taken, and an adjustment is made based on this means

value. This mannér is more preferable than by

10 adjusting the reference voltage (output of the D/A
converter 314) finely inputted to the comparator at the
duty ratio each time.'

Next, the operation during the recording

(printing) action wiil be discussed. During the

15 recording action, the carriage always moves. Excepting
a motion starting time and a motion stopping time shown

in Fig. 29, the carriage moves at the constant speed.

Therefore, during this constant speed moving interval,
the adjustment of the reference voltage is executed

20 each time the interruption processing is performed.
The duty ratio of the pulse signal is thereby kept at
substantially 50%. At this time, after the output of
the D/A converter 314 has been'varied, the temperature
is read and stored in the RAM of the controller,: Note

25 that even when moving the carriage for reasons 3£her
than the recording action, the same steps may be

conducted.



connected to a conpensator 159 for conpensating t enperature
characteristics of the nagnetic detecting el ements 102, 103. The .
conpensator 159 is constructed 10 to sgf, and output a reference voltage
of the conparat or 107 in accordance wth an output voltage of the
tenperature neasuring portion 160. Fig. 14 shows internal
circuitry of the conpensator 159. As illustrated in Fig. 14, this

15 conpensator 159 incorporates an A/D converter 601, a menory
602 and a D/ A converter 603. The nenory 602 previ ously stores, as
shown in Fig. 15C d&Nextf the operatidrerduncing d tsicpndberstatast e.g.,
conpar at or 107 which corresponds to an output voltage V[err] of the
tenmperature 200ff-ddmnal) iwigllbdre iexplisned Herkemperadturd Sinfermatiaphi c
chart showing a relationship of an ideal reference vol tage versus a
tenperature. Fi s mmitored afpn Predeternined inkarvila réheni thehip of a

t emper at ure heasurin ortion output voltage versus the tenperature.
FigP output of therh/A converégr 314 iéichanged, this Eg

5 compared with temperature information stored
beforehand. Then, if a température difference is a
predetermined value or greater, a series of the same

actions as those executed when turning ON the ﬁBwer

source are performed.
10. ' Figs. 30 - 32 are flowcharts in which contents of
the control explained above are rearrangéd. Next, the
~ contents of the control will be explained referring to
these flowcharts. However, the contents of principal
actions have aiready beén stated, and therefore only an
15 outline will be given herein.
Referring to Figs. 30 - 32, after turqing ON the
power source, the D[A converter 314 is set to the
i initiél value (step S101). Next, the carriage is moved
(step S102), and there is a wait till the carfiage
20 reaches a constant speed (step S103). After reaching
the constant speed, as explained with reference to Fig.
28, the duty ratio is calculated (step S104).
Judged is whether the calculated duty ratio is
greater or smaller than or substantially equal to 50%
25 (e.g., within a range of 50% + 3%) (steplSIOS).: If
larger than 50%, the output of the D/A converter 314 is

increased (step S108). Whereas if smaller, the output



25 . 15D is a graphic chart showing a relationship of a reference
vokt age given by nenory data versus the tenperature. That is, the
menory previously stores a 48 27

val ue of the ideal reference voltage corresponding to t he out put
vol tage of the tenperature neasuring portion which i's obtained at a
certain tenperature. This val ue Is, as wll be explained bel ow,
enpl oyed as a reference 5 vol tage of the conparator. An
A/ D converter 601 effects an A/D (anal og-to- - digital) conversion of
an out put vol t afe thie DiYdA convertexa314 nNg decradsegadr{step 18D07 The
conpensator 159 reads data corresponding to the converted val ue out
of Thereafter, the action goes back to step S102. :The

steps S102 - S108 or S107 are hereafter repeated till
the. duty ratio comes to substantially 50%.

5 In step S105, if the duty ratio is judged to be
substantially 50%, the carriage is returned to the home
posifion (step S106). Subsequently, a temperature is

read by the A/D converter (step S109) and.storedfin the

RAM of the controller (etep S110). Note that the
10 carriage comes to a standby state in the heme position.
Judged next is whethef an indication of the
recording action is given or not, i.e., during,the“
recordihg action or the standby status.(step S111). 1In
the case of the recording action, whether the carriage
15 moves at the constant speed or not is judged (step
5112). If not at the constant speed,_actions of steps
S111, S112 are repeated till the constant speed;is
reached. When reaching  the constant speed, the.duty
" ratio is calculated (step S113). There is judged
20 whether the duty ratio is larger or smaller fhan or
equal to substantially 50% (step S114). - If larger than
50%, the output of the D/A converter is increased (step
S115). Whereas if smaller, the output of the D/A
converter 314 is decreased (step S116). Subsequently,
25 a temperature of read by the A/D converter 318 (gtep
S117) and stored in the RAM of the controller (step

$118). Note that if the duty ratio is judged to be



10  the nmenory 602. Thereafter, the data undergoes a DA

(digjital -to-anal og) conversion in a DJA converter 603 and is
outputted as a reference voltage of the conparator 107. An influence
caused due to the variation in tenﬁ%?ature is thereby elimnated.
Gving 15 one exanple where the tenperature is Tk; and the out put

vol tage of the tenperature neasuring portion 160 is Vok, this value
is inputted via the A/D converter 601 to the nmenory 602. A reference
vol tage Vsk (digital val ue) corresponding to this voltage Vok is

outputted 20 gubseantde11Pns0¥ 6A2stephs11af etracactobhagetieksoitot his
digital value is subjected an anal og conversion in the D) A converter

603. Thereaftergtépesrbbverted result is i nputted to the conparator
107. Fig. 16A shows output signals of the conparator. 25
Fig. 16B is a fl owchkftthéosangiageéi basjudgedi te hesth the stamdbyge of the.
reference voltage to the nenory, which are executed before the
delivery. Fig. sgtus &nfsbephdill, the A/D converter 318 reads a
5 temperature at a predetefmined interval (step S119).
Judged next is whether or not a difference between the
temperature read this time and the temperature read
last time is smaller than a predetermined value*(step
8120). If smaller than the predetermined value, the
10 action goes back to step S111. Whereas if larger than
the predétermined value, the carriage is moved (step
- 8121), and there is a wait tiii the carriage reaches
the donééant speed (step S122). The duty ratio is then
calculated (step S123).
15 - Next, there is judged whether the calculated duty
ratio is greater or smaller than or equal to
substantially 50% (step S124). If larger than 50%, the
output of the D/A converter is increased (step 5127).
Whereas if smaller, the output of the D/A converter 314
20 is decreased (step S126). Thereafter, the action goes
back to step S121. The steps S121 - S127 or S126 are
hereafter‘repeafed till the duty ratio comes to
substantially 50%.
In step S124, if the duty ratio is judged tp be
25 substantially 50% (e.g., within a range of 50% é-3%),

the carriage is returned to the home position (step

S125). Next, a temperature is read by the A/D



28 showi ng actions to set the reference voltage after the

deki very. . As illustrated in Fig. 16A, Th indicates a tine

for which the pul se of the output signal 3%8 remai ns 5 Hgh (i.e., a
pul se width at the High level). The synbol T1 indicates a tinme for

whi ch the output signal 303 remains Low (i.e., a pulse wdth at the
Low | evel). In the actions shown in Fig. 16B, a reference voltage

is sequentially set through the DJA converter while 10 measuring a pul se
duty ratio. The setting is ended just when the duty ratio falls

\éwet hlsg a predet gpfivBeder 318 (Gt s1PEd Riesvred dd agk iIrmMWeMaécal |y
controller (stép S129). Note that the carriage:is
brought into the standby status in the home position.

(Tenth Embodiment)
5 In the embodiment discussed above, when the
temperature difference larger than the predetermined
'value is produced during the standby status, the
carriage is, as can be understood from the step§ S120,
S121, automatically moved. However, some cases may be
10 thinkable, wherein this becomes troublesome. For
instance, it is not desirable that the carriage
automatically starts moving when the user replaces an
.ink cartridge émployed for recording during the standby
status. For avoiding such a trouble, a possiblé
15 measure is to change the design so that the ink
cartridge is allowed to be replaced only fof an OFF-
time of the power éource. In some cases, however, such
a-measure can not be taken depending on a constfuction
of an appliance. |
20 Under such circumstances, in accordance with this
embodiment, an in-standby process is modified as
follows. The controller 319 judges, when trying to
perform an event (e.g., a resumption of the recording
action) to move the carriage next, whether or ngt the
25 carriage is to be moved. If not moved, the car%iage
reverts to the standby status to prevent the movement

of the carriage. Further, only when the carriage is to



that a difference between Th and Tl is equal to or within a
predeterm ned value. For this setting, the 15 carriage is noved in step
S31. The action proceeds to next s%gp S32. Measured therein are Th,
Tl of the pul se of the output signaF~303 outputted with the

novenent of the carriage. Judged in step S33 is whet her or not an
absol ute val ue obtained by 20 subtracting T1 fromTh is equal to or
smal l er than a predeterm ned value Ttyp. If equal to or snmaller than
it, it my be judged that a proper reference voltage is present. No

adj ustment i s rggumb9ed, TResaglie@Nof the sk 8te16nR’ eectlvded wHEP S34,
wherein the output 25 vol tage of the tenperature neasuring portion is

transferred to éhterpngenhet powelrrOdlt @tatéSarecicarried outl.ues of the
tenperature (actually, the output voltage
Fig. 33 is a flowchart in which the modified
contents of the control explained above are rearranged.
5 Turning to Fig. 33, if judged to be the standby status
in step S111, there is judged whether the event to move
the carriage happens or not (step S150). If the event
does not happen, the action goes back to step Sill.
Whereas if it is judged that the event happens, the A/D
10 converter 318 reads a temperature (step S151). Whether
or not a difference between the read temperature of
this time and the read temperature of the last time is
smaller than a predetermined value (step S152). If the
temperature difference is smaller than the |
15 predetermined value, the action returns to step S1l11.

If larger, the action proceeds to step S121. There is

hereafter conducted the control of the same actions of

L

steps S122 - S125, S126 or S127 as those in the power-
'ON state. |

20 In accordance with this embodiment, the carriage
in the standby status is by no means moved in an
uncontrolled manner (i.e., as far.as there happens no
event to move the carriage as by a command of recording
action, the action does not proceed to step 812;

25 wherein the carriage is moved). It is therefore
possible to prevent the trouble which may take place

when replacing the ink cartridge.



29 of the tenperature neasuring portion) and of the
reference voltage are stored in the nenory. In step S36, the
carriage is returned to a honme position, t%%? - finishing the
adj ust nment . 5 On the other hand, “I'f the difference exceeds the
predeterm ned value Ttyp in step S33, the action goes to step S37.
Whet her or not Th > T1 is judged therein. When Th > T1l, the set val ue
of the reference voltage i nputted to the D/A converter is increased
in step S38. 10 Further, when Th < T1, the set value of the reference
vol tage inputted to hkeddsbudeddRivd,S dRORABSRE Hd) the nistieparsd9. The
action goes back to step S32 in order to set a proper reference
vol tage. When etiealitht embodimentss e [this Haveritei g, eddiece raomeccIt 4o, skige
action is 15 ended. :

the duty ratio at 50% is conducted beforehand just when

the carriage reaches the constant moving speed in the
5 power-ON state. Hence, the highly accurate duty ratio

50% is quickly obtained. Even when shifting to the

recording action, the recording actionlcan be easily

performed at the duty ratio 50% which gives a desirable

printing_result from thé beginning. Beéides, there is

10 executed the control to set the duty ratio at 50% at
all times when the carriage reaches the constant moving
speed during the recording action also. The duty ratio
can be therefore always.kept at 50% during the
recording action.

15 Further, in consideration of a temperafure
characteristic (a change ih the duty ratio due to
variations in temperature) of the position detecting
circuit including the magnetic head, if the temﬁerature
difference increases even in the standby state, the

20 control to keep the duty ratio at 50% is performed.
Hence, it is feasible to maintain the duty ratio of the
pulse signal substantially at 50% at all times not only
during the recording (printing) action but also in the
standby status. When shifting to the_recordinguaction}

25 the recording action can be quickly executed af?the
duty ratio 50%. Besides, it is possible to actualize

the serial printer capable of obtaining an excellent



The data shown in Fig. 16C are stored in the menory according to the

steps descri bed above. Note that the graphic chart of Fig. 17 show ng
t he rel ati onship of the MR el enent og%put versus the 20

tenperature corresponds to Fig. 15A Fig. 16C shows the actions
to set the reference voltage in a delivered product after the actions
to wite the set value of the reference voltage to the menory
whi ch have been explained in Fig. 16B. In step 25 S41, the out put

vol tage of the tenperature nmeasuring portion is obtained. The out put

vol t age acqui r e¢ecording (pﬁyﬂtﬂﬁgbIrbsﬁﬂi(Eﬂ“&ﬂwﬁablﬁEM§é¥b€H£e Fafige
reference even when the temperature fluctuates in the inﬁuse
process.
(Eleventh Embodiment)
5 - An eleventh embodiment of the present invention
will next be discussed. |
Fig. 34 is a block diagram illustrating a
configﬁrational example of the circuit of the serial
printer shown in Fig. 1. Referring to Fig. 34, the
10 scale portion of the magnetic linear encoder is mounted
in the carriage and fixed to the apparatus body. The
magnetic linear encoder includes a detecting portion
101 for detecting a relative moving position of the
carriage by detecting information which is magnetized
15 on the scale portion. The detecting portion 101
incorporateslmagnetic detecting elements 102, 103
consisting of MR elements which act based on the
magnetic resistance effect. The detecting portion 101
is also connected to a carriage substrate 5 (indicated
20 by a broken line iﬁ_Fig. 1) mounted on the carriage.
This carriage substrate 5 includes a constant current
circuit 104 and a differential amplifier 106 for
differentially amplifying respective signals detected
by the detecting elements. An output signal Am (or 108)
25 is outputted from the differential amplifier 106
A printer control circuit substrate 4 includes an

A/D converter 132 for A/D converting the output signal



vol t age set value stored in the nenory is read and DA converted,
thereby setting a reference voltage. The followng is the way of
setting an in-use reference vol t ageg@f the actual product. For

i nstance, ina 5 range froma tenperature Tk to a tenperature Tk+1
shown in Fig. 15B, the output voltage Vok of the tenperature
measuring portion is inputted to the A/D converter 601 (see Fig. 14)
of the conmpensator. The reference vol tage Vsk corresponding to the
output of the AAD 10 converter is read fromthe nmenory 602 and
outputted as A, and a eanparatam| 13N efor ggenerding anveowrte0pulse A
Herein, if an interval between Tk and Tk+1l is reduced to increase
the data, it fcﬂ¢bwk3lhahauﬁng a'PU1§ppW§YEﬁarmthtGoapardam thef er ence
vol t age shown in Fig. 15A is attained.  Further, the actions in

Fi gs. 1ewswat 16@99% Pe ikth |8 ’é%f%’i‘%d’@yt%g%onbi'hﬁt psinter

of TT1 sen1conductors su a counter fuyncti conpar at or

function, etc., CQPF E@ltﬁgrgBiFmﬁPBsFﬁ9GPv n@ls° inGludes a D/A

5 converter 134 for generating a reference voltage V.,
(or 140) defined as an input signal to one terminal of
the comparator 130 and a counter/timer 133 for counting

counter pulses A. The printer control circuit £

P

o substrate 4 further includes a CPU 135 for controlling

10. the system, an EEPROM 136 serving as a memory device, a
ROM 137, a RAM 138 and a CPU bus 139 serving as a bus
for data, addresses and control signals of the CPU 135.
Note that some or the whole of the components
surrounded with the broken line may be incorporated

15  into the CPU 135.

Nekt, the operation of the thus constructed
circuit will be explained. The magnetic detecting
elements 102, 103 are supblied'with a constant current
via the constant current circuits 104, 105,

20 réspectively. Magnetic patterns are previously
magnetized at a fixed interval on the scale portion 501
(seé Fig. 1), fixed to the apparatus body, of the
magnetic linear encoder. When the detecting portion
moves along the scale portibn 501, resistance wvalues of

25 the magnetic detecting elements 102, 103 vary. -
Variations in the resistance values are detected as

fluctuations in voltage. After being amplified in the



the use of a microconputer, etc. 20 Mor eover, when using a conmon

ROM wi t hout performng the adjustnment with respect to each seria
printer, an accuracy required is slightly reased. However, the
adj ust rent when del i vered becones u cessary. Further, the costs
can be reduced down by 25 using the ROM Additionally, if the

speci fication of the magnetic head is nodified after the product has
cone out, the apparatus can correspond to this sinply :

31 by a nodification of the ROM (Fifth Enbodi nment)

I n accordance Wdi¥fdreneidl hampbDei 82106 ) h@mpli¥ication signals
thereof are inpﬁtted'to one input terminal of ghe
comparatof 130.

The output signal A, transmitted from the
5 differential amplifier 106 is a pseudo sine wave and
therefore compared with the reference voltage V..
outputted from the D/A converter 134 in the comparator
130. The counter pulses A are thereby obtaine&’as
sfnchronous signals. The counter pluses A are inputted

10 | to and coﬁnted by the counter/timer 133. A count value
thereof represents a position of the carriage. Note
that the CPU 135 .controls the system and transfers the’
data of the EEPROM 136, the ROM 137 and the RAM 138 via
the CPU bus 139. The CPU 135 also.contrqls the A/D

15 converter 132, the countér/timer 133 and the D/A
converter 134. The CPU‘135 further controls other
functions (e.g., an interface function to the host
control over a variety of motors, a printing aétion,
etc.) of the serial printer.

.20 '~ As discussed above, the outbuf signal A, obtained
from the detecting portion of the magnetic linear
encoder is the pseudo siné wave. It is therefore
required that.the output signal be converted into the
counter pulse A expressed by the digital signa; (pulse

25 waveform) by use of the converter 130. On thejbther
hand, the reference voltage V.., inputted to the

comparator employed for the conversion and compared



converter, the D/A converter and the nenory are 5 enpl oyed in the
coqpensator 109. 1In a fifth enbodi nent of this invention, the
conpensator 109 is not limted to t ﬁge el enents but may invol ve the
use of an OP anplifier or the like. te that printing with a nuch
hi gher accuracy is attainable in the forner case, 10 whereas the costs
I ncrease. Further, in the latter case, through the necessary
accuracy slightly declines, the costs can be reduced down by using
| nexpensi ve parts. Besides, the necessity for control of a CPUIis
el i m nated, andwi®hCehieh@utipRay Highadlndgr §ecdeBirably anr averiage ealdeen
nount ed. The following is an explanation of a nmethod of
setting the ref efervhe wutpage signadss &,.t hEofPthis reasopli Bnedniti@ml s
presuned that the output voltage, as expressed in Fig. 15B, of the
t enper at ur e neasddusgmer® is,pdrt s regouicedmimade saq hatictheref erence

vol t age « shown in Fig. 15A. An anplification is effected by the
reference voltage V., becomes the average value Of the

5 output signals A,.
The following is an explanation of procedures for
the initial adjustment of the reference voltage V..
with reference to a flowchart of Fig. 35. £
< Referring to'Fig. 35, the carriage starts moving
10 {step S221). The counter pulse from the linear encoder
is not yet correctly outputted at this moment, and,

_ hence, the moving speed ié unknown. Accordingly, there
is-previously obtained the minimum torque by.ﬁhich to
éhift a load based on mechanism parts such aé the

15 carriage and the guide shaft member. The‘CPU issues a
command to move the carriage at a velocity so that the
carriage motion is not so fast. Nekt, the-outpgt
signals A, from the differential amplifier 106 ére
detected. Outputted fo the D/A converter 134 is such a

20 digital value that the average value of the output
signals A, becomes the reference voltage V,, (step
S222). Next, the carriage is returned to the initial
position (step S223). These steps S222, S223 are shown
in Fig. 36A.

25 . Next, the content of step S222 will be expiained
in greater detail with reference to Fig. 36B. To begin

with, the number n (an integer of 1 or larger)



OP anplifier to obtain a desired multiplying factor. Fig. 18A shows

t he_gconpensat or
as a so-called
anplification i
Enbodi nment)

the fourth and
duty change is
vol t age 302 of

109 in this instance. Thi s conpensator is conceived
non- 25 i nversi on aan1§¢H circuit, wherein a degree of
s adjusted at a ratio of Rf to Rs. (Sixth

: 32 - n
fifth enbodi nents, as shown in Figs. 19A and 19B, the
elimnated by the nmet hod of varying the reference
t he conparator. The present invention is not confined

to 5 this predeveradmed asne mehsiremsnyt myuiler @f pthe outputsi gnal s
of the magnetic detecting elenent. This enbodi nent is configured
a circuit shownsignglg Az0is initialized in the counter. b

10

15

Simultaneously, an addition area A,, of A, is cleared
(step S211). Next, data A, is A/D converted by the A/D
converter 132 and thereafter taken in the RAM 138 (step
S212). Subsequently, the counter is decremented, and
at the same time, A, is added to Ay, (step S213). Next,
whether or not the counter is 0 is jﬁdged (ste§?5214).
If not 0, the action goes back to step S212. If the
counter is 0, the action proceeds to step S215. That
is, steps S212, S213 are repeated till the counter is
zeroed. In step S214, when the counter is zeroed, the
carriage is stopped (step S215). Subsequently, Ay, is
divided by the méasurgment number n to obtain an

average value A,, of A, (step S216). Set next in the

| D/A converter 114 is such a digital value as to

20

25

establish V,, = A,, (step §217). Finally, the EEFROM
116 stores the digital value set in step S218.
Incidentally, a sequence of the initial adjustment'
of V.. is normally performed once before delivering the
serial printer from the factory. However, if the
output A, lafgely changes with a passage of time, a
sequence of the V, ., initial adjustment may be
incorporated in the initialization sequence after
turning ON the power source when used. As statéd_
earlier, the digital value stored in the EEPROM is set

in the D/A converter in the initialization sequence

by



In.this case, the conpensator 159 inverts the output of t he

t eqperature neasuring portion 160 and, in 10 accordance with a signal

t hereof, functions to anplify the signal of the magnetic detecting
element. Fig. 18B illustrates the cd%pensator 159 in this case. This
conpensator may be a so-called inversion anplifier circuit
consisting of an OP anplifier and a 15 differential anplifier circuit,
wherein the output is adjusted at aratio of Rf to Rs.

As di scussed above, the first through sixth enbodi ments of the
present invent isfitgr ovhelepbier-ON pro€esstd6HCcthénserhal eppinterdut y rat i o

of the printing 20 synchronous out put signal pul se waveformis

observed, aniNexk, sthe hcanoiisgeulpunogedecagainn( stépr 8224 )vyol t age

I-s controlled based on the result thereof. It is thus possible to

obtai n the seriSubsequertlyapabeps 0$2R5gh-5227 willjubei eyepnitedi.-ng owing to

t he synchronous output which 25 Is stable at all tines.

These steps, however, .form a carriage speed control

5 loop. To be specific, the carriage speed is detected
(step S225). Whether or not the carriage speed is
synchronized is judged (step S226). If not
synchronized, the éarriage speed is adjusted (séép
8227).. fhe action goes back to step S225, wherein the

10 carriage speed is detected once more. Whether or not
the carriage speed is synchronized is judged again.
Steps 5225 - S227 are repeated till the carriage speed
is synchronized._-Whén synchronized, the action
proceeds to the next step, i.e., step S228.

15 i Herein, the carriage speed adjustment in step S227
involves a étep of reading a count value of the count
pulses A from the counter/timer. The carriage speed is
adjusted to establish the following relational formula
1l wherein a sampling period'ig of fhe A/D converter is

20 expressed in relation to a period of the output A, of
the MR element.

Tg = Ty / 2" (m is the integer of 1 or greater)
«es (1)
Note that Fig. 37 shows an example where tbe
25 relational formula 1 is established. -

On this occasion, when T; is variable, only Tg; may

be varied to establish the relational formula 1 without



It is also feasible to acquire the serial printer capabl e of
restraining the duty change ‘due to the

33 variation in the tenperature.

(Sevent h Enbodi nent) Nex@3  Fi g. 21 is a circuit diagram
illustrating a configuration of a synchronous signa

generating 5 circuit according to this invention. The scale
portion of the linear encoder is nounted in the carriage shown

in Fig. 1 and fixed to the apparatus body. A detecting portion 101 of the
linear encoder cHRimRflry ar,L el ftéve with?%t c%angﬂﬁ&'Eﬂepﬁébﬁﬁa1éﬁeéﬁmbf
y

carriage to the apparatuémbody etecting the Scale portion.
The detecting phd icdrriage. : 3 '
Next in step S228, A, is xﬁeasured n-times at a Ty~
interval, thus calculating the average value A,,. This
5 step S228 is the same as steps S211 - S218 which have
already been explained in association with Fig. 36B.
It is, however, required that the measurement number n
should satisfy the following relational formulafZ:
n==ke 2% | cee (2)

10 (where m is the same as m in the relational formula 1,
and j is the integer of 1 or larger). Fig. 37 also
shows an example where thé relational formula 2 is
established. In the examble of Fig. 37, m = 2, k = 2,
and n = 8.

15 The average value A,. Of the measurement effected
n-times is equal to a DC component of A,. For this
purpose, sampling may be effected at such a_timing that
.a phase of A, is shifted 180 degrees. It can be
comprehended from the example of'Fig; 37 that valueé of

20 poinfs 271 - 273, 272 - 274, 275 - 277 and 276 - 278'
offset errors with respect to the DC level of A,.

Then, finally the carriage is returned (step
S229), and the V., initial adjustment is thus
completed.

25 (Twelfth Embodiment)

Next, a twelfth embodimenf will be discussed with

reference to Fig. 38. A sequence of the initial



101 i's constructed of MR el enents which act based on t he

magneti c resistance effect.” The detecting portion - 101 is
provided integrally with a pair of magnetic detecting el enents
102, 103. This detecting portion 1560 101 is also connected to the
substrate 5 nmounted on the carriage, the substrate being shown
by a broken line in the Figure. Connected to this substrate 5
are the anplifiers 104, 105 for constituting constant current
circuits, the anplifier 106 for anmplifying a detected 20 si gnal

and the conpar ata%r enJr& = |np§%‘t%}§Le 3ipoa’.|.tage is 1t:he séuﬁet

out putted. Thi.s o pu SI gna a counter portion

7. Note that a vgf iFly.e 38Si Sfifs embodiment isl%ﬁﬁcéﬁér%“é“éaé
reference voltage i s connected to hi's conparator "'107; these

elenments are pagmeaed the tdnpling p&@.od Sﬂbaahahéﬁbea@ﬂxo%tékdltﬁémy S
made on the carriage. t, Fig. 22 is a diagram show ng

detail ed period w,gmttue%utbetcmylﬁﬁrtnwm @lefmcsriO)\N i &, Fi ghe?l.
A .
5 carriage.moving speed can not be decreased. Videlicet,

an error in the measurement average value A, can be

ave
reduced by modifying the above-mentioned relational
formulae 1, 2 into the following relational fofﬁulae
(1), (2" |
10 Tg = Ty (1 / 2 + m) (m is the integer of 1 or
larger) ' oo (1)
n =2 (kis the integer.of 1 or larger) ... (2')
Fig. 38 shows an example when m = 1, k = 2, and n
=4, Values of points 281 - 282 and 283 - 284 offset
15 each other.
As discussed above, according to tﬁe eleventh and
twelfth embodiments of this invention, the carriage
------ moving speed is synchronized with the sampling period
of the A/D converter with respect-to-the MR element
20 output. Added to the V., initial adjustment sequence
.is the éequence of sampling effected a given number of
times obtained from the carriage moving speed and from
the sampling period. The counter pulse can be thereby
obtained, wherein the duty ratio is approximate:to 50%.
.25 The variations in the counter pulse waveform dﬁé to the

passage-of-time change in the MR element output can be

restrained. A scatter in density as a result of



34 . frequency divider A109 consisting of trigger flip-flops

effects a 1/2 frequency division wth respect to an out put of the
conparator 107. On the other hand, an out put signal of an oscillator
113 is inputted to a 5 frequency dividéd B114. Respective out put
signal s of t he frequency dividers A109, Bl114 and the oscillator

113 are inputted to add/count-back counter 1115 and an

add/ count - back counter J116 such as TTL, etc. via gates 110, 111
112, 115, 116 117, 119, respectively 10 hbxt the action of this

circuit wll SéBLaiHS b¥e§ ﬂb& ale% &%%%g,c%ﬂg 1 22 and 23A -

231 . The nagnetl I'ng elreme re suﬁq ed wth a
constant currenko¥i@alifeganp!ifiers 104, 105 each -

(ThirteenthlEmbodiment)
Next, a thirteenfh embodiment of this invention
5 will be described. fig. 39 is a flowchart (V. initial
adjustment 3) showing actions of a reference voltage
V. initial adjusting method in the serial printer

according to this invention. Note that the hardware of

PR

the serial printer is the same as that shown in Figs. 1
10 and 34, and its explanation is omitted herein.
| Turning to Fig. 39, the steps (steps S221 - S229
shown in Fig. 35) of the V., initial adjustment 2
described above are at first executed (step S231).
Next, a block number 1 is set, videlicet, the
15 block nuﬁber is initialized (step S232). The carriage
starts moving (step S233). The add counter of A, and
the addition area Ay, are initialized (step S234).
'T; -Subsequently, the A/D converter measures the vdltége A,
(step 235). The add counter is incremented (1 is
20 = added), and, besides, A, is added to A, (step S236). A
carriagé position is detected through the counter/timer
(step S237). |
Subsequently, whether or not the carriage position
reaches the next block is judged (step $238). the
25 that the block herein implies one unit when a c;friage
moving range is previously parfitioned into blocks at

an interval. The above-mentioned block number implies



constituting the constant current circuit. The 15 magneti c head 502

nmoyes al ong the scale portion 501 of the linear encoder illustrated
in Fig. 1. Resistance val ues of the magnetic detecting el enments 102,
103 vary with the novenent thereof. 6dariations thereof are

detected as fluctuations in voltage. A signal 20 anplified by the
anplifier 106 is inputted to one i nput termnal of the conparator
107. The out put signals 303 .(Fig. 23A) of the conparator are
converted into high and |l ow clocks (Fig. 23B) per waveform by neans

%I It hghorter tl;lg?ﬁ%ttén%g'%iusiﬁlﬁb%g g}%“gfg ogi (%1%1 fgrfe%%lér@/ﬁ&? {5' :g%?él %rrltééw S |
generared frOM H° 3L iddedllgd Wbves. 1o Widp 4738 2111 6 883 usfehne
that the carriage position does not reach the next
block, steps S235 - 8237-a:e repeated till the next
5 . block is reacﬁéd;

In step S238, if it is judged that the carriage
position reaches the next block,.Amm is divided by the
add counter to calculate the average value Ammjistep
S239). Next, a digital value is stored in an area,

10 corresponding to the present block number, of the
EEPROM. this digital value being set in the D/A
converter as the average value A,,, in the carriage
position indicated by the thus obtained present block
number, i.e., as the reference voltage V.. (step S240).

15 Subsequently, the block number is incremented, or in
other terms, updated (step S241). Judged is whether or
not the updated bloék numbef is larger than thq:
predetermined final block number (= dividing hﬁmber of
carriage position) (step S242).

20 " In step S242, if it is judged thaf the present
block number is not larger than the final block number,
steps S234 - S242 are repeated till the present block
number becomes larger than the final block number. In
this manner, the average value A,,. per block iststored

25 in each corresponding area of the EEPROM. Theh; in

' step SZ42; if it is judged that the present block

number is larger than the final block number, the



at -a High level, a clock nunber of the output signals (Fig. 23C) of
the_frequency divider All4 is added to t he add/ back-count counter
115 through the respective gates 110, 111, 112, 115, 116, 117. Wen
t he out put 5 signal of the frequency @Bvider A109 is at a Low |evel,

t he cl ock nunber of the output signals of the oscillator 113 is
counted back fromthe add/ back-count counter [115. At this tine, a
cl ock frequency of the oscillator 113 is twice as large as a clock
frequency 10 of the output signal of the frequency divider Bl14.

Hence, as shown,i ] t dj -Cco r... 15 counts
back the count ﬁ%ﬁgﬁ?ggoéﬁg ] EQF%SES??%Q' %%E'aﬁﬁgg%qﬁsﬁﬁuiﬁgﬂé£%§ t he
time of additi bt BRitial 1iHien2 C nt counter JI18 is, as
illustrated inoe?LSEH Fig. SBF?OPn%?ﬁg g%@?ﬁbbgggéess when t he ‘out put

si gnal ~ of thenékegueney aditone’ shbRh iih dhe! 9 owdNardy B g,

39 will be explained referring to a timing chart of

5 Fig. 40. Fig. 40 is a timing chart shoWing
relationships of the carriage position versus the
output signal A, from the differential amplifier 106,

- the ideal reference voltage V.. defined as the bc

component of A,, an ideal counter pulse A(a) in this

10 instance, a counter pulse A(b) when the average wvalue
of A, in the entire carriage moving range is V., and a
counter pulse A(c) when an in-block average Qalue of A,
is V... This embodiment presents a case where the
carriage moving range is partitioned into four blocks.

15 In step S231 of Fig. 39, the counter pulse A can
be, though it does not take an ideal waveform as shown
by A(b) iﬁ Fig. 40, obtained enough for block :
partitioning of the carriage position. One block may
be set well longer than a peridd (e.g., 360 dpi) of the

20 counter pulse A. A positional accuracy of a block
boundary may also be set considerably 16wer than a
carriage position detecting accuracy needed during the
printing process. Accordingly, the counter pulse A at
the end of step S231 may not be so accurate. )

25 The block number is initialized in step 8252; The
carriage starts moving in step S233. In step S234, the

A and the addition area A,, are initialized. 1In steps



I n the back-counting process when at the Hi gh | evel. As

descyri bed above, the counters I, J are counted back after the

addi tion has been executed. Wien the 20 count nunber conmes to 0, the
counters |, J set ripple cl ock outp@ﬁ signals at the Low |l evel. A
gate 123 serves to, when any one of the counters I, J gives

forth a ripple clock output, invert this output as shown in Fig.
23G. The inverted one is outputted to an 25 input termnal K of a
JK-flip-flop 124. On the other -hand, D-flip-flops 119, 120 and
a gate 1%%3‘5“t-pl§23§ 0 AANubhARYGoLS! Ebﬁbd‘icogahbilﬁﬁ f'I:I:I.'ZIB. the

36 lop 124, a signal whi ch assunes the Hi gh | ével at a

carriage position exceeds a range of the preseqt block
number, and an addition thereof is applied to A,,. The
A, average value A, in the present block number is thus
5 obtained in step S239. 1In step S240, a digital value
is stored in an area, corresponding to the pfesent
block number, of the EEPROM, this digital value being
set in the D/A converter for attaining V_, = Ami. The
block number is incremented in step S$241. The present
10 block numberlis compared with the predetermined final
bldck number (4 in the embodiment in Fig. 40) in step
S242. When the present block number does not exceed
thé final block number, steps S234 - S242 are repeated.
The digital value set in the D/A converter is therefore
15 sequentially stored in the EEPROM, with A, average value
in each block being V

After the V digital values

ref® ref

in.all the blocks have completely been stored in the
EE?ROM; the carriage stops in step S243. The cérriage
is returned to the original position in step S244.

20 In Fig. 40, (c) shbws the counter pulse A when V.
is varied stepwise in accordance with the carriage
position so that the in-block A, average value is V..
This is appfoximate to the ideal waveform A(a) as
compared with the waveform A(b) when V.. is the A,

25 average value in the entire éarriage moving raﬁéea

Further, the number of blocks may be set to an

optimum value depending on an amount of fluctuation in



ri se of .an out put signal 108 of the conparator but, as il lustrated

i n\EBlrg. 23H, the Low | evel after one cl ock of the oscillator 113.

5 The JK-flip-flop 124 outputs a S|gnal whi ch becones, as
shown in Fig. 23l, the Hgh level at a ris@ of the gate 121 but the
Low | evel at a rise of the gate 123. The JK-flip-flop
124 is thus capable of outputting. 10 the clocks exhibiting a duty ratio
50% Note that in this enbodi ment, TTLs 191 are used by ones in the
counters, however, if two or nore stages are provided, t he duty

rati o approxi negRe ﬁe%ﬁoﬁéoﬁan%dﬁﬁu Cas well 8%285R! &n AYWonhA8esS o#f thH-S
191 are enpl oyed, and a 5 clock of the oscillator is set on the order

of 500 ns. aredfcifl enk SEPROM.OUFRH ivistadicedl fifMahHOERBTH O I0£S ON
the order of 160 ps, and, therefore, clocks 1[err]s of the ' out put

signals of the ﬂequaae;lodl thdeheBDCagcomponent oft dniedlavfe, ThAAC atiirer
I s capable of counting 8 bits
there are sufficient empty areas of the EEPROM the
5 . number of blocks is preferably 1arge (finer blocks).
_In general, the blocks are arranéed preferably at equal
spacings but may be, if there is some allowance for
areas of thg EEPROM, arranged at unequal spacings. In
this case, it is required that the carriage position at
10 the block boundary be also stored in the EEPROM. This
is effective in such an instance that the DC component
of A, locally fluctuates. |
Next, the printing action in the thirteenth
embodiment of this invention will be explained.with
15 reference to Fig. 41. As stated above, the carriage
moving range is partitioned into blocks, and the
reference voltage V., is set per block. The printing
action corresponding thereto is accordingly needed.
Fig. 41 is a flowchart showing printing for one line in
20 such a case. In this flowchart, steps S251 - S252 and
steps S258 - S260 are added by way of the thirteenth
embodiment of this invention. Other steps are the same
as those shown in Fig. 36A.
Paying attention to.Fig. 41, in step S251, 1 is
25 set as a block number, i.e., the block number ig
initialized. In step S252, the reference voltagé Vies

corresponding to the block number 1 is set in the D/A



20 (256), and this is therefore a sufficient value,. Del ays of

these gates are on the order of 10 ns, and hence this is an

i gnor abl e val ue for 500 ns. Supposing that the count nunber
fluctuates 1, the duty ratio is 50 P& r] 0.3125% Further, the clock
can be preset 25 correspondi ng to an anount of error. |If a much higher
accuracy is required, the counters nay be nulti-staged correspondi ng
thereto by increasing the frequency of

37 the oscillator. Note that the circuit and the

cormponent s ( COURLRkerterSdUGR st V'S%ss ﬁié &ax‘z‘la{d&’ starts Mﬂent
are provided by way of one exanpl é’ nbodi nent 1S no
limted to thos@h&D@@%ﬂﬂﬁ@é'ébéé&3is set at a predetermined velocity
| | in a loop formed by steps S254 - S256. More
specifically, the carriage speed is detected in step
-5 S254. Whether or not the carriage speed is tﬁe
predetermined velocity is judged in step S255. If not
the predetermined velocity, the carriage speed is
controlled in step S256. The action thereaftefﬁgoes
back to step S254. Steps S254 - S256 are repeated till
10 | the predetermined velocity is reached. Subsequently,
in step S257, printing is effected in a predetermined
position.
Next in step S258, the carriage position is-
detected. Steps S259 - S261 are to detect which block
15 the carriage now exists and to reset, if over the block
boundary, the reference voltage V., in accordance with
| the block number.
£ Next in step S262, whether one-line printihg has
been finished or not is judged. If not finished, steps
20 S257 - S262 are repeated. Whereas if finished, the
carriage stops in step S264. A line feed is performed
in step S265.
Note that steps S$251, S259, S260 in the flowchart
of Fig. 41 may be modified as below in the case of
25 bidirectional printing. ﬁ
Step S251: Block number « Block number

corresponding to



5 sane functions are incorporated therein. I n accordance

w t\h-t he seventh enbodi ment, the present invention is oriented to
the counter for setting the duty ratio at 50% However, in an eighth
embodi ment which will be discussed as bel o7 a noise 10 filter circuit
I's used in place of the counter. (Ei ght h Enbodi nent) -

Fig. 24 shows one exanple of the noise filter circuit. D-flip-flops
201, 202 and gates 203, 204, 205 are circuits for detecting | eading

and trailing edges 15 of the output signal 303 of the conparator and
generating pul ses. Note that thkah?&%s%@&?%é%@iag%pﬁosition 205 (AND

circuit, NAND circuit and OR circui can Substituted with a

si ngl e piece of EX—NQRebesdsualeevious bigdk @ rcuit. For singlifying the
function, however, a 20 construction is given herein with three gates.

A del ay Ci r custtep0 82603 Bl oeks numbett vaBloek byunb@ined i ng the
Df lip-flops in series at nmulti-stages. However, the
Incidentally, a stepwise variation in V_, at the
5 block boundary is, as shown in Fig. 42A, abrupt and
causes a generation of noises in the counter pulse A.
In this case, as shown in Fig. 42B, the variation in

V,..e Can be made moderate by performing the setting in

the D/A converter a plurality of times, separately.
10 (Fourteenth Embodiment)

A fourteenth embodiment for printing according to
this'invention will be explained with reference to Fig.
43. Fig. 43 is a circuit block diagram in the
fourteenth embodiment. The circuit shown in Fig. 43

15 has an additién of a data selector 142 in contrast with
the circuit illustrated in Fig. 34. Other
configurations are the same, and hence the follpwing

£ explanation is centered on the data selector 142. The
portions relative to other configurations have already

20 beén explained, and, hence, the descriptions thereof
are omitted.

D/A convertér set data for a plurality of blocks
which have been written from the CPU 135 aré selected
by the data selector 142 in accordance with a sglector

25 signal 143 coming from the counter/timer 133. 'éhe
selected data are set in the D/A converter 134. The

corresponding-to-carriage-position setting of V.., can



delay circuit 206 is required to have a delay tine ' | arger than a
nokse pulse width. If a conparator 25 out put signal shown in Fig. 25A

Is present, pulses shown in Fig. 258 are obtained fromthe del ay
circuit 206. A D-flip-flop 207 |at Bes the out put signal of

38 the conparator at a rise of this pulse and outputs this

out put signal (Fig. 25B). The noises can be filtered of f based on
the circuitry described above. Note that the circuit shown in
Fig. 24 is given by 5 way of one exanple, but other circuitry may be
adopt ed. bEOheR ey eoOndutR a0 WITHINE ArcHAIRTRNY A6E Bl OB AR

The D-flip-flop 207 is réplaced with a T-flip-flop, and
of software, i.e., in accordance with the flowqpart

exclusive of steps S251 - S252 and steps S258 - S261 in
the l1l-line printing flowchart of Fig. 41.

5 The digital data of V., in each block which is
obtained in the embodiment of Fig. 39 is previously set
in the data éelector 142 before the printing action as
an initial state before the printing agtion. :
Simultaneously, the counter/timer 133 is connected to

10 the data selector 142, whereby the carriage position
counter data for high-order several bits corresponding
to each block are transferred in the form of the.
selector signal 143 from the counter-timer 133 to the
data selector 142. For example, when the division

15 number of blocks is set to 4, two or three bits may
suffice for the selector signal 143.

When the carriage moves after entering the:
iﬁﬁ printing action, the carriage position counter Qithin
| the counter/timer 133'counts up and down

20 correspondingly, with the result that fhe selector
signal 143 changes. An item of V,_, digital data 144
imparted to the D/A converter 134 is changed over by
the data selector 142. Note that the data selector 142
may be so constructed as to be capable of storipg a

25 plurality of items of data, selecting one item'éf the
data with the aid of the selector signal and outputting

it. Accordingly, an arrangement may be taken, wherein



the outputs of the gate 205 is counted by the counter.

Only in the

caseof an odd nunber (loworder 1-bit 10 out put assunes the High

| evel ), the pul ses are transmtted to the T-flip-flop.

As di scussed above, according to the sevenff and ei ght h enbodi nent s
of the present invention, the counter portion for neasuring the
wavel ength of the 15 synchronous out put signal is provided, whereby the
duty rati o of the synchronous output signal pul se waveform S
set to 50% It is thus possible to obtain the serial printer capable

of “high qualitygRpl Hh'tag selector involWed'itfi@d Jd Wer d.

circuit for - 20 Itering off the noises mhlch may pr

St

t,hea fddd£r

ably enter the

synchronous si gﬁaftgmr abhAg the’ gdllectbi€sAgnal is conMeditidE®d g seri al
printer which can thereby get the synchronous signal output pulses

with no m stakeafldress of eaenporg.due to the noises. 25

Enbodi nent) -

(Ninth

Further, as depicted in Fig. 42A, in a case where

5 a stepwise variation of V., at the block boundary is

abfupt and induces a generation of noise in the counter

pulse A, an output 140 of the D/A converter 134 may be

inputted wvia a low-pass filter (unillustrated) %b the

comparator 110.

10 As discussed above, there is provided the software

for preViously measuring and storing the reference

voltage V.., corresponding to the carriage position.

Provided also is the software or hardware for selecting

in real time the reference voltage V., stored

15 corresponding to the carriage position during the

printing action. It is therefore possible to obtain

the counter pulse exhibiting the good state over the

Sfﬁ entire carriage moving range and defined as an output

of the comparator. This is attained even when the DC

20 component of the output of the differential amplifier

which is inputted to the comparator largely wvaries due

to the'carriage position. Consequently, the carriage

position detecting accuracy can be improved. A

resultant quality of recording by the serial printer

25 can be also ameliorated.

Furthermore, the waveform of the counter pulse can

be approximate to the ideal waveform when the duty



Fig. 26 is a basic block diagramof a ninth enbodinent. In Fig. 26,

a Ragnetic head 502 reads a o . 39
magnetic pattern of the scale portion and Q9 verts it into an

el ectric signal. The magnetic head 502 consists of MR elenents. The
magneti ¢ head 502 out puts a pseudo sine wave signal having a
waveformsimlar to 5 a sine wave with a relative novenent to the

scal e portion. This output signal has two outputs assum ng _
first and second phases, nmutually shifted 90 degrees, for detecting
a noving directirgtid 1HeSOR i RGGufficient atDHFARGE £4' tREbegbiaUi t 312
supplies the nmagnetic head 10 502 with a constant current. An

anplifier 311 provided against the passage-of-time change ingthe
output of the diffeféntial amplifier, thereby making it
possible to reduce a degree of decline in the printing
5 quality with the passage of time.' This implies that a
'frequehcy of executing the'initial adjustment sequende
of the reference voltage V.., may be decreased. A
user's feeling in operation is improved. :
It is apparent that, in this invention, a wide
10 range of different working modes can be formed based on
the invention without deviating from the spirit and
scope of the invention. This invention is not
restricted by its specific working modes except being

limited by the appended claims.



anplifies a_signal of the magnetic head up to a predet er m ned -
magnj t ude. Parts general ly indicated at 502, 301, 302 are nounted on

t he “subst r at &Th S @PHaSIBe@Replaced 1) on.the carriage. 15
conpar at or -313] ut put si gnal of71t he aFFf)‘FS PHERT %BFWE’O‘ a
pulse si gnal . (reference vol t agg) _of BERLA

313 is given by tput of a D/A converter 314. The base voltage
S freely variable according to-a command of a controller 20 319
which will be nmentioned later. A position counter 315 counts

I hformation in [ Qs n_of the - carriage wth respect to
the scal e porti : | ead-t o- Iag rel ati onship between a

first phase pul se second pul se signal as well. as
from 25 the nunbdr B s? ﬁ‘é@:@ Lﬂ°§'§’§p ajﬂ'%luty det ecti ng I
circuit 316 detects Les,of the flrst nd, secan h ul se
signals. A thernistog %T?r&F§SO§S&%ﬂ¥%¥5% on’ an apparat&sagodg

a recording means, mounted on said carriage, for
5 recording:while synchronizing with a movement of said
carriage:

a scale portion, provided on said apparatus body,
of a linear encoder'

a detectlng_portibn, mountedpin said carriage, of
said linear encher,'said'aétesting portioh being intendsd
.to detect a pasition of Said‘scale portidn;

a synchronous'sighal generating ﬁeans :5:
‘generating a'pulse.output as'a.synchrphaus signal by
comparing a detecting signal fram said detecting

15 @ portion with a reference voltage; and
an adjusting means for'adjuSting a duty of the
{} . pulse output when.the'duty of the pulse output

‘generated by said synchronous signal generating meahs

fluctuates.

20

| 2. The serial printer accordzng to claim 1,
_wherein said adjusting means effects control [-Te] that a
~duty ratio of the pulse output generated by said
synthonous_signal generatiug means comes to 50%.

25
3. The serial printer according to claim 2,

wherein said adjusting means includes a counter for

| 1l



40 - proper—ImBTTTUn—tpreferably close to the magneti ¢ head)

of {he substrate 5 i sure a tenperature of this part.
An. A/ D converter 3181%“%& eéleﬁﬁ Egegut 7 vol tage of the therm stor 317
into a digital val ue. I roIIer 219 is const rfic CR

ROM a RAM I/O mer circuit. The 1/Q eHASBEEN
enpl oyed for inputting and outputtlng to and fromthe A dnrﬁ-rter
314, the position counter 315, the duty detecting circuit 316 and e

A/ D converter

318. 10 Further, the timer circuit is used for generating

a timng eugpattehg At Qighall AAvVANGCAS Y ratio 50% by Fi g. 27 shows

an exanpl e of

a specific circurt of the position counter. Referring

to Fig. 27, themeasuring a wavelength of a waveform of the pulee

10

15

20

25

output generated by said synchronous signal generating

means.

4. The serial printer according to claim 3,
wherein said counter includes a frequency divider means
for effecting a 1/2 frequency division of the p&ise
waveform of the output signallcoming from eaid_
synchronous generating circuit means and outputting a
first signal having a‘pulse width for one period, a
second signal generating means for generating a second
signal at a timing which is one-half of the pulse width
of the first'signai when the first signal is at high
and low levels, a third signal generating means for
generating a third signal at a leading edge timing of
said first signal at the high level and a trailing edge
timing of the first: signal at the low level and a
fourth signal generating means for generating, as a
signal of the duty ratio 50%, a fourth signal having a
pulse width corresponding to an interval between the
second and third signals on the basis of the third and
fourth signals coming from said second and third

generating means.

5. The serial printer according to claim 1,

wherein said adjusting means includes.an observing

A g




nuneral 400 represents a D-FF, and 401 denotes an up- 15 down counter.

The phases of the—fiTst—and second phase pul se signals are shifted 90
degrees. It is the“ﬂﬂ%ﬁ%f{sBenﬁﬁh&ﬁom’“h' direction the carriage noves
fromthe phase ati-onshi p ther ebet wegny;s sy ,

Ther eupon, the phase| Iatlonshlp is 20 etectﬁémg ’%@EBN
D-FF. An output the to an up-do .

For exanple, the nunber of the second (or first) phase pulses is
count ed. Accordi ngly, when the carriage noves in a certain
direction, the yudme forhesuntinguatikiighplevel twbdth &3d a Ybenlétkel
carriage noves in the direction opposite thereto, the pul se nunber
i s counted dowwiditte gf ctlmmtpulse of pthetowtput siwmhrraagetestﬂ.hgr ef ore
obt ai ned fromthe 41

means for detecting a difference between a count value
of the high level width and a count value of the low

5 level width of the pﬁlse which are obtained by séid
observing means and oﬁtputting a difference value
signal and a control means for controlling the

reference voltage on the basis of the difference value

signal transmitted frgm'said detecting means.

10

6. The serial printer according to claim 1,

wherein said adjusting means includes a power
integratof for integrating electric power for a period
between the high level width and the low level width of

15 the pulse of the output signal and a voltage comparator
for comparing respective voltages obtained by said
power integrator aﬁd outputting a difference _

S therebetween, and the reference voltage is contfolled

| based on the difference output from said voltage

20 comparator.

7. A serial printer comprising:
a carriage reciprocated on an'apparatus body:
a recording means, mounted on said carriage, for
25 recording while synchronizing with a movement ofzsaid
carriage:;

a scale portion, provided on said apparatus body,

T




count nunber of the up-down counter. In addition, a hone

positi on sensor 4Q%lu£yolves the use of a phoLo_interrupter VMen
the carriage is 1§ Sne p05|t|o the light inc o-Heht
5 - recei 8| ng el ewtul n\m ﬂm mﬂt emtti ﬁé el ement of thEﬁigSﬁﬁﬁggg BEEN
|nterrupter s cut S then transmtt

I nput of the up-down counter 401, thereby zero-clearing the count of
t he up-down counter 401. Hence, the count nunber of the up-down 10
.counter 401 indicates a noving distance of the carriage fromthe
home position, df€a, lgngggréﬁggdg93|tlon Fig. 28 shows a
specific exanple of the d detecting circuit 316. The circuit
shown in Fig. 28  a deéeaegh portiierf ﬂdﬁ&d%%ﬂ@'c@fﬁﬂﬂb&% ge of
15 phases. For detecting the pul se S|gnal assum ng : anot her

phase, as a matd#£id of ihé&t eNB6daE] W ldetecting portion being intended
- | to detect a position of'said_scale portion; |
5- a sYnchronous signal generating means for
generating a pulse output as a 5ynchronous signal by
comparing a detecting.signal from said detecfing
portion with a reference Qoltage;.and
.a:noise'filtering means for‘filtering noises
10  having a possibility to_enter said synchronous signal

generating means.

8. The'serialfprinter_according'to'ciaim 7;i

wherein said noise filtering means includes a pulse

15 generating circuit for.generating pulses'at a leading
edge timing and a trailing edge timing of the output

{f? signal coming from said synchronous generating circuit1

means, a delay circu1t for delaying the pulses from
said pulse generating-circuit and a circuit for

ZQ _ 'latching and outputting the output signal from said
synchronous generating circuit means at a rise of the

delayed pulse from said delay circuit.

‘9. A serial printer comprising:
- 25 o a:carriage reciprocated on an apparatus body;
a recording means, mounted on said carriage, for

recording while synchronizing with a movement of said

%* c L M s *




circuit simlar thereto is prepared (incidentally, t hough not

|IL/strated—+ﬂ—FFg——26__ioL_obtaln|ng t he pul se signal assum ng

anot her ph here are prepared 20 - another set of—the nongnetjc head
502, the a {HasBeenReplaged ~ t he const a® current ci | dEiS SBEET HAS BERR
conpar at or m‘umlu Ia| ned earlier, the pulse - ___REPHAGER coning
fromthe- tmo e inputted to the position counter 3I5).
25 The pul se signal is at first synchronized with a cl ock
period of a clock circuit 520 by nmeans of a 1st- stage D-FF 521. The
cl ock period selected is well o 42

faster than t hE2FEARI&%0f the pul se signal outputted
a scale portion, provided on said apparatus body,

of a linear encoder;

a.detecting.portion, mounted io said carriage, of
said linear encoder, said detecting portion being intended .
to detect a position of seid scale portionf |

a reference voltage generating means for

P

4 generating a reference voltage;
a synchronous signal. generating means for
10 generating a pulse output as a synchronous signal by
comparing a detecting signal from said detecting '
portion with'a-referencefﬁoltage from_seid reference
voltage generating means; |
a temperature measuring meahs_for measuring a
15 temperature of said detecting portion and geoerating a
temperature signal' and
(ji'_ | a compensating means for making an adJustment to

effect a temperature compensation of the reference
voltage from said reference voltage generating means in
20 accordance with the. temperature signal from said

- temperature measuring means.

10. Thejserial printer according to claim 9,
wherein said compensating'means includes a meﬁory for
25 'storing a proper reference voltage corresponding to
| .each value of the temperature signal.
[
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wi th the novenent of the carriage. GEneraIIy, t he pul se srgna

peki od is on the order of O I mBec \— 10 KHz). The.clock-period.tg
be sel ected ranges fﬁgsngheetﬁa Be ghSec to seve aAHIHBYET Bay sLBN
100 KHz - seve ﬁock |rcurt 500 be REPLACED

I ndependent | y provide omever a CPU cl ock W ihin the
controller 319 is usa properly dividing the
frequency. 10 An AND crrcurt 522 takes a | ogi c product between

an out put of the D-FF 521 and an output of the clock circuit. The
result thereof is caunt atheweriEllPreintsd3 accordintpvtagckaia ebi@) er m ned
nunmber of bits. Counting continues for a duration of a Hi gh-state of
the pul se 15 whegiejmalsaidVimomppesE ting negns furthesn inel wdescasni 3/n!

is at the High level, the AND circuit 522 pernmts the cl ocks to pass
t her et hr ough. mva;mqrerfq;‘z:a/dbmrwerting the temperatire|stgnal f@en t he

| ogi ¢ of the pul se ignal is inverted, videlicet, when becom ng Low,
a a voltage and a D/A converter for D/A converting the

5 output signal from said memory.

12. The serial printer according to claim 10,

wherein said memory stores, per temperature, such a

voltage value that a difference between a high level
10 - width and a low level width of the pulse of the output

signal from said synchronous generating circuit means.

13. The serial printer according to claim 10,
wherein said compensating means includes an OP
15 amplifier for performing an amplification at a
predetermined multiplying factor to output a proper

reference voltage with inputting of the temperature

signal from said temperature measuring portion.

20 14. The serial printer according to claim 10,
wherein said compensating means includes a first OP
amplifier for outputting a predetermined multiplying
factor with inputting of the temperature signal from
said temperature measuring portion and a second OP

25 amplifier for effecting a differential ampliflcatlon at
the predetermined multiplying factor with inputting of

an output of said first OP amplifier and of an output

|




20 "cont ent e#—%he—eeuhte#—523—+s transferred to a D-latch circuit

50k having a pre et ed nunber of bits while synchroni zing with a
next | eadi ng edg “e out pgt through a_D-FF 524 and an AND

circuit 505. That n the pul se signal be¢orms sk w*aqﬁ~euLp t Q
of 25 t he D-F gh The output Q of {the ‘3‘”f“5 4

Is set Hi gh, and the next clock output is inputted
circuit 505 to a clock input of the DIlatch

43 507. As a result, the content of the counter 523 is
transferred to afiesdidaneastPIng portion. Thereafter, the content of the

counter 523 is cleared through the D-FF 524 and a negative | ogic AND

15. A serial printer comprising:
a carriage reciprocated on an apparatus'body:
5 : a recording means, mounted on'said carriage, for
recording while synchronizing with a movementhof said
~ carriage:; | | |
63. a ecale portion,-provided on_said_apparatus body,
_of a linear encoder; |
10 | a detecting portion, mounted.in said carriage, of
said linear'encoder, saidpdetecting portionhbeing intended
to detect a position of Said scale'portion; |
a comparing means for comparing a detectlng signal
from said detecting portion with a base voltage and
15 generating a pulse output;
a base voltage variable means for making the base
- voitage_variable:
a temperature measuring means for measuring a
temperature:of said detecting portion and generating a
20 temperature eignal;
a memory;portion-for.storing a_measured.result of
said temperature measuring means; |
a speed control means for controlling a carriage
moving speed on the basis of the pulse-outpuf-from Said
25 comparing means; and | _
| a duty ratio detecting means for detecting.a duty

ratio of the pulse output of said comparing means when

* [ L M S *




5 ‘circuit 506 when the clock output becones Low next. anely, as

stated above, when the pulrse sigua.—assunes , t he Low.l-evedr—an—atrt-put
Q of the D-FF 521 bﬂgpgﬂgé s Been RN @andzigence an ouli WIS%@WF 524
turns out Low. , when the clock qutput s1

Low, the output of tig m Ic AND circuit 506 beconmes Low.
This Low output is i ear I nput of the counter, thereby
clearing the counter 523. Hereat, a Low output- of the negative |ogic
AND circuit 506 is also inputted to a clear input of the D FF 524,
15. t hereby theacangisge oW ng?4peieskdecombse cordteanit of t he
D-latch circuit 507 is not therefore updated till t he next counting
action of the counter 523 is finished (till the pul se signal assunes
the Low | evel after the - end of the next counting action for a

Hi gh-period of 20 16.tWbepsesdadi grdinter Addorsiing ctovatlaimalbigh duty of
t.he pul se signal is thus neasured. Simlarly, a time-interval

of .a Low duty wreresn the base voltage of said comparing means is
5 . adjusted to_set the duty ratio substantially at 50% on
the basis of a detected result of said duty ratio

detecting means. |

17. The serial printer aocording_to-claiﬁ 16,
10  wherein said'temperatnre measﬁridg means measures a
temperature when adjustzng the base voltage of said
comparing means, and the measured temperature is stored

in said memory.

15 18..A serial printer comprising:
a oarriage reciprocated'on an apparatus.body;

f?- | a reoording means, mounted on said.carriage,-for
recording while synchronizing with a movement of said .
carriage; |

20 ' a scale portion, provided'oh_said apparatus body,
of a'linear_encoder;

a detecting portion, mouhted in said carriage, of
said llnear encoder, said detectlng portlon belng intended
to detect a position of said scale portion; and

25 o a synchronous signal generating means for
generating a pulse output as a synchronous signal by

comparing a detecting signal from said detecting

A




pul se signal is neasured through an AND circuit 509, a counter 510,

a RQ-FF 512, a negative logic AND circuit 25 513 an lLatch circuit
514. ThnisGaet A2 Be@Repldddd i S cag bl e of read AHISCSHARH 55 BEEN
of the D-latch C|rc d the | test Hi gh REPLACED

44 and Loy lmllgmuﬂmmnprval s of the pul se signals at '
arbitrary tim ngs. sinply obtai ned by the foll ow ng
formul a: Duty Ratio = High Duty / (H gh Duty + Low Duty) 5
G ven next is an explanation of a control nethod of restraining

fluctuations i compardungy a @etectingh@&ignal from Sadd detedting try
descri bed above. . _
portion with a reference voltage:; and
an initial adjusting means for effecting an
initial adjustment of the reference voltage inputted to -
5 said synchronous signal generating means, .
wherein said initial adjusting means includes a
speed synchronizing means for synchronizing a carriage
moving speed with a sampling period for sampling “the
output signal, a measuring means for measuring a value
10 of the eutput signal a predetermined number of times on
the basis of sampling after saiq_speed synchronizing
means has synchronized the carriage moving speed with
the sampling period for sampling the output signal and
a means for obtaining'the reference voltage by
15 averaging the values obtained from said measuring '

means.

:ﬂﬁ 19. The serial printer according to claim 15,
wherein said speed synchronizing means is constructed
20 to establish relational formulae such as:
Ts = Tpo / Zﬁ(nlis the integer of 1 or larger)

n =ke¢ 2" (where m is the same as m in the former
formula, and k is the integer of 1 or
larger) _

25 where T,, is the period of the output signal, Tg'is.the

sampling period, and n is the measurement number.

I ———
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To start with, a step-Lﬂ_é_QQMEL;EQ%ELEFe will be ~ expl ai ned. Wen
tugning ON the power source, the out put voltage of the DN A converter

314 is set to a ThipBlgerdtas Bith Righlced/al 8O Next, the T

wi t hout having any rec ' fjpg) action . execut egl
nonent, the duty ratio ”” 4’" si gnal out pu SLAGE
313 takes a proper .15 va Nt he pul se signal is outputted,

however, there is no probl em because of no influence being
exerted on the action of the position counter 315. .Subsequently, the
contents of the posatcsrnrdege aeciprocated on @an APparatustbedy:
predeterm ned interval. A carriage 20 driving notor is controlled by a

method such as PWW @ recorddmg gleans t maunted on rsald eanesege, afednst ant

Sspeed.

An execution of this action at a predeterm ned interval

i s easily attaFPeBraipg whidehsynchrnoniging wikh @ movement of§pddhg an
I nterrupt

A movi ng vel ocFR%TE

5

10

" 15

20

25

processingﬁLgnction of the CPU 25 within the controller 319.
be . ' B :
a scale portion,_provided'on said apparatus bbdy,

of a linear encoder;

a detecting portion, mounted in said carriage, of
said linear éncodér; said detecting portion being intended
to détéct a position of said scale portioﬁ;-and |

- a syhchronous signal'generating means fgr
generating a pulse output_as.a.syncﬁronous signal by
comparing a.defecting sighal from said_detectihg |

. portion with a refefencé-#gltage; and |

an initiai-adjusting meané for effectihg an
initial adjustment gf the reference'voltage_inputted to
said synchronous signél generating meéns, _

| whefein said initial adjusting means includes a
moviﬁg range blocking.means for partitioning é.carriage
moving range into bigcks aﬁd a reference vo;tage |
_calculéting means'for'calculating a reference voltage
per block subjected to the blgcking'process through

said moving range biocking means.

21. The serial printer according to claim 20,
further comprising a spéed_control neans for
controllihg-a carriage sbeed'before said ﬁoving':ange

blocking means partitions the carriage moving range

* c L N s o *




al so.calculated by dividing a difference between the - ant ents of the
coynter by an interval tine per ~45
i nterval . This Sheet HisiBgen R:8labed a di agr agshow ng a ' \
the carriage. As 5 he Figure, The carriage gr I
I ncreases the-ve ﬂﬁﬂumm]m“%n reachi ng an 5 ai red velocity, noves
substantially at a vel ocity. The carriage, after noving a
pr edet er mi ned di stance, gradually decreases the velocity and then
stops. Now, when the carriage reaches a constant noving velocity at a
significant |egohtrbleitidln chitriafe! epiddt) buficid isaild nicalisy ardge tine
and cal cul ates _

blocking means partitions the carriage moving rédnge

into the blocks.

5 22. The serial printer according to claim 20,
wherein said reference voltage calculating means
includes a measuring means for measuring a value of the
output signal a predetermined number of times oﬂfthe
'basis of sampling per block and a means for obtaining a

10 reference voltage by averaging the values obtained from

said measuring means with a sampling number.

23. The serial printer according to claim 20,
further comprising a printing means for effecting a
15 print for one line on the basis of the reference

voltage per block.

24. The serial printer according to claim 20,
further comprising a D/A converter for D/A converting
20 the reference voltage obtained from said reference
voltage initial adjusting means and inputting a
converted resuit to said comparing means of said

synchronous signal generating circuit.

-
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a duty ratio. Then, an output (reference voltage I nputted to the

compar at or 313) of the D/ A converter 314 is varied based on the
result thereof. If the duty rati o @@es not reach substantially 50%
in this state, 15 the duty ratio is re-cal cul ated__and the aoutput of

t he D) A converter 314 is varied. The steps descl THISOSHHEEIVEAS BEEN [ar e
repeated till the duty ratio cones to substantially REVLAGHREN t hg
duty ratio reaches substantially 50% the carriage 1s returned to the

home position. tFe a 'rc;@éggis tine, i.e., the output of the

A D con red in the RAM of the

controller 319. Not ter the
carriage has gone b§c%J%tqliatlhg’r“‘rsii'tnet'%Ier}toeIr %egrotz&tqﬁq‘?/ ax corécéﬁﬂ%"y&%' h% way,
the duty ratiog I g It BT WelyF-18

However , there |s no p&a“ﬁgﬁ i %ngnchronléir%g&etllga ﬁﬁ/ even |?f

cal cul at ed di sgr ga®rfage reciprocated on an apparatus body and

5 mounted with the recording means. A position of a
linear encoder is detected by a detecting portion. A
detecting signal from this detecting portion is
compared with a reference voltage, and a pulse output
as a synchronous signal is generated. A duty of this

10 pulse output.is adjusted to obtain a well-recorded

result.

is Sheet Has Been Replaced

T Mt



46 .- ~ Hence, there may be read the contents of the duty

detegcting circuit 316 together with the contents of the position
counter when effecting the interruptipn processi ng nenti oned above.
Further, as shown in Fig. 5 29, ff‘#s difficult to conpletely set
constant the novi ng velocity of the carriage. Accordingly, an

aver age val ue of the neasurenent effected several tines I s taken,

and an adjustnent is nade based on this neans value. This manner is

nore preferable than by 10 adjusting the reference voltage (output of
the DA converter 314) finely inputted to the conparator at the
duty ratio each tine. Next, the operation during the recording




(printing) action will be discussed. During the 15 recordi ng action,

t he_carriage al ways noves. Excepting a notion starting tine and a
notion stopping tine shown ~in Fig. 29, the carriage noves at the
const ant speed. Ther ef or e, durZﬁgﬁthis constant speed noving
I nterval, the adjustnent of the reference voltage is executed 20
each time the interruption processing is perforned. The duty ratio
of the pulse signal is thereby kept at substantially 50% At this
time, after the output of the D/ A converter 314 has been'varied, the
tenperature Is read and stored in the RAM of the controller. Note
25 t hat even when noving the ggnriage for reasons ot her : than the
recordi ng action, the sane stepsengy be conduct ed.
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Next, the operation during a standby status (e.g., - off-line) wll be

- explai ned. Tenperature information Is nonitored at a predeterm ned
interval. Wen the out put of the IYA converter 314 is changed, this
i's 5 conpared with tenperature i nBgdati on stored bef or ehand.
Then, if a tenperature difference is a predet erm ned val ue or
greater, a series of the sane actions as those executed when turning
ON t he power source are performed. 10 Figs. 30 - 32 are
fl.omcharts in which contents of the control expl ai ned above are
rearranged. Next, the contents of the contgpl |wi il jbe)expl ai ned
referring to ~ these flowharts. However, thi2 tengs o¢f .principa
actions have al ready been stated, and therefore onl ywlan 5 outline wll
be gi ven herein. Referring to Figs. 3Q é?z, B ér turning ON
t he ‘im 3 -~
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power source, the D/A converter 314 is set to the initial value

(step S101): Next, the carriage is noved (step S102), and there is a.
wait till the carriage 20 reaches a constant speed (step S103). After
reachi ng t.he constant speed,- a§/&%pl ained with reference to Fig.
28, the duty ratio is calculated (step S104). Judged i s whet her
the calculated duty ratiois - greater or smaller than or
substantially equal to 50% 25 (e.g., within a range of 50% 3% (step
S105). If | arger than 50% the output of the D/A converter 314 is
i ncreased (step S108). Wereas if smaller, the out put
48 of the DJA converter 314 is decreased (step S107):
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Thereafter, the action goes back to step S102. The steps S102 - S108
or.S107 are-hereafter repeated till the duty ratio cones to
substantially 50% 5 . In step S105, if the duty ratio is judged to
be substantially 50% the carrbgdd is returned to the hone

position (step S106). Subsequently, a tenperature is read by the A/D
converter (step S109) and stored in the RAM of the controller (step
S110). Note that the 10 carriage conmes to a standby state in the hone
posi tion. Judged next is whether an indication of the _
recording action is given or not, i.e., during the recordi ng action
or the standby status (step S111). In ‘the case of the recording
action, whether the carriage 15 noves at the constant speed“or not is

j udged (step ' S112). If not at the constant speed, actions of steps
S111, S112 are repeated till the constant speed is reached. \Wen
reachi ng the constant speed, the duty - ratio is calculated (step

S113). There is judged
FIG. 5
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20 whet her the duty ratio is |arger or smal l er than or : equal to
substantially 50% (step S114). |If larger than 50% the output of

the D/A-converter is increased (step S115). Wereas if smaller, the
output of the DA converter 3144, decreased (step S116).
Subsequently, 25 a tenperature of read by the A/D converter 318 (step
S117) and stored in the RAM of the control | er. (step _ S118). Note that
if the duty ratio is judged to be 49.
substantially 50%in step S114, the action returns to step S111.

If the carriage is judged to be in the standby status'in step S111,
the A/D converter 318 reads a ' _ '

FIG. 6
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S

s time and
pr edet er m ned
val ue, the 10
the predeterm

t i

there is a wai
S122). The dut
Next, there is
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substantially 50% In step S124, if the duty ratio is judged to

be\ _25 substantially 50% (e.g., within a range of 50% 3%, t he
carriage is returned to the hone p05|téon (step S125). Next, a
tenperature is read. by the A/D /bh 50
converter 318 (step S128) and stored in the RAM of the - controller
(step S129). Note that the carriage, is brought into the standby
status in the home position. (Tenth Enbodinment) 5 In
t he enbodi nent di scussed above, when the tenperature difference

| arger than the predeterm ned val ue is produced during the standby
status, the -
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carriage is, as can be understood fromthe steps S120, S121,
autopatically noved. However, sone cases may be 10 t hi nkabl e, wherein
thi § becones troubl esone. For ézi'ance, it is not desirable that
the carriage aut omatical ly st-ar ving when the user replaces an

I nk cartridge enployed for recording during the standby status. For
avoi ding such a trouble, -a possible 15 _oeasure is to change the design
so that the ink -cartridge is allo to be_replaged only for an OFF-
"tine of the power source. In sone cases, ver, 2uch S a measure can
not be taken depending on a construction | e. 20

Under such circunstances, in accordance with this enbodi-nent, an

i n-standby process is nodified as | ows. The controller 319

(0]

j udges, when trying to perform an &V t (e.g., a resunption of the
recordi ng action) to nove the garri age aext, mﬂfther o Bt the 25
carriage is to be moved. [|f not nmovedZ the|caBBilage &
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reverts to the standby status to prevent the novenent - of the
carrjage. Further, only when the carriage is to

51 be noved, a series of the sane actions as those when
entering the power-ON state are carri 8/ bht . Fig. 33 is a
flowchart in which the nodified contents of the control explained
above are rearranged. 5 Turning to Fig. 33, if judged to be the

st andby st at us in step S111, there is judged whether the event to
nove - the carriage happens or not (step S150). If t event

does not happen, .the action goes back to step S111. ~Wiereas if it
judged that the event happens, the AAD 10 converter 3 reads a
tenperature (step S151). \Wet her h
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or not a difference between the read tenperature of this tinme and

the_pead tenperature of the last tine is smal l er than a
predet erm ned val ue (step S152). If the tenperature difference is
smaller than the 15 predet er mi nelilfbkue, the action returns to step
S111. . If larger, the action proceeds to step S121. There is
hereafter conducted the control of the sane actions of steps S122 -
S125, S126 or S127 as those in the power- ON state. 20 In
accordance with this enbodi nent, the carriage in the standby status
is by no neans noved in an uncontkol | ed manner (i.e., as far as
t here happens no event to nove tK8 carriage as by a command of
recordi ng action, the action dggs2not proceed to step Si21 25
wherein the carriage is noved). It i gGtQerefore possi ble to prevent
t he troubl e which may take place s hen replaehrg—=Re i nk cartridge.
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52 - As discussed above, according to the ninth and

tenth enbodi-nments of this invention, the control to set the duty
ratio at 50%is conducted beforehand just when the carriage reaches
-the constant noving speed in the 512Adwer-ON state. Hence, the highly
accurate duty ratio 50% is quickly obtained. Even when shifting to
t he recordi ng action, the recording action can be easily

performed at the duty ratio 50% which gives a desirable printing

result fromthe beginning. Besides, there is 10 executed the control to
set the duty ratio at 50% at all tinmes when the carriage reaches the
const ant novi ng . speed during the recording action al 4o. .The duty.
ratio can be therefor% al vvayg<ept at 50% during thd -
’ . (<L)
> o >
- frr-" """ —T==7T7==" |
I
}
! Do .
| m ) R
! N
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wn | =Y
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recording.action. 15 Further, in consideration of a tenperature
characteristic (a change in the duty ratio due to variations in
tenperature) of the position detectin% circuit including the
magnetic head, if the tenperature - 13/&44difference increases even in the
standby state, the 20 control to keep the duty ratio at 50%i s

per f or med. Hence, it is feasible to maintain the duty ratio of the
pul se signal substantially at 50% at all times not only during the
recording (printing) action but also in the standby status. Wen
shifting to the recording action, 25 the recording action can be

qui ckly executed at the duty ratio 50% Besides, it is possible to
actualize the serial printer capable of obtaining an excell ent
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recording (printing) result in a w de tenperature range even when

the_tenperature fluctuates in the in-use process.
(El event h Enbodi nent) 5 An el event h enbodi nent of the present
i nvention wi || next be di scuss®/44 Fig. 34 is a block
diagramillustrating a configurational exanple of the circuit of the
seri al printer shown |n F| 1. Referring to Fig. 34, the 10
scal e portion of the nag gi/%encoder i s nmount ed in the

ody. The magnetic | i near
encoder includes a d ectlng portion 101 for detecting a relative

carriage and fixed t ara
e

carriage by detecting information which is

novi ng position of
magnetized 1§ eé . The detecting portion 101
i ncor porates Zagn tgcting ererents 102, 103
T i !
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£ A i
iR I : -
o3 B n P
TR &k T 6. 15 C. |
TEMPERATURE
VT b
F /G 758 T | Vo |Vs E
4
= Ti | Vo1 |Vs1] !
ggg Vo1 : T2 | Vo2 | Vs2 EDATA
E,EQ_. Vok| _! T3 | Vo3 | Vs3 | | STORED
Oy VOKHE-1-1-- - .1+ |+ | !INMEMORY
>@Z  Vonp -t oo -oror oo A I R
.-%tz b : : I : ’ ) i
Pz A : !
=2 o Do ! Tk | Vok | Vsk | !
2=t (R | 1t ! X
o= B : A I
Tl Tha T |1 ' 1t1}
TEMPERATURE Tn | Von|Vsa|
1 1
R J

FIG. 150
—\—h‘_\—‘—‘—l_

REFERENCE VOLTAGE

GIVEN BY
MEMORY DATA

T1TeTs Tk Tn
TEMPERATURE



consisting of MR elenents which act based on the magneti c resistance
effect. The detecting portion 101 Is al so connected to a carriage
substrate 5 (indicated 20 by a broken line in Fig. 1) nounted on the
carri age. This carriage subst i85 i ncl udes a constant current
circuit 104 and a differential anplifier 106 for differentially
anplifying respective signals detected by the detecting elenents. An
out put signal Alerr] (or 108) 25 is outputted fromthe differenti al
anplifier 106. A printer control circuit substrate 4 includes

an A/'D converter 132 for A/D ﬁrtij&\Ae out put signal
54 Alerr] and a conparatdr f eMerating a counter pulse A

Jh, T1 303
}
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(or 131) having a pul se waveform by conparing the out put si gnal
Alerr] with-a reference voltage. The printer control circuit
substrate 4 also includes a DDA 5 converter 134 for generating a

ref erence vol tage -V[err] (or. M6Ahldefined as an input signal to one
term nal of t he conparator 130 and a counter/tinmer 133 for counting
counter pulses A The printer control circuit substrate 4 further

i ncludes a CPU 135 for controlling 10 the system an EEPROM 136 serving
as a nenory device, a ROM 137, a RAM 138 and a CPU bus 139 serving
as a bus for data, addresses and control signals of the CPU 135.
Note that sone or the whole of the conponents surrounded with the
broken Iine may be incorporated 15 into the CPU 135. h Next ,
t he operation of the thus constructed circuit will be explained. The
magneti c detecting el ements 102, 103 are supplied with a constant
current via the constant current circuits 104, 105,
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20 respectively. Magnetic patterns are previously : magneti zed at

a-{ixed interval on the scale portion 501 (see Fig. 1), fixed to the
appar at us body, of the magnetic |inear encoder. \Wen the detecting
portion noves al ong the scal e ¥pfd&on 501, resistance values of 25
the magnetic detecting el enents 102, 103 vary. Variations in the
resi stance val ues are detected as fluctuations in voltage. After
being anplified in the 55
differential amplifier 106, anplification signals t hereof are
inputted to one input termnal of the conpar ator 130.
The out put -signal Alerr] transmFt/ﬁ f r?BtAe
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5 differential anmplifier 106 is a pseudo sine wave and t herefore
conpared with the reference voltage V[err] outputted fromthe DA
converter 134 in the conparator - 130. The counter pul ses A are
t her eby obtai ned as synchronou$8£ibkgnal s. The counter pluses A are
inputted 10 to and counted by the counter/timer 133. A count val ue
thereof represents a position of the carriage. Note that the CPU 135
controls the systemand transfers the data of the EEPROM 136, the
ROM 137 and the RAM 138 vi a the CPU bus 139. The CPU 135 al so
controls the AAD 15 converter 132, the counter/tiner 133 and the DA
converter 134. The CPU 135 further controls other functions (e.qg.,
an interface function to the host control over a variety of notors,
a printing action, etc.) of the serial printer. 20 As
di scussed above, the output signal Alerr] olptai ned fromthe
detecting portion of the maggetic |inear encoder i4 the pseudo sine
L=

wave. It is therefore S’,u\> A~

301
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required that the output signal be converted into the counter pul se
A expressed-by the digital signal (pulse 25 waveform by use of the

converter 130. On the other hand, the reference voltage V[err]
i nputted to the conpar ator enf19A4dkll for the conversion and conpared
56 with the output signal Alerr] is desirably an average val ue
of the output signals Alerr]. For this reason, an initial adj ust ment
is, it is required, nade so that the ref erence voltage V[err] becones
the average value of the 5 out put signals Alerr]. The
followng is an explanation of procedures for the injtial adjustnment -
of the reference voltage V[er|] ’
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with reference to a flowhart of Fig. 35. Referring to Fig. 35,
the_carriage starts noving 10 (step S221). The counter pulse fromthe
| i near encoder is not yet correctly outputted. at this nonment, and,
hence, the noving speed is unknown. AQQgudi ngly, there is previously
obtai ned the m ni mum torque by which to shift a | oad based on
mechani sm parts such as the 15 carriage and the guide shaft nenber.
The CPU i ssues a command to nove fthe carriage at a \Jelocity so that
t he carriage notion is mt so f&ask. Next, the outpuat signal s
Alerr] fromthe differenti al alﬁ ifierg 6 are .det§cted. Qut putt ed
to the DA converter 134 is suchja 20 digital value that the average
val ue of the output signals Alerr|] becones the reference: voltage
V[err] (step S222). Nextstrthe- eary+age +s—returred- o-the initi al
position (step S223). These s} epp S227iS223 are shown i nj Fig. 36A.

25 . Next, the content pf ptep $ZZ2Z=W || be expl ai neqg
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in greater detail with reference to Fig. 36B. To begin

nurber

57

signals Alerr]

n (an integer of 1 or
predeterm ned as a neasurenment nunber of the output

is initialized in the Ziptg er.
addition area Alerr] of Alerr]
Alerr]

taken in the RAM 138 (step
decr enent ed, and

S213).

Next ,

whet her or

| ar ger)

5

S212) .

Is cleared
iIs A/D converted by the A/ID

converter

Subsequent |y,
at the same tine, Alerr]
not the counter

If not 0, the action goes back to step S212. If the
the action proceeds to step [S215.

19

FlG. 22

with, the

Si nul t aneousl vy,

(step S211).
132 and thereafter
the counter is
is added to Alerr] (step
Is O is judged (step S214).
counter is O,
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Is, steps S212, S213 are repeated till the counter is zeroed. In

step S214, when the counter is zeroed, the carriage is stopped (step
S215). Subsequently, Alerr] is . di vi ded by the nmeasurenment nunber n
to obtain an 15 aver age val ue A[ez%yhgf Alerr] (step S216). Set next
in the ' EVA converter 114 is such a digital value as to
establish V[err] = Alerr] (step S217). Finally, the EEPROM 116
stores the digital value set in step S218. Incidentally, a
sequence of the initial adjustnment 20 of V[err] is normally perforned
once before delivering the serial printer fromthe factory. However,
I f the output Alerr] largely changes with a passage of tine, a
sequence of the V[ersr] initial adjustnent be i ncorpoerated in the
initializati gn sequehce after 25 tur rji g 9eN power | sour ce jwhen usgd.
As stated earjier, the digital val & or i n the|] EEPROM}i s set
in the D)A cpnverter]in the initializati epmje- ---- =
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58 after the power-ON process of the serial printer.

Next, the carriage is noved again (step S224). Subsequent |y, steps-
Si?g - S227 will be executed. These steps, however, forma carriage
- speed control 5 loop. To be spemyffg. the carriage speed is detected
(step S225). \Wether or not the carriage speed is synchroni zed is
judged (step S226). If not synchroni zed, the carriage speed is :
adj usted (step S227). The action goes back to step S225, wherein the
10 carriage speed is detected.once nore. \Wether or not t he
carriage speed is synchronized is judged again. Steps S225 - S227

are repeated till the carriage speed I s synchroni zed. Wen
synchroni zed, the @ction : =
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proceeds to the next step, i.e., step S228. 15 | Herein, the

cars i age speed adjustnent in step S227 I nvol ves a step of reading a
count val ue of the count pul ses A fromthe counter/timer. The
carriage speed is adjusted to @4y#4) i sh the follow ng relational
formul a 1 wherein a sanpling period T[err] of the A/D converter is
20 expressed in relation to a period of the output Alerr] of ~ the
MR el enment . T[err] = T[err] / 2[err] (mis the integer of 1 or
greater) oo (1 Note that Fig.
37 shows an exanple where the 25 relational fornmula 1 is established.
On this occasion, when T[err] is variable, only T[err] may _ be varied
to establish the relational fornula 1 wthout -
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changing T[err], i.e., wthout changing the noving speed of t he

caKkllage. . Next in step S228, Alerr] is nmeasured n-tines at a
Tlerr]- interval, thus calculating the average value Alerr]. This
5 step S228 is the sane as steps Spgri4 S218 which have al ready
been explained in association with Fi.g. 36B. _ It is, however,
" required that the neasurenent nunber n shoul d satisfy the foll ow ng
rel ational formula 2: n =k [err] 2[err]
: (2) 10 (where mis the sane as min the relational formula 1,
and j is the integer of 1 or larger): Fig. 37 also shows an exanpl e
where the relational fornula 2 is established. In the exanple of
Fig. 37, m= 2, k = 2, and n = 8o 15 The average val ue -
Alerr] of the neasurenent effected m n-tines is equal to a DC
conponent of Alerr]. For this P
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pur pose, sanpling may be effected at such a timng that

a phase of
ALEDT] Is shifted 180 degrees. It can be conprehended fromthe
exanple of Fig. 37 that values of 20 points 271 - 273, 272 - 274, 275 -

277 and 276 - 278 offset erro/44h respect to the DC | evel of
Alerr]. Then, finally the carriage is returned (step
S229), and the Vref initial adjustnent is thus conpleted. 25

(Twel ft h Enbodi nent)
di scussed with o

Next, a twelfth enbodi nent will be
reference to Fig. 38.gA sequence of the initial

60 adj uBd ment of the reference @ tage is the sane as that
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in Fig. 35. This enbodinent is applicable to a case . where the

sapling period T[err] can not be shorter than the period T[err] of
the output Alerr] of the MR elenent, i.e., the 5 carriage novi ng speed
can not be decreased. Videlicet, 27/4n error in the nmeasurenent
average value Alerr] can be reduced by nodifying the above-nentioned
rel ati onal ' formulae 1, 2 into the follow ng rel ational fornul ae _
(1), (2): 10 Tl[err] = T[err] (1 / 2+ mM (mis the integer of 1
or larger) ... (1) n =2k (kis the integer of 1 or
larger) ... (2") Fig. 38 shows an exanple when m= 1, k = 2,
and n =4. Values of points 281 - 282 and 283 - 284 offset 15

each ot her. As di scussed above, according to the el-eventh and
twel fth enbodi ments of this invention, the carriage novi ng speed is

of the A/D converter with

Ll
i =
-

synchroni zed wth the sanpling period
respect to the MR el enent

---------AIMED SPEED

|

FIG. 29
CONSTANT SPEED

|ee

VELO*E iTY



20 output. Added to the V[err] initial adjustnent seqUence S

thg/sequence of sanpling effected a given nunber of ti mes obtai ned
fromthe carriage noving speed and from t he sanpling period. The
counter pulse can be thereby opgArped, wherein the duty ratio is _
approximate to 50% 25 The variations in the counter pul se waveform due
to the passage-of -time change in the MR el enent output can be
restrained. A scatter in density as a result of _

61 recording by the serial printer can be thereby

restrained. (Thirteenth Enbodi nent)

FIG. 30
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Next, a thirteenth enbodi nent of this invention 5 wi Il be descri bed.

Fkgy 39 is a flowhart (V[err] initial adj ustnent 3) show ng actions

of a reference voltage Vlerr] initial adjusting nmethod in the serial

printer according to this invegyign. Note that the hardware of

the serial printer is the same as that shown in Figs. 1 10 and 34, and
- its explanation is omtted herein. . Turning to Fig. 39, the

steps (steps S221 - S229 shown in Fig. 35) of the V[err] initial

adj ust nrent 2 descri bed above are at first executed (step S231).

Next, a block nunber 1 is set, videlicet, the 15 bl ock nunber is
initialized (step S232). e cawifage starts noving (step S233).
The add counter of A[errF/@ _325 the addition area Alerr] are
initialized (step S234). : ubsequently, the A/ D converter measures
the voltage Alerr] (step 235). The add counter is increnented (1 is

20 added), and, besides, Alerr] is added to Alerr] (step S236). A
carriage position is detectef rough the counter/tiner

WAITING

OPERATION MODE ?

¥ S8
READ TEMPERATURE
AT PREDETERMINED
INTERVAL BY A/D
CONVERTER

TEMPERATURE
DIFFERENCE ; EREDETERMINED

N SMALLER

INCREASE D/A DECREASE D/A
OUTPUT . OUTPUT

L R

Y ST
READ TEMPERATURE
BY A/D CONVERTER YES
— Y 8123
S8 * CALCULATE DUTY RATIO
STORE TEMPERATURE |
INTO MENORY

5 5




(step S237). Subsequently, whether or not the carriage position
reaches the-next block is judged (step S238). Note 25 t hat. t he bl ock

herein inplies one unit when a carriage novi ng range i s previously
partitioned into bl ocks at an 3gygLval . The above-nentioned bl ock
nunber inplies 62 a
serial nunber put on each bl ock which is increnented as the carriage
noves. |In step S238, if it is judged that the carriage position
does not reach the next . bl-ock, steps S235 - S237 are repeated til
the next 5 bl ock i s reached. In step S238, if it is judged

that the carriage

FIG. 32

LARGER

'SMALLER
S127 | 8125
INCREASE D/A DECREASE D/A RETURN CARRIAGE
OUTPUT OUTPUT TO HOME POSITION

A 4

S128—~ READ TEMPERATURE
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S129~, < :
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position reaches the next block, Alerr] is divided by the
coynter to calculate the average value Alerr](step S239) .
digital value is stored in an area,

bl ock nunber,

of the

10 -

e carriage

add
Next, a

corresponding to the present
EEPROM t3j A4 Eli gital value being set in the DA
converter as the average value Alerr]in t

posi'tion

I ndi cated by the thus obtained present bl ock nunber, i.e., as the
ref erence voltage V[err] (step S240). 15 Subsequently, the bl ock numnber
is incremented, or in ot h erns, updated (step S241). Judged is
whet her or " not t ate ock nunmber is larger than the
predeterm ned final bl ock number™(= dividing nunber of carriage
position) (step S242). 20 In step S242, if it is judged that the
pr esent bl ock nunmber pg\not |arger than the final block nunber,
steps S234 - S242 are repeat till the present bl ock nunber becones
| arger than the final block ngnber. In this manner, the average
value Alerr] per block is stofed ' '

3115\\ !

OPERATION MODE 2

CONSTANT SPEED ?

$

WAITING
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OUTPUT
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y

READ TEMPERATURE
BY A/D CONVERTER
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25 I n each corresponding area of the EEPROM Then, in step S242,

I f-Jdt is judged that the present bl ock nunber is |larger than the
final block nunber, the - 63
carriage stops (step S243). The carri 3@¢4ils returned tothe initia
position (step S244). - . Next, the actions shown in the fl owchart
of Fig. 39 will be i elng.to-a timng.chart of 5
Fig. 40. Fig. 40 is a ti '¥@r€ha+P—ShGNH%} ——————— 444@$+9nshkp< of the
carriage position versus fhe e bre
differential anplifier 106 = th I de I efere1ce voIt ge Vierr]
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conponent of Alerr], an ideal counter pulse A(a) in this 10 I nstance, a

coynter pul se A(b) when the average val ue of Alerr] in the entire
carriage noving range is V[err] and a counter pulse A(c) when an
i n-bl ock average value of Alerr] 33/, Vierr]. This enbodinent presents
a case where the - carriage noving range is partitioned into four
bl ocks. 15 In step S231 of Fig. 39, the counter pulse A can
be, though it does not take an ideal waveform as shown by A(b) in
Fig. 40, obtained enough for bl ock partitioning of the carriage
position. One bl ock may be set well longer than a period (e.g., 360
dpi) of the 20 ~counter pulse A A positional accuracy of a block
boundary nay al so be set consi derab wer n a carri-age position
detecting accuracy needed during t (! ) nting process. Accordingly,
the counter pulse A at t he end of step S231 nay not be so accurate.
25 The bl ock nunber is initialized in step 8232 The
carriage starts nmoving in T Step o234,
(" INITEAD ADJUSTAENT OF vref
| y 5221
START CARRIAGE MOVEMENT
| y ~$222
. Ao DETECTION/Vref CALCULATION -
ﬁ y 5223
RETURN CARRIAGE
Y 5224
START CARRIAGE SYNCHRONIZATION
MOVEMENT
—Y 5225
DETECT CARRIAGE SPEED

CARRIAGE
SPEED SY&PHRONIZED

YES

ADJUST CARRIAGE SPEED
l'

v .

Ao DETECTION/Vref CALCULATION |~S228

v 5229
RETURN CARRIAGE




A and the.addition area Alerr] are initialized. In steps

64\ . S235 - S238, Alerr] undergoes periodic sanpling till the
carriage position exceeds a range of the present bl ock nunber, and
an addition thereof is applied to A[e§§] The Alerr] average val ue
Alerr] in the present block nunber is Kﬁé‘ 5 obtained in step S239.

In step S240, a digital value Is stored in an area, corresponding to
t he present bl ock nunber, of the EEPROM this digital val ue being
set in the DA converter for attaining Verr] = Alerr]. The bl ock
nunber is increnented in step S241. The present 10 bl ock nunber is
conpared with the predeterm ned fi nal bl ock nunber (4 in the

enbodiment in Fig. 40) in step

 FIG. 36A FIG. 368

(iINITIAL ADJUSTMENT OF Vrefj) o (:Ao DETECTION/Vref CALCULATION :)
| | S
_ S0 COUNTER « n
. START CARRIAGE MOVEMENT Asum 0
* y $222 (3 $212
Ao DETECTION/Vref CALCULATION [~ ~ A/D CONVERT VOLTAGE Ao}
] t — 213
5223 COUNTER « COUNTER -1
RETURN CARRIAGE Asam  — Asum + Ao

A 4 NO
(' RETURN ) COUNTER = 0 ?
. | | $214

5215
STOP CARRIAGE
7
$216
Aave — Asum/n 4 :
' ¥ 5217
SET D/A CONVERTER OUTPUT Vref |
0 Aave
y 5218
Vg
STORE D/A CONVERTER DIGITAL
INPUT VALUE TO EEPROM




S242. \When the present bl ock nunber does not exceed the final block

qg? steps S234 - S242 are repeated. The digital value set in the
D/ K converter is therefore 15 sequentially stored in the EEPROM wth
Alerr] average val ue in each being Merr]. After the V[err]

di gi'tal val ues in all the blocC ave conpl etely been stored in the
EEPROM the carriage stops in step 8243. The ‘carri age is returned to
the original position in step S244. 20 In Fig. 40, (c) shows the
counter pulse A when V[err] is varied stepwi se in accordance with
the carriage - position so that the in-block Alerr] average value is
V[err] This is approximate to the ideal waveform A(a) as

value in the entire carrlage Further, the nunber
of bl ocks may be set to an ptl val ue dependi ng on an anmpunt of
fluctuation in

conpared Wi th the waveform A(b) vvhen V[e’r-? is the Alerr] 25+ average

Ts  Ts  Ts | Ts | Ts | Ts | Ts

273 274 277 278

TAC

281 | 283

TAO



65 t he DC conponent of Alerr] as well as on an allowance of the

areas in the EEPROM For instance, if the anmount of fluctuation in
t hé DC conmponent of Alerr] is large, and when there are sufficient
enpty areas of the EEPROM the 5 er of blocks is preferably |arge
(finer blocks). In general, the"blocks are arranged preferably at
equal spacings but may be, if there is sone all owance for.
areas of the EEPROM- arranged at unequal spacings. In° this case, it
is required that the I ag sition at 10 t he bl ock boundary be al so
stored in the EEPRCNF%nEiis‘E?g? Is effective in such an instance that
t he DC conponent of Alerr] locally fluctuates. _ Next, the
printing action in the thirteenth enbodi ment of this invention wll
be explaineq W/t INITIAL ADJUSTMENT 3 )

¥ _ 5231

Vref ADJUSTMENT 2
Y —— 5232
BLOCK NO. « 1
Y - $233
START CARRIAGE MOVEMENT _

”
g

A 4

COUNTER < 0 | ~S234

Asum — 0
>
Y 15235
A/D CONVERT VOLTAGE Ao
' ¥ 5236
COUNTER <« COUNTER +1

Asum «— Asum + Ao

Y 8237 |
DETECT CARRIAGE POSITION

NEXT BLOCK ?

5238
Aave «— Asum/COUNTER T
Y- -S240 |

STORE D/A CONVERTER DIGITAL
INPUT VALUE TO EEPROM

I - |
S241 $243
BLOCK NO. « BLOCK NO.+1 R v S
STOP CARRIAGE
NO _ ¥

BLOCK NO.> LAST BLOCK ? RETURN CARRIAGE

A~
S242 S244
YES RETURN




15 reference to Fig. 41. As stated above, the carriage nmovi ng

range i s partitioned into blocks, and the reference voltage V[err]
is set per block. The printing action corresponding thereto is
accordi ngly needed. Fig. 41 is q/Ehpmchart showi ng printing for one
line in 20 such a case. In this ?Iomchart, steps S251 - S252 and _
steps S258 - S260 are added by way of the thirteenth enbodi nent of
this invention. O her steps‘gye t he sane as those shown in Fig. 36A
Paying attention to Fig. 41,,in step S251, 1 is 25 set as a bl ock
nunber, i.e., the block-unber is < initializedo In steg S252, the
ref erence voltage V[errt% wJ coFFesponding to t& bl ockerdnber 1 is set
in the DA v 3 o wfi “w
o <X v w O
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In step S253, the carriage starts noving.

ly,

converter.

speed is set at a predeterm ned velocity
S254 - S256. More speci fi cal

step 5 S254.

S256. The action thereafter goes -

S256 are repeated till 10
Subsequent |y,

posi tion.

Next in step

in accordance with

(' PRINTING OF 1 LINE )
)

the carriage speed is

S258,

ver the bl ock
t.he bl ock number.

DETECT CARRIAGE SPEED_

$251
BLOCK N0. « 1 d
— —— 252
SET Vref CORRESPONDING TO
BLOCK NO.
. r — 1§25
START CARRIAGE MOVEMENT
' 8254

PREDETERMINED SPEED ?
5265

NO

YES

. CONTROL CARRIAGE SPEED

-§256

]

The carri age

in a loop formed by steps

I f not t he

the carriage speed is detected in
Whet her or not the3gA4hi age speed is the
predeterm ned velocity is judged in step S255.
predeterm ned vel ocity,

controlled in step
back to step S254. Steps S254 -

the predeterm ned velocity is reached.

in step S257, printing is effected in a predeterm ned
the carriage position is
det ected. Steps SZF?/QSZGé_Zre to detect which block 15

now exi sts and tor . i boundary,
"vol tage V[err]

the carri age
the reference

¥ $257
PRINT S
‘ i
$258
DETECT CARRIAGE POSITION [
| $250
YES
8260
BLOCK NO. « BLOCK NO.+1
Y 5261
SET Vref CORRESPONDING [
TO BLOCK No.
NO
END OF 1 LINE 2
5262
5263
STOP CARRIAGE
y o 5264
RETURN CARRIAGE
—3
. $265
LINE FEED d

.



Next in step S262, whether one-line printing has been finished or
nQt is judged. If not finished, steps 20 S257 - S262 are repeated.

Whetfeas if finished, the carriage stops in step S264. Aline feed is
per f or med in step S265. 39/4L4 Note that steps S251, S259, S260
in the fl owchart of Fig. 41 may be nodified as below in the case of
25 bi directional printing. Step S251: Bl ock nunber [err]

Bl ock number corresponding to .

67 the present carriage position.

Step S259: Previous block ?
BLOCK n <——BLOCK n+1

FIG. 42A e
FIG. 42B fowe "
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Step S260:. Bl ock nunber

[err]

stepw se variation in V[err]

Fig. 42A, abrupt and
pul se A

converter a plurality

f

In this case,

tinmes

at the

Bl ock nunber
5 bl ock boundary is,

causes a generation of noises in the counter
as showgQia4Fi 9. 42B,

V[err] can be nede noderate by perform ng the setting I n
separately.

-1

10

Incidentally,
as shown in

the variation in
the DA
(Fourteenth

a

Enbodi ment ) r_A_meuuﬂouLenthLnenL_LQL4muJHJJKLjEEQLQLDQ to
this invention will bg: 43. Flg 43
Is a circuit block di enbodi ment. The cn cui t
shown in Fig. 43 15 |; 142 in cont ast
W th the circu i conflgura I ons
are the sane, and henge e | jo expla ationlis centered of the
data selector 142. The éj popfi s relatfve tgjo ther conflguratlé S
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are omtted. D) A converter set data for a plurality of bl ocks

which have been witten fromthe CPU 135 are selected by the data
selector 142 in accordance with a selector signal 143 comi ng from
the counter/tinmer 133. The % hgd data are set in the DA
converter 134. The correspondi g? carriage-position setting of
V[err] can 68 "~ be thereby
conduct ed wnthout increasing a load in terns of software, i..e., in
accordance with the fl owhart excl usive of steps S251 - S252 and
steps S258 - S261 in the 1-line printing flowhart of Fig. 41. 5
The digital data of V[err] in each block which is
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obtained in the enbodiment of Fig. 39 is previously set in the data
sehector 142 before the printing action as an initial state before
the printing action. Si mul t aneously, the counter/tinmer 133 is
connected to 10 the data sel ect o214, whereby the carriage position
counter data for high-order several bits corresponding to each bl ock
are transferred in the formof the. sel ector signal 143 fromthe
counter-tiner 133 to the dat a et pr 142, For exanple, when the
division 15 nunber of blocks is setJfo #, two or three bits may

suffice for the selector signal 143 When tthe carriage noves

after entering the, printing ion, the carriagdq position counter
Wi t hin the counter/timer 133 couyfls pp and down § 20 a
correspondingly, with the result th e skl ector signal 143

144 indarted to the DA
 he] dat a sel ectlor 142. Note that

changes. An itemof V[jerr] digital
converter 134 is changed over by
t he data sel ector 142

—

303

L

I

302

L |

FIG. 458



may be so constructed as to be capable of storing a 25 plurality of

Items of data, selecting one itemof the data with the aid of the
sel®Cct or signal and outputting it. Accordingly, an arrangenent may
be taken, wherein 43/414 69 t he
data sel ector involves the use of, e.g., a dual port RAM and the
sel ector signal is connected to an address of one port.

Further, as depicted in Fig. 42A, in a case where 5 a stepw se
variation of V[err] at the bl ock boundaryT's abrupt and induces a
generation of noise in the counter3(3 ._huhgg_ﬁ, an out put- 140 of the DA

converter 134 may be inputtgd via a ljowpgss filter (unill.ustrated)

to‘the l:vqgﬂpayg?qullo._fj | : ‘lf

FIG. 46B

FIG. 47
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10 . As di scussed above, there is provided the software for
preV|oust -measuring and storing the reference vol tage V[err]
conyrespondi ng to the carriage position. Provided also is the
software or hardware for selecting t4,in real time the reference
voltage V[err] stored 15 correspond‘ng to the carriage position during
t he printing action. It is therefore possible to obtain t he
counter pul se exhibiting the good state over the entire carriage
novi ng range and defined as an out put of the conparator. This is
attai ned even when the DC 20 conmponent of the output of the
differential anplifier which is inputted to the conparator largely
vari es due to the carriage position. ;Consequently, the carriage
position detecting accuracy can be inproved.f A - resultant quality of
recording by the serial printe 25 can he al so aneli orated.

Furt hernore, the wavef orm of tfe count er pul{se can be approxinmate to

, . m
t he ideal waveform when th%g%‘yD S

(

FIG. 49A
FIG. 498



70 ratio i s

)

differential anplifier,

50% A suff|C|ent

proélded agai nst the passage-of-tine change in the

t hereby nmaking it

allowance is therefore
out put of the
possi ble to reduce a

degree of decline in the printing: 5

quality with the passage of tine.

This inplies that a

frequency -ofsexecuting the initial

adj ust nent

sequence of the reference voltage V[err] may be decreased. A

user's feeling in operation is inproved. It is apparent that,
in this invention, a wide 10 SERIM: FARINTBRrent wor ki ng nodes can be
formed based on the invention wthout deviating fromthe spirit and
scope of the invention. This invent ARSTRAGG

A serial printer for performing a record through
a recording means while synchronizing with a movement
of a carriage reciprocated on an apparatus body and
‘mounted with the recoding means . A position of a
linear encoder_is detected by a detecting portion . A

detecting signal from thig.dgtecting_portion is

U
compared with a referenec voltage, and a pluse output
as a synchronous signal is generated. aduty of this
pulse output is adjusted to obtain awell-recorded
result.

/
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restricted by its specific working nodes except being limted by the

A0

appended cl ai ns. -71- What is clained is: 1. A eﬁgg f&%#ﬁﬁﬁ@gﬁﬁ

conpri sing: a cariage reciprocated on an apparatus body; 3
nmounted on said carriage, for recordi ng while synchroni 3

ing with a
novenent of said carriage; a scale portBan, provided on {sdi d]4ppaN309p
body, of a | i near encoder a detecting portion, nounted ijn|said carri age,
of said | i near encoder, said detecting portion for detedting a position
of said scale portion; a synchronous signal generating nedns_for generating
a pul se output as a synchronous signal by conpar- ing a detecting signal

fromsaid detecti ortion with a reference voltage; and an adjusting
neans for adjuégﬁﬂgégld9§¥1§§—Pﬁ§9§9§¥§§- out put when the duty of the pul se
out put gener at ed nchrono

fluc-
tuat es, wherein saig ﬁéﬁhgﬁlﬁﬁlﬁggﬁs %ﬁ? eneratln‘fﬁgﬁﬁix°¢ﬁhyaratio

of the pulse OEéBHEdQSBeh%%%% %%13%'%ynchronizing with a movement of

a carriage reciprocated on an apparatus body and

5 mounted with the recording means. A position of a
linear encoder is detected by a detecting portion. A

detecting signal from this detecting portion is

compared with a reference voltage, and a pulse output
as a synchronous signal is generated. A duty of this
10 pulse output is adjusted to obtain a well-recorded
result.
FIGURE 2
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0 67350

synchronous signal generating nmeans, cOmes tg 50% said adjusting nmeans
i ncl udes a counter for output- ting a sighal having a duty.ratig 50% by

sai d syrnchronous signal generating neaps, ntjer hnekudesqaa_ f
frequency divider neans for effecti. a_ leflj fregeeney % S|on of “t'he
pul se wave- form of the output signal“comng fromsaid syp- 25M8R51997
si gnal generating neans and outputting a first signal haﬁ a pul se
width for one period, a second signal generating neans fgr generating a
second signal at a timng which is one-half of the pul se t-h—of_the

reasuri ng a wavel ength of a waveform of qﬁg BEER generatedr@ﬁg
PR ¢

first signal when the first signal is at high and IOM/IeveIs a third
si-gnal generating means for generating a third signal at a Ieadlng edge
timng of Smsiﬁiﬂﬁﬂpﬁiﬁﬁﬁﬂ at the high level and trailing edge timng of
the first signal at the low Ilevel and a fourth signal generating nmeans

for gen- er AESTRACES GF ST bIstrogwrEluty ratio 50% a fourth si gna

having a pul se width corresponding to an i nterval between the second and
third signals on . A lseidisl printde fdirpepforhingta segoztlsthrough a
-72- fromsaid second and third signal generating neans.
recording means while synchronizing with a movement of
a carriage reciprocated on an apparatus body and
5 mounted with the recording means. A position of a
linear encoder is detected by a detecting portion. A
detecting signal from this detecting portion is
compared with a reference voltage, and a pulse output
as a synchronous signal is generated. A duty of this
10 pulse output is adjusted to obtain a well-recoxrded

result.

FIGURE 2
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2. Ase€rial”printer conprising: [err] carriage ré%fg}éé73%d“gn an
appar atus body; [err] recording neans,
‘recording while synchronizing with a novenent of said carrijages
portion provided on said apparat us quy of a Ilinear encod¢r] a detectlng
portion, nounted in said carriage of 'said |inear encoder, aid 18t |
portion for detecting position of said scale portion; a syn¢hronous

signal generating neans for generating a pulse output as a synchronous
signal by conpar-- é&ﬂg a d tectlng signal from said detecti '
a reference voltag ﬁ Hsting.means for adjusting.a-duty of the

pul se output whenls pﬁmtcméompras;ngut put generated by said

synchronous si gnal a@ﬁtngumxpmzxed loxcan apparatis rein said adjusting
neans includes an abgesordigg feans,’ giowtred! ongsaidhcairidge/eforwi dth and a | ow

| evel width of the pgé &g‘.d;ﬁ
detecting a di fferengg ﬁg&é R
count value of the eve W dth of the.pulse obt ai ned by
sai d observing maaﬁs‘cé% TROR BT dﬁ& 5 @ﬁ%‘écf{?@asi"éﬁm and a
control neans for bﬁ%FﬂP‘H@eiﬂhe reference voltage on the basis of the

di fference val ue sgietectingrporitions snduntedstd saidecarriage; ofigaideans. 3. A
serial printer conprlstagencederssaid@etectivigoportioe forodeteotiagpar at us body;

a reﬁor di ng maa_nsh g segogrbfs_@jdis@ﬁyi,@ﬁg@nfor recording while ded
synchroni zi ng wit ﬁ’:&ﬁns S&ilrarpg  tion, provide
on said apparatus K?gtziiﬁp t%;gsglrsg%n zrfbus sxgn:ﬁ)y com:aarg-
mg 2 detecting signal from said detecting portion
with 2 reference voltage; and
an adjusting means for adjusting 2 duty of the pulse
output when the duty of the pulse output generated
by saad-svnchronous sxgnal generating means fluc-
tuates,
wherein said ad_;ustmg means effects control so thata
duty ratio of the pulse output- generated by said
synchronous signal geoeratng mez2zs comes 0
50%, |
said adjusting means includes a counter for output-
ting z signal having 2 duty ratio 50% by measuring
a wavelength of a waveform of the pulse output
generated by said synchronous signal generating
means, and
said counter includes 2 frequency dxvxder means for
effecting a 4 frequency division of the pulse wave-
form of the output signal coming from said syn-
. chronous signeal generating means and outputting &
first signal having a pulse width for one period, a
second signal generating means for generating 2
second signal at a timing whick is one-half of the
- pulse width of the first signal when the first signal =
is at high and low levels, a third signal generating
means for generating a third signal at a leading
edge timing of said first signal at the high level and
trailing edge timing of the first signal at the low
level and a fourth signal generating means for gen-
erating, as a signal of the duty ratio 50%, 2 fourth
~signal having a2 pulsc width corresponding to an
mterval between the second and third signals on
the basis of the tlnrd and fourth sxgna.ls coming

Wit Wr"%‘ﬂ?ﬁ pfreans for
ez; count val Ue 0?1 ﬁ%hl g?]zﬁl evel width and a

nounted on said car 'REH_ACEM‘ENT SHELT -



a detecting portion nmounted in said carriage of said |inedr @P@L%ﬁ;ma&gl

detecting portion for detecting a position of said scale gdo

ceT

synchronous signal generating means for generating a pul 4ejoutput as a

~ synchronous signal -by conpar - ing a detecting signal from gai iQqRileedgNg
portion : -73 - =72- with a referenc woltage and a
adj'usting neans for adjusting a duty of the pul se out puf WRENM Tty
of the pul se out generated by sai d synchronous signal generating neans
fluctu- ates whg_ ein sal d adJ ustin n'eans includes a power inte-
grator for integra abdgenemdmgeen the high
| evel .wi dth and thmd:zm I eveI W dth of the pul se of the output signal
and a volt- . age 9 respective voltages = obtai ned
by sai d power int egfg\ng%&%lgﬁgﬁﬁy di fference t herebetween, and
the reference vol t&g@-mangreElH Bﬁ an AR EPHRL %boayfference out put from

sai d vol t age conpamafesiording Aneans, smoynted con. ¢8ithreasrings, £0€arri age
reciprocated on an apgarding whiltsynchronizing witheaevementofd on sai d

carriage, for recgi@%bl e synchronizing wth a novene
carri age. a scal e pebhlePortiP PVl b &itt ARALAI Soly Wf a
linear encoder;
a detecting portion, mounted in said carriage of said
linear encoder, said detecting portion for detectmg
~ position of said scale portion;
a synchronous signal generating means for generating
a pulse output as a synchronous signal by compar-
ing a detecting signal from said detecting portion
with a reference voltage; and
an adjusting means for adjusting a duty of the pulse
output when the duty of the pulse output generated

nt of sai d
of a

by said synchronous signal generating means flec-

tuates,
wherein said adjusting means includes an observing

means for counting a high level width and a low

level width of the pulse of the output signal, a
detecting means for detecting a difference between

a count value of the high level width and a count
value of the low level width of the pulse which are

obtained by said observing means and outputting a
difference value signal and a control means for
controlling the reference voltage on the basis of the

difference value signal transmitted from said de--

tecting means. :
3.A senal printer comprising:
a carriage reciprocated on an apparatus body;
a recording means, mounted on said carriage, for

recordxng while synchromzm g with 2 movement of

~ said carriage;
a scale portion, provided on said apparatus body of a
linear encoder;

a detecting portion mounted in said carriage of saxd K

Iinear encoder said detecting portion for dctcctmg
a position of said scale pomon
" asynchronous signal generating means for generating

- a pulse output as a synchronous signal by compar-

ing a detecting signal from said detecting portion

||I||II| 0 A ll IIII




| i near* encoder; a det
| i near encoder, said
scal e portion; a sync
pul se output as a syn
fromsaid detecting p
filtering nmeans for f
synchronous signal ge
i ncl udes a pul se ge

edge timng and a trailin

n
AipSHoE uﬁﬂ ng
d seméﬁybﬁ@m@ ai ﬁ%*gmp#lssrml @eatpdbyg o "

sai d synchronous sign
t he pul ses from sai

ecting portion, nounted in sald carrlage - of sald

detecting portion for detecting a pest

hr onous si gnal generating neans for gbngﬁpéﬂﬁ@u'*‘

(G e] '~-
&

chronous signal7dwy conpar - ing a defegting si gnal ™

ortion wth a reference voltage; an
iltering noises having a possibilit

i3 rqqas'e 997

enter sai d

a4

ner - ating nmeans, wherein said nois

V) D<o

|1Lc1|r|g e

at a | eading

negaty agre?éﬁeﬁeewlqgeg%ar ating pul'se

| at chi ng and out putti ngsmﬂesmnhg'anous grgnalfgmmm meaps fluctous si gnal

generating means at a rags of -

5. Aserial printer CouRéfedi 36id adﬁsﬁﬁgargeaﬁsemomﬁae@hepbwaraﬂteapparat us

synchronizing with a

‘body; a recordi ng neans e%yr}t& n%rﬁahg éiééfﬂ@%wézofor a' Héf égl ng while

no

carriage; a §cal e poerdth lbzel}egse g gﬁggﬁﬂmm‘éﬁd ol

age comparator for comparing respective voltages
obtained by said power integrator and outputting a
difference therebetween, and the reference voltage

is controlled based on the dlfference output from

said voltagc comparator.

' 4. A serial printer comprising:

a carriage reciprocated on an apparatus body, .

a recording means, mounted on said carriage, for
recordmg while synchronmng with 2 movement of
said carriage;

a scale portian, provided on said apparatus body, of a2
Iinear encoder;

sai

a detecting portion, mounted in said carriage, of said
linear encoder, said detecting portion for dctecnng -

- a position of said scale portion;

a synchronous signal generating means for generating

2 pulse output as a synchronous signal by compar-

ing a detecting signal from said detecting portion

with a reference voltage; and
a noise filtering means for filtering noises having a
possibility to enter said synchronous signal gener-
. ating means,

wherein said noise filtering means includes 2 pulse

generating circuit for generating pulses at 2 leading
edge timing and a trailing edge timing of the output
. signal coming from said synchronous signal gener-
ating means, 2 delay circuit for delaying the pulses

- . from said pulse generating circuit and a circuit for -
* latching and outputting the output signal from said

synchronous signal generating means at a rise of
. the delayed pulse from said delay circuit.

5. A serial printer comprising:

a carriage reciprocated on an apparatus body,
a recordmg means, mounted on said carriage, for
‘record mg wh:.le synchronmng wzth a movement of

HIIIIIl I lllll II |II|

omng Trom

d

the del ayed pulse fromsaid delay circuit.



| i neatr encoder; a detecting portion, founted—msard carri of said.

| i near encpder, sai d detecting portion f% L&ﬁ&hé&ﬂkeplaceda oﬁEPLAﬂEMﬂNTs&HE;[T
scal e portion; -a reference voltage gener r ggngrattny—=
reference vol t age; a synchronous SI gnal ’Em“ﬂﬂﬂl ns flor iBe tl%

a pul se output as a synchronous si gnal g aldgte NI@-
signal from said detecting portion vm th a reference vol tlagefromsajd
ref erence vol-t- agaidgeamiage; ng neans; a tenperature asuring neans
for neasuring a temscalep@fﬁburﬁrdﬁzdedldhsﬁﬁewwd 0

a tenmperature si gpgl eft compensating means for making an

adj ustnent to ef f r'a 0 f th

vol tage from said r@f%&gﬁﬁg ?é%ﬁ{?kgﬁgf%ﬂi%d &hr E Q Sfﬁﬁgg
the tenperature signa mear encgdes detasding Poeion ferdelestinga
serial printer accordarppsition|ofi said scalecpertionsai d conpensati ng

i ncludes a nmenory f arrefér@nced/al emdhgrmemﬂm%wamgm
each val ue of the tenp@gé\éﬁ@@‘,@q : 7. The serial printer

Certor ol & D &ﬁ?éﬁ*ﬁ%ﬁéﬁ é%éﬁ?ﬁ?‘gr éﬁ’%ﬂ%@‘%ﬁ f‘ﬁﬂl
converter for D/ A con é? & Quippt r

serial printer accord%&@@%%@&h&@rﬁ%|®t¢@ﬁgp@@ﬂe
tenperature, such a vwitingerefetencecooitage dromngrid aeferdncé araitrc

high level width and g é@gnleegﬁﬁ \whéidy. of the pul se of the out

fromsaid synchrono gﬂgﬁiksf !
according to clai mé e%_aetr el 3 ?dgt%r&%nsa o-ener l!m &S

anplifier faor
- temperature signal; and
a compensating means for making an adjustment to
effect a temperature compensation of the reference
voltage from said referemce voltage generating
means in accordance with the temperature signal
- from said temperature measuring means.
. 6. The serial printer according to claim 5, wherein
said compensating means includes 2 memory for storing
‘2 proper reference voltage correq:ondmg to each value
of the temperatare s:gnal

7. The serial printer according to claim 6, wherein
said compensating means further includes an A/D con-
verter for A/D converting the temperature signal as a
voltage and a D/A converter for D/A converting the

output signal from said memory. :
8. The serial printer according to claim 6, wherein
said memory stores, per temperature, such a voltage
value corresponding to a difference between a2 high

rence
cordance with
ns. 6. The
means
spondi ng t.o
according to
D con-
and a DA
y. 8. The
S, per
e between a
put signa
printer
an- OP

. level width and a low level width of the puise of the .

. output signal from said synchronous signal generating
circuit means.

9. The serial pnnter according to claim 6, wherein
said compensating means includes an OP amplifier for
performing an amplification at a predetermined multi-
plying factor to output a proper reference voltage with
inputting of the temperature signal from said tempera-
ture measuring means.

. 10. The serial printer accordmg to claim 6, wherein
said compensating means includes a first OP amplifier
for outputting a predetermined multiplying factor with
inputting of the temperature signal from said tempera-

l* ¢ L M S *




perform ng-:an anplification at a predetermned nulti- plying factor to

output a proper reference voltage with inputting of the tenpgr I E@N&ype
fromsaid tenpera- ture nmeasuring neans. 10. The serial pr @é‘*ﬂﬂgﬁfi‘mm ng T
to claim®6, wherein said conpensating nmeans includes a first anplifier
for outputting a predeternined multiplybag factor with input{i g Pi Xhe1?97

tenperature signal fromsaid tenpera- -75- 3§

ture measuring means and a second OP anpllfler for effecting a
differenti al arrpllflcatlon at the predeter- mned nmultiplyi ith.

i nputting of an Qui-@qﬁ nfkanisr &id @Pserarld OPramplifier for out put of sai d
measur- ing Meangecy 1; tial BhpRficatis W&ﬁé%demﬁ carriage

rect procated on gl @P&lﬁ@%.%‘% i8R oot of

nt of

said carriage; sgdsv,g%gmaﬁdlm:ﬁ@éfdﬁcbmpumfdaﬂbmm body, of a
a

li near encoder; ° cting portion, nounted in said carriage, of said
| i near encoder, s

sai d scal e portlon S gﬁ#ﬁg 5# T cog‘):arl n a detecting signal
9

from sai d detecti r&;%&% gqpa&eqi g nerat| ng a pul se
out put ; _ a recording means, mounted on said carriage, for

recordmg while synchronizing with a movement of
said carriage;

a scale portion, provided on said apparatus body, ofa
linear encoder;

a detecting portion, mounted in said carriage, of said
linear encoder, said detecting portion for detecting
a position of said scale portion;

a corzparing meass for comparing g detecting signal
from said detecting portion with a base voltage and
generating 2 pulse output;

a base voltage variable means for makmg the base
voltage variable; .

a temperature measuring means for measuring a tem-
perature of said detecting pomon and generating a

. temperature s:gna.l,
a memory portion for storing a measured result of
' said temperature messuring means;

a speed control meauns for controlling a carriage mov-
mg speed on the basis of the pulse output from said
comparing means; and

a duty ratio detecting means for detecnng a dnty ratio
of the pulse output of said comparing means when
the carriage moving speed becomes constant.

- 12. The serial printer according to claim 11, wherein
. the base voltage of said comparing means is adjusted to

set the duty ratio substantially at 509 on the basis of a

detected result of said duty ratio detecting means. :

13. The serial printer according to claim 12, wherein

said temperature measuring means measures & tempera-,
ture when adjusting the base voltage of said comparing
means, and the measured temperature is stored in said
memory. _ ‘

14. A serial printer comprising:

carriage reciprocated on an apparatus body;

‘a recording means, mounted on said carriage, for
recording while synchronizing with a movement of

- * c L | S *

riion detecting a position of




a base vol.t age vari abl e

means for naklﬁg—t—he—base“#al_t

t enperat ure nmeasuring neans for neasurl perat
detecting portion and generating a

portion for storing a neasured reggudt of rat
means, a speed control neans for contr

vaft-abte;r  an
urﬂar%\ﬁf@ér 1 SR
a nenery- |

Lre qga Sl*lﬁ'nggz ;

oV -

speed on the basis of the pul se out put from said corrpari BRS--an o
a duty ratio detecting @gr@xﬁgée.det ecti ng a duty ratio of the pulse
gedpecofes

out put of sai'd conpar
const ant 12. The seri

)

h@%?jée gy %‘ 1evises

vol tage of said conpari .

OGS adj ust e

R e

.to set the dut

wherei n the base
rati o

substanially at 50% o%®
det ecti ng neans.

the base voltage of sgisynehrotrius g
stored in said nenory.

reciprocated on an app
carri age,

-76-

reco

g ROSteR. B iR F2G SrFIage, 04S¢

uty ratio

13. lmearmqoaierpmddetm pergor foridetesting wher ei n
sai d tenperature neasura pgsitisans{ saéssmvamem;pam’i- ture when adjusting

reference voltage; an
an initial adjusting means for ef' fecting an initial ad-
- justment of the reference voltage inputted to said
synchraonous signal generating means,
wherein said initial adjusting means includes a speed
synchronizing means for synchronizing a carriage
moving speed with a sampling period for sampling
the output signal, a measuring means for measuring
a value of the ourtput signal a predetermined num-
‘ber of times on the basis of sampling after sad

speed synchronizing means has synchronized the :

carriage moving speed with the sampling period

for sampling the output signal and a means for

_ obtaining the reference voltage by averaging the
values obtained from said measuring means.

1S. The serial printer according to claim 14, wherein

_ ~ said speed synchronizing means is constructed to estab-
- lish relational formulae such as:

I;= T,g‘o/Z"' {m is the integer of | or larger)

. nmee2M(where m is the same as 2 in the former
formula, and k is the integer of 1 or larger)

where T 40 is the peziod of the output signal, T is the.
sampling period, and n is the measurement number.
.. 16. A serial printer comprising:
-'a carriage reciprocated on an apparatus body-
..a recording means, mounted on said carriage, for
. recording while synchronizing with a movement of

said carriage;

_ ra scale portion, provr.ded on said appa.ra.tus body, of a '

linear encoder;

~ a detecting portion, mounted in said carriage, of sa.xd |

linear encoder, said detccung portion for detecting
a position of said scale portion; and
a synchronous signal gene_ratin_g means for generating

O

ﬁmgqaggeg&raﬁg)erat ure is,
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sai d carri-age; a scale portion, provided on said apparatus_bod

| i near encoder; a detecting portion, nounted in said cakr RYRCET @f sal da.s i
| i near encoder, said detecting portion for detecting a po e - saird
scal e portion; and a synchronous signal generating nmeans fo generatlpﬁg

a pul se output as a synchronous signal by conpar - ing ajdét i

signal from said detecting portion -Mith a reference vol {age; and

initial adjusting neans for effecting an initial ad- jugtment of the -

ref erence vol tage |nputted to said synchr onous si gnal

means, wher ei n sai d g ustl n rreans m&gdes a_ speed

synchronl zi ng nmeans 3B usiils ?l 7‘% speed with a

sanpling period for BErAF tmg 51 5‘191%15?1 QFﬁQungaPﬁ'Eﬁgﬁrl ng mean for

measuri ng a val lmthfar renqepvoitageradd a predet er ni ned num ~ ber " of

ti mes on the basi mmmmpmmwﬂeﬁmmg@dmw@m zing neans has

synchroni zed the W@Y&W@Qlﬂt& @&ea%ﬁg period for
taining the reference :

sanpling the out put

vol t age by aver agl“ﬂﬂg e%g 2 Eﬁr&gﬁgﬁ?ﬁsm«ftg} aal d ma?fsuri ng neans.

15. The serial pri ¥ é@lﬂ% RS £ 2R0Y"speed

synchroni zi ng ‘neans B§ 128861 bloc meanst f0r- PRFEIORIBE,Ri @A%al f or mil ae such

as: Tlerr]= Tiiage] tRidng] rangel intohblockseamd mfreferencear ger) _

[err] (where mis theciage calculating hrahofoe calculatingf #rréfdre, and k is the

i nteger of 1 or |areaed volbsde pét eym&k bﬁ] ecp%lmé pio out put si gnal,

Tlerr] is the sanpl P gcagr 'tﬂgou@ siid' Sl ém%eengﬂ)t er. 16. A
nidaid

seial printer conpr

17. The senal printer accordmg to cIaJ.m 16, further
compnsmg a speed control means for controlling a
carriage speed before said movmg range blocking
means partitions the mrnage moving range into the
blocks.

~  18. The serial printer according to claim 16, ‘wherein
said reference voltage calculating means includes a
"measuring means for measuring 2 value of the output

- signal 2 predetermined number of times on the basis of -
sampling per block and 2 means for obtaining a refer-
ence volmgc by averaging the values obtained from said
measuring means with a sampling number. o

19. The serial printer according to claim 16, further
comprising 2 printing means for effecting 2 print for onc
Iine on the basis of the reference voltage per block.

20. The serial printer according to claim 16, further
comprising 2 D/A converter for D/A converting the
reference voltage obtained from said reference voltage *

B ~ initial adjusting means and inputting a converted result
| to said comparing means of said synchronous signal -
gcneranng ctreuit. .

L
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a.carriage reciprocated on an apparatus body; a recoréyiéngoé‘r%
said carriage, for recordi ng while synchronizing with a
said carriage; a scale portion, provided on said apparatus
| i near encoder, a detecting portion, nounted in said carri dgdg, gﬁ ggpq

| i near encoder, . said detecting portion for detecting a pgsijti Sﬂh
scal e portion; and a synchronous signal generating neans f
-77-. a pul se output as a synchrgpous signal by conpar-
detecting signal fromsaid detecting pdftTon wi th REPEAGEM
and an initial adjustlng neans for effectlng an initial ad-
justment of tABSERACTE iEt BE Eed to said synchronous si gna
generating means, mhereln sald |n|t|al adj usting neans includes a nov-

ing range bl ocki ng Me8@5iadrppanteri §arngenfoaming a recegd RFawgh ange _
into blocks and a reference vol tage cal cul ai ng neans for calculating a
ref er - erkFBhtagempenspwbikes sEpebrenlednghEifhodkMayenent ghcess

t hrough sai.d novin ange bl ockin 17. The serial printer
according to & SFRFIH29 uF?ﬁéPrBG%ﬁFFsPﬁgaé §BB€HaGHﬁtPGﬁYh§5ﬁ% f or
coritrolling a

HEET

‘.ﬁ§mmﬁEMﬂMT

Y, oOf a

r\nnr of | nn

mounted with the recording means. A position of a
linear encoder is detected by a detecting portion. A
detecting signal from this detecting portion is
compared with a reference voltage, and a pulse output
as a synchronous signal is geﬁerated. A duty of this
pulse output is adjusted to obfain a well-recorded

result.

FIGURE ° 2
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to claim 16, wherein said reference voltage cal cul ati ng nmeang
measuri.ng nmeans for neasuring a yalue of the output signal
nunber of tinmes on the basis of "Zﬂﬁﬁ’pl I ng per block and a neans |
.obtaining a refer- ence voltage by averaging the val ues obtailndd 9 3gFEG 4998
measuri ng nmeans Wlthsmdsmﬁghg nunber . 19. The serial printgqr according

960 67 25—0

'carriage‘speed pbefore said nnving'range,bloéking means part-iti
carriage noving range into the bl ocks.

ons the

~'18. "The serial pri REBKAGEMENTOSHRET

to claim 16, furt SN ‘BLjs N4 02 § iIn primr=for
one line on the ba?'?gc.agggtaaga?’e lé(?‘gﬁ%é%ﬂo ; ggg ipezrnf',l_%Iboogcg'%ft . The serial

printer according to &&F_rﬁnf@,defhrther conprising a, DA converter tor DA

o | PRERIGEMENE ST
or

i

converting the ref @r@ﬁ@é‘% PagRenynenALe i3 m@g& f
initial adjusting medmeanedcodenisaid deteating pottion fesdeteatimgsai d conpari ng
means of said synchr @npositionosPsaid sealerpbfos; rcui t.

a reference voltage generating means for generating 2
reference voltage;

& synchronous signal generating means for generating -

a pulse output as a synchronous signal by compar-
ing a detecting signal from said detecting portion
with a reference voltage from said reference volt-
age generating means; ,

a temperature measuring means for measuring a tem-
perature of said detecting portion and generating a
temperature signal; and o

2 compensating means for making an adjustment to
effect a temperaturs compensation of the reference
voltage from said referemce voltage generating
means in accordance with the teinperature signal
from said temperature measuring means. :

. 6. The serial printer according to claim 5, wherein
said compeunsating means includes a2 memory for storing

- aproper reference voltage corresponding to each value

of the temperature signal.
. 7. The serial printer according to claim 6, wherein

'said compensating means further includes an A/D con-

vol t age

verter for A/D converting the temperature signal as a

voltage and 2 D/A converter for D/A converting the
output signal from said memory.

8. The serial printer according to claim 6, wherein
said memory stores, per temperature, such a voltage
value corresponding to a difference betwesn a high
level width and a low level width of the puise of the
output signal from said synchronous signal generating
In—eg_l:l_§- . . .

9. The serial printer according to claim 6, wherein
said compensating means includes an OP amplifier for
performing an amplification at a predetermined multi-
plying factor to output 2 proper reference voltage with
inputting of the temperature signal from said tempera-
ture measuring means.

10. The serial printer according to claim 6, wherein

 said compensating means includes a first OP amplifier

for outputting a predetermined multiplying factor with
inputting of the temperature signal from said tempera-

= € L M S5 - *
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said mr-xage .
a scale portion, provided on said apparatus body, of a*
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linear encoder;
_a detecting portion, mounted in said camage, of said
linear encoder, said detecnn, portion for detecting
- 2 position of said scale pordor; and
& synchronous signal generating means for generating
‘2 pulse output as a synchronous signal by compar-
. ing a detecting signal from said detecting portion
with a reference voltage; and

an initial adjusting means for effecting an initial ad-

Jjustment of the reference voltage inputted to said
synchronous signal generating means,

wherein said initial adjusting means includes a speed
synchronizing means for synchronizing a carriage
moving speed with a sampling period for sampling

the output signal, a measuring means for measuring

2 value of the output signal a predetermined num-
ber of times on the basis of sampling after said
speed synchronizing means has synchronized the
- carriage moving speed with the sampling period
for sampling the output signal and a means for
obtaining the reference voltage by averaging the
values obtained from said measuring means.
15. The serial printer accordmg to claim 14, wherein
said speed synchronizing means is constructed to stab-

" lish relational formulae such as:

Tum= T 40/2™ (m is the integer of | or larger)

. nwek-2M(where m is the same as /m in the former
formula, and kxsthcmzeger of 1 or larges)

where T401s thc penod of the output signal, T; is the.

sampling period, and n is the measurement number

.. 16. A serial printer comprising:

'a carriage reciprocated on an apparatns body; -

.. & recording means, mounted on said carriage, for

. mcordmg while synchronizing with a movement of
said carriage;

~a scale portion, provided on said appa:atus body, of a

" linear encoder;

a detecting portion, mounted in said carriage, of said
linear encoder, said detecting portion for detecting
a position of said scale portion and

a synchronous signal generating means for gcneratmg
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