2147763 PRI NTI NG APPARATUS This invention relates to a printing apparatus.
The present invention seeks to provide a printing apparatus for printing a
colour TV picture image., to provide an economical printing apparatus wth
relatively high printing speed, quality 5 and reliability without using 4§
expensi ve silver-halide filmand providing a printing apparatus producing -
colour printed pictures in simlar manner .to-a colour printer or hard copy"
col our graphic processor. Currently colod?'display devicéglﬂg??Q;gplaying
information 10 are being i nproved. Research is being conducted i nto vari ous
formg_.of colour printing apparatus. For exanple, there has been proposed

ink jet printing apparatus, ther mppidreitd a8baddirb§t i N apparatus and wire
dot printing apparatus. Although tTese prirmntrng apparatus have various
di sadvantages, it is possible to adapt 15 themfor colour printing in
several colours (about 7 to 16 colours) but it is-difficult to print a

col our TV picture iTigeiaifdtip ﬁﬂﬁﬁe&el%r? BEHITIRP APRATA MEpendabl e printing
apparatus having a el atively. high. printing speed.and quality. The reason
for this is sinply f‘heaf’r%sr?ﬁ‘ko’f“"teﬁg“’g“f sPe o ‘% rﬁ?e, ﬁgpéaga?%taagaré&zo a
two- 1 evel recorgjn A _ fr A vel i hS
occasional ly pofg’sr i gfigﬁ%g‘gcegng?%\édﬂugﬁr@ %F%%%%ﬁctos)pg%er%?ﬁ%%%a?s
printed or not.orihefff Qf;fara\eh@mieﬁ%eqaeméwgnﬁngﬁﬁmtwlssee&,t qbsifigeessary

to use a signal process such as a
5 and reliability without using expensive silver-halide f£ilm and
g_/ providing a printing apparatus producing colour printed picturés .
in similar manner to a colour printer or hard copy colour graphic
processor.
Currentlf'colour'display devices for displaying information
10 are being improved. Research is being conducted into various:
forqs of colour printing apparatus. For example, there has been
proposed ink jet printing apparatus, thermal transfer printing
apparatus and wire dbt printing ;pparatus. Although these printing
apparatus have various disadvantages, it is possible to adapt
15 'thgm for colour prihting in several colours (about. 7 to 16 coloursf
but it is difficult to print a colour TV picture image and to
provide an economic and dependable printing apparatus having
a relatively high printing speed and quality.. The reason for
- this is simply that any of the afofesaid printing apparatus use
20 a two-level recording method (a three or four level recording
method is occasionally possiﬁle depending upon circumstances),
wherein a dot is printed or not. Therefore, when representing a

grey scale; it is necessary to use a signal process such as a

25



-2- dither method or a matrix area grey scale nmethod in which several dots
are formed as a unit. These nethods result in an increase of costs and a
decrease in printing speed and quality. In order to solve such problens a
mut-t Ievel recording method is necessary. 5 According to the present
I nve |on there is provided a printing apparatus for printing froman ink .
filmecarrier having at |least a r&si stive | ayer and a fusible ink | ayer, the
apparatus conprising a recording head having a plurality of recording

st yl déteramethugedr | a1 matrin@real areynsead er eeydedi g whish $eeeralr e each
associated wwth 10 a respective first switch arranged to be connected to 3
r el aBPvelarenfemregote M PRIt -andhesrePBEIRdE FRSUAE Nkt &nrFrashg Styl uses are’
each associated wiith a respective second switch arranged_to be connected t.o

a rePgt?‘?FéFya‘H)\ﬁ 13"0“2’@&??61‘}“ Pfffétiéﬁr%ﬁf@@n%‘?ﬁ PR - Jrfh°F‘Fi%ﬁ “in operation,

cl os 28 & ma Zé’ﬁ%ﬁ%ﬁf AR AR R S
mef i ng EePRERaT RS ens LSRNy b et LA, 0 BroRRdet 3 BRLRIHADS P0G Sheet
o vi SRRy 8?%*&32‘50 f°3f’%’?&?‘éa€%’én%%fn‘a* Hifs P TERE 40 Tt eger - equal
to oh SdABtEVe 10PEr AndCAChIP LI Ank OTHYeL 5 ithe Rigakltds RbgpBliagspaced by N -

1 picture elenent |ocations, N groups of picture elenents belng printed
W t hat tetordidd @eeNtRAviad a. plﬁfhlity. of recording styluses arranged )
in a line, alternate recording stylﬁses are each aséociated with
10 a respectivg first switch arranged to be connected to a relatively
high potential and the other alternate recording s;yluses are each
associated with a respective second switch arranged to be connected
to a relétively low potential, the arrangement being éuch that,
in operation, the switches associated with a:pair of ;djacent recording
15 styluses a;e closed simultaneously to cause current to flow in .
the resistive layer of the ink film carrier whereby the resultant
heat generated causes partial melting of the ink layer so that.
ink can be transferred to a transfer sheet to form a picture element.
Preferably the picture elements in a line are divided in N
20 groups of picture elements, where.N is an odd integer equal to
or greater than 3, each éroup'cdmprising-picture elementé spaéed
by N - 1 picture element locations, N groups of picture elements

being printed with time difference.
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-
-3- The printing apparatus nay include means for varying the length of tine
current is caused to flowin the resistive | ayer to control the quantity of
ink layer nelted. 5 The styluses may be fornmed on a ceramc
substrate or altern- natively on a gl ass-epoxy substrate. The invention |s
il lustrated, nerely by way of exanple, in the acconpanying drawi ngs, in-
which:- Figure 1, consisting of Figures 1(a), 1(b) and I (c), 10

il lustrates exanpl es of ink filmcarriersiused for therno-el ectric transfer

recording; Figure 2, consisting of Figures 2(a), 2(b) and 2(c), illustrates
t he {undanental principle of multi-level therno-electric transfer
recordi ng; 15 Figure 3 shows schenatically a printing head having a

I it f d Fi 4 t electrical
Bl roul t di agr am « nepbaFLMA, feres B, ¥ iavat Redtr JO8 YRAEE Behead 1o a
printing appa{é‘%&fx SE QLY NG LR GOCRIEBTEY ALY AL £r?é’re% Stive la ef' re 6
shows schematic rin I ng apparatus according to the prese |nvent|on

i ncor por at i ngchiy;og_eggr gﬁml@a& @bk RlagUf Gredted gure 7, consisting of
Figures 7(a), 7(b) and ITustrates the fundamental principle of grey
scal e recordi ng Usthg &51&&& Réy Bbi fgmBeash af cédaglie GsubstrateSdr altern-
natijvely on a glass-epoxy substrate.
The invention is illustrated, merely by way of example, in
i o ~ the accompanying drawings, in which:-

Figure 1, consisting of Figures 1(a), 1(b) and 1 (¢),

10 illustrates exampleé of ink film carriers used for thermo-electric
transfer recording;

Figure 2, consisting of Figures _2(a), 2(b) and 2(c) s
illustrates the fundamehtal principle of multi-level thermeo-electric
transfer recording;

15 Fiéufe 3 shows schematically a printing head having a plurality
of recording styluses, and'Figure'4 is an equivalent electrical
circuit diagram thereof;

Figure 5 shows séhematiéally a printing head for a printing
apparatus according to the present invention;

20 “Figure 6 shows schematically a printing apparatus according
to the present invention'incorpdrating the ;ecording head of Figure
5;

Figure 7, consisting of Figures 7(a), 7(b) and 7(c),
illustrates the fundahental principle of gréy scale recording using

25 the printing head of Figure 5;
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-4- Figure 8 shows the control of a plurality of adjacent recording
styluses in a printing apparatus according to the present invention, and
Figure 9 is an equivalent electrical circuit diagramthereof; 5.

Fi'gurelyl0, consisting of Figures 10(a), and 10(b), illustrates the
fundanmental . principle of a printing apparatus according to the present

i nvention; Figure 11, consistimd-of Figures 11(a) and 11(b), shows the
control of switches in the arrangenent: of Figure 10; 10 Figure 12,
consisting of Figures 12(a), 12(b) and 12(c), illustrates the formation of
a line of pigire 8 ScABEEHS cortrblldE aaplurageepdE &djabeguire 10; Figure 13,
consisting of Figures 13(a) and 13(b), illustrates further the printing e
appar agetrdahg Fstglinsesl n al printing appagatws ddcorddngitet tie) peésdntgures 14(a)
and 14(b), illustrates the fundanmental principle of switching in a printing
appar areenticeorgirgiguge thdspare sanivalante elpotrrichl grireuits diggrei sting of
Figures 15(a) and 15(b), illustrates cross-talk in a printing apparatus
accor 8hergofo t he present invention; 20 -Figure 16 is a perspective

view of part of a printi n% head of a printi n%ldamar atus according -to the
preéSent i nFEFHEeOAY . EPPRIEIRY IS FETYFRAN ARl B 9P pr HHUSHERTREAd of Figure
16; Figure 18 il | ustr.at an_ink filmecarrier for u wi.th the recording
head gge Iﬁgﬁé?‘"éenfgf B Refple’Cr A Sﬁ{"’et 139 02 a‘ﬁatﬁs.oé"kcecf?z'é? &hof the circuitry
of onghggggg&{ga%vgtignpri nting apparatus according to the present
i nventi of; L o : : - -

Figure 11, consisting of Figures 11(a) and 11(b), shows the

control of switches in the arrangement of Figure LQ; : \
10 Figure 12, consisting of Figures_lé(a), 12(b) and 12(c),
iliust;ates the formation of a line of picture elements with the
arrangement of Figure 10; |
Figure-13; ponsisting of Figures 13(a)_and';3(b). illﬁstraﬁes
further the printing apparatus of Figure 10;: _ |
15 Figure 14, consisting of Figures 14(a) and 14(b), illgstrates
the fﬁndamehtal principle of switching in A printing_apparatus'
according to the present invention;
.Figure 15, consisting of Figures 15(a) and 15(b), illustrates .”;
cross-talk in a printing apparatus according to the present invention;
20 Figure 16 is a perspective view of part of a printing ﬁead
of a printihg apparatus agcdrding.to the p:esen;_;nvgntion;.
Figure 17 is a plan view of the printing head of Figure 16;
Figure 18 illustrates an ink £ilm carrier for use with the
recording héad-OffFigure 16;
25 . Figure 19 is a bloek diagram of the circuitry of éne_émbodiﬁent

of a printing apparatus according to the present invention;



Flgure 20 is a block diagramof a shift register formng part of the
circuitry shown in Figure 19; Figure 21 and Figure 22, consisting of

H-gures 22(a) and 22(b), illustrates sw tches of the- printing appar at us of
Figure 5 19; Figures 23 to 25 are timng charts illustrating the operatlonbé
of the printing apparatus of -Figure 19; Figure 26 shows part of a prlnted

i mge picture produced by the printing_gpparatus of Figure 19; 10 :
Figure 27 is a timng chart illustrating the operation of another

enbodi ment of a printing apparatus according to the present invention;

Figure 28 is a block diagramof a further enbodi nent of a printing

appa atus accor di NGikerd R6 ¥ ASEcki dNeRPAh OF a ldhift registelrJEs@iing® and 30
are circuit diagrams of a selector and switches of the pr|nt|ng appar at us

of Figure 28; pantl Jfi g @idduitsyashoenspesidure vdew of anot her form of
printing head for a printing apparatus according to the present invention.
Thr oughout the drawiggse R kandpBigwehid e chmssiist thes odrgiigaded 224 =h@ sane
reference nunerals. Figure 1 shows several exanples of an ink filmcarrier
used for ther #8&leciilustratans Feitchee fdhg Printingi aprarpens pEyRiguteis for ned
by dispersing a pignent, or a pignment together with a dye, in wax and has a
fusing tenp%ré?ﬂre of about [err]. Alayer 25 2 is aresin film for

exanpl e of PET, or F?ggx(')egdg 5' o 2? 4 erﬁim%'g Ccr;xarts illustrating the operation

of the printing apparatus of Figure 19;
N Figure 16 shows part of a printed image picture produced
by the printing apparatus of Figure 19;

10 Figure 27 is a timing chart illustraﬁing the operation of
another embodiment of a printing apparatus according to the'present
inventipn;

Figure 28 is a block diagram of a further embodiment of a
printing apparaﬁﬁs according to the présent invéntiop;

15 Figures 29 and 30 a:e'circﬁit diagrams of a selector and
switches of the printing apparatus of Figure 28; and

Figure 31 is a pexspectivg view of another form of'printing
head for a prinﬁing apparatus according to the present invention.
| ?hroughout the.dréwings'like.parts have been designated.by
20 the éémé reference'numerals.
| Figure 1 shows several examples of an ink film carrier used
for thermo-electric'iransfér reéording. A fusible'ink layer 1
is formed by diépefsing a pigment, or a pigmeht together with a
dye, in wax and has a fusing temperature of about-sooc.l A layer

25 2 is a resin film, for example of PET, or a condenser paper, which



I's used as an ink support layer in Figure 1(a). A resistive layer 3 is
formed by di spersing carbon powder in aresinto give it electrical

conductivity. In Figure 1(b) a resistive layer 4 having el ectrical
conducfivity supports the ink layer 1 directly. In 5. Figure 1(c), a |ayer
5 for venting colour turbidity is made of resin with heat-resistant

'propertl 9. Heat, which is generdéted by causing current to flow through the
resistive |ayer of each of the ink filmcarriers causes |ocalised mel ting
of the fusible ink in the ink layer 1 and thereby fornms a picture el enent

on a ‘10 transfer sheet. gure 2 illustrates the fundanental principle of .
nul ti -15) 8984 agras ﬁﬁkeﬁ‘?gf’?‘? daven A8 Bigvre iRt nd redishdve B¢y is a cross-Aw

100). ¥ Thctera Sy Bbrendtoss, Pt Palopoin Bngedth 8 GREE [ oCor Ging stylus
0. 2o RAERN Bl eLladen ey 2 BRI SPUGS 8 ARG ARNLAD §nafhos! N9 L1

switcht 5 catSes curr ent erence nune | ow t hr ough

the I bsti it | QXAediviel t?s(gﬂeq.%ﬂ'f{?% Uaudistl. bui on of the current

11 which oWws In the reSistive |ayer 3 eat generated is in

pr 0§oIRibare 1QcR0 a i hfers §UAKE pRévenBend EolaRt t@.ﬁﬁ%h.'ﬁg,lsaﬁéhet he resulting
t enperature distribution is depicted in Figure 2(c The tenperature

di stridgutésim defiehdat-vsiftanpesiopdrefesti neatorvhaBhcls ghgeraeedch 9 is
cl osed, as depicted by curves 12,13 in Figure 2 (c). The curve 12
corres:gouslssihg tixrzrestyo ﬂtmreh.tdwhpﬁrq gelsigftive Mayéoofweaath the switch 9 i s
25 closed is relatively short and the curve 13 corresponds to the case
wher e ofhtheydnk ofilof cadniers mausgs dhcalised eltfng of stis Sesidles \J
ink in thé ink layer 1 and thereby forms a picture element on a '
10 transfer sheet. - | |
Figure ‘2 xllustrates the fundamental principle of multl-
level thermo-electrlc transfer recording. Figure 2(a) is a cross~
sectional Qiew-of-an_ink film carrier 19 having:the_constructzon
§f figure 1(a). There is provided an ink transfer sheet 10, a
15 recording stylus 6, a common electrode 7, a power source 8 and
a switch 9. Closing the switch 9 causes current indicated by
fefeience-numeral 11 to flow through the resistive 1ayeri3. .Figuié
2(b) depicts the distribution of the current 11 which flows in R_J
the resistive layer 3. The heat ggnerated is in proportioﬂ to
20 the square Sf the qurrent density, and the resulting temperatﬁre
distribution is depicted  in Figure 2(c). _The temperature dist?ibution
depepds'on the period of time for which the switqh 9 is closed,
as depicted by curves 12,13 in Figure 2 (c). The curve 12 cp;re#po#ds _
to the case where the period of time for which the switch 9 is

. 25 closed is relatively short and the curve 13 corresponds to the

. case where the period of time for which the swiﬁchIQ is closed is



54 -7- relatively long. If the nelting point of the fusible ink in the ink
layer 1 is Tm  the fusible ink in the ink layer is nelted in the region
where the tenperature is higher than Tm .and the nelted ink is transferred
to the transfer sheet 10. The area.of transferred 5 ink, as shown by areass
15,16 respectively, corresponds to the tenperature distribution shown ‘by
curves 12,13. In this way, variations of7he periods of time for which
current flows in the ink filmcarrier enables nmulti-I|evel recording.

Anot her inportant point is recording at high speed. In order 10 to realise
hi gh speed recording each of a plurality of styluses operates '

si muf t aneousl y retatdvedytlopge oXdi Hhe neltdngcpInsfvshe fysibls Ank Haathehavi ng a
plurality of recording styluses 6. Fiqure 4 is a sinplified equival ent

el ectrical ci r&B]Ftlaéngdr B e fb‘?f‘t%ﬁ A HBathoAnk igyee 15 i $%cordi ng

| [ d 15 h \ 8 ' i.tch 9.
A equi val ont B8 HREn 1Pt RO PR SRS PP TR Racld B BB oeach
recordi ng sty s § AR AESOTURNIE! ERLLIEE sheaf 02 ULALAR of RELSIALLE

with a resistance r2 1s present between adj acent recor styluses.

in the case g\hghe, [a8 bhownNBy REL 114085 QlspdiR 166y, B rreSporiaded e di rection
of current flow through each recording stylus depends on whether the

switches 9 aretehfs@tuf a996N8dtick 16hdn by dudPesIhi R t on aaRs Ay, CcUrrent
fl ow t hrough each recording stylus by opening or closing only one switch
correspondi ng taridtabng @FOtil PErRidgl ofS tihelrfolrevhichvenrreherfdows <8 the it i S
very difficult to 25 nake electrical connection unifornly between the
re\sL'st i ve | ayednk film carrier enables multi-level recording. :
Another important point is recording at high speed. In order
10 to realise high speed recording each of a plurality of styluses
operates simultaneously to effect recording. Figure 3'shows a
printing head having a plurality of recording styluses 6. Figure’
4 is a simplified equivalent electrical circuit diagram of the
printing head of'Figure 3. Each recording stylﬁs'is connected
15 to the power source 8 through a respective switch 9. Aan equivalent

resistor 17 with a resistance r, is located between each recording

1
stylus 6 and the common electrode 7. An equivaient resistor 8

2 is present between adjacent recording styluses.

Except in the case where r

with a resistance r
| g << rz,'the magnitude of the current
20 and the direction of current flow through each recording stylus
depends on whether the switches 9 are closed or opened, and iﬁ
is impossible to control current flow'thfough each recording stylus
by opening or closing only one switch corresponding to that recording

stylus. Further, even where r, << rz; it is very difficult to

1

25 make electrical connection uniformly between the resistive layer



and the common el ectrode for many recordi ng styluses as shown in Figure 3.
That is to say, to put into practice multi-level recording with a plurality
of recording styluses using an ink fil.mcarrier having a resistive |ayer,

t he fcl$g ng two points nust be satisfied: 5 first, the electrical
cannect?¥dns nust be nade uniformy w thout any error, and secondly
recordi ng nmust be perforned with a‘ﬁ*urallty of . recordlng styl uses

simul taneously. Figure 5 shows a printing head 22 for a printing apparatus
according to the present invention. Fromthe point of view of 10

el abl | diyend Bomhif 91600055 SRV dINES 1 gm&gast;P ppoper ties ang 5

per manence SO It IS esirab O use a ceramdc I'TB.t nfOI’ substra

20, thouglur®r® CPEFRiSi @ Liy £¢8 GntRLehd: - poxy- can be
used in certain ci rcumstance% Tmegor I ng éaﬁﬂgg Eé's? ap uraglty of

recor di ngthtyIg1aeslizy, of hecoruingr sdiaubes L3isleRANGANE P Ari G Signals to be
recorded. For exanple, for. recording a colour TV picture i nmage about 500
styl useshaviing d rasistive Negessahy. fJilowiny Ews (pOYAtAmAst Hei S4: idRPad Al US
according to the present invention incorporating a printing head 22 of

"Fi gur® Firgtadha dd@ctritaleromd@ct iprsomust befnadleawtidoeniyc witeicatti al such as
rubber, around which the transfer sheet 10 is wapped and fixed by a fixing
devi ce Y FHFormkand pAerAly | xacoxdingsmust be performednwiRilgarpluk@dity i s stored
on a reel 33 and taken up by a reel 34. Reels 35,36 are provided. for

gui di ng e EeqFRing Is\WE‘éﬁetsl gimulganeqyusdyig face 23 of the printing 25 head 22

is pressed against .t main roller 30 h spri 3.7, the. printing head
bei ng pi vot a%q?%énf Saf BFiRGing bead %P T P@g{”ﬁég apparatus

according to the present invention. From the point of view of

10 reliability, the recording head should have heat resistant properties
and permanence, and so it is desifaple to use a ceramic material |
fof substrate 20, though more commercially econpmiq_materials such .
as glass-epbxy can be used in éertain circumstances, The recording
head 22 has.a plurality of recording styluses 21, the number being

15 dependent upon the signals to be recorded. For examp;e, for
recording a colour TV picture image about 500 styluses in a line
are necessary. .

Figure 6 shows a printing apparatus according to tﬁe present L-/

-invention incorporaﬁiné'a_printing head 22 of Fiéure 5. A main

20 roller 30 is formed of elastomeric material such as rubber, around
which the transfer sheet 10 is wrapped and fixed by a fixing device
32. An ink film carrier 19, such as shown in Figure 1(a), is stored
on a reel 33 and taken up by a .reel 34. Reels 35,36 are provided
for guiding the ink film carrier 19. An end face 23 of the printing

25 head 22 is pressed against the main roller 30 by.a spring 37, the

printing head being pivotally mounted at a point 38. Pressing the
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printing head of Figure 5 against the ink filmcarrier 19 results in a
conpl ete €lectrical connection between the styluses and the resistive |ayer
of the ink filmcarrier. As shown in Figures 5 and 6, only the styluses ~
the printing head are used for recording 5 so that it is possible to nmake
excellent and reliable electrical contact with the resistive layer of the
ink filmcarrier. Mreover, as the stytses and the substrate 20 are nade
as a unitary structure, no problens such as damage to the styluses occurs
and this results in remarkable reliability. 10 The fundanent al

“pringiple of £ S el S5O gégsa'gggﬁtth@hem' téagila%ageofl{'%%g?( )
a

haV|ng excel | t E 5 reI now escrl

shows the flowpf 9&%&9{% eigcwcsp%méeaah%the% ref"!?;#iliﬁés“ﬁ\ll&'@%g an area

40 in contact mnth e styluses to whic ow voltage is

applied 15 a%s@&tﬁiee@af’e% bP thH@NiACEL M chrﬂ%‘i‘: Ofagt Bfowrl Yh Lﬁ%ﬁxésos"\'h' ch a
relatively high voltage 1s applied. In the same manner as shown in Figure

2, the tenper aindr 8, dnlyriHaubtARsdeRENETe RPiktiIRgPR A0Sk tuséd FBx fiiicovllingh t he
current flows and is depicted by curves 43,44 in Figure 7(b). The curve 43
represents bBhesccensk titops whegiblehe Rake pxecelicnofarid pelifable wilkectrich® current
flows is relatively short and the curve 44 represents the condition where:
it is relativelopthomyithtbeefenistivehdayerkof rmsink £tk tcaraiar. atoreevesheet
is as illustrated by areas 45,46 in Figure 7(c). Figure 8 shows the control
of a pluralityasotheditaiesss aed ShelisHpstepte 30 MFemacs 25 Ir FRIYaRY HEPatuReus

accordlng to the present invention. Switches 50 connected to the positive
Si \9 of the pdwepr%pgewg as damage to the styluses occurs and this results

in remarkable reliabllity.

10 The fundamental principle of grey scale recording using the
printing head of Figure 5 having exceilent contact reli;bility
 will now be described. Figure 7(a) shows the.fl_ow of current 42
in the res;stive layer, which includes an area 40 in ;ontact with
ocne of thé styluses to which a relatively low voltage is applied

15 4nd an area 41 in contact with one of the styluses to which a
relatively high voitage is applied. In the same manner as shown
in Figure 2, the temperature disfribution depends on the period

K~* : of time fdr which the current flows and is depicted by curves 43,44

in Figﬁre 7(b). The curve 43 represents the condition where the

20 periocd of time for which the current flows is relatively short
and the curve 44 represents the condition where it is relativelf
long. Therefore, the ink transfgrred to a transfer sheet is és
illustrated by areas 45,46 in Figure 7(c).

Figure 8 shows the control of a plurality of adjacen; recording
25 ét?luses in a printing-apﬁaratus acéording to the present inﬁention.

Switches 50 connected to the positive side of the power source 8
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-10- and swtches 51 connected to the negative side of the power source
are alternately used to connect stylus electrodes H wth mstylus

el ectrodes [err]. The nunmber of stylus electrodes is 2mand the nunmber’ of
pi _cturef)sh’errents. is 2m1l (mis a positive 5'integer). Hereinafter the
switches in the negative side gre to be referred to as L switches and the
swtches in the positive side H97H switches. The el ectrodes connected to-

t he negative side of the power source 8 are L el ectrodes and the- el ectrodes
~connected to the positive side are H el ectrodes. For exanple, referring 10

i O\‘-'t\%ﬁkﬁgf?’lg‘%dm“t&EECEM ﬁeﬁt@@_@i&%soé Qég%wggtmﬁ%t he el ectrodes

[err err a picture elehent is torned between t el ectrodes

[ err]2ada ikt d19SRaRT kY loinbie GRYRINE1EMHEBELY & O- f§ Owidiet ween the
el ectrodes [err] and [err] and between the el &ctrBdes [err] - and

r espagiivelefectdodes N, S ~-VRY., Phe hukilercbeeNlas @lectagpdiset ween 15 al | of
the L el ectrodes and L he el ectrodes. Figure 9 shows the equival.-ent

Ci r c2mt atH abe amumbér [Gfgpietutevelemenes dec2m-10(h Hes k-gositivel ectrode. A ' '
resistor 52 is .disposed between the k-th L electrode and all the H _

el Bctimbelgar)) . arerehnaiterr thet sWitohesalkn the inggatiyensidecara fon whet her the H
swtches are 20 ~on or off. This is the same structure as that of Figure 4

whi chrecesfesred s at L FEedes red dthei FiGLESHeF 119 Hhgapeitiye $4¢2 arrows in Figure
10(a) represent the direction of current flowin a printing apparatus

accordi RPWischef: e 8HeCHRIBHICBRSEACEET LR PR BYYS) S44RRE an 25

equi valent circuit otential of an_H el ectrode 41 R

i agram. thereof. . The
o e PeneE 1R §0TPLE RIBEIRRARE TN/t TP ot P ORE B onnect ed
to the positive side are H electrodes. For example, referring \/
10 to the electrode Hl; a picture element is formed between the
electrodes ", and Ll; éhd a picture element. is formed between the

electrodes 31 aﬁd.Lz'respectively by causing current to £low between

the e;ectrédes H1 and I.1 and between the electrodes Hi and L2
respectively. In this way, picture elements are formed between
15 all of the L electrodes and the H electrodes. .

Figure 9 shows the equivalent circuit diagram.of.Figure 8
with respect to the k-th L electrode. A resistor 52 is disposed
between ﬁhe k-th L'eiectrode and all the B electrodes,_and fhe
current flow varies in dependence upon whether the B switches_aré.

20 on or off. éﬁis is the same structure as that of Figure 4 whiéh.
cannot be utilised. |

Referrihg now 6 Figure 10, the arrows in Figure 10(a)

‘représenﬁ the direction of current flow in a printing apparatus
aécording to theipreSeht invention, and Figure 10(b) shows ai
25 equiQaienﬁ.circuit'diagram'thereof. The potential of an H elg;trode

41 and an L electrdde 40 is dependent upon whether switcheg connecﬁed



Y

thereto are opened or closed as shown in Figure 10(b). An open switch is
i ndi cated by reference nuneral 57 and a closed switch is indicated by

ref erence nunmeral 58. Under this conditian, current flows as indicated by
At this tinme, the current 5 indicated by arrows 56,57 cannot
flow in principle. Accordingly, only equivalent resistors 53 exist so that

arrows 54, 55.

98

t he magnitude of current flow is al wayb- dependent on the resistance between
adj acent el ectrodes. The equivalent circuit diagramof Figure 10(b) only
exi sts when the direction of current flow indicated by arrows 54,55 is

opposite 10 to each other. Mre garticul arly, .in order to realise the

equi val ent ci rP8FtHRRGRPeE 9F

4137 53R A8 FHeMFed 08P « i AR B8R whi ch

he H switch > Cl . | h i od. of ti f which th
LS tohes. ar AR edS RERTASBF & RPE PPRRE L | T o BB ST (s
generated in t, ei&&%%ﬁ&@%eféﬂ‘%aké% H’e}’m’[‘%\g .‘(i.hﬁg%rﬁétﬁ é%&ﬁ%?o@,r Cufdaied,

the (k + 1)th Hswtc

IS Close t switch IS opened.

Namely, it is #iglsNRCeseRaYed ByPhfihdCsd s5W hehufQNPaf! ethd Quiiddier
positive or negative side of the power source such .as swtches 60, 61 of

Figure 11(ay kiaBiédteqr By isdeows $64 3T Rag@tneldwedn tprifoiglesi dRodinglie, pover

source such as switch.20 62 of Figure 11(a). Further, the adjacent H swtch
and L switch raaty dymiopbmedredisedrssSd eéxist espohste the niagriSsierosicypsdntas
shown in Figure 11(b). In Figure 11(b) reference nunerals 63, 64, 65
represent sigridbw ix eilvaitsedeppndehie cgvthec hesistencey batertn\adjacehecllectiiodes.
[err] and [err], electrodes [err] and [err] and el ectrodes L2 and [err]
8 sguiNalentpedyculs diRgrap ghdigugs, IW4bbPnly existauvhent er val of
closing each switch is desirably different fromeach other., In Figure 10

regpectively.
10
18
.20
25

the direction of current flow indicated by arrows 54,55 is opposite
to each other. More particularly, in order to realise the equivalent
circuit diagram of Figure 10(b), the period of time for which the

H switches are closed must be equdl to the éeriod of time for which
the L switches are'cloSéd. For example, the qﬁrrent indicated

by arrow 57 is generated in the case where the k-th H switch and

L switch are closed, the (k + 1)th H switch is closed, and the

(k + 2)th L switch is opehed. Namely, it is not necessary to provide
a switch connected to either positive or negative side of the power
source such as switches 60, 61 of Figure'llfa) but to provide a
switch connected to both sides of the power .source such as.switch

62 of'Figure 11(a). PFurther, the adjacent B switch and_L switch

must be opened or closed in response to the same signal as shown

in Figure 11(b). In Figure 11 (b) reference numerais 63,64,65
represent siqnals activated by the switches associated with eiectrodes
L, and Hl; electrodes B, and'Lé and electrodes L, and 32-respective1y.
With respect to the signals 63,64,65, the time inter?al of closing

each switch is desirably different from each other.  In Figure 10



-12- one-third of all the picture elements in a |ine can be forned

simul taneously. A line of picture elenents is fornmed by recording three
times, as shown in Figure 12. By openi.ng or closing each switch as shown in
FLgurebmi, current 70 flows in order through 5 equival ent resistors

di sposed between adj acent recording styluses, so that a line of picture

el enents can be wholly forned.14%ﬁwe 13(a) illustrates the closed swtches
only of Figure 12(a) which energise to formall of the three picture

el enments. Figure 13(b) shows the case where the mddle of three picture

el enents 10, is _not,.f d i 0Q. hej this tine, current
flows ﬂ?'ﬁﬁ‘fiﬁ?eﬂubgﬁ% %S%ﬂzgﬁ%%&gfg‘zg i#ﬁe&%g%%?%ou ed'of--t he current %1
is slight r than t ngh thReor@ggi t ude of the
curren }Z(ar?%%% ut RBﬁihg %E%%%m{ehhg%%nitgh@es ggﬁegntgy 201. 'V\hgn t wo- | evel
printing . bSe R8Nl 0fdBlowt HhSrigueestd.al ky epéniily € d1gBdiedadnit when grey

scale printing is performed the cross- tal k causes a bi'g probl em dependi ng

on t hegnuaess Qholm Gn0F Rre CHY,Ecudrlent S0 iEhewLlinrdrdedemirbadth e that this
cross-talk is as snall ‘as possible and the present invention seeks to

pr ovisdeniiRabénta pgergnt s Wispbsedeetneen adjekent macwusling styluses.t al k. 20

In the printing apparatus of Figure 10 a group of picture. elenents are
f or nedsd ahat hy ddneich pictuwkcelements Kandwerholly farmgdeferably that one group
of picture elenments are forned per N picture elenents, that is, picture
el enents ar Biglirej H2@) | A IusErafessthe Glesqeh putiches oty PLFREYEE i s 0.0or. a
positive integer and N is 25 an_odd integer %reater han 3) in order from
t he enag (aéaﬁhi%‘r Swgise to form all of the three picture elements. _

Figure 13 (b) shows the case where. the middle of three picture elements ~

10 is not formed, switches 200 being opened. At this time, current
flows as indicated by arrows 201 and-202. The magnitude of the '
cur'rexi-t 201 is slightly smaller than that of the current 70, and
.the ﬁagnitude of the current 202 is about 8 to 10% of that of the current
201. When two-le'.vel printing is performed, this cross-talk can

15 be ignored but when grey scaie printing i_s-performed_ the cross-
talk causes a big problem- depending on the number of the.grey scale.
It is, 'therefore',-' desirable that this cross-talk is as small as
possibie ‘and the present -invention seeks to prm)ide an arrangement o’
which reduces or eliminates the cross-talk.

20 In thé printing apparatus of Figure 10.a group of picture.

elements are formed for three picture elements. However, it is
preferably that one group' of picﬁure elements are formed per N
picture elements, that is, picture elements are divided. in N groups
represented.-as Nx J + N (J is O.or a positive integer and N is

25 an 0dd integer: greater than 3) ‘in order from the end, each group

of picture elements being formed N times. By setting N to an odd



of picture elenments being formed N tines. By setting Nto an odd - 13-
nunber of nore than 3, there is the advantage that a plurality of picture
elenments can be sinultaneously forned. In addition, the above di sadvant age
of cross-talk is reduced by increasing N. However, when N becone |arge.the
number . of picture el ements that 5 can be fornmed sinultaneously becones §{)
small. In actually determining Nit is desi¥+able to select the nmost =
adequat e val ue taking into consideration the above two points. Figure 14(a)
illustrates opening and closing of switches in the case where N equals 5
and Eigure 14(b) illustrates opening 10 and closing of switches in the case
wher é N equal s nmmbeghpE 8 Fhafndndderd IS e adyantaype thef @ PLRREFY -
illustrates onl¥ the closed switches. |In_Figure 15(b), the m_ddle switch is
opened. In thi §TRAEUTE IRFeRRAT ARt PFoﬁd?'ﬁlﬁa‘?ﬂ?é‘SJs’é PRnet™ 2894598t gur e

13(b). Ho .th i tyde. of the: -talk 204 is | tl
eduted, 15 ¢ it 1o depdigedse ohoiratEae a et bectrsreteta i alou 1
to 2%in the cage b N,GQUR!S cdne ‘Era9§§‘ gl Aﬂmbpéffo%dﬂfé‘t%:ésel'ﬁméﬁ@é Eﬁ&?s and
thus grey scal e réesolution for grey Scale printing 1s | nproved. Figure 16
shows an end; PRLf QN £9fmed BiddlthilbulEP SeBbndt Chifl efPQCidMmAY ﬁteemﬁﬁhgt ;ng

apparatus according to the present invention. 20 A N-C layer 102 an

copper |ayer 1@3i@rie defie8bie do0se1dce ARMhSstS dBSuadé &ralld taRInPhiate- et ched
chemcally to formelectrodes. Then a Ni-WP | ayer is selectively coated on

the el ectrodes cbysideation- theeabop &b Nehinddi s produces a plurality of .
recordi ng styluses, as shown in Figure 17, there being 320 electrodes L -
L o and Figure 14(a) illustrates opening and closing of switches
in the case where N equals 5 and Figure 14(b) illustrates opening
10 and closing of switches in the case where N eguals 7, which corre;ponds
to Figure 12(a). Figure 15(a) illustrates only the closed sw;tches.
In Figure 15(b5, the middle switch is opened. In this case, the
current flows in the same manner as in Figure 13(b). However, |
the magnitude of the cross-talk current 204 is greatly.reduced,
15 that is, to about 2 to 4% in the case of N equals 5 and about 1.
to 2% in the case of N equals 7. Cross-talk is reduced as N increasés
and thus grey scale resélution for grey scale printing is impréved.
Figure 16 shows an end portion of a printing head of a first
embodiment of a printing apparatus according to the present inventién.
20 A Ni=Cr layer 102 and a copper layer 103 are deposited on a ceramic
substrate 101 and photo-etched chemically to form electrodes. Then
a Ni-W-P layer is selectively coated on the-electrqdes by electfo;
. less plating. This produces é plurality of recording sty;uses,
as shown in Figure 17, there being 320 electrodes L, - L and

1 320

25 ~ 320 electrodes H, ~Hyy, (Figure 17) which amounts to 640 electrodes

in all. Thus, the electrodes will produce 639 picture elements



1 320 25 320 electrodes [err] (Figure 17) which anbunts to 640
electrodes in all. Thus, the electrodes will produce 639 picture elenents
-14- [err] The pitch P of the stylus electrodes is 200 [err]. A
printingeapparatus simlar to that showm in Figure 6 using this. recording
head use®4in ink filmcarrier as shown in Fi gure 18 consisting of a fusible
yellow ink 111, a magenta ink 442 and 5 cyan ink 113 deposited on an ink
support layer having a resistive |layer 100 on the opposite' side. Figure 19
is a block diagramof the printing apparatus of this enbodi nent of the
present invention. A picture image signal 400 is fed to an input 300,
passiByg -t PgpgtThe BikacR FOEherstyley elsgrzodns 36220@e-i Astored in an At
address of a line nenory 303 or. a line nenory 304 generated froma wite-in
addr RFnEEngG ARRALYY ST U thak ehqviadR FIPBTRC PEN%ER S rom t he address

by a read-out_ address register 306 _and fed to a digital _conparator 307 -
\/\here‘ﬁ‘f"?’s"ch?&iﬂPéﬁs\ﬁF‘tg“’% fﬁé‘?eﬁ”éﬁ ¥ &F f‘m3%'19b r g?ed 15 froma grey
scal e_reference.si gnal .qgenenat oy, .3 ult o conparison is fed
to a SArt ?éﬁngg‘?%taeru%égc’geﬁllrg%l{"é‘d?gt g%ﬁ‘ ?ycil ocilzfs'lggcrlral 405. Then the

. sign l,S ' e P =Ts GR o) EeEROrar. y cl ock signal
'403, aégr?h |i';s1£32??\?&g%%oogr#H%s?%#fgﬂ%&Lﬁﬁnpcﬁar??%?%g%grrespondi ng to a
recorghye? 100°EH iHeCofpsttd ididesi gnal 407 to a distributor 310. This out put

signal "is connected to a recording stylus. Figure 23 shows the relationship
. of input pighreufPut HiblpeKidibgram of the printing apparatus of
this embodiﬁénﬁ of the preSént invéntion. A picture image signal
400 is fed ﬁb an inpuﬁ 300, paSsing through a switch 301 or a e
10 switch'302',_and .is stéréd in an addresslof- a line memory 303 or

a line meﬁory.304 generated from a write-in address generatoxr

30s. This picture image signal is read from.the.address by a

read-out address registei 306 and fed to a digital comparator .

307 Qhere it is COméared with a reference signal 321 generated
15 from a.grey scale feference signél genexator 320. Thé_result

éfthe compérison is'féd'to'a shift register'308.contrqlled by

a shift clock signal 405. Then the signal is transmitted to a

temporaxy.membfy'309 bY'a'latch”clock signal 406, and is delivered - o’

to én H switch or an L switch 311 corresponding to a record
20 sequénce.selécting Signa1'407'tb a distributor 310. This oﬁtpqt

. signﬁi is coﬁﬁeétéa to a recording stylus.
| Figuie 23 éhoﬁs'the relationship of input and output of pigtuxe,

image signals. A signal 404 controls the switches 301,302 and

is inverted with a line period TL. . The picture image signal 400
25 is formed of signéls'df'640'§icture elements, and is transmitted .

in a éeriod TW. The picture image-signal 400 is stored in either



i mage signals. A si gnal 404 controls the swtches 301,302 and is inverted
with a line perlod TL. The picture imge signal 400 25 is fornmed of
skgnals of 640 picture elenents, and is transmtted in a period TW The
picture inmage signal 400 is stored in‘either the line nmenory 303 or the
line menory 304 by an address signal -fromthe wite-in address generator 52
305 in conpliance with an open or closed gtsate of the switch 301 or the &
switch 302. At this time, an output picture inage signal 401 is read from _:
the other line nenory 5 correspondi ng to the addr ess si gnal fromthe

B
ST ile 48 St a0

using [err] tq,lgiddea stftRlot ¥kl switBn[RY1M br tne TAALEn Bo3hOuR LIS temdience
of wite-in address. Picture inmage signals which are connected in order are

stored in the dj BEtp®NPLotudd Andge [diQnhl MO 1MEIRENG F04n QAPR! AR NTinROméud i e
sequence shown in Table 2. Nunbering input picture inmage signals froml to

640, the pi 6t wWorrdSpdndbnte toi ¢heahddreiss signabdfrat edresisolt adleegs cture

I mge signal 2 is stored at address 128, the picture inage signal 3 is

stored at addreegds@s630@t cTharsdgndie spppkiedeon madptasiipeabf 62@ Linesreney at

address 511 and the last picture inage signal 640 is stored at address 639.

Read out addr e¥Sesr [t&er }ineongmery) 30ty ?rfﬁwbrifeﬁo%tpsn@%ammlcbt%lm line b

tob and the address is read out 16 _tinmes per block, since picture inmage
I's of 4 pEeaimdPAda180%°E5 %&F?%l%ﬁ%ﬂ]@are used in this enbodinent.

I t 's the nost | rrpONrot avrzléltreg ui r ”Esrle,t and) read-out address will be explained

10 Table 1 shows 640 addresses using a, to 3_128.and 21 to be. 'I‘aple
2 shows the seguence of write-in address. Picture irha.ge signals
which are connected in order are stored in the line memory 303 or
the line memory 304 corresponding to the sequence shown in Table
2. MNumbering input picture image signals from 1 to 640, the picture

15 image signal 1 is stored at address 0, the picture image signal

2 is stored at address 128, the picture image signal 3 is stored at
address 256, etc. and the picture.image signal 639 is stored at

N address 511 and the last p:.cture image signal 640 is stored at address

639. Read out addresses a1 to a vary in order- along each block

=128

20 line- b to b and the address is read out 16 times per block, since

=1 -—5’
picture image signals of 4 bits having 16 grey scale signels are
used in this embodiment_. It is the .most important requirement for |
dynamic printing that the addresses are divided inte five blocks
_l_:_l to 25 as described above. In the case of recording and formatien,
25 picture elements are'divided.in order from the end into five groups °

represented as 5J + 1, 50 + 2, ... 5T + 5 (J is O, 1, ... 128). Thus,



dynamic printing that the addresses are divided into five blocks [err] to
[err] as described above. |
picture elenments are divided in order, fromthe end into five groups

128). Thus,

In the case of

represented as 5J + 1, 5J + 2,
-16- .the arrangenent of picture inmage signals is converted by wite-in and
read- out addresses.
di iged into five blocks,

However ,
di vidi ng the reading into five bl ocks.

5] + 5 (Jis 0, 1,

Accordi ng topg-hi s enbodi nent,

recordi ng and formation,

wite-in addresses are
it is p055|ble to read addresses hy
TABLE 1 al a2

a3

383 b4
a3

638 b4
10

conpared with the

igG §P27a{£?ngeﬂga§ oé?gzgtu:l %gtpe sxggifs is congbrted by wr;te-1n3
255 b3 2 é@? i 382
284 1.5eadz-g addregség.. Ac%ggding to this embodiment, gvfd.te .m511 bS
5}13 SZgc’!d:':esses are divided into f?l._vze blockséshc@%%er, i@3gs %Eﬁﬂ% al
a a
631 ﬂ@3§e$&3addre§%es by dZvidingléhe readihd into five blocks. .
637 b3 633
4 9 14 ) ) . 634 639 bS _
15 . " "TABLE "1 635 640 The picture imge signal
401 read-out is inputted into the digital conparator 307,
ref er gnge cianal 321 supplied fromthe arey cale referen e,S|qnaI
gener ator $2Q,and 42 a3 ad | as | ... |... |a127 l|a128

bi o | 1 2 3 126 | 127

b2 | 128 | 129 | 130 | 131 254 | 255

b3 | 256 |257 | 258 | 259 382 | 383

b4 | 284 | 285 | 286 510 | 511

b5 |'s12 1513 | 514, 638 | 639

TABLE 2 .
a1. a2 a3 a4 a5. ..; e $127 al2s

b1 | 1 | s 11 16 631 | 636

b2 2 7 12 | 17 632 | 637

b3 3 8 | 13 18 633 | 638

b4 4 9 14 634 | 639

bs | 5 |10 15 635 | 640

The picture image '._sighal'401 read-out .is inputted into the

digital comparator 307, compared with the reference signal 321

supplied from the grey scale reference signal generator 320 and -

“/



-17- converted to a conpared two-level signal of "0" or "1" in conpliance
with the result of conmparison. Picture image signals [err] to [err] per
bkock are read 16 tinmes, and the reference signal 321 varies fromO to 15
per unit time. Thus, the picture imge signal 401 5 is conpared with tﬂf4
reference signal 321 for 128 x 16 tinmes, which is a period TRA of the

pi cture inmage signal 401 shown in Figurei23. The period TRA is one-fifth

of the Iine period TL. The conpared two-level signal is transmtted to the
shift register 308. Figure 20 is a block diagramof the shift register 308

ohi Shet0 s 2 LURABIERTA o chaplide LREBELIAERD Dot puibolios and fLye L

swi t ches, respéctive odi‘mren anental bl ocks -ar

connected in ¢ ' r ; D- i p-f | il QUI 00 is used
as a shift r eg?gﬁgsﬁgﬁ{f sgélilt[}%t%yg%épfghﬁ'l o%o%(?lgféc ullh'? ggSOS%Q?%Su‘st a‘gl@

tenporary menDpyy pABEElarkOAdd $6 3laks, ahalile Féflemde L1Pgnad $Kvaries -
(shift-clock) signal 405 and a LCK (latch-clock) signal 406, respectively.

The period of Ehen 8Cko 50Pé8 unhst ERAé ( 13Bux, the pikene Amigadigidl 2oldress
varies mnimally, and the period of the LCK signal is TRA/16. These signals
are expl ai néd wstdompafest witte the defgrerce?dignal ¥R fof dR28rxd6stigmeal d2¢h
consists of a 4 bit signal RCK 20 (reference clock) signal 0 to 3. The
RCK signal 0 iéstheeFinteTRA 9ft tha@ictureRinagsi gional 340ls shpwnhiyFégurebit .. The
reference signal varies fromO to 15 with a period of TRa during.the period
TRA, which is PépeZhederid (TRY thenpziifsh he ddge [Regtqd IL- piThe IE@PrFRtye
signals [err] to errl gre outputted_ang congared. The_geriod 25 of the
LGK_si gnal 406 TR SiMPY HE FaPrFBHFER thErSERist F79f=45508-

Figure 20 is a block diagram of the shift register 308 which
10 is a fundamentél'ciicuit for actuating five H switches and five
L switches, respectively. In this embodiment 64 fundamental blocks
are connected'in cascade or in parallel. A D-type flip-flop circuit
500 is ﬁsed as a shift register and a D-type flip-flop circuit 501.
is used as a temporary memory, which reads signals at the rise of
15 5 SCK (shift-clock) signal 405 and a LCK (latch~clock) signal 406,
respectively. The period of the SCK signal is TRA/ (128 x 16) where
a read-out address varies minimally, and the period of the LCK signal
— is TRa/16. Thesé signals are explained #ith reference to Figure
24. The reference signal 321 consists of a 4 bit signal RCK
20 (reference clock) signal 0 to 3. The RCK signél.o is the lowest
bit and thé RCK signal 3 is the highest bit. The'referenée signal
variés from O to 15 with a periéd of TR; during.the period TRA,
which is repeated. 'Duriﬂg theﬂﬁeriod TRa, one block of picture

image signals_gi to a, are outputted and compared. The period:

128
25 of the LCK signal 406 is TRa, and the pericd of the SCK signal 405

is the same at that during which the above picture image signal



s the sane at that during which the above picture i mage signal - 18-
fromthe digital conparator 307 is outputted. Referring to Figure 20, the
conpared two-1evel signal TAis inputted into a term nal 530, and shifted .
to the,next step in order by the SCK signal 405. Then the conpared -

two-l'evel signal is transmtted to the Dtype 5 flip-flop 501 for

tenporary holding in nenory at taes-after step by the LCK signal 406 so as

to be h’é%‘d for the period TRa. At this tine, the pulse width of the

conpared two-|evel signal is converted by passing through the shift

r egi st efromnthe dégitaipormnayatangfy , iswhutputtedu| Refarging vgl Bigusedt h pi ct urg';

i mage signal 540. This signal 10 540 is selected by the record sequence ™

sel ect ¥y sherrappans? BYRTieVeY simRaleTALLE LoRWHtRENLNT942 £%qmiRRlH swit ch. 505.

Ref erence nuneral 502 indi.cates an AND circuit_ and reference nunberal 503

“an OR ci¥Peufd sPHFE9S 22 TS NEF 355 &° TTE e D A NetiFBhe®Pef ore- st ep and
the after-step. Reference number \H.533 indicates hi otential 15

vol tageﬁ?ﬂdtﬁcgﬁaaﬁeﬁd?%ﬁﬁ g s?%nv?\.{pbf %ﬁﬁ‘ %nfdj‘t\%%ft gge.eﬂ%g switch and the
H switc | ri e fer Ej e 22. In Figure
21 \Qﬁsswﬁti?ﬁkgfgg?g%%ge%ﬁ f)r %P%%%E‘Sb%p%gévﬁtg ?%%-'gggne}ro si gnal 510950

that the ppl ek 8lgiah foedQ¥eds $OWE Beld BBr AR hor Rt Bt ek tgsg@n out put
term nal® 521. Figure 20 22a shows the L switch, ‘haviing a NPN transistor

506, a digw, peieephisd wadeofi iR bddpatedivielidad1byidnae fnicbaRiragacontrol
signal 510 is fed to an output line 512. Figure 22b shows the H switch
havi ng wy pidsingatistompbrehenehifit register andctiec ietpdr@By mémhiyh potential on a
line 514 is fed to an out put .Iine.515.'_ o , J
~which results ip a pulse width picture image signal 540. This signal
10 5S40 is selected_by the recqrﬁ sequence selecting signal 407 opens
- or éloses an L switch 504 and an H switch 505. Reference ngméral
502 indicates an AND circuit ané reference numﬁe:al 503 an OR circuit.
PD 531 and ND 532 are connected between the before-step and the
éf;er-step; Reference number VH 533 indicates a high potential
15 voltage and VL 534 indicates a low pcteﬁtial voltage. - .
The L switch and the H switch wi;l be described with reference
to Figures 21 anq 22. In tigure 21 a ;witch 522 is'opened or élosed
by a switching contro;_signal.SIQ so that the_pogeptial of a power _l Q_/
source line 520 is ocutputted to an output terminal 521. Figure
20 22a shows tgg_L_switch, having a NPN transistor 506, a low potgntial
on a line 511 cqn;rplled by the g@itching control signal 510 is |
fed to an output line_512. Figure 22b shows the H switch héving
a NPN transistor and an inversion circuit 508.; A high éotéﬂtial
on a iine 514 is fed to an output line 5i53. |

25 .. Figure 25 illustrates the record sequence selecting signal

407 which consists_of signals scllto SC6. The signal SCl lags



25 Figure 25 illustrates the record sequence sel ecting signal 407
whi ch consists of signals SC1 to SC6. The signal SCl1 lags ' - 19 - behind
the signal 404 for changing over the line nmenories 303 and 304 in the
period TRA approximately. This lag i s caused since the sw tching: control
signal 510 by passing through the shift register 405 lags for the priod TRA
behirnd the output picture inmage signal -69+ead fromthe |ine nenory 303 3?0
the line menory 304. The record sequence sel ecting signals respectively
open or close the L switch and the H switch in order with a pulse width
correspondi ng behimAethnuisignati 44 Ipr dhangingayRr ingnkinesuswor tes 3Aplandnce
with'wite-in address sequence shown in Table

2. 10 Printi
col our TV pi ct0% iPnElfe PRELCLTRY SPPRRFLBRTSHY - t r@iéb%iﬂe%aéﬁf‘i)leﬁgngi%ﬁgi ng
appar at and the ink filmecgarrie f Figure, 18. A colour TV._picture inage
s!ognal ggnver t %‘H‘tf’lpb?ﬁ §Iﬁ'“ g‘l 5’gg|"f"53 %Od%ig‘lljaéf’-'%? GhRE? ,g?‘\/\ége §Bf)§tg:’jﬁ%‘ruﬁtle§l | ’

t d i f i It toth
T hout 300 anovids dTERTHat Hle Bithd pik el G Wl HeddIChud Ul GRY 1O LN
form ng onedl i gDl f %U@.n@'ﬂEQ{v%oaT@ﬁltthESn:éBQeMrﬁ}%d.” derdlighe TV

picture were printed in 4 seconds Wth yellow, cyan and magenta I nk,

respectively, gigdele Sii266ki0% Jilgna1d r3spRAGvellH opéif o d1R €RLE. sASchO the

printed picture 1 nmage, alnost the sanme picture quality 20 as that on the
CRT |V screen y¥mf tabtmiseetch ifriqkdes wGhid [pussé aliach aoppdspodirigheo Rhient ed
picture image. Arrow 600 indicates the centre of the recording stylus;
pi cture el enenpulselwidth piatmee bizlage exignel GKA- in rgopliighcs edth hixdtérein, t he
iRk filmcarrier and the transfer sheet
: address sequence shown in Table 2.
10 Printing a colour TV picture im;ge'was performed using the
above~described printing apparatus and the ink film #arrie; of Figure
18. A cblour_TV picture imaée signal converted from an énalog to
a digital signal, was subseqﬁently stored in a frame memorj of
640 x 480 x 3 colours, énd then inputted to the input 300 shoﬁn
15 in Figure 19. The speed of printing of 8.3 msec for formihé one
line of picture elements. That is, 480 lines iﬂ-the whole TV piﬁture
were printed in 4 seqonds with yellow,_cyan and magenta ink,
\_ respectively, ét the spéed of TL = 8.3 msec and TRA = 1.66 msec.
As to the printed picture image, almost the same picture quality
20 as th;t on the CRT 1V screen was obtained. Figure 26 illustrates
a pért of the printed picture image. Arrow 600 indicates the centre
of.ﬁhé recording stjlﬁs, picture element_GOI is_formed between record-
iﬂg styluses. .Further, the ink film carrier and the transfer sheet
were successively ﬁoved.for printihg so that the picture elements

25 were formed in oblique lines. Therefbre, a picture image without

the scanning lines of the colour TV picture image were obtained.



were successively nmoved for printing so that the picture elements 25 were
formed in oblique lines. Therefore, a picture inage w thout the scanning

| i nes of the goJour TV picture i mage were obtai ned. -20- In a second
embodi rent - of 2 ¥he present invention N = 7. The construction is
substantially the sane as that of the first enbodi nent. However; the nunber
of recording styluses, the nunber-2gf picture image signals, etc. are

di fferent because N 7. Only the differences in construction will be
described in what follows. The nunber of recording styluses is 315, which
adds up to GIDalsepdd mbodinhesof the puesbst inteniiohuw & Zlemmets is 629. -~

Wite- in address sequence is shown in Tables 3 and 4. TABLE 3 al -a2

a3  o@fistructiar® is svbstantially the g8k as thata®f) thé first(embodiment. 2

3 - 4 88 89 b2 90 91 92 93

178 Boweyexr ,Hghe ngg.‘ger ofgq_ecorggg stylyses, the number of picture 268
269 b4 270 . 271 272 358 359 b5
360 Fappge s:.gegls, etc. are different because N=7. only the diffegg{ye(% 450
gi% 14}15<2:onstructa.on will be described in wh€§8follov§%§9 T ABEEQ 4b_7- 540 a154;2

as a4 The g\ﬁzber of recordigiftylug%&sbazlﬁ; wﬁ%%.?dds gp t]a 16 8 15

22 29 23 .

gg 9 638 2% and H switc@sB. The n@&izbgf pict@re' elén%nts is %59. W::it?e‘L

in address sequence is shown in Tables 3 and 4. -

. TABLE 3

al { a2 - a3 aé - as ces | e ag9 a%
bt | O 1| 2| 3 4 | es8 89
b2 | 90 | 91 | 92 93 | . | 178 179
b3 | 180 181 | 182 | 183 | ) N 268 269
ba | 270 | 271 | 22 | | | 358 | 3s9
b5 | 360 | 361 | 362 - e 448 449
b6 | 450 | 451 | 452 | . | 538 539
‘b7 | 540 1541 | se2. | .1 | | e28 629

TABLE_‘; |

a]_.. ' 52' '_'a3' a4 as | ... ] ... ag9 | a9
p1 | 1 | & 15 22 29} | 617 624
b2 2 | 9 16| 23 |30 | | 618 | 625
b3 | 3 0 17| e | - 619 | 626 .
b4 | 4 |11 | 18] - | 620 | 627
b5 | 5 12 | 19| | - 1 621 628
b6 6 : 13 | 20 ‘ 622 629 i
b7 7 |1 o | | 623 s3o_j

&



§

b 4 11 18 620 627 bS

5 12~ 19 _ : 621 628 b6 6
13 20 ' . 622 629; 7 214 -
1 623 630 -21- Table 3 shows 630 addresses using [err] to [err]- abé

[err] to [err] Table 4 shows the wite-in address generating sequence.
Addresses are divided into seven groups-ii@ which the second sequence
selecting signal SCl to SC8 correspond, which are shown in Figure 27. 5
Printing a colour TV picture image was perfornmed by using the

' altrame menory ofBA0R 80t ] wafeds R L) S BLTanS 870 M 07 The

in aframe nenory o olours In elsaned9mannerl as

first enbodi le hr*s'nwgoéﬂeg‘@rfgsng %adhd OheddiGe L SedRARL Y %Qéresg@%y 630

of 640 picture elenments r I ne were stored.” Printing was perforned

at a speed Sgd Babifed iRR Séved %&cu%g € QHEEH Sh¥asechRd RGudrteSsdledBaty
that is, TL = 8.3 nsec and TRA .19 nsec. A printed picture inmage having

a very superi ogigudal $d1y tovastsoddre Bpshd, FigicheartS shawm 1| Kiglirglizagr am of a
third enbodi nent of a printing 15 apparatus according to the present

i nvention. A video Brigmahg G26oleiri TH pilctureo imrgeovase Ppr Sxwed i hyg usivgy '
col our-separating circuit 621 and displayed on a.CRT 622. A colour (R G
B) signal 623 the aheea-deseribed pirdating aodretug.or The TV Pictirs dmsge sigeaina
and the difference of colour balance between a CRT and the printing 20
appar atus. An YRf §5e79¢g1i8iqyAEpmePemery Php &R0 k8P He ScFPIAUFE g*tharﬁame

nmonitored on the CRT 622. In the circuit 625, signals are .-
Y manner as that of the first embodiment. n the line memory 303

or the line memory 304, only 630 of 640 picture elements for a
10 1line were stored. Printing was performed at a speed so that
a line of pictﬁre elements was formed in 8.3 msec, that is,
TL = 8.3 msec and TRA = §.19 msec. A printed picture image'having
a vefy superior quality.was obtained.
Figure 28 is a block diagram of a third embodiment of a printing
15 apparatus according to the present invention. A video signal 620
is input into a noise-processing and colour-separating circuit
621 and diéplayed on a CRT 622. A colourl(R, G, B) signal 623
— is input into a circuit 625 to correct the inversion gamma and
the difference of colour balance between a CRT and the printing
20 apparatﬁs. An adjusting signal 624 is input to the circuit 621
and monitored on the CRT 622. In the circuit 625, signals are
corrected to be printed in the.éblour tone displayed on the CRT.
A'correcting'signal 635 is converted to a six bit data signal in
an anaiog to digital converter 626 and memorised in a line memory

25 628 temporarily. The line memory 628 delivers the signal to a



corrected to be printed in the col our tone displayed on the CRT. A
correcting signal 635 is converted to a six bit data signal in an analog to
digital converter 626 and nenorised in a line nenory 25 628 tenporarily.
The |i'nebrignory 628 delivers the signal to a -22- shift register 629 in
response to the signal froma print sequence sel ecting signal generating
circuit 636 wherein 636 dots areanpled fromone scanning line. The shift
regi ster 629 has 612-steps of 6 bits in parallel, the nunber of steps being
one-third of the nunber 5 636 given by adding 1 to the nunber of picture
el enent shBS5 registach629 ne. rebpendd o thenvighal?frcalh priiattdwgushgal s to the™
shift register 629 three tinmes. The signals'transnitted to the shift ’
regi st esebying sigpabgeneratind circait 636 vhewein 636, datsdateheampllede width is
10 nodul ated corresponding to the input data in a circuit 631.. Then, in a
sel ect ofrgpPnet §gagningyAine | s The ehdft agoistexr 62YMas §13r starenphg or cl osing
swi tches 633 each of which is connected to a stylus el ectrode 634. The

sel ect of B¥F FRAPIFALIGlynERe kAT Af FYPRJPAIAS WerEhifdoE thel BBBRFdth i s
nodul at i,nto . each.switch 3,..1n response 15 to.a record sequence

sel ecti §36 SR LR Wo-%‘i%gg?)ﬂ‘ﬁgeﬁg u%%%@r%&l@ﬁ’ftﬁgsg §Raf2Fener at i ng
circuit,636. Figure 29 shows a detail of a construction of the selector 632
and the swtches 633. Data whose pulse width is nodul ated, is input into a

term nal 640700 16k ShehbPy/tedd .Ia&p%%tﬁﬂe?ig@éﬁs G/ erd sni e %%%ggé\lfegl y
corresponding to the record sequence selecting signal 64 - to SG4).
Ref er enego ke dlifed42rhid 513h &1 P kbMnic0da kBCthe shife register
629 are meﬁorised and a latch circuit 630, and the pulse width is
10 podulated corresponding to tﬁe_inﬁut daté_in a circui;_631._ Then,
in a selector 632, this signal is coanrte§ to_a_sigﬂal for opening
or closing switches 633 each of which is connected to a stylus
electrode 634. The selector 632 has the function of dividing the
data whose pulse wid;h is modulated, into each“switch_633,:in reéponse
15 to a recorq sequence selecting signal 641 from the print seéuence
selecting signal generating circuit 636.
Figure 29 shows a detail of a construction of the selector
632 and the switches 633. Data.whgse_pulse width is ﬁodﬁlated, , )
is input into a.terminal 640.agd,dist#ibutgd to switghes_§46,647
20 respectively corresponding to the :ecqrd_sequence selecting signal
641 (SC1 to sC4). Reference,numérals 642,643 are buffers of.the
non-inversion typeﬁand of the inversion,typg respectively, which
constitute a tristate driver. A resistor 645 limits the current
to a PNP—type.tr;nsisto: which acts as the B switch 646 and to an _
25 NPN-type transistor which acts as.the L switch 647. Reference numeral
648 (R1 to R6) indicates equi%alent resistors of the resistive layer

of the ink film carrier. Figure 30 and Table 5 show a fundamental



non-inversion type and of the inversion type respectively, which constitute
atristate driver. A resistor 645 limts the current to a PNP-type

transi stor which acts as the E switch 646, and to an 25 NPN-type transistor
‘which acts as the L switch 647. Reference nuneral 648 (Rl to R6) indicates

equi val ent resistors of the resistive layer of the ink filmcarrier, .70
Figure 30 and Table 5 show a .fundamental =23-70 -23- logic circuit and a
|l ogic table of the printing apparatus of Figure 29. "O" and "1" in Table S

represent L-level and H1evel respectlvelg and "HZ" represents a high
| rrpeQence st at 209iFARETFUdtRnd a 1qgic table Of\the printing apparatyy of Figurepp o

HZ 0 HZ 1. 29.HZ "0" and I_%' in Table::g rfpresent L-Q.evel fng%-levelo respecta(ﬁlé)

O\I(l ) TABLE 605.%& "83" represén%s a hJ.gB impe&éxcgcétats

: 1 SC 3
10 . -0 SC 1 1
sel ect ed R1 . R23£§£§_§ .. R3 plcture :
p |. ¢ | at a2 Bl B2 |
o 0 HZ HZ Bz HZ
1 0 B2 "HZ BZ HZ
o/ 0 1 0 1 HZ B2
S SR DA S A SRR A ¢ ON{Q) ON(1)
TABLE 6
tl t2 P t3
sct 1 1 0
sC2 0 0 1
$¢3 1 0 0
sc4 o | 1 1
N\
selected Ri R2 R3
picture - '
lelement' ~~ | R4 RS R6

As shown in Table 5, output Bl at terminal 649 of the L
switch and output B2 at terminal 650 of the H switch are turned
on and current flows from 32 to Bl when D and C are "l".

' Table 6 shows record sequence selecting signal 641 (SCl to

SC4) of Figure 29. Signals are ditributed to each switch at times



el enent R4 R5 R6 As shown in Table 5, output
Bl at termnal 649 of the L switch and output B2 at term nal 650"of the H
switch are turned on and current flows fromB2 to Bl when D and C are "1".-
. Tabl e 6 shows record sequence selecting signal 641 (SClL to SC4) of Figure
29.7PBignals are ditributed to each switch at times 71 -24- [err] At
time [err] current flows througi4trhe equivalent resistors RL and R4 of the
ink filmcarrier of Figure 29. At tines [err] the signals of Table 6 are
energi sed. as shown in Figure 12(a) 2(b) and 12(c) to formall the pi cture
el enertys. tdxp tge IAtnBinesthEUEFEF Slonse thraughthes e3ivRdeMed by control lin
0

t he peri of time for which current flows accordi to th I dth
the daesistogsaRl a4 of e i LR fianatens 25 Lo ¢ Rgresppte(?gm%)g tsﬁewsel ect(:)or

632 and th tch 28, k
dottggﬁl'i?m?' ?\é\n'ﬁ%gg?%“i €T8Jﬁgeu§fea%§n§’f gesOC i‘s’n{m‘%o(ié va\IMetnP'I Pegl stor
o Hfz'ze {155k Sha0 €)1 LS IRARL. Bhel BEc:E! Uik gs&semnanﬂnqg Figure 17

and t stor t he h stage corresponds to the picture el enent

P63g JEgSs H0dh Bt 16 HRrESeRathy GoRtdd1UERS the de2ib81# and HL to H318
are ut|I| . Using the printing apparatus of Figure 28 a printed picture

15 of {3n6OfcRUkhidh Phblenterici@yeccseainy 66utedpulecwidi uflthat resistance of
the resistive layer of the ink filmcarrier was 4 K ohns. Printing of a

col ouraaty ﬁgﬁhurﬁpuﬁﬁﬁtsftweefmmek 64@s efithotesgectn t4 Bwconds by printing
fusi bI e ink of yellow, nmagenta and cyan
- selector 632 and the. sw1tches 633 in Pigure 28, the block represented
within a dotted line in Figure 29 is one_qf 106 stages. The K~)
10 equivelent resister.Rl of the first stage_correspohds to the pieture
element P1 of Figure 17 and the resistor R5 of the 106th stage
corresponds to the picture element P635. In this embodiment the
recording styluses'LI to'1318 and HI to H318 are utilised.
Using the prlntzng apparatus of Figure 28 a printed picture
15 of a colour TV picture image was produced. ' The equivalent resxstance
of the resistiﬁe'layer of the ink film carrier was 4 X ohms.
Printing of a colour TV picture image of 480 lines was effected
in 4 seconds by printing fusible ink of yellow, magenta aﬂd.cyan
respectively under an epplied.roltage of.20 VvV from the power source
20 8. It takee'8}3lmsec to form a line of picture elements. and the
maximum pulse width is 2.7 msec (2.7 msec x_3time5358.3 msec).
The qﬁality of the printed-imege pieture was almost the same as
the quality of the colour TV picture image on the CRT. The_printed
picture image had a size of 96 x 127 mm. The maximum_recordiqg |
'25 energy used to form a picture element was 0}3 mJ (the dot size is

about 0.2 x 0.2 mm at the pulse width of 2.7 msec). When printing

-



respectively under an applied voltage of 20 V fromthe power source 20 8.

It takes 8.3 nsec to forma line of picture elenents and the maxi num pul se
wikdth is 2.7 msec (2.7 nmsec x 3tines-. 8.3 nsec). The quality of the

printed i mage picture was al nost the sane as the quality of the col our .TV ?l,.
picture image on the CRT. The printed picture image had a size of 96 x 127 <
mm The maxi num recording 25 energy useg-to forma picture elenent was 0.3

ml (the dot size is about 0.2 x 0.2 mmat the pulse width of 2.7 nsec).

When printing -25- all the picture the maxi nrumcurrent flow ng was about

1 A and the el aalrimeapiqanertheonsximed durreie fPowingi Wi apP@y at Asandotyy oduce

a conplete printed i nage picture was about 20 W This energy is one- fifth

t 0 one- sevent h edéctrigal mower megsimeda by divecprtinbind apparateé ® hexdhcpraduci ng

the sane printed picture i mge. A yet further enbodi nent of a printing

appar at-us accoicamkfteopringed ri@agh tPichyem #pebart 120sks ThivespEPhdsrged as

shown in Figure 31, which has the_sane shape as that of Figure 17. A copper

layer 661 is cddf®y ®Bnone FFEERepb ot Mo meteP s S0ty BF Rl o T2 at i ng.
10 An el ECt-“5Cr"‘F§@t |rg€%%i%¥gf}§g%?%%%§$£ﬁ%gﬁi&%§efﬁr ned thereon and photo-

et ched chemni ca 0 an- oXTae Til mon the el ectrodes

was renoved using 5% gil Weosll DM GeACLE éa?gi&qgg\%%gggas&e;%l Ladi-ymehloride

solution before rinsing. A NN-WP plating solfution to provide a

Ni - WP platingebaye phldenenidvade faPRel1ikas & ee&mds§ ‘hebldi L0 shéUrS 1R'#iRLEOY
head in the same way as the. first two enbodi nents of a printing apparatus

accarding to tBe, WhRSRMasi t REh® Ehapd Hsabtdtabs Wiklife 330 A e65Ped Diyer
characteristics with ‘ '
661 is coated on a glass—epoxy substrate 660 by electroless plating.

- 10 An electric coating layer of copper 662 was formed thereon and photo-
etched chemically to form electrodes. Then an oxide film on the
electrodes was removed using 5% dilute sulphuric acid and soaked
in palladim chloride solution before rinsing. A Ni;W;P plating
solution was used to pro§ide a Ni-w-p plating layer 604 on the copper

15 electrcdes. Using this printing head in the same way as the first
two embodiments of a prin;ing apparatus according to the present
invention substantially the same recording charactefistics with

_\\/ respect to picture quality were obtained. When applying electric
power which is approximately three times that required for printing

20 and effecting printing continuously, the recording styluses separated
from the glass-epoxy substrate. However, compared to the fi;st
embodiment of ; printing apparatus according to the present invention
vhere the i)rinting l;xead used a ceramic subst;ate; there is the great

advantage that the picture image quality is good and the printing

25 head can be made at much reduced cost.



respect to picture quality were obtained. When applying electric power
which is approximtely three tinmes that required for printing 20°and-

ef fecti ng printing continuously, the recording styluses separated fromthe
gl ass-ep Qy substrate. However, conpared to the first enbodi nent of a
printing apparatus according to the present invention where the printing
head used a ceram c substrate, thsgge is the great advantage that the
picture inage quality is good and the printing 25 head can be nade at much
reduced cost. 73 -26- The enbodi ments of printing apparatus. according
to the preserte emyeXinemts cimeintinsl apparedual £ocoR8IhLEOHE Sidsenper Mt a
printed i mage picture of a colour. TV picture image to be produced at high*
speed usinmgntioncfieadribed, abpymlare ressyr ebongmivld, permpovwe promtedce 5 of
relatively |ow capacity and a relatively low load driving circuit.

Mor eoveriiage Rickpzs of 2 SOLAEN Vit ure jarge 3P be giredugeddas hdgh H el ect r odes
is possible, 18 74 -27- CLAINS 1. A printing apparatus for printing
from an SPRRA (ISEAT A FPIATVALY iStEPLe TPecrding heady & PPuer gpwFceand a fusible -

i nk l?‘y%rf’ réﬂ%ively low capacity and a relatively low load driving circuit.
Moreover, grey scale recording with a pair of L electrodes and

H electrodes is possible.

10
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apparatus conprising a recording head having a pIurallty of

recordi ng

styl uses arranged in aline, alternate recording styluses are each 5

associated with a respective first switch arranged to De connected to a

relatively high potential and the other alterna
each associated with a respective secong smntch
arelatively low potential, the arrangenent be|

uses are
onnected to

oper ati on,

the switches associated with a pair 10 of adjacent recordlng styluses are
cl osed simultaneously to cause current to flowin the resistive |ayer of
the 4 pk filmcarrier whereby the resul &AM heat generated causes parti al

neltlng of the ink layer so that ink can be transferred to

a transfer sheet

to forma picture elenent. 15 2. A printing apparatus as clainmed in

claim1 in which, Ghe, it persLengispmtfna P 0CiM ¥ifiedal i oroups of

picture el eménts, ere

each group ¢@yPAd SkNfeatCs %elﬂle;rsemy%rsaﬁ&%df@ib&le qu pa
| ocations, N groups of picture elenments being printed wt

nt eger- equal greater than 3,

ur gnl enment
time difference.

20 3. A Rbpafdtiy QRPA AngSa dfecokdidFdedd nalai grmlpma&ﬂynsmcucagamans

for varying the length of tinme current is cause

to flowin the resistive

| ayer to cortybhisesh&rringed iihya dfinenkalteypdteneédarding! styldsedr ad iedgh
apparatus as clainmed in any preceding claimin which the styluses are _
formed ors aasevcirited Wibbty xeepe@Fve firsP8switBh arrange@ po ihet compegpPpdr at us as

claimed in any of clains 1 to 3 in which the styluses are forned on a.
g| ,ass- epoxy teubgetatiwely high potent:.al and the other alternate recording

(U

styluses are each associated with a respective second switch arranged

to be connected to a relatively low potential, the arrangement

being'such that, ih operation, the switches associated with a pairx

10 of adjacent recording styluses are closed simultaneocusly

to cause

. current to flow in the resistive layer of the ink film carrier

whereby the resultant heat generated causes partial melting of

the ink layer so that ink can be transferred to a transfer sheet

to form a picture element.

15 2. A printing apparatus as claimed in claim 1! in which the picture

elements in a line are divided in N groups of picture elements,

where N is an odd integer equal to or greater than 3, each group

comprising picture elements spaced by N - 1 piéture element locations,

N greups of picture elements being printed with time difference.

20 3. A printing apparatus as claimed in Elaim 1 or 2 including

means for varying the length of time current is caused to flow

in the resistive layer to control the quantity of ink layer melted.

4. A printing apparatus as claimed in any preceding claim in

which the styluses are formed on a ceramic substrate. -

25



6. A printing apparatus substantially as herei n descri bed with

reference to and as shown in Figures 5 to 31 of the accenpanying 5
_-drawi ngs. 10

B T

5. A printihg apparatus as claimed in any of'claims 1 to
3 in which the styluses are formed on a glass-epoxy substrate.
6. A prxntlng apparatus substantxally as herexn described

with reference to and as shown in Figures 5 to 31 of the accompanylng

5 drawincs.

10
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