2137936 1- "PRI NTI NG APPARATUS" This invention relates to printing
apparatus. Hard copy col our printing apparatus has recently been propose
Spch col our printing apparatus nmainly utilises an ink jet printing head &
a thermal transfer printing head. In 5 both nethods, the dag%z“lsﬁﬁﬁ
intensity of the printed inmage is determ ned by a quasi-are uTJa I on
such as a dither matrix, for obtaining a-full-colour image. This is because
the area of one dot is nodul ated stablylonly due to the presence of a
colour picture elenent. Thus, in order to maintain a predetern ned 10
resolution of the picture elenent either a recording head having an
extrenmely high density of printi BEEIBGARPARABIS“hi gh density recording is
required. For exanple, when a (4 x 4)- matrix is used to represent 16 gray
scal es-at 5 dot/nmm densij t}/ Qf t%gi (;éﬁure el enent, 20 dot/mm of resolution
is necessary in 15 a |i AB*HATEEINHAT (FSLATST 5O HGFHP8RRFTAt e speed i s

reduced to one sixt eentg 0 cghat g;urt hgiq&%e Wneg &Eaﬁassgale%ths n%t
represent ed. Known t her Hal - CrensTer p LT ng HEAGT Gr e ther ¥|ibgehf’y

expensive or thei b, 5paed | SuBK(dR08] kbW bhedrafR ElmBngGHELEAGHON No. 4

350 449 disclosesa thermal trans printi'ng apparatu I'S shown

in Figure 24. An iiﬁk,ﬁlﬁeﬁztineg nShS Rf 2B HLRAS lir i fedViineihly né. 1In
el ectrically conductive Tayer 252 and ink |layer 254 on which there is a

record nmedi um 855 pofh et Rdds) Ot Q8ERES ROBpedidity ot tHeNpelmelir Dflge257 are
in contact wi'th the resistive layer 251
is determined by a quasi-area modulation such as a dither matrix,
S | for obtaining a full-colour image. This is because the area of
one dot is ﬁodulated stably only due to the presence of a
colour picture eleﬁent. Thus, in order to maintain a predetermined
10 resolution of the picture element either a recording head ha&ing
an extremely high density of printing elements, or high density
recording is required. For example, when a (4 x 4) matrix is
used to represent 16 gray scales at 5 dot/mm density of the
picture element, 20 dot/mm of resolution is necessary in
15 a line head, whilst in a single head, the speed is reduced.to
one sixteenth of that of.the case when gray scale ie not
represented. Known thermal transfer printing heads are either
highly expensive or their speed is extremely slow.
- U.S. Pateht'Specificatidn No. 4 350 449 discloses a
20 thermal transfer printing apparatus which is shown in Figure 24.
An ink sheet consists of a resistive layer 251, an electrically
conductive layer 252 and ink layer 254 on which there is a

record medium 255. A'printing electrode 256 and a return

electrode 257 are in contact with the'resistive layer 251



-2- and a voltage is applied therebetween. As current flows through the
regogtive | ayer 251 and the conductive |ayer 252, heat is generated in a

P Ffon: 251a of the resistive layer 251. This heat causes nelting of
thermally transferrable material in a 5 contiguous portion 254a of the ink
layer 254 and thus a printed inmage is *orned on the record nedium 255. The
current flow ng through the resistive flayer 251 concentrates in the portion
just under the printing electrode 256 since current flows into the
conductive | r s ' r.th t.. 10 he
resistive | a%? 351. t%ig %@GF‘% @gg%ﬂt’&ﬁgﬁ\ﬁg h@é%‘%r@é fé?“ésa tﬁ?‘f‘#‘

printing el eGlyeOpgs;286vd s.a{,q e Ha the &&9&%%3%# thQuahsthis type

of printing apparatus has the advantage of high speed, I'S necessary to
forma matrixenBritea SRIE pBRAIRAI29S ¥E tthearddiat (R 1tayémiifs.er Rhisti ng head
for gray scale. 15 Consequently, 7in spite of the advantage of high spged,
this known prhieaticepsagpelaing of Stheahyl BX peatiféeratiechdttrngl tia ane
particul ar aspect of the present invention there is provided a printing
appar at us Scomenttdueys partiok 25Heaif therbok layekuZidgndtthueastprantedsi stive

| ayer and an ink layer; 20 a head including a first electrode and at

| east a secoﬁd‘a@?e‘@t Foxmed emithef1ecord medive@5hd dhectyrrent flewing in

operati on, -3- in contact with said resistive |layer of the ink sheet
nember and cdﬁ’i‘ﬁ‘é%’i’b&h? Fegigfhiveelagercen CPB?e”GEE%‘f%wgnc"ther E‘PﬁthB f1 ow t hr ough
said ink sheet ge and a control C|rcyé |nclud|n%

ust un er the printing electrode 6 since current £ ows into

the conductive layer 252 whose resistance is lower than that L;J
10 of the resistive layer 251. As a result a dot having the same

area es the prieting electrode 256 is formed on the record medium.

Although this type of printing apparatus has the advantage of

high speed, it is necessary to form a matrix in the same manner

as with a thermal transfer printing head for gray.scale.
15 COnsequently,.in spite of the advantage of high speed, this

known printing apparatus is very expensive.

According to one particular aspecf of the present invention
there is provided a printing apparatus comprising: an ink sheet —
member including at_least a resistive layer and an ink layer;

20 a head including_a first electrode and at least a second

electrode, said first and second electrodes being, in operation,

25



scal e signal generating neans and a pulse width setting neans 5 for
nodul ating the pul se wwdth of the voltage applied to said el ectrodes i-_-
response to said gray scale signal, said head and said i nk sheet man’oer‘i‘cw'w
bei ng so arranged that the current flow ng through said ink sheet nenber
passes through said resistive layer. 10 According to a further
non-restrictive aspect of the present invention there is provided a
printing apparatus conprising: an ink she&t” menber including at |east a
resistive layer and an ink |ayer, said ink |ayer being disposed to be

opposed to recordi,ﬂ%gh ! a@&hhgﬁgeéi&'fwé aﬂa'g,g;[l o3 el Eﬁﬁrsg,%% ?ﬁ%&r%g'ai nk

15 constituents; ad 1 nc ng a first el ectrode an east a

second el ect rode, csidbdedd £51a A0hes eeANcCLACLEQURS RO cbNeRCLALLOR. | 1
contact . with said resistive layer of the ink sheet nenber and connecfed to

a driwe=ng circui tsdiar i )aghédtd membdrgNtandOafdopbrdin cl Pk N3 G88ly BB§:AKI al ;
and a control circuit 20 i ncludi ng a colour signal generating neans for
generating' threesqakosiignal gjeaksatdng Qicdind GaridOa tgul g€ wiBt Ryt Iy pedrs, and a
pul se width setting neans for nodul ating the pulse width of the voltage
applied to said efeechoddeting)the gudse ovitith xfi the kobmgecdpplleditgngdid, sai d
head and said i nk sheet nenber being 25 arranged so that the current

flowi ng in the i mMdeshexdesniniyesponse/to-said gray-scale-sigraly~said heads t hrough
the resistive layer to transfer the coloured ink constituents of said ink

| ayer onto the rc¥¥r gakfednrkihheat meapem eing searFangadethatothercusreftal s. An

i nk sheet nenber maz,have an_insul ati ng support | ayer : ,
flowing through said ink sheet member passes through said

~ resistive layer.

10 According to a further non-restrictive aspect of the
present invention there is provided a printing appaxa;us comprising:
an ink sheet ﬁember including at least a resistive layer and an
ink layer, said ink layer beipg disposed to be opposed to record
mediuﬁ and having a plurality of different coloured ink

15 constituents; a head including a first electrode and
at least a second electrode, said first and second electrodes
being, in operation, in contact with said resisti§e layer of the

g~/ ink sheet member and connected to a driving circuit for causing
current to flow in the ink sheet material; and a control circuit

20 inﬁluding a colour signal generating means for generating-
three colour signals aécording to three primary colours, and
a pulse wiath setting means for moduiating the pulse width
of the voltage applied to said electrodes in réﬁponse to said
three colour signalé, said head and said ink sheet meﬁber being

25 arranged so that the current flowing in the ink sheet member



5 between said resistive |ayer and said ink [ayer. Alteérnatively
said i nk sheet nenber may consist solely of said resistive |ayer and said
ink~‘\yer. A still further possibility is that said i nk sheet nenber
-ﬂjpses said resistive layer and said ink |ayer which are forned as a

e layer. 10 In the preferred enbodinment a plurality of said
first electrodes are arranged in a |line between a plurality of pairs of
'sai d opposed second el ectrodes, the control circuit being arranged to drive
said first and second el ectrodés~by -time-sharing. 15 I n one
enbodi ment the first electrode is of a pin shape and each second el ectrode
is planar. In another enbodiment the first and second el ectrodes are of a
pi n shape. Sai G1biK t2b&&h awti-aélgayeFwer&op&ux@k&whefc&bwerse bands
of ink of different colour arranged thereon. A printing_;
appar at us accorigk ngnkeitddeatroFs edid waayeﬂanﬁaythemtaanﬁ%ect I on rreﬁns
for detecting the relative position of said ink sheet nenber and said bead
to transfer difiherespbnseltousaidnkhieeotoldne sigkaifyer to the portion of the

record nmedi um beneath the head. 25 The ink | ayer nmay conprise
yel | ow, nagent a andncymin sbeéto menizgn sy thaveitan dmswlhatiion stwpozkylayek| ow,
magenta, cyan and black . -5- colour constituents. The invention is

il lustrated, mbetweenhpaidayesistdaiprer and said injcdayumyi Migednatdivells, in
which:- Figure 1 illustrates schenmmatically the fundanental

said ink sheet member may consist solely of said resistive layer
and said ink layer. A still further possibility is that said \J
ink sheet member conprises said resistive layer and said ink
la_yer which are formed as a single layer.
10 - In the preferred embodiment a plurality of said first
electrodes are arrangea in a line between a plurality of
pairs of. said opposed second electro'dés, the control circuit
being arranged to drive said first and second electrodes by
time-sharing.
15 In one embodiment the first electrode is of a pin shape

~ and each second electrode is planar. In another embodiment

@

the first and second electrodes are of a pin shape.
Said ink sheet member may have a plurality'of transverse
bands of ink of different colour arranged thereon.

20 A printing apparatus according to the pi'esént invention
may comprise detection means for detecting the relative position
of said ink sheet member and said head to transfer different
colour ink from the ink layer to the portion of the record
medium beneath the head.

25 The ink layer may comprise yellow, magenta and cyan colour

constituents or alternatively yellow, magenta, cyan and black
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5 construction of a printing apparatus according to the present
invention; Figure 2 consists of Figure 2(a) which illustrates potenti al ?3;)
distribution in a conductive |layer of a thermal printing sheet used w E‘ﬁ-
printing apparatus according to the present 10 i nvention, and Figure 2(b)
which illustrates the corresponding tenperature distribution; Figure 3
shows graphically the relationship between printing energy and opti cal
density of a printed image; Figure 4 is-a®bl ock diagram of a pul se w dth
nodul at or 15 of a printing apparatus according to the present invention;
Figure 5 consists of Figure 5(a) which shows the pul se width nodul at or of
Figure 4 in greateo¥EtE " -gure 5(b) which shows by way of a tine
chart the operation thereof; Figure 6, _consisting._o iqure 6(a) and 6(b)
i|lustrate 20  schemmattecdFYPEER gﬁo’r]&?‘ﬁ%aﬁg blmgfeé' g’?'i A cr’lg(eé‘pppglreéthrg
accordimg to the present inventéorvll;inFi OV &b e consisting of Figure 7(a) and

7(b), illustrates hEFMPaa e &t° pr Hei pl'e o Tdri ving a head of a printing
apparatus according t0 4{16,£1eq eila "L LABANATIF AnkY fundanental

~Figure 8 illustrates an equipotential surface in a -6- conductive |ayer
of a thermal pyintdQg-8888h & 80pMintiha aBpdrabhd hcaPRANMYL4LS tAE GReséMg L0 the
present invention; Figure 9 illustrates schemmatically a conventi onal
mul ti-stylus statigepb€sd;ric printer; 5 ' " Figure 10 illustrates the

potential distribution created :
Figure 2 consists of Figure 2(a) which illustrates

potential distribution in a-conductive layer of a therﬁal printing
sheet used with a printing apparatus according to the present
10 invention, and Figuie 2(b) which illustrates the corresponding
temperature distribution;
| Figure 3 shows graphically-thé relationship between .
prihting energy and'optical density of a printed image;
Figure 4 is a block diagram of a pulse width modulator
15 of a printing apparatus according to the present invention;
Figure 5 consists of Figure 5(a) which shows the pulse
width modulator of Figure 4 in greater detail and Figure 5(&)
i~# which shows by way of a time chart the operation thereof;
Figure 6, consisting of Figure G(é) and 6(b) illustrate
20 schemmatically a recording head of a printing apparatus according
to éhe present invention;
.Figure 7, consisting of Figure 7(5) and 7(&); illustrates
the fundamental principie of driving a head of a printing |
apparatus according to the present invention dynamically;

25 Figure 8 illustrates an equipotential surface in a



in a conductive layer of a thermal printing sheet by the conventional

mul ti-stylus static electric printer of Figure 9; Figure 11 illustrates by
nea of atimng chart dynamc driving of a printing apparatus according *
to'tde present 10 invention; Figure 12 is a block diagram of an enbodi nent

of a printing apparatus according to the present invention; Figure 13 is a
bl ock diagramof a driving circuit of a printing apparatus according to the
present invention; 15 Fi gure 9xis atini ng chart show ng the
operation of the driving circuit of Figure 13; Figure 15 is a circuit

di agram of a sel ecti.n at e e ving . circuit of Figure 13; Figure 16
isacircuit div é‘g}"%ﬁh" fgaé'eﬁrl verg‘ %@rigud'rgl iRl ntt ‘(’:s?dcu 8 8t Fi gure 13;

Figure 17 is aﬁ-_‘gh&c’g % | s ‘ﬁa{'%t Qﬁé bLY&S 1menttt.'§n driving circuit

of Fi gure 13; “Hi gur agr am a picture signal generating
circuit for a pr| nt |Fqgu§é)@a{ﬂtug§r§°ggo§g{eggaglqaﬁ}e 2501%ﬁ§%fall nvent i o

-7- Figure 19 illustrates schematically a full-colour printing apparatus
according to tnhﬂtp.rs&g@ﬂg sltauﬁlu%i}_?llg:qheezzo shows a thermal printing
sheet for the printing apparatus of Figure 19; 5 Figure 21

consi sts ofs Fi gure ZFigaje whi ilnubtrates riHecpotsnbesmniaisedibyt fonotheteanbodi ment
of a printing apparatus

in a conductive layer of a thermal printing sheet by the

conventional multi-stylus static electric printer of Figure 9;

Figure 11 illustrates by means of a timing chart

dynaﬁic dzi§ing of a printing apparatus according to the present -
10 invention; |
Figure 12 is a block diagram of an embodiﬁent of a
printing apparatus according to the present invention;
Figure 13 is a block diaqram of a driving circuit of
a printing apparatus according to the present invention;
15 l Figure 14 is a timing chart showing the operation of
the driving circuit of Figure 13;
Figure 15 is a circuit diagram of a selecting gate of .
>

the driving circuit of Figure 13;
Figure 16 is a circuit diagram of a driver of the
20 driving circuit of Figure 13;
Figure 17 is a circuit diagram of a further driﬁer of
the driving circuit of Figure 13;
Figﬁre 18 is a block diagram of a pictﬁre’signal
generating circuit for a printing apparatus according to the

25 present invention;
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according to the present invention and Figure 21(b) which is an equival ent
circuit diagramthereof; Figure 22 illustrates a printing head of the pin
type 10 of anot her enbodi ment of a printing apparatus according to the
present 4 nvention; Figure 23 shows thermal printing sheets for use with t
printing head of Figure 22; and Figure 24 illustrates schematically a
thermal transfer 15 printing apparatus_qigclosed in U S Patent

Speci fication No. 4, 350,449. Throughout the drawi ngs |i ke parts have been
designated by the sane reference nunerals. Figures 1 and 2 illustrate the

fundanmental principle Ofpi&Q:_e 18 igrl[,g\gzia@_gs aglggg,gaactigglgcgo&_pﬂlngoltoqrt he present

invention. °A thermal printing sheet 1 includes a resistive |layer 2, a
support 1ayer 3 apdihaak-igtarbt@ ablodaang todthel RReSdmPOidentdiir 3 is al so
electrjcally insulating and thermally conductive. Wen a voltage is applied
to a revdrdi ng el ectrodeiyurd520 dhpws S kherlal vl inafey gRaEr &bt theCi rcuit 7,
current flowinto common el ectrodes 6 through the resistive layer 2. If
the area of the commmringl &mparetes o6 Figureid;| arger than the contact area of
the recording electrode 5 and the reststive layer 2, heat is generated just
under the recofding el eEtg¥del corpistseaf M ogemet Adledhheh ddlystaates
heat-fusible ink in the ink layer 4 by transm ssion through the support
layer 3. As a res@FPematifghlyeddlPsher SAPADISRE tHe 2 RIEANEFRE PBPRFAEHR i s

ransferr n r r m n her rinting.i ff ed.
transferred onto %ccgrcd?.ng trgegl'xg prg’sena}: gn&en%igr? yanQ FigE.xre g21 (ﬁ) ewhiggtiesd

an equivalent circuit diagram thereof;
Figure 22 illustrates a printihg head of the pin type
10 of another embodiﬁenf of a printing apparatus according to tﬁe
presenﬁ invention;
Figure 23 shows thermal printing sheets for use with the
printing head of Figure 22; and
Figure 24 illustrates schematically a fhermal transfer
15 printing apparatus disclosed in U.S. Patent Specification No.
4,350,449. |
Throughout the drawings like parts have been designated
i,j py the same reference numerals. | |
Figures 1 and 2 illustrate the fundamental principle of
20 a printing apparafus according to the present invention. A
thérmal printing sheet 1 ;ﬁcludes a resistive layer 2, a support
layer 3 and heat-fusible ink layer 4. The support layer 3 is
also eleétrically insuiaﬁing and thermally conductive.
When a voltage ié applied to a recording electrode 5

25 by a signal voltage generating circuit 7, current flow into



On cl ose exam nation of the potential distributionin the 10 resistive

| ayer 2 there is seen to be a very sharp potenti al
t?§g§égording el ectrode 5 as illustrated in Figure 2(a). Thus, the thermal

di
as

ibution in the thernal
een in Figure 2(b).

sheet 1 which is energised has a central
A dotted line represents the condition where the 15

curve in the area around

peak

supplied energy is larger than in the case represented by a solid line. In

Figure 2(b) the vertical
axi s represents position and corresponds to Figure 2(a).

axis represengs tenperature and the horizontal
If the nelting

poi nt of the heat- fusible ink is Ts, the area of thermal distribution cut
by a 20 | necon@ps @eetdocads t1entaugnetd wefiskive NaRge R .aceortle Ngrela0 t he

supplied energy. Nanely, the area of the potential distribution where solid

i nk can be neldfedhy aomacn ielecirpaesiendie nuyehnldriger Ihpp| thedceitaecgyareand ..
thereby the area of printed dots can be nodul ated. Figure 3 shows the™

rel ati onshi p bef wberepordingneie2brodec feargly thd reatativpt layar 2Jeheat \is(OD) of a

printed inage. As - the area of each dot can be nodul ated, there is no
need to const raseerakedsinet andent Ehg regprdingrelegrrede b. adhahes§es such as

reduction in cost and increase in--sﬁ%geg%p%}g%eag.gpgl 5 il%%grtrate a pul se
=y o7 okt sc ¢BF - iABT t he present

invention. image data_ 21 of n bits per zpi iture el ement is_delivered froman

g'g ﬁg“’ QP sFudst 28 JFEFIYE ArBtE%cont r ol |

wi dt h modulPat ¢fengFatpd melts the,hpag-

i mage si gnal

ABFHSSOR FRERT e ERT (FEPRY

i gnal ting.cireuit 14 and is stored j 12 through
r atat e gat o PETUGR 9 iF SR Bif LR 4 fbiatadh 5% WBERS [ oad
out again frog i, BRLY +héreryPBMHIRY 1Y e fredBld™ |

10

i5

20

25

On close examination of the potential distribution in the

resistive layer 2 there is seen to be a very sharp potential

curve in the area around the recording electrode 5 as illustrated

- in Figure 2(a). Thus, the thermal distribution in the thermal

sheet 1 which is energised has a central peak as.seen in
Figure.2(9); A dotted line represents the conditién where the
supplied energy is larger than in the case represented by a
solid line. 1In Figure 2(b) the vertical axis represents
temperature and the horizontal axis represents position and
corresponds to Figure 2(a). if the melting point of the heat-
fusible ink is Ts, the area of thermal Aistribution cut by a
line representing the temperafure.Ts changes according to the
sqpplied energy. Namely, the area of the potential aistxibution
where solid ink'can be melted varies in dependenée upon the

supplied energy, and thereby the area of printed dots can be

modulated. Figure 3 shows the relationship between printing

energy (E) and optical density (OD) of a printed image. As

L

%



convertlng table 13 to signal data 22 of mbits which is suitable for Atn
printed image, and then transmitted to a (mx 1) bit shift register 1§i‘[‘
controlled by a signal 26 fromthe control signal generator 14. It may-te
possible to nmake the val ue m 15 equal to n, but the value of mis
dependent on the capability of transferring gray scales. In the
construction shown in Figure 4 éhe size of the nenory 12 can be econom sed
by making n greater than m "[efr]" words of a mbit data transmtted from
a shift register 20 15 are latched by a counter 16 in response to a
signal 27. A carry signal 30 corresponding to each data is generated in

"[err]” counters 16¢hd dk@2RANSEH Bof &h%maam%ﬂ%h&f@&s%lae&@%ter s
"m'" bits. "[err]" bit of a flip-flop 17 is respectlve y set or reset in

respopse to a set Skgikthrudd dd8s in a Witri¥e wAAH Yesi1@8aln ABvardtagobisabn [ er]
pul seiwi dth signals 31 with every data. Meanwhi | e, the next ferr] wor ds

data is transm ttedasaedetivhi id cosgiamtieinctbase in-spk@d: Figure 5(b) is a
timng chart associated with operation of tche circuit of Figure 5(a).

Ref erence nuneral 24 repiguesté andds ddlustirgbalaspalgt eddth adbddiagtnlos f or t he
menory 12 and reference nuneral 25 represents those for the ganma
converting 5 & abl e 43prikting epparatus ascomsiingtticc the gpresdnta inwngich .ngmdgead of
a printing apparatus according to the present invention. Five hundred
‘recordi ng el ect r odedatz0 21 zafe nj pitsr pos pdetirevelementdst §elivared from apf

opposed common el ectrodes 101 to 121.
image signal generator 10 on receipt of a request signal 23 from

\o/ : a control signal generating circuit 14 and is stored in a memory
12 through a tristate gate 11. Wwhen 1 word is "n" bits, £ words
10 - data is read out again from the memory 12, converted by a gamma
converting table 13 to signal data 22 of m bxts which is suitable
for a printed image, and then transmitted to a (m x 1) bit
shift register 15 controlled by a signal 26 from the control
signal generator 14. It may be possible'to make the value m
15 equal to n, but the value of m is dependent on the capability
of transferring gray scales. In the construction shown in
Figure 4 the size of the memory 12 can be economised by making
n greater than m.
"{" words of a m bit data transmitted from a shift register
20 15 are.latched by a counter 16 in response to a signal 27.
A carry signal 30 corresponding to each data is generated
in "4" counters 16 in response to a clock signal 28 when each
counter is "m" bits. "L" bit of a flip-flop 17 is
respectively-set or reset in response to a set signal 29
25 . or the carry signal 30 to obtain £ pulse width signals
31 with every data. Meanwhile, the next l.words

data is transmitted to the shift register 15.



10 Figure 7 illustrates the fundanental principle of driving a
recordi ng head of a printing apparatus according to the present invention
dyn ally. As shown in Figure 7(a) recording electrodes 201 to 206 are *
arranged between respective pairs of oppositely disposed return el ectrodes
101 to 105. A pair of 15 return electrodes will hereinafter be referred
to as a return electrode. Figure 8 illustrates an equi potential surface in
a conductive |layer of a thermal printding sheet used wi.th a printing
apparatus according to the present invention when 20 applying different
potentials to neighbouring return el ectrodes. The recording head is in
contact with tBégirech @l ipra minhgy sheet adsdckated @idl) opathtpohasd i al s E(Vv)

and Q(v) are respectively provided to the return electrodes 101, 102. As
shown i n Fi gur 8h@ aqigceltecfriigure dl (d) i s Rpfeatncethunprahd4rempreserdsl bet \/\ﬁ;ﬂ
the return 25 el ectrodes 102. Therefore, for exanple, when Q(v) potenttal
is si nmul t anéédrssy sigsriedrdocontEel ¢iiatpls &ex thdamemory 1208md current
flows fromthe recording electrode 913 to the return el ectrode 101, whil st
current does ndEfenepfe iMmeralh 25 FepresstEnthosRefTe P FHER SPBYRTAAE 914

because it s ﬁt thFI\ sane potential as 5 the return electrode 102. In
this case, %)ri ﬁ’lrfg s performed by the recording el ectrode 913 but not by

t he recording el ectr?de 914.. Such,an Lrangenent, of Jrg;e_nr%te%&nofel ectrode

permts the potentia ) i élsrae'tstfrhﬁm% 8t rode and THe T etor i ng el ectrode

to be selected, inﬁaﬂf ‘%Eb'éﬁiﬁ%ué LREHEGT UE CRE! eisPlgt_ i%xgention.. rivEelf €rring
back to Figure. which 1llTustrates tthe principle of operation of a
printing appar ghitfi-e8CHNogh Yy Egbédggdes 201 are interposed between twenty- U
one pairs of opposed common electrodes 101 to 121,
10 . Figure 7 illustrates the fundamental principle of driving
a recording head of a printing apparatus according to the present
invention dynaﬁically. As shown in Figure 7@5) recording
electrodes 201 to 206 are arrénged between respectiQe pairs of
oppositely disposed regurn electrodes 101 to 105. A pair of
15 return electrodes will hereinafter be referred to as a return
electrode.
Figure 8 illustrates an equipotential surface in a
conductive layer of a thermal printing sheet used with a
printing apparatus according to the present invention when
20 applying different potentials to neighbouring return electrodes.
.The recordipg head is ;n contact with the thermal printing sheet 1
(Figure 1) and potentials E(v) and 0(v) are respectiQely provided
to the return electrodes 10i, 102. as shown in Figure 8 no

electric field is produced in the region 911 between the return

25 electrodes 102. Therefore, for example, when 0(v) potential is



present invention, selective signal electrodes 301, 302, 303 are
respectively connected to recording el ectrodes 201, 206 through respectix
di odes 501 to 506. A selective signal S1 15 of O(v) is applied to the '
sel ective signal electrode 301 and selective signals S2, S3 are

non-sel ected, floated and applied to the sel ective signal el ectrodes 302,
303 and O(v) or E(v) is sinulataneously_aﬂﬁ_selectively applied to the
return el ectrodes 101 and 103. No matter e potential applied to 20 each
return electrode, no electric field is forned between a pair of opposed

return el ectrodeSsimiiedrfa jsQfI isvel g efd.ect with the
recordi ng el ectrodes 20153%1% 58‘%1.‘@%1&%3@6;’{’%’3? %Egﬁ%&dé?t%gﬂg ﬁé %‘?‘553% | oop
i s respectively pfiowsdednbeicveerrilsy RB:8hEG18des aqar Airhd, 186t fades 203,
204, 25 205, 206 and the return el ectrode 101, current is prevented from
- 12 -\ owi ng byloihewrdiletiesirbéit, a56k nobOfiowSHro ThERSED R@oudd kRE i N IS not
effected. In case of selecting the selective signal electrodes 302 or 303,
the recording el escootiog EBSLr&) o4 beBSyse26 iar et 18 petlel pelent dispgsed
between the return el ectrodes 101 5 and 102, 103 and 104 or 102 and 103,
104 and 105 as sH®Rnretwrriejectrodeb}0k0 Imahis vaseequidting b petfaded are
i nfl uenced by the adjacent return electrodes. In order to avoid this
i nfl yence, the néWghPREPFIRSiEs dertrrds A3 but inpEnby mheaiecerdifgr elecargiee,
when selecting the 10 sel ective signal electrode 302, two pairs of
return el ectrodes’?01 S5l 2fo2rrangsrentdod he aFetusn calgrinade mmitsdihect i ng
sel ective signal eLechgde 3g3, two pairs of return el ectrodes

_ potential of the return electrode and the recording electrode

N~ to be selected, which results in selective printing.
10 Referring back to Figure 7(b) which illustrates the
principle of operation of a printing apparatus according to the

present invention, selective signal electrodes 301, 302, 303

are respectively connected to recording electrodes 201, 206

el

through respective diodes 501 to 506. A selective signal S1
. 15 of.0(§) is applied to the selectivé signal electrode 301 and
| selective signals S2, S3 are non-selected, floated and applied
to the selectiQe signal electrodes 302, 303 and O(v) or E(v)
\&) is simulataneously and selectively applied to the return
electrodes 101 and 103. No matter the potentiél applied to
20 each return électrode, no eléttric field is formed between.a
pair of opposed return electrodes. Therefore, printing can
be selectively effected with.the recording electrodes 201 and
202. On the other hand, although a closed idop is respectively
provided between-the non-selected recording electrodes 203, 204,

25 205, 206 and the return electrode 101, current is prevented from



102 and 103, 104 and 105 are energi sed. In this way, all the recording
2&ctrodes can be driven. Actually, 15 . one sub-scanning period is

€%§‘ated into a first half period and a second half period. Therefore, the>
retlrn el ectrodes such as 101 and 102, 103 and 104 are driven in pairs in

the first half period and the return el ectrodes such as 102 and ‘103, 104
and 105 are driven in the second half period. 20 -VWhen different
potential levels are applied to a pair of return electrodes, current flows
between the return el ectrodes. Howeverl? This does not interfere with the.
operation, since the current density of the return el ectrodes, whose area

is sufficiently larger th hat__of e cording electrode, is 25 . very
smal | . - 1§¥‘?Wilnﬁg’€% &%?%gﬁ isﬁg'astolqi' n%&’df g@%a?%‘@%%‘%rpﬁ”&dﬂ%e a’
printed inmage,_an.ir | ar nam c_driying system.as, described bel ow'is
oed for ariviRgs BFEEERE, B AT Cof s PR AR AL D1 Chek

first hal petign.and Lhe 1°560 ha focBRirter i DOMR Yoo 060 M 36l ot ve

signal el ectrodes an urn el ectrodes are utilise (2N + 1)

driving circubpg LaNrlpb¥fivwhy dYspES dbtiket! A6 LOURS efictldies 1048, a

printed image or a printed character can be produced using N recording

el ectrodes at ahdigo3aMR3t bkl 1041d-NPoD RRASHIGCL O ndd 05085 s@bwh tihe duty is 10
1/M Assum ng the sane speed applied to a conventional nulti- head
printing appargqite, 7t8)ess alnact thee rardnny afleorfabstdragimiipaicidusy accor di ng
to the present invention is Ntine greater. Thus, electric power can be
greatly reducende adja¢dner return electrodes.

In order to avoid this influence, the peighbouring ~
electrodes are driven in pairs. For example, when selecting the
10 selective signal electrode 302, two pairs of return electrodes
101 and 102, 103'and 104 are energised. When selecting selective
signal electrode 303, two pairs of return electrodes
102 and 103, 104 and 105 are energised. in
this way, all the recording electrodes can be driven. Actually,
15 one sub-scanning period is separéted into a first half period
and a second half periéd. Therefore, the return electrodes such
as 101 and 102, 103 and 104 are driven in pairs in the first half N,
period and the return electrodes such as 102 and 103, 104 and 105
are drivén in the second half period.
20 When different potential levels are applied to a pair
of return elgctrodes,'current flows between the return electrodes.
However, this does not interfere with the operation, since the
cu;rent density of the return electrodgs,_whose area is

sﬁfficiently larger than that of the tecordinq electrode, is

25 very small.



manuf act ur,i ng cost can al so be reduced by decreasing the nunber 15  of
driving circuits. The shape of the el ectrodes of the printing apparatus ‘gg%
according to the present invention is simlar to that of ‘a conventional >
multi-stylus static electric printer that is to say, pin shaped. The
conventional nulti-stylus static 20 - electric printer cannot be

dynam cally driven for the reason discussed hereinafter. Figure 9
illustrates a conventional multi-stylus-staitdic electric printer where a
selective signal [err] to C5 is fed to return el ectrodes 101 to 105, and
recordi ng el ectrodes are 25 divided into a group 20 and a group 21 which
are alternately - 14In oggex, &R PHNG R 4119 9| FRAFRFERXSSOX IBE Ati al
distribution created -> in a conductive |l.ayer of a thermal printing sheet

when the nul ti-stFFREed(Bppe: APetinarilsh ARBHC AT IFIRASES ST 8s diesGetPeds

For exawpl e, opposed return_el ectrodes 1Q1l_are set.to E(y), adjacent
recordi ng el ect rogﬁlé’wzbsi,usﬂ)éuz vare asgf'f{%efi P8 %CS’L’%éft‘r‘r&bordi ng
el ectrodes are in at i S ) [:S.4C current L1
decr eases conpar eﬁi%%f%et%hyé}’ _rc}g’seehtq%gt hi(S‘L%I _éggol%g %%gg}rledi%ﬁéo'{e}] g%ﬁ‘%é:e:}":lds set
to Qv), sincea x)lgnelyp%@ﬂ_tu %lklgéa%egl}gnsf eﬂQ&tx‘B@f@i@taﬁg BAPRY ) Se0LA Ng

el ectrodes at Qv I'n particular, little current ows into the centra
recordi ng el ectrogdfectPfaes ard ukSsilels, War (A 1O IaRiPirgntiAQDEd tunoOr Voi ds

in the printed image is caused. Wen driving a printing apparatus according
to the present drive M x N recording electrodes. At this time, a printed image
L or a printed character can be produced using N recording electrodes
at the same time during oné selective period, and the duty is
10 1/M. Assuﬁing the saﬁe speed applied to a conventional multi-
head printing apparatus,.the sélective period of a printihg
appéfatus.according to the.present invention is N time greater;
.Thus, electric power can be greatly reduced. Further,
manufacturing cost can also be reduced by decreasing the number
15 . of driﬁing circuits.
The shape of the electrodes of the printing apparatus
according to the present invention is similar to-that of a
N~ conventional multi-stylus static electric printer-that is
to say, pin shaped. The conventional multi;sﬁylus static
20 electric printer cannot be dynamically driven for the reason
discussed ﬁefeinafter.
Figure 9 illustrates a conventional multi~stylus static
electric printer where a selective signal C1 to Cs is fed to

return electrodes 101 to 105, and recording electrodes are

25 divided into a group 20 and a group 21 which are alternately



-

15 . invention, selective signal electrodes 301 to 318 are selected, and a
sigal voltage corresponding to data is sinultaneously spplied to the

n electrodes 101 to 105. Thereby only one recording el ectrode is A
cted for each pair of return electrodes. As a result there is no void
inthe electric field. It wll 20 be appreciated that a printing
apparatus according to the present invention is based on a driving
principle which is quite different fromthat of a conventional nulti-stylus
static electric printer. Referring back to the printing apparatus shown in
25 Figure 6(a), [err] = 4.4mm 12= 0.6nmm 13 = 1mm and pitch P2 between
recording electrodes is 200 [err]. Figure 6(b) illustrates. - 15 -
driving of therpvémting apparatus of Figure 6(a). Therein M= 50 and N = 10
for dynamic driving and the recording el ectrodes N x M= 500 are driven
using 50 of the sel BégyneelQjigdustrates ithedpatential diga0butridn( of¢ated) =2’
return electrodes- 5 101 to 121. The recording el ectrodes having a density
of 5 dots per ifinf fAoBRFHARGAYSI(PL A FheRt BT inkingetireteiareshef adj acent
return electrodes, 101 to 121. Therefore, when_the sel ective signa

el ectrodes 30PUH "$SBLUE SLa L BLRGFTit MEFLIPESTUPA F0ET Dode Lxd¥edri ven in
nmbi ti 101 d 102 0 103 04, .. 119 d-120
(r:gspleg'ii i i/ggfl (%fo eexr?m?gee' SBPRSS if/eetugpg‘?gpgﬁﬁjagétjroc}dg’ée ff%a{]°o E%%)O are
| ected, th i j Lhati “af 102 d 103,
Toa and 105 ETAYER LOOER A8 ALBAL KT doB, SBOLACLEETS BlvigRa S, L0

out even when chB&dhar Wedbbdli Y EFLtR0ES 3 Ul SRPFELadIGh VSR AdI3CEN!

this case, current density decreases compared with the case

o

that only one recording electrode is set to 0(v), since a
10 potential gradient is not created among recording electrodes
at 0(v). 1In particular, little current flows into the central'
recording elec;roﬁe 208. As a result, variation in print
density or voids in the printed.image is caused.
When driving a printing apparatus according to the present
15 invention, selective signal electrodes 301 to 318 are selected,
and a sigﬁal voltage corresponding to data is simultaneously
spplied to'thg return electrodes ;01 to 105. Thereby only one o’
recording electrode is selected for each pair of return electrodes.
As a result there is no void in the electric field. It will
20 be appreciated that a printing apparatus accoraing to the present
invention is based on a driving principle which is quite
.different from that of a éonventional multi-stylus static
electric printer.
| Referring back to the printing apparafus shown in

25 Figure 6(a), 1, = 4.4mm, 1, = 0.6mm, 1, = lmm and pitch P

2 3 2
between recording electrodes is 200 im. Figure 6(b) illustrates

1



15 return electrodes. Figure 11 illustrates a timng chart of driving

wavefornms. Selective signals S1 to S50 are fed to sel ective signal .
electrodes 301 to 350 respectively. A potential of high level is set to\l:2/

Qv) and a potential of low level is floating. For exanple 20 when a
signal 930 is high level, the signals corresponding to witten data are fed
by driving the return electrodes in conbinations of 101 and 102, 103 and
104 ... 119 and 120. Wen the signal 930 iS |low | evel, the signals
corresponding to the witten data are fed by driving the return el ectrodes

I n conbi nations Ofiri?\zq%g Eé priJ:Qﬁ'lg ! Egs %Q5Eigure 6](3()" anfededh. Thus 16

gray scales can be - 16t- realised by nodul ating the™pul se wdth of the
vol tage applied tg ihe bei Wb R est (QdasiclAdiviag lahk the t6csragps. Figure 12
is a hleck diagram of an enbodi nent of a printing apparatus according to
the present inventiédtrodes ®nkrMl= 500 GHétdriven WéinglShi aftBe elleataivet arti ng
signal 931 and a request clock signal 932 (500 pul ses per second) into a

pi cture signal gestgmili alpctirodes B0D40. 3Reiang @Wnt Hi) oni Hedetwirnheldesrodeguest
cl ock signal 932, a picture elenent data signal 950 is fed to an address of
a ROM tabl e 942 whPtlto $2¥.0r The @actnddng relgetysides rawing a denadfy2f 8 gamm
curve conpensation.- The table for treating the inage picture corresponding -
to each col our andotsa@Rrdmm pre arsAreas: 19 Losdp FEARY bBlween ERRtreDiAf si gnal

951 fromthe control circuit 941. An 8-bit picture el enent dat a531i gnal 952
is transmitted unddiaceshtiesirprelectrder Wighall2ys3 ThereFoshi MPe15-® 1 egi st er

944 consisting of stefer}:t%rgistig;zaelgieﬁgggrsodgg%%?céoquj nare selected, the
~ return electrodes are driven in combinations of 101 and 102,
10. 163 and 104, ... 119 énd 120 respectively. When the selective
signal electrodes 326 to 350 are selectéd, the return electrodes
are driven in coﬁbinations of 102 and 103, 104 and 105 ... 120
and 121 respectiVely; Normal printing can be carried out even
when the recording electrodes are disposed between adjacent
15 return electrodés.
Figuré 11 illustrates a timing chart of driving waveforms.
Selective signals S1 to SS0 are fed to selective signal electrodes
\ﬁ/ 301 to 350 respecti&ely. A potential of high level is set to
0(v) and a potential of low level is floating. For exaﬁple
20 Qhen a signal 930 is high level, the signals corresponding to
written data are fed by driving the return electrédes iﬁ combinations
of 101 and 102, 103 and 104 ... 119 and 120. When the signal 930
is low level, the signals corresponding to the'wri;ten data are

fed by driving the return electrodes in combinations of 102 and

25 103, 104 and 105, ... 120 and 121. Thus 16 gray scales can be



line. A preset counter 945 is set by a signal 934 fromthe control circuit

.. The preset counter 945 includes ten 8-bit input counters and reforns
ul se width corresponding to the inputted data by counting a clock

pal 953. Aflip-flop 20 circuit 946 is set by a carry signal provided
fromthe preset counter 945 with a setting signal 935 and delivers a pul se
whi ch corresponds to the inputted data and whose pul se width is nodul at ed.
Thus, selection of 256 gray scales ig permtted, though there are actually
16 gray scal es generated by a 4-bit 25 signal. Therefore 5 to 6 bit
signal is used in the exanple in Figure 5(a). The nodul ated pul se sel ects
two adj acent rdalifed by molitlati®lgCeld gt L&A bhaHeeidlitaqe! £pifdes 101 to
121 under control of a signal 930 fed to a distributing Circuit 947 and
then is invertwdthe atdit C186t26aks a®e £41131 By YeNgtepss CUit 948 to be fed to
the 21 return electrodes 101 to 121. 5 Sel ecting signals Sl t*S50
are generated by a ®igake di2gisila Bhdtkadihgrahict aff dhhOdinene ugh acphdtsaep
shift register 949. The selecting signals arexed to the selecting signal
el ectrodes 30lapper856 atvczddhy &n tpepresmnketiventinngh A gbhtuagpd difomét 960.
The waveform of the signals 931 to 935 is shown in 10 Figure 11. Figure
13 illustrétes®4d deliveny aiiveiistapiing pianal i Hy aphar seavesticdorking to the
present invention in which a block 32 is a pulse width nodul ator as shown
in Figure 5(a)sigppl 32 3P0 Bulpef; PRGN t 1P &iRjFEPLe &bFAring in the

driving circuit of 15 Figure %3. . . .
generating circuit 940. Being synchronised with the request

clock signal 932, a picture element data signal 950 is fed to \uf
an address.of a ROM table 942 which is fbr.treating iﬁage picture

10 such as a gamﬁa curQe coﬁpensation. The table for tréating the
image picture corfesponding to each colour and each éutput
content is selected by é multi-bit siénal'951 froﬁ fhe control
circuit 941. An 8-bit picture element data siénal 952 is
transmitted under control of a clock signal 933 tola shift

15 registér 944 consisting of ten 8-hit registers connected in
line. A preset counter 945 is set by.a signal 934 frcm the
control circuit 941. The preset counter 945 includes ten 8-bit

. input coﬁhters and reforms the pulse width corresponaing to the

in'putted data by counting a clock signal 953. A flip-flop

20 circuit 546 is set by a carry signal provided from the preset
countef 945 with a setting signal 935 and delivers a pulse
thch corresponds to the inputted data and whose pulse width
is modﬁlated. Thus, selection of 256 gray scales is permitted,
though there aré.actually 16 gray scales generated by a 4-bit

25 signal. Therefore 5 to 6 bit signal is used in the exémple in

Figure 5(a). The modulated pulse selects two adjacent return



In the case of, this enbodi nent, data of 6 bits per elenment is stored in the
menory 12 of 500 words per line. Every ten data are read out during a
period with 1/50 duty and are nodul ated to data of 5 bits per elenent in
ganmma nodul ati on 20 tabel and applied to a shift register 35 of 5 bits in
ten steps in parallel so as to be nodulated to the pul se width as descri bed
above. Ten signals 31 whose pulse width ig,npdul ated are divided into
twenty-one signals 38 through a selecting 'gate 33, and subsequently are

di vided into twenty-one connnn electrode 25 signals 39 through a driver

34. - 18 - An ect.in te, 33 is_illustrated in
Figure 15, and an%ggg%gﬁgg the eﬁ:\%r c]grs‘%gfl’t?slt Fat @&l der paEerl 6f a
where an inverter s2dna12 oBANNRI O 8@ Didtr Bot3RQWilcehitO947 Anbetlett &y 54, a
transi gtor 55 and a di ode 56 are shown. 5 Signals at respective
out put 5601 t 0 621nedrteletcs al @alving vgat fye33n af Ariwingecircusd veappl bed to the
common el ectrodes 101 to 121 through the driver 34. For exanple, when a
sective signal 37 fédom the 2| oetlar8 2 liestiagies| Hlekodi2iing the first hal f
period, signals 701 to 710 which respectively nodul ated are applied to 10
pairs of outpubs 601 an8eBB2inbGloeald $D4C S30 argi@nerate@Xy al¢locke dri ver
34 the signal 38 of 5V fromthe selecting gate 33 is |evel -nodul ated to VH

= 40V through a fFigRalpa?d apf Sapiaande & g-imf‘?fhaﬁs-'f%“ﬁb?% shifid regiissefuent | y
is current- anpllfled through a pair_ of emtter-follower transistors. 15

Control signals 482 41TP‘F o'ﬁ‘Fnlf‘Ffé"‘BI%‘é’Raﬁsz azp fedybe it T"d'efﬁ’é‘gsﬁ’r‘?“F regi ster

35 so as to form %lgE ro es %81 CQQE% ﬁ%%oééh an open-collector high voltage driver

~ 960. The waQeform of the signals 931 to 935 is shown in
10 Figure 11.
| Figufe 13 illustrates a dri&ing circuit of a printing
apparatus according to the present invention in which a block 32
is a pulse width médulator as sﬁown in Figure sgé). Figure 14
is a timing chart of signals appearing in the driving circuit of
15 Figure 13. “ |
in the case of fhis embodiment, data of 6 bits per element
is stored in the ﬁemory 12 of 500 words per line. Every ten
\_ data are read out during a period with 1/50 duty and are
modulated to data of 5 bits per element in a gamma mcdulation
20 tabel and applied to a shift register 35 of 5 bits in ten steps
in paiallel SO as tolbe.moduiated to the pulse width as
described.above. Ten signals 31 whose pulse width is ﬁodulated
are divided into twenty-one signals 38 through a selecting gate

33, and subsequently are divided into twenty-one common electrode

25 signals 39 through a driver 34.



1/50 duty, and then are applied to the selective signal electrodes-301 to

3 through a driver 36 which produces signals 43. Figure 17 illustrates

Eﬁéédriver 36 which is a switching circuit. 20-The switching circuit turns®*
“Wwhen the signals 401 to 450 are high level and current flows fromthe

common el ectrodes. In order to effect full-colour printing using a printing

apparatus according to the present invention a heat fusible ink having

~ bands of yellow, magenta and cyan colqgr.constituents 25 is transferred
onto a recording nmedium As a source of an input signal there is a
possibility of - 19 - using a television signal of a still picture, a

signal froma full - gfl &b ERABNSY thé raled G §8H22B3 GENPUTBEraeat B |1 ke.
I n one enbodi nent of the present invention-a NTSC tel evision signal is

utilised for Fhguienpd} addigsrblexadple of the ddivgrrd i8 illsusedakedlkindi agram;of a
pi cture signal generating circuit for a printing apparatus according“ﬁé t he
present invenFiguxe A6 NWS€re ampisiertesisynad N3SD igats 83,1 aiqapacttarel3 si gnal

86, a green signal 87, a blue signal 88 through a decoder 71 and fed to a
change- over sw resis¥er SEhea Jirgreiistog PS> 8M agdiefecS&\wirecstwdnover 10 in
order at every page by a change-over switch 73 with a change- over signa

93, so tha? full-cofteRalpr¥nEPFRETEveONERTE(OP tor Bk oBfthpePeiitittgent a
and cyan at ever age. The line printing speed i's set to 60Hz. One
hor i zont al andRbYUE &% AEFPISEERH, BPE HAT 5T BRBRR A1eSiEgriet 198r°T i el d of
(e el ey 1005 Al o kS 4L ARTYRRRE, Hobh BN G Y 00
' from the block 32 is low level during the first half pericd, \.J
signals 701 to 710 which respectively modulated are applied to
10 pairs of outputs 601 and 602, 603 and 604, ... 619 and 620; .
In the dri§er 34, the signal 38 of 5V from the selecting
gate 33 is level-modulated to VH = 40V through a first pair of
complimentary transistors, and subseguently is current-amplified '
through a pair of emitter-follower transistors..
15 Contrel signals 40, 41 from the block 32 are applied to
the shift register 35 so as to form é selecting signal 42 of
1/50 duty, and then are applied to the selective signal electrodes
301 to 350'£hrough a driver 36 which produces signals 43,
Figure 17 illustrates the driver 36 which is a switching circuit.
20 The switching circuit turns ON when the signals 401 to 450 are |
high level and current flows from the common electrodes.
In order to effect full-colour printing using a printing
apparatus according to thé present inventioﬁ a hea; fusible
ink having bands of yellow, magenta and cyan colour constituents

25 is transferred onto a recording medium. As a source of

an iﬁput signal there is a possibility of



alternately stored in a nenory 81 and a nmenory 82. Thus, the nunber of
nmenori es can be reduced. Wen data is witten in the nenory 81, data is
read fromthe menory 82. Therefore, the 20 i mge data 21 is supplied NQ d
pul se wi dt h nmodul ator as shown in Figures 4 and 5 without loss in tine by
alternately driving.-two |line nenories. These operations are controlled by a
hori zontal synchronising signal 84, a vertical synchronising signal 85
delivered froma sync pul se separator 72, '%6ntrol 25 signals 96, 97 for
controlling wite gates 77, 79 and read - 20 - gates 78, 80 generated in

trol ci it b est _sjgnal 2 romt he | se width
oder o or. ani ettg Y R Bl L FD LA 2S¢ 1L

nodul ator, and nenory confrol Si

change- over switch sidnat heodV. anlgﬂméﬁfc;&r sZaL}me% &bt goég# ioctogx%éfert he sync

pul se z-generator 72"and the control circuit b corresSpon e 1 mage

si gnals-generat or J thd KikgUl @nSode bmbollRe N KR! 412S pfekenB 4 oA i0APOMIsE O t he
menory 12 of Figure 5(a). The image data 21 is fed to the ganma

conpensation tabl eelk3isibnFiane i apilice@Uior 4 ihpuistigdags the basic
concept of a full-colour 10 printing apparatus according to the present
invention. ASecord nexligure 888id a bludkddiyram £ 8l gietwR08ignhlt h&iedBt ing
printing sheet 1 is supplied froma supply reel 802 through transfer reels
805. The thermal ¢iricnit fgr sheeintingi appavattsc acasirtibng e thecpresenedinvantiont he
roller 800 and recorded by a recording head 801. The 15 recording head is
pressed agai nst th@TEg|domposiyeasigpal f3 84 Bplit dntiera red lsdopala8Suid gbéan

pressure therebetween. As a result, the thermal printing sheet is kept in
uni form cont act vi¥9R2a} ff, a blue signal 88 through a decoder 71 and fed to a

~ chahge-over switch 73. The signals 88, 87, 86 are switched over
10 in order at every page by a change-over switch 73 with a change-
over signal 93, so that full-colour printing is effected in order
of yellow, magenta and cyah at every page. The line printing
speed is set to 60Hz. One horizontal analogue signal is converted
from a digital signal per field of the television signal'in an
15 A/D converter 74 to produce.a 6-bit data signal 90. After
passing through a latch circuit 75, the latched-signal is
alternately stored in a memory 81 and a memory B2. Thus, the
W, number of memories can be reduced. When data is written in the
memory 81, data is read from the memory 82. Therefore, the
20  image data 21 is supplied to a pulse width modulator as shown
ianigures 4 and 5 without loss in time by alternately driving
two line memories. These operations are controlled by a |
horizontal synchronising signa1.84, a vertical synchronising
.signal 85 delivered from a sync pulse éeparator 72, control

25 signals 96, 97 for confrolling write gates 77, 79 and read



record medium Figure 20 shows the thermal printing sheet on a‘roll- 20
Beat fusible ink consisting of a yellow band 813, a magenta band 814, a

cy, band 815 and a bl ack band 816 are transferred onto the record nedium *
fo very page. Therefore, four printing operations are necessary to obtain
a page printed in full colour. Wen one colour ink is placed over another,
the 25 position of the record nmedi um nust be determ ned very precisely.

- 21 - The black band 816 is not al way?? required since black can be forned
by m xing ink fromthe bands 813, 814, 815. Referring back to Figure 19, a
rotary encoder 811 decides the absolute position of the record medium A 5

posi tioni ng sidgRed "Bs fborRRRaLtEd fifofm TARETP L CAFSHLEN LR Yr theL FRERRSE cont r ol
circuit 810. One signal fromthe control circuit 8]0 is fed back to the
rol ler 00 i of;ﬁmln?éi iﬁ%g?r‘eotp&??eo:‘?i_‘ih' esﬁglﬁa?f' efﬁ%té*t?°ﬂfllcff=n&f° i gnal_T
elivered to the ree S i a_sheet of er printi ng paper.
Athird si gnals‘l?’(ﬁa]'s ilB%' %él’i \?ﬂé‘ree#){)og 5n7gdk%r5eu5§arnggl °ﬁ3§mﬁr}1‘oﬁfer signal is

delivered 10 qufepsf dofiRadediiati ik ShiGHLLrA08 75T WOG: QL d Medi um i s

preci sely positioned. posi tioning sign deli'vere mthe rotary

decoder 91si s Jegehrdt8rt NE aR@MHeOkorthr bE Wikrcdft (5| @tespbBl @Nens Yiahe oni sed
with the change-over 15 signal 93. A sheet transfer signal is supplied

fromthe contrsgbn&l GendAatdp 10NikiMguce 5B (AN thee senddiek i,repit 810 for
driving the roller 800 in sychronismwi th the change-over signal. In one
practical enbedisEpondfitcdths mahorif 12pPAFaGuIR 5(a). The image data 21
is fed to the-gaﬁma compensaﬁion table 13 in Figure SQé). W,
~Figure 19 illustrates the basic concept of a full-colour |
10 printing apparatus according to the present in&entioﬁ. A record
mediuﬁ 808 is wound onto a roller 800. A thermal printing sheet 1
is supplied from a supply reel 802 through transfer reels 805.
The thermal printing sheet is in contact with the record medium
on the roller 800 and recorded by a recording head 801. The
15 recording head is pressed against the roller by a spring 812 in
order to keep a suitable pressure therebetween. As a result,
the thermal printing sheet is kept in uniform contact with the
record.medium.
Figure 20 shows the thermal printing sheet on a roll.
20 Heat fusible ink consisting of a yellow band 813, a magenta
band 814; a cyan band 815 and a black band 816 are transferred
onto the record medium for every page. Therefore, fbur printing
operations are necessary to obtain a page printed in full
colour. When one colour ink is pl#ced over another, the

25 position of the tecdrd mediun must be determined very precisely.



a&cordingito t he present i nvention full colour printing in 32 20 gray

scales of a television picture could be effected in 30 seconds by pgfAyi.ng.
yel l ow, nagenta and cyan fusible ink on a record nmedium the applie b
vol tage being 40V. 1In this case, black ink was not utilized. In the abové

descri bed enbodi rent of the present invention 25 recordi ng el ectrodes of
the pin type and planar return electrodes_ are utilised but it is clear that
the present invention is not - 22 - Tififed thereto as shown in Fi gure
21 where the voltage is applied between pin-type el ectrodes. The contacting

end portion of . pif %P%ef%h&%%?@'%%n%%{h%{ﬁeFg@lﬁ&&Vs k@435 cgn ! i cat ed

by reference nuneral s trodes W a power

supply 268.is contdpbhad, RBYxiW {8he5ed 'tnd ) nahls (B152)814A g8 254, 255 in
- Figure 21(a) represent the direction-of current ffow "Figure 21(b) is an

equi valent circuit. An mgesriwi badk tS Figgicabed byed9f ex@aee gluneral 257
and a cl osed 10 swtch is indicated by reference nuneral 258. Thus

current flows as detddeatthd dnsodtteOPositidn ctSbhe racdrachedidunoden i s sel ected
and controlled by the switches (k-1) to (k+2). Printing in parallel as
al ready descr iShedpdsstpwdspghdignaliisgdelivened faen thagiotdty encoder 811 tbi gure
22 illustrates the construction of a printing head which is of the pin type
of a printing apparcanrtgelactxaudt O 0 Fhegeignal firom AL caytrpdyeirenit] 836d Cu
| ayer 262 are deposited on a ceram c substrate 260 and etched
[)hotcu:hern cal | y is fed back to the ;oller 800 for maintaining rotation at
constant speed. Another signal is delivered to the reel 802
for supplying a sheet of thermal printing paper. A third signal
10 is delivered to a take-up reel 803. Another signal is
delivered to a record head driving circuit 804. Thus the
record medium is precisely positioned. The positioning sighal
delivered from the rotary decoder 91 is fed to the control
circuit 76 (Figure 18) and synchronised with the change-over
15 signal 93. A sheet transfer signal is supplied from the control
circuit 76 in Figure 18 to the control circuit 810 for driving
the roller 800 in sychronism with the change-over signal.
N In one practical embodiment of a printing apparatus
according to the present invention full colour printing in 32
20 gray scales of a television picture could be effected in 30
seconds by printing yellow, magenta and c¢yan fusible ink on a
record medium, the applied voltage being 40V. In this case,
black ink was not utilized. . L
In the above described embodiment of the.present invention

25 recording electrodes of the pin type and planar return electrodes

are utilised but it is clear that the present invention is not



to formelectrodes. Then a N-WP layer 263 is selectively 20 - * coat ed
on the el ectrodes by electroless plating. The thermal printing sheet used
Ln&g&e first enbodi ment of the present invention consists of an ink |ayer
di*3¥dsed on one surface of an insulating supporting |layer and a resistive

| ayer di sposed on the other surface thereof. In this 25 enbodi nent,
thermal printing sheets as shown in Figure 23 may be used. In Figure 23 the
thermal printing sheet (a) - 23 - has an ink layer 901 directly

- supported by a resistive IayéT2§02. The thermal printing sheet (b) has an

i nsul ating |layer 903,which is made of resin for exanple, interposed between
the ink layer 901 and the resistive |layer 902 for 5 preventi ng
unsui t abl e col olimiBkXitheretol S dnBeR Nl Finirat 2Ngheleehe (Witage AsSi Ngl e | ayer
sheet wherein the resistive layer is incorporated into the ink Iayer.gjpe
resi stive | ayeragpliédmetvedny pin-tgpe G:leatdudes parhe oasasiing émdsi n. The™

resi stance value of the resistive layer is preferably 10 | oo[err] to
500S[ err]. The poritthitn g php&ypd electxodesliwigh tthet hesipt becdayemaeat i on and
descri bed above can performfull-colour gray scale printing by nodul ating

t he pul se w dt hingficatedt Uy izefayenrel pamgzals 240 hi2gh. rGontadt PEtslecrrqsiest i cul ar
feature 15 of the present invention is that current flows between
two el eStrodes Wdiine@ower \fUPRLY 268sis erRtgoligde by ofwikchereind) BRinting sheet
including an ink | ayer either incorporated into the resistive |layer or
separat e t her ef F# * Rapi d

Arrows 254, 255 in Figure 21(a) represent the direction

1)

of current flow. Figure 21(b) is an equivalent circuit. An
open switch is indicated b& reference numeral 257 and a closed

10 switch is iﬁdicated by reference numeral 258. Thus current
flows as indicated by arrows 254, 255. Each electrode is
selected and controlled by the switches {k-1) to (k+2).
Printing in parallel as already described is possible
using dynamic driving.

15 . Figure 22 illustrates the construction of a p;inting
head which is of the pin type of a printing apparatus according
to Figure 21. A Ni-Cr layer 261 and Cu layer 262 are
deposited on a ceramic substrate 260 and etched photochemically
to form electrodes. Then a Ni-W-P layer 263 is selectively

20 coated on the electrodes_by electroless plating. |

The thermal printing sheet used in the first embodiment

of the present.invention consists of an ink layer disposed on
one surface of an insulating supporting layer and a resistive
layer disposed on the other surface thereof. In this

25 embodiment, thermal printing sheets as shown in Figure'23

may be used. In Figure 23 the thermal printing sheet (a)-



dray scale printing is obtained even though the nunber 20 of
menories i s reduced, by using nmeans which varies the pulse wdth of the

applied voltage according to a gray scale coi-and signal. In the enbodidgﬁéb
of the present invention described herein, a NISC tel evision signal has

been utilised but it is 25 clear that the present invention is
applicable to other sources. of input signal such as full-colour printers,
full- colour copiers and full-col our23tel evision printers etc. - 24 -
CLAI M5 1. A printing apparatus conprising:. an ink sheet nenber
including at least a resistive |ayer and an ink Iayer a head including a
first electrode and at | east a second el ectrode |, d first, and second

el ectrodes being, irPaspdt dokolayes 341 SHRfchLY W??Ft?ﬁlla’ Fe§?s§'tsﬁl‘§ | ayer of

the ink sheet menber_ and cqonnected to drive circ r_cau rrent

to fldwsthrough sai d*3¥fK eetﬁﬁewfﬁdn?n@oﬁﬁ g’l t(-e’l S‘Eﬂﬁn e ug&ﬁg a

gray scal e signal gefl er at ns_an p ti g§§¥ for

nodul ating. the pul se Weﬁt%d}g?gf‘% §s ?ag‘:ef g%s; d‘d te i%% ectrodes

| n response (0 said Grayeseakeny g s 830 e 6 q [dkoghggl member
e

bei ng so arranged tha current oW ng through said i nk sheet nenber

passes throggh said ﬁ;ﬂéy&ﬁ{in\ﬁeuﬂﬂ%le colour MixRh§Nt irhE tABP@E{13bHnting
conprising: an ink Sheet menber 15 Including at |east a resistive |ayer

and an ink layer, sajgbeknlc) A& sbR§1R014kesPOERE tieren GBOFad st iver ecord
medi um and havi ng -
layer is incorporated into the ink layer. The resistive
~ layer is formed by binding carbon particles with.resin.
The resiétance value of the resistive layer is preferably
10 1009 to SO00KQ.
The printing apparatus according to the preseﬁt
invention and described above can perform full-colour
gray scale printing by modulating the pulse width of the
driving voltage with high reliability. A particular feature
15 of the present invention is that current flows between two
electrodes connected with a resistive layer of a thermal
printing sheet including an ink layer either incorﬁorated
into the resistive layer or separate the;efrom. Rapid |
gray scale printing is obtained even though the number
20 of memories is reduced, by using means which varigs the
lpulse width of the applied voltage according to a éray
scale command signal.
In the embodiment of the present inQention described
‘herein, a NTSC television signal has been utilised but it is
25 clear that the present invention is applicable to other
| sources of input signal such as full-colour printers, full-

cdlour copiers and full-colour television printers etc.



a plurality of different coloured ink constituents; a head i ncludi ng a
first electrode and at | east a second el and second
e-@rodes being, in 20 operation, in cont act with sai reS| stive | ayer

o] e ink sheet nmenmber and connected to ‘mum H i‘l for causing
current to flowin the ink sheet nmateri alﬁ‘ ircuit including
a colour signal generating neans for generat ing "t hree coI our signals
according to three primary col ours; 24nd 25 a pulse width setting neans
for nodul ating the pulse width - 25 - of the voltage applied to said _
el ectrodes in response to said thr@arse! our signals, said head and said ink
sheet nenber being arranged so that the current flowng in the ink sheet
menber flows through the resistive layer to 5 ° ‘transfer the col oured
ink constituents of mgrintinl appsestudntangriingCoatl iR ANt intmbesponse, 10
said three colour signals. 3. A printing apparatus as clainmed 1
claim1l1l or 2 ifnathiidy st kastlka sheittivenager ag am inkSldyati ng Begdport 10

| ayer between said resistive |layer and said ink |ayer. 4. : A printing
apparatus as cizdlwsitnd p firgtnelbcorode mnA i t¢mstar dseqvkdsheet nenber
consists solely of said resistive |layer and said ink |ayer. 5. A
printing appar&taFsreds cl stifed1st %Wdaﬁﬁ?qndoﬁl?tisdes being,j in WRREM-i98r d | nk
sheet menber conprises said resistive layer and said ink |ayer which are
formed as @ siHyl@ntaferithpsaid resistive "]é’F? i Rie dphatheet Sembex|a@fmed in
any preceding

connected to a drive circuit for causing current to flow through
said ink sheet member; and a control circuit including a gray 1o
scale signal generating means and a pulse width setting means
fér modulating the pulse width of the voltagé applied to said
10 electrodes in response to said_gray.scale signal, said head
and said ink sheet meﬁber being'so arranged that the current
flowing thfough said ink sheet member passes through said
resistive layer,.
“ 2. A printing apparatus comprising: an ink sheet member
15 including at least a resistive layer and an ink layer, said ink
layer being disposed to be opposéd to record medium and having
a plurality of different coloured ink constituents; a head
including a first electrode and at least a
second electrode, said first and second electrodes being, in
20 operafion, in contact with said resistive layer of the ink sheet
ﬁember and connected to a driving circuit for causing current
to flow in the ink sheet material; and a control circuit
including a colour signal qenerating means for gegerating
threg co;ouz signals accord;ng to three primary colours, and

25 a pulse width setting means for modulating the pulse width



claimin which a plurality of said first electrodes are arranged in a |ine
between a plurality of pairs of said 20 opposed second el ectrodes
the control circuit being arranged to drive said first and second 3.5

el ectrodes by tine-sharing. 7. inti , us as cl ai ned in’
any preceding claimin which the first el m“ﬁ ﬂmﬂﬂ I n shape and each
second el ectrode is planar. - 26 - 8. % u- aratus as cl ai ned

in any of claims 1 to 6 in whicgs tthe first and second el ectrodes are of a
pi n shape. 9. A printing apparatus as clainmed in claim2 or 5

any of clains 3 to 8 when dependent thereon in which said ink sheet nenber
has a plurality of transverse bands of ink of different col our arranged

t hereon. 10. A prafnthengotmgar ipdded socsaiidretedtroddsailm respensenyo of cl ai ns
3 to 9 when dependent thereon conprising detection 10 means for

det ectimg t he rel atsaid fhwee tdodeunysignalsg. | saddshras apd#Bid iBKShegFd head to
transfer different colour ink fromthe ink |ayer to the portion of the
record medi um benedemben defnggrrapged so that,the qurgent, Slowing A &he| i med in

claim2 or any 15 of clainms._3 to 10 when dependent. t hereon in which
the ink |ayer conprirkcthept| pegher F1Gus H=arP %ﬁeggﬁ%ﬁ? P8RE Y uents. 12.

A printing apparat usaa'fsﬁeglhti ngg}.c%_‘%eﬁla‘%gcrmcgns%&t@e%sogf ]Lfﬁ TRy 3128 10 when

dependent £her eon i comprises yelTow, naegénta, cyan
and bl ack col our onto the record medium in response to said three colour

signals.
- ‘3. A printing apparatus as cléined in claim 1 or 2
in which said ink sheet member has an insulating support
10 layer between said resistive layer and said ink layér.
4. A printing apparatus as claimed in claim 1 or 2
.in which said ink sheet member consists solely of said
resistive lafer and said ink layer.
S. A printing apparatus as claimed in claim 1 or 2
15 | in which said ink sheet member comprises éaid resi;stive layer
and said ink layer which are formed as a single layer.

\_J ' 6. A printing lappa.ratus as claimed in any preceding
claim in ﬁhich a plurality.of said first electrodes are
arranged in a line between a plurality of pairs of said

20 opposed second electrodes, the control circuit being arranged
to drive said first and second electrodes by time-sharing.
7. IA printing apparatus as claimed in any preceding
ciaim in which the first electrode is of a pin shape and

each second electrode is planar.



20 constituents. 13. A printing apparatus as clainmed in any,
preceding claimin which the or each second electrode is fornmed of a pair

of nar el ectrodes. 14. A printingapparattus—substantially as

des bed 25 with reference to and as shown in Figures 1 to 8 and 11
o ot accomnva st N NN
- 26 -

8. A printing apparatus as claimed in any of claims T e

1 to 6 in which the first and second electrodes are of a '

pin shape.

9. A printing apparatus as claimed in claim 2 or

5 any of claims 3 to 8 when dependent thereon in which said ink

sheet member has a plurality of transverse bands of ink of

different colour arranged thereon. | : "

10. A printing apparatus as claimed in claim 2 or any

of claims 3 tc 9 when dependent thereon comprising detection
10 means for detecting the relative position of said xnk sheet

member and said head to transfer different colour ink from

the ink layer to the portion of the record medium beneath

the head.
11. A printing apparatus as claimed in claim 2 or any
15 of claims 3 to 10 when dependent thereon in which the ink

layer eomprises yellow, magente and cyan colour constituents.
12, A printing apparatus as claimed in claim 2 or
any of claims 3 to 10 when dependent thereon in which the
.ink layer comprises yellow, magenta, cyan and black colour
20 constituegts.
13. A printing apparetus as claimed in any preceding
claim in which the or each second electrode is formed of
a paif of planar electrodes.
14. A printing appaxaﬁus substantially as described
25 with reference.to and as shown in Figures 1 to 8 and 11

to 23 of the accompanying drawings.




