“-THERMAL PRI NT° HEAD Thi s j.nvention relates to a thermal print head, e.g. for
use in a. thermal printer or in a facsimle machine. Two prior tge%S%g{ rz
heads are shown in figures 3(a) and (b) which nay be used eith ‘ﬁl
type or line type heads. Each of these thermal print heads conprises a
heat-resistant insulating substrate 11  a Iass gl aze nenber 12, a thernal
or heat-generating el emrent | JBRYALIBINE H3ABNn el ectrode 14. In figure

3(b), the common el ectrode 14 is shown as haV|ng portions on the upper and
| oner ®itdes of the insulating substrate 11. Each of these prlor t her ma

print heads algo conpriseg an in dent el ectrade 15 a a passivation
filmi16. A par?h H"% ‘E‘eﬁ@rﬂea‘ﬁ%‘a @ﬁ%ﬁt"g 1€ 12 “5‘?&’/‘% on the
gl ass gl aze g&nb l n figure 3(a), the comon el ectrode 14 is

constit ut&d" stlfglf)maf:“é‘ﬁ marked E, whereas in figure 3(b) a common
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I mproving the print quality. ThIS I's done befause, as shown in figure 5,
when the grtRarpénepitingteléiftt layerils, & ¢drmof ehictrade B4.t Bi Agad 31, ther r ]
relative to the surface of a paper sheet 23, it-is possible to arrange that
t he angl edomimbn electrbdectt B showhamhaving ponivnk ofl theappef andiiowee sidepof theheet 23
Is |arge. Moreover, because the pressure of the thermal head 21 on the
paper shedaesulatng substoate dit Eatke of thesoprionthenntal print hemds bise cofmprises anhat t he

pr At qual ity can be inproved. However, since the heat-generating el ement
13 of t heind¢ependent elacimade ﬂéaudapuméﬂwlﬁap@mﬁd@hdaégmwwrface of

t he substrate 11 because the glass _glaze nenber 12 is prOV|ded on the side
surface dfiemegs %YFérlﬁﬂpY%’&EdsQMb?Bb?@%gl%@eg&&éész? figee 3(@nthet he comon

| ectrode 14 of th nt _head 2 n beco
e. ectro ecommgn elect?‘o e ﬁ[ is congt{tluted by the por]ﬁoln mgge(i ltil reas 1nr¥1egum 3(b)a

common electrode 14 is used which also extends to the rear side of the heat-resistant
insulating substrate 11.

A thermal print head 21 has recently been proposed both for a serial type and
a line type printer wherein a glass glaze membér 12 on which the heat-generating
element 13 is provided, is located on the side surfacé of the head for the purpose of

. improving the print quality. This is done because, as shown in figure 5, when the
thermal print head 21 is positioned at a certain angle o relative to the surface of a
paper sheet 23, it is possible to arrange that the angle B at which a ribbon 22 is pulled
away from the paper sheet 23 is large. Moreover, because the pressure of the thermal
head 21 on the paper sheet 23 is concentrated at one point, it has been found that the
print quality can be improved.

However, since the heat-generating element 13 of the thermal print head 21
inevitably approaches the side surface of the substrate 11 because the glass glaze
member 12 is provided on the side surface of the thermal head substrate, the space for
securing the common electrode 14 of the thermal print head 21 in position becomes

narrower and therefore results in the disadvantages cited below.



narrower and therefore results in the disadvantages cited.below. , -2- (1)
The current capacity of the comon el ectrode 12 is made smal |

Consequently, when many dots are energi zed, a voltage drop phenonenon
occurs thereby causing deterioration of the print density. (2) If the
said deterioration of the print density is to be prevented, the tine

di vi sion produced by a tinme division-@trcuit nust be adjusted, thereby

| owering the speed and increasing the print cost due to the conplication of
the control system (3) When the common el ectrode 14 is used on the & de
surface and rear surface of the heat-resistant insulating substrate 11
shown in figui® 3( Sljhe quEFgnteapacisy ofrthe gemmonclestrodn d2 inmade srarlbases

substantial ly. (4) In the construction shown jn figures 3(a) and (b),
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surface of the head nd t £ e%gﬁ ce of the glass glaze menber 12. \Wen

t he headﬂi'?elye%q“éwg SPHLAEBS R anber of dots, it is hard to bring
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of the co n electro ar ge ng. a conmmon e 14 a part

of which is diigposeagheigiRicohiifordéiedifodd! 1356 usBtithe dide stlU@V@id redrt - Still has
di sadvantages in relation to the print speed and the current capacity of  _
t he commearfadesstitheBeat-réamitdnsifating subsrate &5 eiigwri invEire 3(b), theebst of S - pr ovi deQJ
a thermal print head conprising:

manufacturing the head increases substantially.

(4 In the construction shown in figures 3(a) and (b), it is required to-
provide 200 to 300 um for the distanc,e-betheIl the side surface of the head and the
edge surface of the glass glaze member 12.- When the head is designed to producea -

| large number of dots_','it is hard to bring the glass glaze menibe_r 12 close to the side -~

surface. An attempt to solve this prqblem-is'discloscd'in Japanese Laid-bpeh'?at_ént
Application No. 132580/86. Figure 4 is a sectional view of the construction disclosed
therein and the severity of the above-mentioned problems (1) to (4) isimproved . - -~
considerably by this construction which makes the current éapacity of thecommon -~ - —~
electrode 14 large by providing a common electrode 14 a part of which is disposed i
under the glass glaze member 12. However,‘- it still has disadvantages m _’relatioh-tb‘
the print speed and the .qurrént capacity of the common electrode. -

According to the present invention, there is provided a tIlermaI print head
comprising: | |

a heat resistant substrate;

electrode means, at least one portion of which is disposed on the substrate; -

. a glass member forming aridge Iike protrusion disposed on said 'portio_n of

said electrode means and adjacent an edge of the substrate; and



a heat resistant: substrate; el ectrode nmeans, at |east one portion of which
I s di sposed on the substrate; a glass nenber formng a ridge |ike
protrusion di sposed on said portion of said el ectrode neans and adj acent an
edge of the substrate; and -3- a heat generating el enent provided on
said glass nenber, wherein the inprovenent lies in said glass nmenber
conprising a first lower |ayer of crysgallised glass and an upper |ayer of
non-crystallised glass. Preferably, the various |layers have different
sof tenrg points. Preferably,” at |east a part of the glass nenber is
di sposed between the said one portion of the electrode neans and anot her
portion or por ahestgehérating tlemeheplosiidd vasaideglpssonsnat, whereinathpassi vat i on
filmwhich covers the said other portion or portions of the el ectrode
means, animprosemenilies én saig glass membleecoropising a firstilower layerrof crystatlisedsai d one
portion of the el ectrode neans may extend outwardly of another portion
t her eof wglagharidsan yppet layer ofonon-erystallised glass.ewi t h. The invention i s
~illustrated, nerely by way of example, in the acconpanying draw ngs, in
whi ch: - Fi gur ePreferably, %mn&layeﬂsawvemfﬁﬂm@ﬁg&mm@mm& a thermal print

head according_tqg the present invention; Figure 2(a i.s a sectiqnal pl an
view of the thEplemROly, gﬂ?“%éé’&“ﬁﬁ%glﬁﬁ me gq.rés ﬂé?geg&eg”%ﬁe §4’:8vm ng a

first gl | fter it has been heat treated:  Fi 2(b) sh
e port | 8 Bk of i eectogs o SRS ers it pdiiln LR et CFoni ng tne-

print positiongpf héad iy gé p%v?&e% xgitﬁi%aé_s?‘ya%roh film which covers the said other

L/ portion ox" portions of the electrode means, and also covers a'part of the heat
generating element. '
‘ . The said one pdrtion of the electrode means may extend outwardly of another
portion thereof which is in electrical contact therewith.
The invention is illustrated, merely by way of example, in the accompanying
drawings, in which:-
Figure 1 is a sectional view of an embodiment of a thermal print head
- according to the present invention;
Figure 2(a) is a sectional plan view of the thermal print head shown in figure
1, figure 2(a) showing a first glass glaze layer after it has been heat treated;
Figure 2(b) shows the portion B of figure 2(a) on a larger scale, figure 2(b)
showing the print position of a second glass glaze layer;
Figures 3(a) and (b) are sectional views of prior thermal print heads;
Figure 4 is a sectional view of another prior thermal print head; and
Figure 5 is a sectional view showing the relative positions of a head, a ribbon
and a paper sheet of a thermal printer.
In figure 1 there is therefore shown an embodiment of a thermal print head
according to the present invention comprising a heat-resistant insulating substrate
whicﬁ'.supports a glass member 2. The glass member 2 comprises glass glaze layers

2a, 2b formed of two kinds of glasses having different softening points,



Fi gures 3(a) and (b) are sectional views of prior thernal,.pri:nt heads;
Figure 4 is a sectional view of another prior thermal print head; and
Figure 5 is a sectional view showing the relative positions of a head, a

ri bbon and a paper sheet of a thermal printer. In figure 1 there is

t herefore shown an enbodi ment of a thermal print head according to the
present invention conprising a heat-rggsistant insulating substrate which
supports a glass nmenber 2. The gl ass nenber 2 conprises glass glaze |gyers
2a, 2b f cgackducH layewobdingdppliet byl A privtingtectiniquey. eAtheapfémeniting poi nts,
-4- each such | ayer being applied by a screen printing technique. A

heat - geneslement® iIpravided 8nithe glassvmemberdh t he gl ass nenber 2. A common

el ectrode 4 is formed on the substrate 1 under the glass glaze |layer 2a and
"s in ol ectri cAlcosummEEctrods 4risyfomed b tensubsigs diidentheglasizzeny el ement
3, with an upper thin filmelectrode 4a at ‘the portion marked A. An

i ndependdayer is e elsciricaheantactbyoway RE theinterpesed hgatrgegemtiagent 3, and a -
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form the 3gepREn Bleahin AHE electrode 4a and the independent electrode 5 is disposed on - o’

the glass glaze layer 2b.

The thermal print head shown in figure 1 may be formed by the following
steps. |

Firstly, a metal paste comprising Au, Pt, or compourids thereof, is printed
on the heat-resistant insulaﬁhg substrate 1, the latter being _fd;med of alumina or ‘the :
like. It would be better for this metal paste, which is to form the common electrode
4, to be heated to as high a heat treatment temperature (i.e. a temperature at which
it is heated) as possible. However, one reason why this has not been done until
now, although it has been proposed, is that the heat treatment temperature of the ™
glass glaze layer is hig_her_ than that of the metal paste. In the present invention, an
Au paste having a heat treatment temperature of 8700 to 8800C is used.

After Au paste has been heat frgated, as shown in ﬁguf? 2, the first layer of
glass glaze 2a is printed. This glass giaze 2a is controlled so 't_i)at it will be
crystallized after the heat treatment. Metal and most non—Crysﬁalﬁzed- glass have
poor wettability, and this has the disadvantage that they can be easily separated from
each other at the time of the heat treatment. This is the second reason why the |
above method cannot be used. However, by employing crystallized glass, this
problem can be ovércom_e. 'The crystallized glass, however has considerable surface -

roughness, and therefore it is not suitable for supporting the heat-generating element



4, to be’heated o as high a heat treatnent tenperature (i.e. a tenperature
at which it is heated) as possible. However, one reason why this has not
been done until now, although it has been proposed, is that the heat
treatment tenperature of the glass glaze |ayer is higher than that of the
nmetal paste. In the present invention, an Au paste having a heat treatnent
tenperature of 870[err]to 880[err] is.sised. After Au paste has been heat
treated, as shown in figure 2, the first layer of glass glaze 2a is

print eds I hFertipraif shaodamamor elecaodos (the hesdreaeedtmerhl pasteniln) ibevide, yiset al | i zed
after the heat treatnment. Metal and nost non-crystallized gl ass have poor
wet t abi | i glass glazk lajér2atinevitably woslddisoritaxgeo bbaide; Hny theamaineobgecs of v
separated fromeach other at the time of the heat treatnment. This is the
second r esecuringpgntactavitinthe papestcannotdwrachieved Aceodinglywin/dis embodimgntoyi ng
crystallized glass, this problemcan be overcone. The crystallized glass,
however hefsthe preseridpyantionsa penscrysialliagd glass laygn b phlesethan d.Ommjin widsh
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treating jheempbture 3Y §5092 +30¢ mﬁh%@ﬂgnaylla«v&rm&bu@theameﬁﬁm time. For
exanple, this heat treatnent may be perforfred at a tenperature of 850[err]

+ O[err] iafripetatire of kheofbdal pAstd)eIn thizaasd, fiserd aall bé E@@d Adtekioh ey mktal e of the
netal paste. In this case, there will be good adhesion of the netal paste

and the gpassargl the glaseglaes nmidniben 3 cohsttaed by thidwrst layeat 2d adahe 8econdd t he
second _

layer 2b. _

On the glass member 2 which has been formed on the substrate 1 by the
above-mentioned method, the heat-generating element layer 3 and thereafter the
electrode layers 4a, 5 are formed by using a vacuum thin film sputtering device etc.
Then, by using genéral photolithographic technology, ﬁe formation of the heé.t-
generating element 3 and the élcctrodes 4a, 5 is achieved, and finally the heat-
resistant insulating passivation film 6 is formed by the vacuum thin film device.

The width and thickness of the common electrode 4 are determined in
accordance with the dot density and with the number of dots of the thermal print
head. For example, if the head has the standard 48 dots and 240 dpi (dots per inch)
(94.5 dots per cm) for use in a serial type printer, the thickness of the common
electrode 4 is designed to be 10y, and the width thereof is 1.00mm. In the case of
these design values, a voltage drop due to the electrode resistance does not occur even
in full dot printing. In another example, if the head has the standard 960 dots and 240
_ dpi (94.5 dots per cm) for the 4 inches (10.16 cms) of a line type printer, the
t_hickness of the common electrode 4 is 15y and the width thereof is 5.0mm. In this

case, no reduction in print density due to a voltage drop could be observed.



| ayer 2b. On the glass nenber 2 which has been formed on {.he substrafe 1 ’by
-t he above-nenti oned nethod, the heat-generating elenent |ayer 3 and
thqreafter the el ectrode layers 4a, 5 are forned by using a vacuumthin
fil’'m sputtering device etc. Then, by using general photolithographic
technol ogy, the formation of the heat-.generating elenent 3 and the

el ectrodes 4a, 5 is achieved, and fi na?"ly the heat- resistant insulating
passi vation fi i . Vv, , Is 0 Fe lpg}tg‘% ' wi dt if” and
t hi ckness of tEghg%mﬁloéﬁgﬁogilﬁ%rgggglea%g%’g{eg’]rlnplrﬁel' 'n a\cﬂéor g-r%:l% wi th she
dot densi 'taﬁ«sﬁ@b ' hiber D RGH TR hirddistigad. For
exanpl e, ‘lﬁl¥ the %%v%%: g%gw?ﬁgﬁgﬁ;ﬁ&gg?g%%@ﬁl&s fingﬁg40 g%lr dot's per inch)
(94.5 dot Hgpefing Sibsfrate SR snihlPasSRskible. t i ReasTobRY Bat itlid BesifablekD eitdkeo! t he
conmon el ectrode 4 1s designed to be-10[err]and the width thereof is

1.00mM | heldianied DRtviddentthe sdpeifiiefage of Bleglass glazeahémber 2lamptiduef the t he
el ectrode resistance does not occur even in full dot printing. In another --

exanpl e, hdat-tdvistdnt dnkulmingtsobstsate b diat chodé thaddl. smandWhea thipthiflessofdot s per
cm for the 4 inches (10.16 cns) of a line type printer, the thickness of
t he conmothe glass glazel sember 215 50m;, theidistanee-betwgem theresige sarface of theglass n t hi s
case, no reduction in print density due to a voltage drop could be
obser ved. glaze mgmbey;2 gn&that of ther keat-resistant insylatingsub lis@dam. it s

Il nportant_to ke the djstance. be en e edge.suiface ~the gl ass rferrber
> and t heTIEEOre. dtsqossble tﬂéﬁ‘ﬁmqthgﬁ%éfﬂa%'bgﬂea a‘%‘?ﬁ’éllﬁg Qatﬁ'ﬁgg,i ble. It
irabl e to. mke the..di stance between t.ne edage :
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comparison with a known head is not obtained. It has been found that it is possible -
to reduce the éost of mé.king the head of the pres.ent"ir'll\'fentidn. by. 10% relati\}é to
the cost of making oomparai)le known heads. -
A print eﬁcperimérit was carried :_out using_ the tﬂermal.pﬁnt head_' _ | |
manufactured as rrientio_hed abpve. In tﬁe ex_perimeht_, a head haviﬁg the_standar_dﬂ _
.48 dots and 240 di)i (94.5 dots per'cm) was used. In_particu_l_ar, .the dgvelbpment Qf
“tailing" ie. blurring, or the production of breaks in the iini:ression as a result _of an
overtransfer phenomeﬁon) was investigated. | a . .
The result in comparison with a prior head (having ihe shélpe shown. in figure o’

4) was as follows.



gl aze menber, 2 and t hat. of the heat-resistant insulating, substrate 1 is

0.1mm Therefore,
about 10[err]

| ess than 6]
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it
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it
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relative to the paper sheet 23. Consequently,
quality on rough paper can be inproved consi derably.

the print
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As shown in item 4 in the above Table, the limit pulse period, and

consequently the limit period duﬁng which “tailing" could develop, was 15% less in

the case of the present invention than in the case of the prior construction.

Consequently, the printing speed is improved by 15%. It was also found that the cost

of manufacturing a thermal head in accordance with the present invention was only

2% more than that of manufacturing one in which the glass glaze member did not

have

a plurality of layers.

As mentioned above, the present invention makes it possible to provide an

improved head in which the print quality is greatly improved at a low cost. Further,

the voltage drop due to the fact that many dots are energized at the same time, and the -

accompanying reduction of print density, can be solved completely. Accordingly, the

speed of the head can be greatly improved.



Consequently, the printing speed is inproved by 15%-..1t was al so found tHat
.the -cost of manufacturing a thermal head in accordance with the present

i nvention was only 2% nore than that of manufacturing one in Whl ch the

gl ass gl aze menber did not have a plurality of ° above,

the present invention makes it possible to provi ad in
which the print quality is. greatly inproved at aﬂﬂmwﬁ Iﬁ t he
vol tage drop due to the fact that manys’dots are sane. ‘t~| rre

and t he acconpanying reduction of print density, can be sol ved corrpl ef¥
Accordi ngly, the speed of the head can be greatly .i nproved. -

[err] * C L M S * CLAIM HE&éthermal print head corrprlsmg. a
heat resistant substrate; electrod at | east one portion of which is
di sposed on the substrate; a glass nmenber formng a ridge |.ike protrusion
di sposed on and overl apping said portion of said el ectrode means and

adj acent an edg Ii’gﬂf 1 d a heat generating el ement- provi ded
on said g?ass rree\:hngltmz{l eyﬁl [ He s|“?$rovement lies in said glass nmenber
conprising a fahggtrbgygﬁt gugy@‘{te-of crystallised glass and an upper |ayer of

non-crystallised glass. 2. = A thermal print head as clainmed in claim1l1 in

whi ch the vari glegtrddeymésns)avieasiioné poetivn sfovhich isdis Wbﬁ thésubstraté; t her mal
print head as clainmed in claiml or 2 in which at least a part of the glass

menber is di spoglads member fornting a aidge dike Wmmdmposbdenmhdﬂveﬂahpmpans

said portion of said electrode means and adjacent an edge of the substrate; and

a heat generating element provided on said glass member, wherein the s
improvement lies in said glass meinber comprising a first lower layer of crystallised
glass and an upper layer .of non-crystallised glass.
2. A thermal print head as claimed in clai'm 1 in which the various layers have
different softening points.
3. A thermal print head as claimed in claim 1 or 2 in which at least a part of
the glass member is disposed between the said one portioh of the electrode means
and another portion or portions thereof.
4, A thermal print head as claimed in any one of claims 1 to 3 in which the ~
head is provided with a passivation film which covers the said other portion or U
portions of the electrode means and also covers a part of the heat-generating
element.
5. A thermal pririt head as claimed in any preceding claim in which the said
one portion of the electrode means extends outwardly of another portion thereof
which is in electncal contact therewith.
6. A method of manufacturing a thermal printhead, as claimed in any one of
the preceding claims, said method comprising:
printing a metal paste on said heat-resistant s?xbstmte;

applying a heat treatment to said printed paste at a first temperature to form

said electrode means;



and anot hier portion or pQrtl ons thereof. 4. . A thermal print head as
clainmed in any one of clains 1 to 3 in which_the head is provided with a
passivation filmwhich covers the said ot herm of the
el ectrode neans and al so covers a part of the el ement. 5.
Asthermal print -head as clainmed in any precet“l“l ﬂﬁmm M!’ch t he sai d
ohe portion of the el ectrode neans ext®nds out war LO portion
thereof which is in electrical contact therew th. 6. A net hod of

manuf awt’™uri ng a ther nal printhead, as claimed in any one of the preceding
clainms, said nethod conprising: printing a netal paste on said

heat - r esi st ant prinfingta nonecrystaflingilayer of plass on saaépmmhnedamtd print ed past e
at a first tenperature to formsaid el ectrode neans; r] = C
L M S * pridnplyigs & seeanddiegirestmpniat pageqndgemperatise lﬂwegébfal @pﬁsstm line

| ayer; applying a second heat treatnent at a second tenperature |ower than
the fi rstteﬂ'@ﬁﬁgﬂﬁvt ; and form ng said heat generatl ng | ayer on said

non-crystalling | aye A thermal prj head tantially as
her ei nbef ore d’g?ﬂ'\y Eflbﬁqtﬂeﬂ%?‘e‘}gel%"é"{ ‘h‘%’ﬁ‘ﬁﬁ%ﬁiﬁ?fl gures 1 and 2 of

the acco panyl RQhéjI{naaWp ifthead substantially as hereinbefore described with reference to

and as shown in figures 1 and 2 of the accompanying dra}wings.




