2246871 REVWRI TABLE BAR CODE DI SPLAY MEDI UM AND | MAGE DI SPLAY METHOD AND

| MAGE DI SPLAY APPARATUS USI NG THE SAME The present |nveng¢26§%% es to a
rewitable bar code display medium an inmage display nethod tfre
rewitable bar code display nedium and an apparatus for |nplenent|ng t he

| mage di spl-ay nethod. The bar code display nmedi um of -the present i nventi on

can forma bar code thereon, which bar code includes a two-dinensional bar

code for general use, and other optical récognition patterns represented by €

an optical character reggﬁﬁg#%ﬁgF(SEE)caﬁhtﬁ&g Y?een t|ng of four

di stingui shabl e areas representin ﬁerent types of
i nformation in tot&MAGBaBISBHAEdMEEHQP ﬂ&nwﬂdgqﬁzﬂﬁﬁﬂhﬁftk?nﬁﬁimﬂﬁnt of
sale (POS) system There are two me4;8¢ ﬁgh Ramecode di splaying for
commercial products in the POS system els a so- called source marking
met hod, in which a coomercial code is printed in the formof a bar code and
attached to each commercial product by the manufacturer in advance, and the
other  method is a so-called in-store marking nethod .in which a comrercia
code is printed in the formof a bar code and " attached to each
commercial product at the retail sale stage. The bar codes of this kind
for this nmethod cEipe bpresenteinvenhbibngbedatesaty abutewarikcablie bar abdde

when t he
display medium, an image display method using the rewritable

bar code display medium, and an apparatus for implementing

the image display method.

The bar code display medium of the present invention
can form a bar.code thereon, which bar code includes a
two-dimensional bar code for general use, and other optical
recognition patterns represented by an optical character
recdgnition (OCR) pattern or a code consisting of four
distinguishable areas, capable of representing sixteen

different types of information in total.

Bar code diablay is widely.applied to thé point of sale ’:€%
(POS) system. There are two methods for bar code displﬁying |
for commercial products in the POS system. One is 4 §o-

called source marking method, in which a commercial code is
printed in the form of a bar code and attached to each

co;Qercial prdduct by the manufacturer in advance, and the

other method is a so-called in-store marking method in which

a commercial code is printed in the form of a Ear code and
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ménuf act urer produces a wi de variety of products, each in a small anount.
The in-store marking nmethod is particularly used for perishable foods in
ordinary stores, and for controlling a variety of autonobile parts in the
factories of autonobiles. To print a bar code for use in the
above-nentioned in-store marking nmethod, a thernosensitive recordi ng paper
or a thermal inmage transfer ink ribbon is generally used as described in.
"Aut omat i on Technol ogy" Tanaka, vol. 17, 6, p.109 1985. The bar coded

printed on St Latned o ddui?! cdrif@i i dy ﬁ?ggﬁ;:eraeytuaez%ft Clh e | Nk

ri bbon bar is not rewl ore, I'nstance, when e price of a
commerci al - pgedgel, | THeUHE Lodd¥' &t | £h18 IiﬂlQaCSQEUEh&QWﬁ‘&HédE caxl B

code | abel and i'nstead attach a new bar code | abel carrying updated

i nformation peihlaedpmdsmthixf{ gdduedey, NBilt bateCAde kalktlable wlidie thd bar
code | abel. Further, when the bar code is utilized for a control system
new i nf or nat manufacturey: protucé® 4 heidei ganiétpaofcpteoductanc egelvctssain
the control system although a new | ot nunber may be added by using a new
bar code | absmalluamoantor e Thmrinesiterernacrkingnmaethpdr s pastticmelarly
recordi ng paper are so poor in durability that they fade when exposed to

ul travi ol et upgHt foxd pardahable foods in sudinarypstoresncanchd@lrface of

t he thernosensitive recording paper is generallz rou%h,.the boundari es
bet ween controlling a variety of automobila parts in the factories

of automobiles. s
To print a bar code for use in the above-mentioned
in-astore marking method, a thermosansitiVe recording paper
or a thermal image transfer ink ribbon is generally used as
described in “Automation Tochnology“ Tanaka, vel., 17, B,
p.109 1985. The bar coded printed on such a conventional
‘recording paper or by-ﬁse of such an ink ribbon bar is not
rewritable. Therefoée, for instance, when the price of a
commercial product is changed, there is no cholce but remove
the old bar code label and instead attach a new bar code
label carrying updated information to the product, or attach
1 ‘a new bar code label over the old bar code label. Further,
‘when the bar code is utilized for a control system, new
information cannoct be.added to tha original bar code at each
process in the control system, although a new lot number may
be added by using a new bar code label.
| Furthermore, bar codes printéd on a thermosensitive
récoxding paper are 80 poor in durability that they fade'

when exposaed to ultraviolet light and chemicals.
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printed bar code i mage areas and non-image areas (background) are not so
sharp that it is extrenely difficult to formbar code'inages with high
accuracy and high resolution. In the case where a bar code inmge is
thermally transferred to an inage-receiving sheet by using a thermal inage
transfer ink ribbon, it is difficult to uniformy transfer an ink |ayer of
the thermal image transfer ink.ribbon to the imge-receiving sheet, so that
the image density of printed bar codes becones uneven particularly in the

edge portit usIﬁﬁég?{£§¥$%€{€ﬁ?og%$g_g‘ig; Eﬁéﬂgﬁ&fﬁgﬁ§ﬁgf€¥%?CCUrateIyﬁ

| ngew se, oduce bar code 1 nmages w i gh

accur acy . gebdidithg Ssdpett I OF- gdReFEILYOREHgANOtRe boRrdIEN | KEPEhedq! code

i mges which are not” produced by a printing nethod are not satisfactory
with regaptintdd ddrscodé i Dhagécapeay, apddnoacimage asgale t he boundaries
bet ween a bar code inmage area and a non-i mage area (background) are not
cl ear cut .{bivkgrfound) ard wet godsharpothasr étnde axtnemebpddbfficalel y
by a bar code reader with sufficiently high reliability at present. - 3 -
SUMVARY COEoT Hio dn\\G2\T | cidie\cimagiés gwithahLighsacouracy @nd Helgh esent
invention is to.provide a rewitable bar code display nediumfree
resolution. - - . S .
.. In the case where a bar c;de;imaqg'is-thgrmally
trangferred to an image-receiving sheet by.usinq-§~tha:mal
image transfer ink ribbon, it is difficult to uniformly s
. transfer an ink layer of the thermal image transfer ink
‘ribbon to the image-receiving sheet, so0 that the image.
density of printed b@:fcodes,bccoméa'unevenupa:t;cula:ly in
‘tha edge portions of'the:imagé_areﬂi or the ink is not .
transferred-accurataly imgewise, thus it is difficult to
produce bar code-imaées with high accuracy and high
- resolution. | |
As mentioned above, the conventional bar code images
which are not produced by a printing method are not
. . ,"":
satisfactory with regard to the resolution, density, and ~/
accuracy because the boundaries between q=barzcode image
area and a non-image area (background) are not clear cut.
Therefore, such bar code images are not always read
accurately by a bar code reader with sufficiently high

 reliability at present..
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f fom t he conventional shortcomni ngs, capable of producing clear bar code

I mges having high accuracy,- high resolution, high density and high
durability, with sharp boundaries between a bar code inmage area and a
non-i®mage area. A second object of the present invention is to provide an
i mage di splay nethod of form ng bar code inmages in the above bar code

di-spl ay nedium The first obje QI _ ' bion i s-achieved by a

rewritabl e bar code display medi umconprising a support and a reversible

t her gpsensitive recording |l ayer for reversibly form ng bar. codes therein

formed on the support, which reversible thernosensitive recording |ayer

vari es i n transpahesordingiy;handd st tabjectat of ethadprespnits dnventeishm

matri x having a | ow nol ecul ar wei ght organi c conpound di spersed therein,

t he | ow nol echiBarowprghtider gamewnidaldie dar\¢code sdiapiaygmedium dxee

dianeter of fromO.1 [err] to 2.0 [err] and which is fromone-eighth to two

ti mes the wavEFeRgtheororvieniionsda Bt aRings, t sRPahlec ofc produching

second object of th resent .invention js gchieved by a i e di spl ay

Tt hod of - f or FLRBEaREFNEORS FMRERR MR % S8 AECBFaFK: o PSBnspar ont

state compr i stagohigs8keP 3o MiAdig, ISR Afof &EHABEREES, PRaEOLhatlsP! Y
boundaries between a bar code image area and a non-image '

area.

A second object of the present invention is to
provide an image display method of forming bar éqde

images in the abbve_bar code display medium.

The first object of the present inventipn is
achieved by a rewritable ﬁar code display médium'
comprising a support and a reversible thermosensitive
recording layer for reversibly forming bar’ codes therein
formed on the support, whidh reversible thermosensitive

(L recording layer varies in transparency with change in
temperature and comprises a resin matrix'having a
low-molecular weight organic compound dispersed therein,
the low-molecular weight organic compound having an
average particle diameter of.from 0.1 um to 2,0'pm
and which is from one-eighth to two times the wavelength

of a light beam for reading the bar codes.
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BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete appreciation of the

i nvention and nany .of the attendant advantages thereof- will be readily
obt ai ned as the same becones better understood by reference to the:
foll owi ng detail ed description when considered in connection with the
acconpanyi ng drawi ng, whereint Fig. 1(a) is a schematic cross-sectional

vi ew of an examméeseéoﬂdbabjéﬁdeoéi%Bbapﬁﬂﬁgﬂﬂnfﬁvé 1 8heggnt invention
Fig. 1(b) is a schematic cross-sectional view of another exanple of a bar_
code di splaghimediibyfat imageedesplapymethod dﬁgrofhdﬂgaaﬂeiﬁgggtive Vi
of a card-type bar code display nmediumof the present ‘inhventiony Fig. 3 is
a graph i Ate@|vEtEe cPPaquehetaheanges innat tassmparent Gdtgreeversi bl e

t hermosensi tive, recordi ng layer of the bar code display nmediumof the
present i RAMRTIFLNG ghe 186D 05 applyAngx Peatatioa afewhitalebpebaiur e

range in ich the reversible thernpsensitive recording. |ayer of the bar
code disdg%#%nﬁﬁqRiﬁﬁ T@é@%?e@%n@efﬁVSQtP@ﬁ”@%sunﬁs a transparent state
and Fig. 5 is a schematic diagramin explanation of an exanpl e of aminage
di spl ay apparatus for reading, erasing and formi-ng bar code inmages. - 6 -
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DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The rewitabl e bar code displ ay
medi um of the present invention conprises a support and a reversible
therno- sensitive recording |ayer (herelnafter referred to as a recording

l'ayer) formed thereon whi chgifpkeppbArtpa R ;‘*.. gegie i n
tenperature. Nanely, the r€corao - ered from a
on’the. Z%eféﬁbfé héhde %e%‘%ﬁ%naﬂﬁgﬁéﬁﬁﬁﬁﬁ ﬁefa%?‘e%'e §555, 8RNy
Pecoshize. a0k HHR ASeRAaEh: § gfn-ﬁaﬁgiihgaa?%%%@ Feadf1 ) pb1ned

ool oved §”§ "cé{b‘ée%q'ié‘g%??-‘%iﬁ%ﬁsﬁ?g?ﬁ 3ot WY Sefeindg cb Engl I
the bar codeg gl t&’ﬁ&i‘g 54548 Sﬁﬁgeiget Whr o%ga}%dm UBf &Qﬁngﬁgab%gr

but it is require ar co sone net ho

code di spl ayv;rig?ieq:}?&% 9_.“‘,? ?E‘Eﬁgﬂ%?bl %Wd 190y Wil now be expl ai ned

in detail rring t Fig. 1(b) shows a schematic

Cross-secti Onal zemg! of1 pay exarral ScRémather ceodd HettliondPiviewasgond ng
to the present invention. "Fig. 1(b) shows a schematic cross- sectional

vi ew of anot example bt afbsbecbda digpleysmeaiumecili i qpresantt o t he
pr esent i nvention. -7-
- invention;

- Pig. 1(b) is a schematic cross-sactional view of
another example of a bar code display medium of the present
invention; |

Fig. 2 is a perspective view of a card-type bar code
display medium of the present invention;

- Fig. 3 is a graph in explanation of the changes in
transparency of a raversible thermosensitive recording layer
of the bar code didpiay medium of the present invention;

?iq. 4 is a graphlin explanation of the temperature
range in which the reversible the:mosansitiQé'recording.
layexr of the bar code"displ&y medium of the preseﬁt
ké' invention assumes a transparent stato;'an&

Pig. 5 is a schematic diagram in explanation of an
example of am image display apparatus ‘for reading, erasing

and forming bar code images,



In these figures, reference numeral 11 indicates a support; reference
nunmeral - 12, a reversible thernosensitive recording | ayer (hereinafter
recording |layer), reference nuneral 13, a protective layer: and reference

-nuneral 14, a pignment layer or light-reflection layer. In the bar code

di spl ay nedlun1shomn in Fig. 1(b), it is preferable that the support 11 be
transparent. In Fig. 1(a), the pignent | ayer or light-reflection |ayer 14

is interposed between the support 11 and the recordlng Iayer 12, whereby _.
the contrast of thephe : S A PR o v irs :-roved so .t\@at
the bar code inmge Cam D& e ‘"“-ccuracy* - ul ar, t he | i ght

[ Font reflect) ohel %‘*S’?*%?”‘V‘e g‘%ﬁﬁ‘%ﬁﬁi{@%ﬁé“%ﬁﬁeﬁﬂ P e U

3?3326 arrafsgfaoht %ﬁg“pos.ﬁﬁﬁﬁﬁ paaoﬁ"é%*ﬁ??a §halite; Baﬁilﬂei’i
L 7
o 11 ght r"*”?‘?ﬁ%ﬁ’?ﬁ%&?’ﬁ"‘i‘% e e 8 R ai ng 2.

the main f@@@@&ﬁﬂP )N fFEPMmeE uﬂﬁmmmtwgﬂeb hens ¢pRABpakbndyd the
pi gnent |ayer or [ight reflection layer 14 and between the pignment [ayer or
light refwfehi chahgeetnl4empbratnnrel nidmyly, 16héorebordanyndalies ddhesi on
of these layers with the adjacent support or layer, if necessary.
reversibly altared from a transpa:enc state to. a milky white -

opaque state, and wvice versa, dapending on- the temperature
of the recording 1ayer. IR R - R ::
In: the present invention, as p:ﬁviduily menéionéd, any
. bar code display medium is usable;QWHich can racognize, as
1n£ormatién, opticgl ehangqs_luchValiéhangos-in'llght
intensity and changes in wavolonqth}i:bgardléQS"of whether
or not.the—liqht~cmplay¢¢ ;s.a-viitb;e light. Further, it
ia not n.collarily'ﬁbéﬁirad that thé*baf'codaS”amployed be
: undarstandable to the persons who use the codes, but it is
| required that the bar codas ba deteetable by some method.
The bqr code display media:;ccording~to-the.praaent —
invention will now bd oxp1ainad in detail by referring to | -
Fiés._l(a).and_l(b).- | | E |
Fig. ;(h)-ahows-alhchomatic-cheteseccidnal view of an
example of a bar code display modium_accord;ﬁg:tb the
present invention. Fig. l(bj shows a.schematic Ccross=-
sectional view of another example of the bar code disgplay

medium according to the present invention.



When a transparent support is enployed, it is possible to provide a
recordi ng | ayer on one si‘de of the support and to provide a pignent |ayer
or light reflection |ayer on the other side thereof. For the supportll, for
exanple, a film a sheet of paper, a netallic sheet and a ceram c plate can
be enpl oyed. When the nmetallic sheet is used as the support 11, the support
11 also serves as a light reflection layer 14. In the present invention,
the bar code inmage forned on the reversible thernosensitive recording
medi 4 can be reade Ve Wi QbCel hiSek JbfaPehida Rdmare T ' h U Wit h
an incident angl eokotf Tﬁe)é? Q%ﬁ%ﬁ?et’e?%?%&#‘%? :?ﬁ&:;nht refﬂegﬂﬁygﬁg?gﬂl

angl es wﬂFhi@%ﬁﬁﬁ%t{f&&b&r&ﬁéhdgahu&hqhu;, W epvidre isid cEnetmbsénaitive
quantity is small, that portion is recognized as a part of the bar code

i mage. For tdécoydingnlayert (hezaifadterhcatordide iy py veflenansgown
in Fig. 1(a), a bar code 1nage corresponds to a transparent portion, and a
non-i nage ar eumarakshdnda protective dpyers and irefersnce numersalbld, a

t hernosensitive recording medium In the case of the bar code display

nedi um as sh@dgnentri layerbpr light-pefdessipn dayvere AIndthe bareapde or
light reflection menber on the back side of the support 11 to read bar code
i mage. . |t i diapkay mediuvmshown daf Fést-aﬂ-d&’)cf'it%é-%a?rmmwﬁg'éh&'ﬁeﬁgﬁe
50% or | ess, and nore referabl; 30% or .l ess. The reflectance of a

non-i mage ar E¥RARKK g} HUPM) transpgrent. | _
In Fig. 1(a), the pigment layer or light-reflection

layer 14 is interposed between the support 11 and the

recording layer 12, whereby the contrast of the bar code
image with the background ia'improved,'sd that the bar code
- image can be read with high accu:acy.. In particular, the
light reflection layer is effective for improving the image
contrast. o | | |
For the light reflection layer 14, any méterials
capable of reflacting the light can be employed. For
. example, metals such as al, sg, Au, Ag and Ni can be given,
- - which are vacuum-deposited on the support as disclosed in
ivf ' Japanese Laid-Open Patent Application 64-14079.

' In the case where the pigment layer or light reflection
layer 14 im provided, an adhesive layaer comprising as the
muin'component a resin'may:be'intetpésed between the support
11 and the pigment layer or light reflection layer 14 and
between the pigmbnt layer or light reflaction’laYe: 14 and

"réco:didq layer 12 for improving the adhesidp of these

layers with the adjacent support or layer, if necessary.



preferably 30% or nore, and nore preferably 50% or nore. Further, it is
preferable that the difference between the refl ectance of the bar code
i mage area and that of the non-image area be at |east 30% or nore, nore
preferably 50% or nore, and nost preferably 70%or nore. Fig. 2 is a
perspective view of a card-type bar code display nediumaccording to the
present invention, which can be prepared by cutting the card-type bar code
medium wi th an appropriate size fromthe bar code display mediumas shown
in Fig. 1. I'n Rhen 3 trehepareathsunpartld orenployedcaltsibapoesdblienges
formed in the bar code display nedium 1. As the reversible thernpsensitive
recordi ngtbaprovideas secardingrilgayerl@n onel side ofihtha suppozitblapdvaries
in transparency with change in tenperature, there are known the follow ng
three type@: proyida aypdgmenthilayver oflighte weflegtipr bayesi enndhe i al
is dispersed in a resin matrix; (2) A type which utilizes a blend of

pol yner s; OBhar(84ds thereqfi-ch utilizes a phase change of. a phase-

Superor o't nEOE: fioes shgPorh Hine £ox ARATHIP 1A bt et AcBReHE: Pntpar ent
or asur o oPABAF ko HSERT 138" BHBeY, Br of clbdifse PECH Jofn RE°phBIETR" °
| mages ey Lae! Heehl19e shlet Y u¥led WP ¢Hd SdGoBEORL] CRRRUT O
suppoxrt 11 also serves as a light reflection layer 14.
- In the pzpneﬁt invention, the bar code image formed on .~
the :evers;bie thé:matgnsitive-recording-mediuh can be read "J-
by projecting light to the bar code dieplay medium with an
- incident angia;qf 45° and detacting -the light reflected at
right angles with respect to the incident light. When the
reflected light gquantity is small, that portion is
recognized as a part of the bar code image. For this
reason, in tha case of the bar code display medium shown in
Fig. 1(a), a bar code ;mag§ corresponds toﬁé transparsnt
po:tion, and_a nan-imago'arda.co:réspcnds.tg a white opaque
portion in_theﬁreve:qib;o:tharmqienpitiyp,:sco:dinb_mediwm. C:
~ In the cﬁsq_pf_fho_bar Eode diﬂplay medium as shown in
. Fig. 1(b), ig_;g_necqsqggy to place a colored member or
light,roflqcticn mamhar-on the back side of the support 11.
ﬁo read bar code Lﬁagei,__ | | | | '
o It.is p:e:érabio ;haﬁltﬁ; ruzlicténcpjsf;:ho bax code
image area be 50% or less, and_more_p:efe:ably 30t_or less,

The reflectance pf a_non—iﬁage axrea (backg:bund)_is_

-'9-
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bbundari es between the bar code inmage area and the non-imge area
(background) are remarkably sharp. Thus, the recording |ayer of the
rewitabl e bar code display nmedium according to the present invention

conprises a

resin matrix and a:l ow nol ecul ar - wei ght- organi c materi al

dispersed in the resin matrix. The present invention provides an inmage
di splay nethod of formng an inmage in a white opaque state or in a

t ranspar ent

state, with application of heat to the above-nentioned

rew iiabl e hprefemablys 0%y oxemane, \and maxspreterabiyp ot omamare.

recording |la

d
FUTHhegn: 18 danPratarahle thabhche A1 Eferences Betyaen thene

| ow nol ecul

er formed thereon conprising a resin matrix

ot ?éﬂLBgr ordet1geatbe &%%@k%ﬁi“# .C%Iﬁéﬁa“é?#ﬁéefxﬁktﬁwéﬁ’é}ﬁéﬁ%ﬁf L
I i _ i ,
e e T ARt Sl ghhE el e 1% HHde: P AR, ChobHC PSRy e
whi ch is di SEE' nEde nakge{nfogrﬁmﬁg_{%ﬁga{grsa%gie%%@séggép matrix, is

considered to be differen

t he

| ow- ol ecul ar - wei gﬂﬁéoggg_ i-tghmgﬂtm&}gﬁ Of AcbabhvLelpd HaIe cod

crystals, possibly

HYL
st o ng single crystals, so at the |1 ght

whi ch ent er sqi §81&§Y mbakfn %%dyaazq 4 A Sprédenet Dhouakion ! RehiofPosdd e
side, wi thout being scattered, thus the

be prepared by cutting the card-type bar codeamediﬁm with an
appropriate size from the bar code display medium as shown
in Fig. 1. 1In Fig. 2, reference numeral la or 1lb indicates
bar code images formed in the bar code display medium 1.

As the reversible thermosensitive recording layer 12 as
shown in Figs. 1(a) and 1(b), which reversibly varies in
transparency with change in temperature, there are known the
following three types: |

(1) A type in which a low-molecular-weight organic

- material is dispersed in a resin matrix;

(2) A type which utilizes a blend of polymers; and

(3) A type which utilizes a phase change of a phase-

- changeable polymeric liquid crystal.

- The recording layer of type (1) is superior to the
others in that the reversible change betwaen a transparent
state and a milky white opaque state is quick. ' Therefore,
the formation and erasure of bar code images is quick and
smooth. In addition, bar code images formed in the

recording layer of type (1) have high resolution because the

- 10 -



L T R

%

recordi ng | ayer appears transparent. In 11 contrast to this, when the
recording layer is in the white opaque state, the -l ow nol ecul ar-wei ght
organic material is conposed of polycrystals consisting of nunerous small
crystals, with the crystallographic axes- pointed in various directions, so
that the light which enters the recording:layer is scattered.a number of
times on theundarnéscbetwéenrybbahanﬁcodeaimugsnasealandmehght mat eri al .

As a result, the recording | ayer appears opaque in a white color. The
transiti onnon- imegstareaoﬂbamkgngﬂndﬁrﬁreegemanb@bhﬁlﬁgasp.the tenperaﬂuﬂe
thereof will now be explained by referring tao Fig. 3. In_Fi 3, it is
supposed t hat ThESy cEBEIFREOFAIES iLaYeH (9% the i Fewrikableo aFuEoSeat e at

roomtenperature To bel ow. fien t he recordl Ia /er is heated to
L5y et

t enper at ur 1@y @ %BG{GFE&r PG YR Eﬁﬁﬁéﬁgrent The

di |La I
furcher o SOMPEHSER porpELE: BRELLE tap?é]é’aiﬁﬁ-tw%? PaldE-vETBRY caches 2
nBX|nun1tr éggisnha?E§E§1a51% égliﬁa;ﬁg {%%ih'ﬁat £ recording layer

which is e maxirnum transpare I'sTcool'éd to room _
tenperature TOTﬁé BeL8¥Ent! RavEREIBHNEIrAPRIEE A Hhage a3spRhyt ained. It is

considered that thrs 1s because the ['ow nol ecul ar-wer ght orgafic nmateri al
changes i t@eghedcofr g6rAing! wer Maisdld e Siwlisré Oopagquédseatey gralin ne

state via a

a transparent state,_thh application of heat to the
abovejmentioned.rewritable_bar code display medium, ' .

_ which comprises.a support and aﬁrebording'layer formed -
thereon comprising a resinnmatrix_andfa low-molecular-
weight organic material dispersed in-the resin matrix.

The recording layer of type (1) 1s switched from a

milky white ~opague state to a transparent state, or v1ce
versa, depending on the temperature thereof. .

- In theztranspareht state and the_white,opaque state
of the recording layer, the size of_the-crystsls_of.the_
low-molecular-weight organic material, which is
dispersed in the form of perticlesiih;a resin matrix, is
considered to be different. In the transparent state,
_the low-molecular-weight organic material consists of
_relatively large crystals, possibly most of them being _
single crystals, g0 that the light which enters the
crystals from one side passes therethrough to the.

opposite side, without being scattered, thus the

recording layer appears transparent. In

n

O

2



sém -nelted state during the above-nentioned heating and cooling steps.
-12- When the recording layer in the nmaxi mumtransparent state is
further heated to tenperature{err], it reaches a nmediumstate which is’
between the maxi numtransparent state and the white.opaque state. Wen the
recording layer in the nediumtate at tenperature [err] is cooled, the
recording material returns to the original maxi mum opaque state, w thout
passi ng through any transparent state. It is considered that this is

becayse the | ow.nol ecyl ar-wei ghisy Or 0aNL C_ O3 g Qe - ] tied b e, to
terrpg% ature fgpf']r{%(??" a o@&%’n?‘f%@g@%ﬁ%égépﬁgf l?ﬂ;eégl g’\%d rfto 2@1‘1 a‘?ﬁﬁg?ght
organi ¢ mat eghale.dr QU SARE" PéG-ai el D..C o ot :tg%rmeé { Hhdtéri&L 10"
bel ow. If tﬁgghgco(r%gél ng 1 ayer ?élﬁtxﬁ&eiﬁ??grogggggtsgat e 1s heat%rd‘{'%% %ﬁy
tenperature : INrd€ild GORs i SERRRALY Aundirdus itk ilen
cooled to a teéhngeratﬁﬁpﬁeﬁﬁﬁ*ﬁ{‘tﬁgﬂ?gc?&bng I_ gyer 1'fatssumas_ an
i nt er medi at ecgyaitalast Wisth tilfe téSYEERLESfraphic ands! foiMidd DPavaeious
state. Wien the recording layer in the transparent. state at room :
t enper at ure darectdeas) Emithat cthenbbght uwhifhr shtersivhe, recordieg
cooled to roomtenperature [err], the recording layer returns to the
maxi num ni | kiayeaguis scatterdd s numbercofr tiings onethenrintaxfaceswaft e
maxi mum opaque state, a maxi mnumtransparent state and an internedi ate.state
bet ween crystals of the low=molecular-weight material. As a result,
the recording layer appears opaque in a white color.

The transition of the state of the recording layer
depending on the temperature thereof will now be explainad
by referring to Fig. 3. = .

In Fig. 3, it is supposed that the racording layer is
initially in a white opague state at room temperature Tg or
below. When the recording layer is heated to temperature
T1, the recording layer begins to become transparent. The

. recording layer completely becomes transparent when the

temperature is further elevated to tamperatﬁre Ta. Thns,

" the recording layer reaches a'maximﬁm*transparpnt state at

N\ temperaﬁure'wz;' Bven if the recording layer which is
already in the maximum transparent state is cooled to room
temperature Tp or below, the m&t@mnm transparent state is
maintained. It is considered that this is because the
low=molecular-weight organic material changes its state from .
a polycrystalline state to a'linglo crystalline state via a
semi-melted state du:ing'thb abovésmentioned'heating and

cooling steps.

- 12 -



the aforementioned two states at roomtenperature, Therefore, a white
opaque i mage can be obtained on a transparent background, or a transparent

i mage on a white - 13 - opaque background by sel ectively applying the
thermal energy to the recording |ayer of the bar code display nediumof the
present invention. Further, such inmage formation can be repeated over a

| ong period of time. Wen- consideration is given to the above-nentioned .
principle, it is preferable that the tenperature range where the recording

layer assunes gHeRARHIR oIS Doyés! S YRLY mbkdfium kRahapadietient W
I nvention, the recording layer I's considered to assune a trafsparent state

in the testatat Yee fudithed teuded rdo ttehperdtuperTy, 4t Weaechuwsea fically,
as shown in Fig. 4, the recording layer I-s'in the white opaque state when
t he transmedtéamy stfatiehavhictpris hiptween theanakimuh. transpaxent statdi s,
the recording layer with transparency [err] is supposed to assune the

maxi num taadsthecwhiteniopaquihstate. t réhepatbacyactrdiag daget da |ther
reaches 80% of the range from[err] to [err] that is, the transparency-is
at [err] mading statenat &enpazaturg P3| isregaledd -theaFegeadingibst anti al
transparent state. Wthin the tenperature ranggafron1-err] to [err], the

record!nng§9§F‘&fﬁﬁ%?qﬁﬁ~ﬁﬂxﬁpﬁﬁQﬁﬁ%&nﬁkdmﬁ FREROPRPAYS: TR 1pr esent
et oo e B e WAL cedeBiEbhonablst O enoe betveen
~ considered that this is because the low-molecular-weight |
organic material is maltédxwhenvhegﬁéd.to;tgmge:ntﬁre T3 ox
_4bov¢,'gndftha éblycrystals ofithexléﬁ?mglécnlgxfwaight e
'o:ganic matcriallgrqw and saparatg'ont_whgn;coolad to:
'tamp¢rgggre To or below. If_thg,rééording layer in the
white opaque state is heated-ﬁo,gpy“temperature_betwaen
tempera:uré Tlgénd_timp.:aturﬁ.rz,_gnd then coblad,ﬁo_ﬁ
-temperat@re=belgw-ro)-the,:gcgrding:lqux-gu;umés an
ihte:mndinte_state.between the.tr@ﬁ!paren;.sga;e and ‘the
.white opaqua state. _ '
When the.:.cogdiﬁé_laybr in the transparent state at
~ room tempergtu:a,wo is again haq:ed,tp temperature T3 or ::
__above; and then cooled to room gompdrdgurd.wo, the recording
layer returns to thq_maximum.mllky,opaqua.state. ,fhus, the
récording.iayef can assume a white,max;mum'opaqué.s;éte, a
- maximum trgnﬁpafent:stata and an,intp:modigta_qﬁate:betwaen
the afo:amsntioneg two states at rogm.tsmparaturp.
Therefore, a white opaque image can be obtained on a

transparent background, or a transparent image on a white

- 13 -



région of the transparent state. In the present invention, it is preferable
that the tenperature region ([err) of the transparent state be [err] or
nore, and nore preferably [err] or nore, and nmuch - 14 - nore preferably
[err]or nore, and nost preferably [err] or nore. However, when the
tenperature region of the transparent state is too wde, the tenperature at
which the recording layer is changed into a white opaque state is extremely

et aamed wnpila | BcRERTRL, BY Bt dly Wi TPy A8 LkEReY onoray

medi um Therq&r&etggca?axﬁglng Ple”] Q{ﬁ} l& m)reé)% g? I:\E&ium of the

transparent state 1s prefera ess, erably-[err] or

less. In ordegrréseﬁ@niﬁoéntientem&%wze. reQﬂitPrani d NPoima8SBAr eBh Bleat €
to 15C or nore, several |ow nolecular- weight organlc materials, which wll

be descrlbedﬂggégteargvgged anQO gyaa<uf timd he organic IOMFnDIecuIar-
wei ght materials and other materials having different. nelting . points-are

m xed as dlsclosedWhenJooniiderh&idn Que iy iRamEre o A | above+mefifidned’s,
63- 130380, 2-1363 and 3-2020. In the recording | ayer. prepared by the :
above- nentumpﬂinmipbd.(iy ishprefecabde thad tihe -tempsratugancengst shexe
has an averagtehé’aééég'r&ﬂ;aﬁ}& 'a%ﬂ,}‘%.r %”%%a‘ﬂss’ule&é’ State be
relatively wide. 1In the present invention, the reoording
| .layer is coneidered to assume a transparent state in the
" temperature renqe from T4 to Ts in Fig. 4.

More specifically, as shown in Fig. 4, ‘the recording
layer is in the white opaque state when the transparency of
the recording layer ie at tii. In contraet to thie, the
recording layer with transparenoy t12 is supposed to assume
the maximum tranlperent state. When the traneparency of the
recording 1ayer reaches 80% of the renqe from t311 to t12,
that is, the traneperency ie at ti3 in rig 4, the recording
layer is regarded to assume a substantial tranaparent state.
Within the temperature range from T4 to Ts,,the recording
layexr of the bar code disnlay'nedium'accordinc to the i

'preeent invention is in the transperent etate. In addition,

the difference between Ts and T4 ie defined as a tempereture
.. region of the transparent state.

| In the present invention, it ia preferable that the

temperature ragion (T5 - T4) ot the traneparent state be

15°c or more, and moxe preferably 22°C or mere, and much

- 14 =



[err], the whiteness of the white opaque state is high and the inmage
contrast is sufficiently increased to read a bar code i mage. An previously
mentioned, the crystalline state of the | ow nol ecul ar-wei ght organic
material contained in the -15 - recording | ayer of the bar code display
mediumis altered froma single crystal state to a polycrystalline state,
and vice versa, depending on the tenperature thereof. The bar code image
can be forned in the recording |ayer or erased therefron1by utilizing the

phenonengsréhgt@eerabey! B0RE by mote,clatidl Mosthoieferabbpubsreverght
organic material or transmitted therethrough, depending on the crystalline

state ofmobe. | opwebeey! Fhercitial tehputiatutd ddgion TOE€here, the crystal
growt h of the | ow- ol ecul ar-wei ght organi c material has an inportant effect

on Lhe PRELNBROHP skREel LANboB" B! Uhe) sdilia i A0ORE SahEn 2A LC

-phenorrenon SCa terl ng- or m ssron I's considered to

depend opeddify ti&k&rdlﬁwﬂhﬁhgﬂh ghd Mt@ gd%ré"ekﬂ Eeoiga”' c .

mat eri al .di.spers he restn~matrix. ‘I't-.1s con ed.t ependi ng
upon thepeFaiely ghopaasedy’ sohehatvend amdm:mamwm CofBthe al ,
the.degree of the interaction between the |ow nmolecul ar-weight- organic

mat er i al recordibngr tayermiar decreasses whid @ syeitid icpddye image tensidered
that the greater the average.particle-dianeter of the |ow nolecul ar-weight
organ|c formed in the bar code diepley medium. Therefore, the

% .

| above-mentioned tempereture region of the treneparent etote
is preferably 80°c or leee, and more preferably 50°c or '::
less. o |
In orde: to cont:ol the tempereture region of the
- tranepaxent etete to lS‘C or moze, eeverel low—molecular-
weiqht organic materials, whioh will be desoribed leter, are
" used in comhination, or the orgenio low—moleouler-
| woight meteriels and othar materiale heving different
-melting pointl are mixed as diecloeed in Jepeneee Leid-
"Open Petent Applications 63~ 39378 63 130380, 2 1363 and
3-2020. o | | —~
' In the roooxdinq leyer prepared by the ebove-mentloned -
method (1), when the low-molecule:-weight orgenio material
°hae en average pa:ticle diemeter in the rengo of 0 1to 2.0
um, the whitenees of the white opeque etete is high and the
image contrast ie eufticiently inoreaeed to reed a bar code
image. -
As previously mentioned, the oryetalline etate of the

low-moleculer-weight orgenic moteriel contained in the

- 15 =



met eri al dispersed in the resin matrix, the less the polycrystalline state
I n the | ow nol ecul ar-wei ght orgnai ¢ conpound, and the smaller the

| ight-scattering effect of the | ow nol ecul ar-wei ght organic material, and
the | ower the whiteness of the white opaque state and the I ower the - 16 -
contrast of the obtained i mages; and on the other hand, the smaller the
average particle dianeter of the | ow nol ecul ar-weight organic material, the
nore difficult the formation of the. polycrystalline state of the

| ) ecul ar - wej i i al. and h it f th
w0 onaguo TRFeRRing, JaleE BX Fhe netl Gadk 4 oy el bho 2§ 3aensd
boam i th o 30008 bIRGTe] cHYsbANBYs Lo PPIFEETRLATLERR Bhath, (dHY
di aneter of tyEsdOvepBhSCH na lorP G | tantpd fl t ¥ e PERERBLEST The Mar

recording layer to read a bdr code image. |Inthis case, the inmage contrast

is further ingsdaetmagéheancde Tormaid i THE FEEEFOIngayy8et oxcleraariy |
clarified. However our speculation is as follows: The whiteness of the

white opaque Hetefrbfmaby utilieidgorcie ghdrigidnawarhethep themlight is

| ow- nol ecul ar organic material, depends.upon the size of the crystals of

t he | ow nol ecagattergdnby rhiec liosi-mbilacwleatt-welght oxganicamaterifiie oxf ze
of the crystqigagimiggad therethrough, depending on the crysta;line state
of the low-molecular-weight organic material. Therefore,
the crystal growth of the low-molecular-weight organic
material has an important effect on the phenomenon of the
light scattering or light transmission, and the phenomencn
of the light scattering or light transmission is consideied
to depend on the particle'diameter of the low-molecular-
waight organic material dispersed in the resin matrix.

It is considare&_that,-depanding upon the particle
diametar of the low-moiecular-waight-organia mataria;,'the
degree of the interaction between the low-ﬁoleeulax-weight
. organic material and the resin matrix changes. More
s spacifically, it is coneidered that the greater the average

particle diamatar of the low-molacular-waight organic
material dispersed in the resin matrix, the less the
polycrystalline state in the low=molecular-weight oxgnaic
compound, and the smallar the light-scattering effect of the
;ow-molecular-weight organic material, and the lower the

whiteness of the white opaque state and the lower the
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| ow- nol ecul ar organic material also depend upon the particle size of the

| ow- nol ecul ar organic material itself. This is because the interfacial area
between the resin matrix and the | ow nol ecul ar-wei ght organic materi al

di spersed therein is determined by the particle size of the organic |l ow 17
nol ecul ar-wei ght material. Dependi ng-on the above-nentioned interfaci al
area, the intensity of the interaction between the resin matrix and the

| ow ol ecethi ra®t OB Eh&apbealihed itlagéd,i end fof 1Hes NBERert HEnkNt ensi ty, of
the interaction has an_effect on the size of .the erystals: contalned in tdake
part|cIeetﬁetémalbernbheca#eragelpmrumq;eﬂdlanﬁﬁeraof fThere is a
particul ar size of a crystal at which a light beamw.th a particul ar

wavel engtlpwsncnbscukcawengm lih‘eaaliavmalm:uainect:ISemoné the crystal is

different for each material. Generally, light is npst scattered by a

cryst al m&ﬁf%F%l%aﬁhﬁcf@r@a§§§PePf Holyastalline erateaosi ength of
the light. In the ese Il nven it 'S con5|dered t hat ‘when t.he average
particle Eﬁ%nje?‘ér““gie?ﬂ aFoW-eﬁ'ﬁ CG’H% %l@%?@?l IPWET i n the

f 8 to,2:1 t h _of th I _ d;t dth
Lgpggoge t'f]}h%g‘g?l é%]gyg%aggel %gﬁgla%o ﬁeqfﬁt;"%fé ng %oﬁ?g{?%gg in te he
‘1 ow nol e d&&tﬂ&étooﬁaEhg gﬁtﬁﬁhgh gﬁgaéguﬁla,Size t hat ‘the Ilght S

nost scattere
' Furthermore, in the image dlsplay method of the '

present 1nvent10n, a light beam with a wavelength in the

range of 1/8 to 2 timeés the average particle dlameter of :;

the low- molecular -weight organic material be applied to -

the.recording layer to read a bar.eode image. ‘In this
-~ case, the imagelCOntrast'ie-further“improved. The -
'"reasohe for thls”phenomenoh have not yet'been S

elarified."However.our speculationuiS'asxfollowe:

.~ The whiteness of the white opaque state, that is,

the degree of light scattering from the 1dw-moleou1ar

'organiélmaterial, depends-upon the size'of the'Crfstals

of the.low+molecular organic-material.dispersed in the. o
resin matrix. The size of the crystals of the . | ~
low4molecular.organic material also depend upon the
particle size of the low-molecular. organi¢ material
itself. This is hecausetthe interfacial.area-between'-
the resin matrixfand_the.low~molecularrweight'organic
‘material dispersed therein is determined~by the particle

size of the organic low-

i1



‘Wien the rel ationship between the average .particle dianmeter of the

| ow- nol ecul ar-wei ght organic material and the wavel ength of the |ight

enpl oyed to read the bar code inmage in the above-nentioned range, the
whi t eness of the white opaque portion is increased, which inproves the

| mage contrast. The control the average particle dianmeter of the

| ow- nol ecul ar.-wei ght organic material, for exanple, a bad solvent nay be
added to the solvent for forrmtion of the recording |ayer, the heating and

dryi ng, condi momueuahra-magmﬁ natprianl or Dépendingdong thay abows~-mentioned
appropriately be controlled, and a surface active agent nay be added to the
coating I|quLUt68£BBhah%lx§thrﬁh&eénxentltﬁnofothﬂhéﬂGHﬂ@ﬂtiQnIbewgenthe
| ow nol ecul ar-weight material. It is preferable that the_thickness of the

recordi ng | afle EES#R ﬁﬁ@ﬂ%ﬁuﬁ?@ﬁtﬁﬂt%P!KN?%@FPlﬁﬁnﬂeﬁﬁh§lﬂﬁﬁQﬁ%ﬁﬂy in

the range of 2 t0,2 er e thickne cor | ayer is
W anOe O RS LAY yaTes 1 | OO cﬁﬁeuin% POLFO% GhRct od,
thereby formn uni,f or transparent re dlg%g er whenlt éfsunes a

transparen; %Fgfﬁacﬁﬁﬁq 8 AN SERETY O _ oFHﬂu?ﬁxﬂﬁ 5paqu§
cont ai ned i neaPRLERA, 4 tHe pEECEERGTOR tha" BR RolRLETar Rl gy 2cC 18

whi t eness of state can be |ncreased ‘Conventionally, the
wavel engt h o?£§§P$%L?ﬁbeanﬁ§§ployed : :

There is a particular size of a cryital at which a
light beam with a particular wavelength is most scattered.
The above-mentioned size of the crystal is different for
each material. Generally, light is most scattaeared by a
crystal having a particle diameter which is smallar than the
wavelength of,the;light.a In the present invention, it is
considerad that when the averaga particle diameter of the
low-molecular-weight organic material is in the range of 1/8
to 2 times the wavelength of the light employed to read the
bar code image, the crystals in the polycrystaliine state
contained in the low-molecular-weight organic material have
w such a size that the light is most scatteraed.

Whan the relationship betwb.n'thn-avofage particle
diameter of the low-molacular-weight organic material and
the wavelength of the light employed to read the bar code
imaée in the abova-mentionad range,'the whitenasa of the
white opague portion 1;'incroalcd, which-imprqvel the image

contrast.



to read a bar code image is regulated to be as 600 nmor nore in JIS
(Japanese ‘I ndustrial Standards) B 9550. The |ight beamwi th a wavel ength
from600 to 1000 nm are enpl oyed for use in practice. For instance, LEDs
for a wavel ength of 660 nmand for a wavel ength of 940 nm and He-Ne | aser
with a wavel ength of 660 nm and sem conductor - 19 - | aser with a

wavel ength of 680nm 780 780 and 900 nm are wi dely used. To read the bar
code image forned on a bar code display nediumof a type of the present .

~invention, il MRl BRverSge CpAPELoL80dsaneter BT the and a | ow
mol ecul ar-wei ght organic material dispersed in the resin matrix, not only
t he | i ghlowemodechilarswaight mprdanic Gidterial , nfoe, examplleso & ek wWith a
wavel ength of 600 nmor .| ess can be enpl oyed. According to our test, it has
been consPiwvent: may hecadded e thensolvent fovcfomgariom &dO theor |ess
is applied to that kind-of recording |ayer of the bar code display nmedium
the bar ¥egerfinge laweie theyhenting and drvipgg eondisdona@f &anpl e,
when a |light beamw th a wavel ength of 400 to 600 nmis. enpl.oyed, the inmage
contrastCBFtﬁﬁel&S“#dLRQFWEQﬂaFﬂ@pféa%ﬁp;GXPﬁaﬂéwy598599&?4%9¥bﬂﬂ%red '
with the case where a |jght beamw th a wavel ength of 60Q to, 1000 .nmis
Used. | ThPSREEotd@srs At AHTEALS \ACTFTR, SEPRERBAYohe e HO iight
organi ¢ gRARLLY 1Mld FUPYnd Tébdisig PEATLY tB BoRREh®the
dispersibility of the low-molecular-weight material.

It is preferable.that the thickness of the recording e
layér-bq-in'thc'raggegot'l to 30 uﬁ, and more preferably in .
the range of 2 to 20 um. When the thicknees of the
recording 1ayér is within thsuabovu:ranqé; the thermal .
energy can uniformly be conducted, thereby forming a
'uniformly.tfansparent=récording laybr-whqnsit_asaumec-a: |
transparent sﬁate;'and.the docteaso inethé whitenees of the
white opagque state can-bn-avoiddd; ‘As will be described in
more detail, a fatty acid is contained in a relatively large
amount in the recording layer, the whiteness of the whita
opaque state can be increased. - A -

. . Conventionally, the wavelength of a light beam employed
to read a bar code image is regulated to be as 600 nm or
. more in JIS (Japaqase-Indnsirtal.Standards)_n 9550. The
light beams with a wavelength from 600 to 1000 nm are . -
employed for use in practice.  For instance, LEDs .for a
wavelength of 660 nm and for a wavelaength of 940 nm, and

He-Ne laser with a wavelaength of 660 nm and semiconductor
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wavel ength is larger than that with respect to a |ight beamwith a | onger .
wavel ength, so that the anount of the |ight scattered by the

| ow nol ecul ar-wei ght material is increased and the whiteness of the white
opaque state can be inproved when a |ight beamw th a shorter wavel ength is
enpl oyed. The present invention also provides an image di splay apparatus
for the aforenmentioned rewitable bar code display - 20 - - nediumof the
present invention, which conprises (a) _a bar code reading neans for

optical |y redassy witdh aomvelangth et fB0amer 280nnmoasd BA4 inmmA%e bar
code "di spl ay nedi_.um of the present invention; and (b) a bar code erasing
nmeans for erH@ﬂﬁéYtNéqgﬂzcode fornmed on the bar code display nmediumwth

resent. i nventi on Iokaad (s RARFOOR LBER £oGDeR0 PR SHIARAS 1bfepley
orm 19 2 Dopedtls PG ogRl 6 a8l thvbrk iR, WU Y Do code
cxaTPle o o Bk UG ARHBEL g ' EUnER adEpboe R I 10 U1 5P o
oo 09 e e AR S P FE i OB bRk N SR, |
for exanpl e, makxd xG2mbt IV SLIEEOVght beams with a wavelength of 600 nm
or more, but also those with a wavelength of 600 nﬁ or less
_ean-be.employéd. According to our test, it has been
- confirmed that when a light beam with a wavelength of 600 nm
or less ils applied to that kind of recording layer of the
bar ccde display medium, the bar code image can be read with
higher image contrast. For example, when a light beam with
a wavelength of 406 to 600 nm is employed, the imgge
contrast of the bar code image may be approximately doubled
as compared with the case Qhe:o a light beam with a -
.ﬁavelength of 600 to 1000 nm L8 used. This is because the
refractive index of the low-molacular-waight organic
O material with respect to a light bsam with a shorter
. wavelength is larger than that with'respect:co a light beanm
with a longer wavelangth, so that the amount of the light
gcattered by the low-molecular-waight material is increased
and the whiteness of the whitae opaque stata can be improved
when a light beam with a shorter wavelength ig employed.
The present invention also provides an image display

apparatus for the aforementioned rewritable bar code diéplay
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in Fig. 2, carries bar code images |la. These bar code images |la are read
by a bar code scanner 2, and then erased while they are caused to pass -
between a heat-application roller 3 and a transporting rubber roller 5.
Anot her bar code inmages |b are newy fornmed.on the bar code display nedi um
1 by application of heat froma thermal head 4 to which a platen roller 6

s direct gdid T RS i@ SidvEneIGs) "ghibR Bam PQ'QQ%SI ngew la, in
addition to the above-nentioned heat-application rol 3, for exanple, a.

hot - st anp baan dode: aresdtiirmymezanal £ot heprbcally * rehddrige an bar egdeyed. Ass a
bar code form ng nmeans for forming bar code images la or |Ib, in addition to
t he t her nfloximest oy uhezﬁﬁnram#ntl¢@p@eneUEiCtheebaSeGodeFdhEmﬁmqpre as a
bar code readi ng neans for optically reading the: bar code inmages la or 1b,
the aboveM@Siyb Rl the nrafent a#m@mzi%» i angekl) ap BaE. cadgever; in

addition to this, a nethod of ectln eam hy a | aser or an LED,

and readi SFASHIL MEARR fOF ¢ n‘ih% gﬁlaé ’riﬁh?-W'@PFieGPeGhler &A% he -
o G A TR S T
a manner that ogach lad R 4PN é’&é‘éf&’&‘i‘é’ £888§diﬁg' Ebe%%' b\ée%%ifé ructed
invention may further comprlse a bar- code formatlon
means for forming a bar code image by appllcatlon of
heat to the rewritable-barscode'displéy medium, as shown -
in Fig. 5. | _
Fig. 5 is a schematic diagram'of'an.example-of~the-
image display apparatus which may be:used with the .
~display medium according to the présent-inveﬁtion,iwhich
comprises a bar code-reading'meansr_a baf code erasing
means and a bar c¢ode formation means. ' More _
specifically, in the figure, a reWritable baf code
display medium 1, for example, of a'card-tfpe as shown

" in Fig. 2, carries bar code images-la; 'Théserbar-codé-

)

images la are read by a bar code séannerJz,fand then
erased while'they are caused to pass@betyéeﬁ a
_heatrapplidation.rollerusgand a_transporting“rﬁbber
nrolier-s. Another bar*céde_images.ib,arg newly_forméd'
on the bar éqde display medium 1 by application of heat
-frqm a thermal head.4 to which a platen roller 6 is
di;eéted.

_ As an erasing means for erasing the bar code imaggs
la, in addition to the above;mentioned heat-application
roller 3, for example, a hot-stamp, an infrared lamp,

and a thermal
2.1



separately constructed. Mre specifically, to change the price display of a
commercial product or to revise the information relating thereto at a

manuf acturi ng process, first, an optical recognition pattern is optically
read and the data processing % then conducted. At |ast, an updated bar
code image is formed on the bar code display nmedium In this procedure, a
bar code erasing operation may be carried out prior. to, in the course of or
after the data processing. In any event, the erasing operation is finished

by the time ofeddecdR’ BB pw&.&he Wadd HhhHod® WeoimBAg mékAReERRE, the

I mage di splay apparatus o he“present invention may be designed so that

all the bar cfslemifadbids £Baasimhfesbaa e le) an nKddPeisnats . the Rieransle
formation nmeans be - 22 - integrated in one apparatus; or arly two nmeans
among them nehedrk 4 pteglaser emittdngpalewiiaes can Ibe hesedini Furghaermomesns
bei ng i ndependent; or three nmeans be independently inparted to the
respective uréis & harpeedar veagdngameande xRl ynreading shesbar
invention, a solution in which a resin matrix and an | ow nol ecul ar-wei ght

organi ¢ nat er¢ede simagessdavey ib.ciierhavernentionednbasugpde: scaamen 3
B et g S5m0k e, el AR S, 2Bl TB sl
| ow ot eoul aroielalegrgan ¢ TRLEL A by W 1R e 1ALEDY ¥nd*Sending
the changes in the amount of the light reflected from the
rewritable bar code display medium 1 by a charge coupled
device.. | '

The image display apparatus is not limited to the
above, but may be designed in such a manner that each of the
above-mentioned means is'integrﬁlly constructed or -
separately constructed. - More specifically, to change.the
price display of a commercial product or to revise the
information relating thereto at a manufacturing process,
first, an optical recognition pattern is optically read and
the éata processing is then conducted.. At last, an updated
i bar code image is formed on the bar code display medium. 1In

this procedure, a bar code erasing operation may be carried
out prior to, in the course of or after the data processing.
In any event, the erasing operation ia finiahed by the time
of the formation of the updated bar code image. Therefore,
the image display apparatus of the present invention may be
designed so that all-ﬁhe bar code reading means, the bar

code erasing means and the bar code formation means be

- 22 -
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solution enploying a solvent in which at | east one | ow nol ecul ar-wei ght
organic material is not dissolved therein. The thus prepared dispersion is
coated on the above-nentioned support, or on a light reflection |ayer or

pi gment |ayer. The solvent used for the formation of the recording | ayer
can be selected in accordance with the type of the | ow nol ecul ar-wei ght
organic material and the kind of the resin matrix to be enployed. For
exanpl e, organic solvents such as tetrahydrofuran, nethyl ethyl ketone, -~

hyl i ol . Ca, ok Lachl a6 . a1 t L 1ol udwk
ond ben, SASeaaedd Hf ofd FBR4£4Ee SRR} " LA  HeBiis famdiig Seem By
| ow- ol egg %*eﬁme&rz-%@[&ﬁe r%ﬁﬂaéuwwﬁtﬁpehseéehmm& B Xmé&REN | N

.the form of fi ely- - vVided particles. It 1s preterable to enploy

EA ey e e e S o
~ recor di ngol oher ndepective oottt ng | ayer is in a maxi numtransparent state,
and are nechanically stable and have excellent filmform ng properties.
Speci fi ¢ examficeprspare theibarecoda dbsplay medium ofo gl rpresent of the
bar code display nmedium are vinyl chloride copolyners such as pol yvinyl
chl ori deinvienticm & isplutiomyin jebieh c2 c5pEipBRENLX \ANd AR lee=- Vi nyl
“molecular-weight organic material‘aréﬁdisidlved'1s_cdatad on
- a transpazant'aﬁpport such as a plastic sheet or glass
‘plate, or a_lightjreflection-layer:brwplgment layer formed {;;
on the support, and dried. Alternatively, a plurality of
differdnt.iow-molecular-weight orgnnic=m§torials:in the form
of'finely#&ividod*particles'iirdiqﬁcrlud in a resin matrix
golution employing a solvent in which at least one
low-molecular-weight organic material is not dissolved
therein.  The thus pfdﬁared'disparsioniii coatad,bn.the
above-mentioned support, or on a light reflection laier'br
. pigment layer. o |
The solvent uaed.far~théyfbrmation-of»the rgcbrding
layer can bs selected in accordance with the type of the
-low-molceular-wgight organic material and the kind of the
‘resin matrix to be employed. For example, organic. solvents
- such as tetrahydrofuran, methyl ethyl ketone, methyl
:lsohutyl ketone, chloroform, carbon. tetrachloride, ethanol,
toluene and benzene can be employed. In the thus formed
recording layer, the low-molecular-weight organic material

is dispersed in the matrix resin in the form of finely=-

-~ 23 -



acetate - vinyl alcohol copolyner, vinyl chloride - vinyl acetate naleic
acid copolynmer and vinyl chloride - acrylate copolyner; vinylidene chloride
copol ymers such as pol yvi nylidene chloride, vinylidene chloride - vinyl

chl ori de copol yner and vinylidene chloride - acrylonitrile copol yner;

pol yester; polyanm de; polyacrylate, polynmethacrylate and acrylate -

nmet hacryl ate copol yner; and silicone resin. These resins may be used .al one
or in conbination. The |ow nolecul ar-wei ght organic material for use in the

present invendi priately selected in accordance w th-each of
t he de5|red:§§%¥§‘§13€?F2§Eég [err] to [err] to [err] and [err] to [err].

It is preferable ti@tuoyrarheaslw teCieHBLOY BB i@t Likakeslage tha®!ddld
point - 24 - rangi ng om 30 to 200C, nore preferably from about 50 to

150C. Exanpl emiffoiniky| huddokhaupartdeiles off giné corgarisalowamne lalcelant-s;
al kane di ol s; hal ogenated al kanol's or hal ogenated al kane di ol s;

al kyl am nes; mﬂmmmtéa&s;ham}ms aﬂdalw auigh kunesspnaaogmm¢he
al kenes; halogenated al kyne; cl oal kanes; cl oal kenes cl o- al kynes;

sat ur at ed orﬂﬂﬂﬂidﬁ%ﬁe&lﬁﬁﬁow PBO%%H(?Q%Q gl %%&Gré!eénoﬂ WAXATWIL ed
di carboxylic acids, and esters, am des and annDnlun1saItseihereof

saturated or LRANABARERY ﬁ’&ﬂ&gen&f@d axe mechanically gtahie ﬁﬁf"d@'g"&d

amonium - cellent £ilm-forming properties.

‘Specific examples of the resin matrix for use in the
recording layer of the bar code display medium are vinyl
chloride copclymers such as polyvinyl chloride, vinyl
chloride - vinyl acetate copolymér; vinyl chloride = vinyl
acetate - viﬁyl-alcohol copolymer, vinyl chloride ~ vinyl
acetate - maleic acid copolymer and vinyl chloride -
acrylatb'cbpolyMer;"vlny;idene chlotide'cOpolymdrs such as
'polyvinylidena'chlo:ide, vinyiidane chloride - vinyl
chloride copolymer and vinylidene chloride - acrylonitrile
copolymer; polyester; polyamide; polyacrylate, | '
polymnthacrylate and acrylate - methacrylate copolymer; and
;J' silicone resin. These resins may be used alone or in

combination. - I

" The Iow-molécular-woiqht organic matiiigl'for uée in
the present invention may be'appropriatéiy'sélected in
accordance with each of the desired tempeiétufe ranges, Tp
to Ty, T to T2 and T3 to T3. It is preferable that

low-molecular-weight organic materials have a melting point
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salts thereof; arylcarboxylic acids, and esters, am des and amonium salts
t hereof; hal ogenated aryl carboxylic. acids, and esters, am des and ammoni um
salts thereof; thioal cohols; thiocarboxylic acids, and ester, am des and
ammoni um sal ts thereof; and carboxylic acid esters of thioalcohol. These
materials can be used alone or in conmbination. It is preferable, that the
nunber of carbon atons of the above-nentioned | ow nol ecul ar-wei ght materi al
be in the range of 10 to 60, nore preferably in. the range of 10 to 38, ..
further paagdngdSrom 301etoa200°0; ROréoplaferBbly Eromh@aboitoh®d ©6OUPS N
the esters may be saturated or unsaturated, and further nay be substituted
by hal og&80°Cl.n -any case; it is preferable that the organic | ow nolecul ar-
wei ght material have at |east one atom sel ected fromthe group consisting
of oxygen, :ni ﬁmgmiasm# Urhentowsnolequiar-waeight ongast|msmalwbre
specifically, i s preferable the | ow nolecul ar- ht organic materials-
conprlsearﬁo# ko alkane diels; hejpgenaten 348 ®F s [err] or an

L 9" R 4l LETE) % PP amibhsl ?ﬁkk@&s - aFnegy, " °
dodecanchPeedls FRFqecad atkinge i fE10RRh4eRE JUBRFT ' 107" *' ©
stearic Ae)dgelaltal aDijres fOBGEFEEIRb RS Byctbailehed Lyitbo! oi ¢ acid:
alkynes; saturatad or unsaturated monocarboxylic acids, or
saturated ox unaﬁturated d;garboxyl;c_acLQs, an§ esters, o,
_amid§a and.gmmpniﬁﬁ-ialta'the:gqu_sdturgtad'o: unsaturated
__hgloganatéq.f&tty;acids; and_este:g,lamidgs,apd'ammqnium
| s;;ﬁﬁ thq:eo#g g:y;carquylipaacids;gand-Qntg:i, amides and
ammonium salts thereof; hglogpngted_g:ylcﬁrbéxylic_achB1
 and esters, amides and_ammcgium salts,phéregt;-thiogicghole;
thioqarboxyli& acids, and:oqta:a,_im;dgg_and ammonium salts
_ithe:éof; and carboxylic acid,gsto£g o£;;h;§al¢oho1. These
materiais cﬁn_bgfnlgd_alonq_qr.in combination. It is
p?q:argblg_gha: tﬁq:pumbor of,ca:bon gtoms_d£~§ho-
.abovo—ﬁa@tipnpd 1Qw@molocula;—weight.mlt?riCIibdnin'the R
range of 10 to 60, more preferably Ln_tho'range:of_losto 38;
further preferably in the range of 10 to 30. Part of the
alcoholrggdgps,in_the este:a mny b.;qgﬁq:&tqdmog..
unsgturétaa,_andlfurthe:'may be suhatitutgd-by_halogan. In
any case, it is éreterable that the.qrggnic low-molecular-
weighﬁ material have at least one atom §qiqctnd from the

group consisting of oxygen, nitrogen, sulfur and halogen in

- 25 -
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‘hirgher fatty acids such as nethyl stearate, tetradecyl stearate, octadecyl
stearate, octadecyl laurate, tetradecyl palmtate and docosyl behonate; and
the following ethers or thioethers: [err] [err] [err] [err] [err] [err] -

26 - [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
[err] [err] [err] - 27 - _
he its molecule. More upﬁciiicélly,:it is”prefa:able_the

low-molecular-weight organic materials comprise, for
instance, -OH, -COOH, =~CONH, -COOR (wherein R is NH4 or an
alkyl group having 1 to 20 carbon atoms), -NH, =NH2, -S,
-5-8, ~0 and a halogen atom.

Specific examples of the above-mentioned organic low-
'molecular-wgight materials include higher fatty acids such
‘as lauric acid, dodecanoic acid, myristic acid, penta;

decanoic acid, palmitic acid, stearic acid, behenic acid,

nonadecanoic acid, arachic acid and oleic acid; esters of
higher fatty acids such as methyl staarate,-tetradecyi
stearate, octadecyl stearata, octadecyl laurate, tetradacyl
palmitate and docosyl behenate; and the £ollowing_ethéré or
thioetheras
C16H33-0-C16H33, C16H33-S~C15H33,
C1gH37-8-C1gH37, C)2H25-5-C12H2S,

o

C19339-S-C19339, 612525-S-S-C12H25;-

 CH3+CH3+0C0C1 1123 /cngcxzoococly'Hgs |
o | o
N N\

CH2+CH2+0C0C11H23, CH2+CH2+0C0C17H3S,

- 206 =



O these, higher fatty :acids having 16 or nore carbon atons, nore
preferably having 16 to 24 carbon atons, such as palmtic acid, stearic
acid, behenic acid and lignoceric acid are preferred in the present
invention. It is preferable that the ratio by weight of the
| ow- nol ecul ar-wei ght ‘organic material to the resin matrix be in the range
of about (2 : 1) to (1 : 16), and nore preferably -in the range of (1 : 2)
to (1 : 6). Wen the ratio of tﬁﬁ3lom#nnlecular wei-ght organic naterial 1o
the resin matrix is within the dbove range;, not only the resin matrix cag#
forma fil m¢H208H2MCORYE CH20a3°CHEH2rEH Ul ar - wei ght material is
uniformy # spersed in the formof finely-divided particles, but also the
obt ai ned Qecordlng | ayer can readily reach the maxi mum white opaque state.
In the pre en such .as a surface active agent and
a high boil .%zbgﬁﬁﬁ?@q%?@%%m?ﬁg&“adg%@m the above-nentioned resin -
matri x and the: | ow nol ecul ar- me At organic material to facilitate the
formation of a transparent inmag€ (‘bar code inmage). Exanples of the
surface-active agent for use’in the.present*inventhon_are'polyhydric
al cohol higher fatty acid esters, polyhydric al cohol higher alkyl ethers;
hi gher al cohgjiss b henol hi ghercipd JOH- CBC PR gher fatty
acid;, amd ? ﬁlhghté)rm)f af'zth?lsgm d; Iovver g&e}ﬁ n o%lnae ad%ugzs of oil and
fat, and gower ol efin oxide" adducts of;xﬂypropylene giycol :‘acetyl ene
gl ycoI so§j um cal cium N\

' cxz-cng-ococlznzs,' S ~CH2tCHgoOCOG19&37,-

: CH3
CHz-CHQ-COO(CHQ)15-CH-CH20CH3

cxg-cﬂgacoo(cn:)15-?a-cn:vcag;
| CH3

Cﬁz-cﬁéocooclgﬂ37
CH2«CH2+CO0C18H37, and Ll | -

CH3
' CHz-COO(CHz)13-CH-CHQ-CH3

' CHyeCOO(CH2)134CHeCHaeCH].
l .
CH3

- 27 -



-+28 - bari um and magnesi um salts of higher al kyl benzenesul fonic acid,;
cal cium barium and magnesium salts of aromatic carboxylic acid, higher

al i phatic Sulfonic acid, aromatic sulfonic acid, sulfuric nonoester,
phosphori c nonoester and phosphoric diester, |lower sulfated oil; |ong-chain
pol yal kyl acrylate; acrylic oligomer; |ong-chain polyal kyl nethacryl ate;

| ong-chai n al kyl @f ithese atkigheri fatt¥oacidni havidgok$ Qv mosecarbon
styrene - mal eic anhydride copolyner; and olefin - maleic anhydride
copokymer. EA&GHSss NAre Rreferably| havyingi A6 561 edncazdon atons: Hsuch as
present invention include tributyl phosphate, tri-2- ethylhexyl phosphate,

triphenyl ph&ﬁ&ﬂiﬁigt#qiﬂfﬁﬂﬁeﬁﬁﬁgpﬁﬁi_;.bﬁh?ﬁiGLéﬁia'QEQﬂiﬂgﬂ°ﬁﬁﬁhﬁlate,

0 2 AL AR o SEabh, BB oy

i n-hoxyl o pat &¢ did PrEreyAns, Hag BaFrBRLONY, Roadnk %, el ©

0| S oA B MURHL SEQRREL SpaChe Ry S8 Y Sl MAEEEHne

Syl o A5 e WO RENEI L Y Bhois 3rdel Mdimops

oo o BRSESERETY o o SRBGEHE (11§20 CRDN () < gl Y

ratio of the low=molecular-weight organic material to the

resin matrix is within the above range, not only the resin
matrix can form a film in which the organic low-molecular-
weight material is uniformly dispersed in the form of
finely-divided particles, but also the obtained recording
layer can'readily_reach the maximum white opague state.

- In the present invention, some additives such ﬁs a
surface active agent and a high boiling point soléent may be
added to the above~ﬁentioned resin matrix and the _
low-molecular-weight organic material to facilitate the
formation of a transparent image (bar code image).

A Examplés of the surface-active agent for use in the
pressent invention aré.polyhydric alcohol higher fatty acid
esters; polyhydric alecohol higher alkyl ethers; higher
alcohols; higher alkylphenol; higher alkylamine of higher
fatty acid; amides of higher fatty acid; lower olefin oxide
adducts of oil and fat, and lower olefin oxide adducts of

polypropylene glycol; acetylene glyceol; sodium, calcium,

- 28 .-



- 29 - is gradual ly softened and the particles of the

| ow- nol ecul ar-wei ght organic material are crushed, with the result that the
degree of whiteness of the white opaque state being decreased. In
addition, the tenperature at which such a recording | ayer assunes a mhlte
opaque state is higher than the tenperature at which it assunes a

transpapafiivii A - mddneshin sLPES . of h@ %ﬁéfeanwuﬁebﬂemfdm rfay be
e :

forned on the transparent background. - reason’ for this is that the

dur abi | aeddgf daledngsoskrtium aed mﬁqnéﬁuumpsaled efeardmitde t he |nageE?
formation and erasing is repeated. This is because the bar code i mage area

i's genecatbpxytﬂdeaeidynhighermx&iphaﬁiarsalfbn¢bguuhan aromatiwl e.
Therefore, if the bar code display mediumis designed to formthe white
opaque suifaum@|auxﬁ}tsuitnrﬁctmnnanskero pbosphorwhummnqnannrtgnd
application of heat thereto can be mnimzed.. In this case, it is’

necessaPposphardicyiiertary lﬂﬂﬁ?r%&&ﬁ#@ﬁﬂn@ﬁ% téoﬂamﬁyﬁ&RBHQiYH%#Yb

opaque area.,as a bar code i : he pres Nt 1 a protective
| ayer nBFTNEAESHAFIFELG L1 gi § Eﬂ I1S‘WSFlg ‘1(a) and.

01 OT“%%‘%‘%&#}»?T&%{?#% i!gﬁprre%@e ERviaEhe Mbnt 1S [ PLoee”
rubber ?’ngr ol i C%&;)Jmeatl &4@%@(@ Oéfﬁrkﬂe‘]api’i\ﬂii‘i&%n‘i:y%%fat ent

Appl i ca
copolymer,_and olefin - maleic anhydiide copolymer.

Examples of-the3high-boilan-point selveng £or use in ;} |
the present: invention include tributylfphosphate; tri-2-
ethylhexyl phosphate;. triphenyl phosphate, tricresyl
phesphate,’ butyl oleate, dimethyl phthalate, diethyl
phthalate, dibutyl phthalate, diheptyl'phthalate, di-nioctyl
phthaiate, di- z-ethylhexyl phthalate, diisononyl phthalate,
dioctyldecyl phthalate, diisodecyl phthalate, butylbenzyl
phthalate, dibutyl-adipatc,-di—n-hexyl-udipate;'di-z-
ethylhexyl_adipgte,.difz-ethylhexyl-azelate, dibuty1-
sebacate,-difz-gthylhqul-Sehaoate,~diathy1éne-giyccl' -

dibénzéato, triethylene glycel, dihZiethylbutfrate,3methy1 v/
acetylricinoleate, butyl acetylricinoleate, butylphthalyl
butyl glycolats and tributyl acetylcitrats.

. when the recording laver in which the organic low=
‘molecular-weight material is diSperSQd'1n-the;resinzma¢rix

is repcatedlyiheatadfAt;high temperatures, the resin matrix

- 29 -
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graft polynmer (as disclosed in Japanese Patent Application - 30 - No.
62-152550); and an ultraviolet-cured resin or electron radiation cured
resin (as disclosed in Japanese Pat ent Application hb 63 310600). Any

material s may be di ssolved i a solvent when coated: is preferable that
the solubilities of the resin natrlx and the organlc |OMF nmol ecul ar - wei ght
materi al. contained in the recordi | ayer. in the above solvent be as | ow as

possi bl e. ETa%QI G!}'aélﬂlgl;&n 'ﬁ’f&! t‘-“? rtMlcaPﬂrﬁt%ﬁéeFﬁP#aﬁ}h&hof t he
FESE?S‘LLY%L ciémrhgcg‘éu&e&w%%o ﬁﬁ;@,&zgghi};f Fuiahosty 3 | FEThrtbAe
vi ewpoi nt of cost,.T ou nment recording,layer pol yer

bl end type (X ?‘F ﬁ'&ﬂﬂ’o& &Seﬁl #1 L 'i‘es?hf’g Y %Pe %‘1

t Eléféflrﬂinégghélﬁa%hﬁﬁa‘é?eﬁ e T £ B Egﬁé?éhgw%%?t%e o
than t heyabO\%ﬁ%ﬁt | onedllt enper é{ﬁ 1\%%% sﬁésﬁg &%?en%r%ﬁgjéz
the pol yners ﬁighﬁﬂp%hitneq'.ﬁd“ Jﬁﬂﬂf& @@Wﬂ‘i‘.ﬁch ﬂeﬂlhhﬁd@Wrrers Wi th

different refraCtive index are | oyed, the polynmers in the conpatible
state show untfsth&awaﬁw anm thfe A YeE86 , | Bhehehdtes opmans dHaen

state scatter the [ight, so that they appear opaque.
code image may be formed on the transparent background. The
reason for this is that the durabxlity of the recording
layer can be improved even though the image formation and
erasing is repeated. This is because the bar code image
area is generally smaller than the non-imago'area
(background) as a whole. Therafore, if the bar cédé display
medium is designed to form the whito'cﬁaque bar code image
thereon, the area to be mada white opaque by application of
heat thereto can be minimizad. In this case, it is

. necessary to dasign the bar code reading neans to recognize

" the white opaque area as a bar'Code imagé.-

In the preoent invention, a protect;ve layer may be
formed on the :ocording layer, as shown in Figs. 1(;) and
1(b). The thicknoll of the protactive layer 1s preferably

"~ in the range of 0.1 to 5 um. ' '

'~ The material for the protéctivhxliybr may ba a silicone
rubber and a silicone rasin (as disclola& in'Japaneaé
Laid-Open Patent Application 63-221087); a polysiloxane
graft-polymor (as disclosed in Japanese Patent Application

- 30 -



There are conventionally known sonme conbi nati ons of pol yners which induce
t he phase change of Lower Critical - 31 - Sol ution Tenperature (LCST)
type. For instance, there are known the conbi nati on of pol yvinylidene
fluoride and pol ynet hyl acryl ate, polyethylacrylate, polynethyl
nethacrylate or polyethyl nethacrylate, and the conblnatlon of

| |
POy Y aPT OHgS! BALIB35B0 O AN B! Wl Chay  SEEPSLELEA huain 0alll %er?zt her
M Bank J h t I
gtyreﬁg -fggﬁgtéﬁPtFP copolyneram$¥hé¥€§%%roé gélhffh QB%EKEngrIOH
Macr onol eggbEscitRéA0ND . ( %%Z@ﬂasadye rkaateﬁmisthge% dissolved

acrylonitrilTe copol yner and_ pol ynethyl nethacrylate ( McMast er, Polym
Pr epr . lﬁnp&SéolvéﬁQ7ﬁhhn1dulﬁsﬂdnrEiliilp&eﬁ@thLGYEh!tttmhe and
polynethyl acryl ate (Saburo Akiyama, et. al., Japan Journal of Polynmer .=
Sci ence aﬂdlﬁbthﬁblegyo!3thze&bcﬂﬁuﬁﬁﬁgixttndcohbinaganchROﬂolyV|nylldene
fl uoride and ponV|nyI met hyl ket one (D. R “Paul al., Polym Eng.

Sci ., 18 puelecul e:ewsﬂyhtam@nﬁﬂiﬂinﬂnnkai@mdoineth9|ggoordimuyuaxanenea

copolyner and. chl pri nateq rubb Lefflngmell et. al, Polym Prepr.
[err] - (4B78he abpye,golvent &9( athe %IW°M%§H‘type recording | ayer

gener a| '[grf]epagggﬁggggg& Ul ¥ R Yotk RS ELUERS BB 0T
the protective layoz inoigdo_n-hexane, methyl alcochol, ethyl
| aloohol.aod isopropyl alcohol. of thaso, alcohol based
'solvants are desirable from the viewpoint of cost.
The previously mentioned recordinq layer of polymer
blend type (2) wmll now be explained in detail.. _ _
| This typo of reco:ding layer is a thin film comprising
two or.moro_stahie poiyme;s._ Tha.state.of the polymors is
'ohanged'at a pecuiiar'tomperatura.. These polymers are.
uniformly GOmpatible with each othor within the tamperntura
| rangé lower than the abovo-mcntionad tomparature.d Within
.tho highor tomperature range, the polymers are aeparatod in
“the foxm of pha:-s. When the polymers with.ditterent -/
refractive index are employed, the polymers in the
compatible atate show unizorm transparency and the polymezs
in the phase-sepa:ation state scatter tho-light, so that
thoy appear opaquo.'_ '_ “_ L _
Thero are conventionally known nomn combinations of

| polymers whioh induca tho phase chanqe ot Lowor Critical

-31-



| I'ght, so that the recording | ayer assunes an opaque state. By rapidly
cool-ing the recording layer in the phase-separation state (opaque state),
this state-can be - 32 - fixed. Thereafter, the recording layer is
returned to the conpatible state (transparent state) when once heated to a
t enperature higher than the téenperature at which itiassunes the
phase-separation tate and gradually cool ed. The recording | ayer conprising
a polyreric | sqliutiony Tenperature (LCSE) neype oncPorypnatdnceyi Itharey dre
expl a-ned. Liquid crystals of a. thernotropic type which assume a nematic
state, a sneckhowat zhe combinadiien @f polpyeinybideneutdvorddet wad ecor di ng
| ayer of the bar code display nmedi umof the present invention. For
exanpl e, a si gelymathvly gernvigtew poiyethylacrylatest pplymethyla
met hacrylic acid pol r or silaqoxane polyner as a main chaip with
| ow ol ecul armPFHBFﬁrc{aﬁ@t ar mﬁﬁﬁé\f é%/QFhQF’Fﬁ benddRe Fdencombination
mai n-chain ty hi gh-mol equl ar_1iqujd stal such | hi.gh strength -
nah el asti ci B8 BofyeRBrelactan dhd, heTyeAboRREs 1§, 8. BtuRY G aF .
pol yam de- bas hi gh- 1 dd GH G st a). hehgi n i rﬂg ield
of a resin. I%Qt'ﬁeﬁggﬁéﬁﬁﬂlé#eﬁkﬁytyp ;sg\g?ypécglp i%g é?lear cl){r cgése
in the preseniab ' g&ﬂf;ﬁi@nﬁﬂgﬁ IRy Lot REx | PRERaY! Bt GEr, g,
resol ution as?gg%g%ﬁvﬁt t e Bar cCode t =t at et A,

‘Polym. Sci. A-2.10 pl097 - (1872)); the combination of

: styrene - acrylonitrila copolymer and polycaprolactam (L.P.

Y McMaster, Macromolecules 6 p760 - (1973)); the combination

of styrene ~ acrylonitrile copolymer andipalymothyl"
maethacrylate (L.P. McMaster, Polym. Prepr., lf p254 -
(1974)); the combination of polyvinyl nitrate and polymethyl
acrylate (Saburo Akiyama, et. al., Japan Journal of Polymer
Science and Technology 33 p238 - (1976)); the combination of
polyvinylidene fluoride and polyvinyl methyl ketone (D;R.
Paul et. al., Polym, Eng. Sci., 18 p1225 - (1978)); and the
combination of athylene - vinyl acetate copolymer and
chlorinated rubber (J. Letf:l.nﬁwell, et. al., Polym. Prepr.,
‘14 pS96 - (_197-3)). '

The polymers'fof the polymer blénd'type-récording
layer generally aeparatalin the form ofsphasai'at
temperatures in the range frem 100 to 200°C, and scatter the
light, so that the recording layer assumes an opaque state.
By rapidly cooling the recording layer in the

phase-separation state (opaque state), this state can be
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| mage prepared by using the thernosensitive recording paper or the thernmal
I mage transfer ink ribbon. Therefore, the bar code display nedium of the
present invention is suitable for formng a high-density small-size bar
code imge. O - 33 - these three types of recording |ayer, the
recording |layer conprising the resin matrix and the organic | ow nol ecul ar-
wei ght material is nost preferable. These recording |ayers of the bar code
di spl ay - métiked, ac Thedieas ttax it the resmordiny ctayen havreturnbbeto dheni cal,
resistance, so that the bar code inmage i's not erased, for exanple, when i
di pped i ncompatshde stataidityanspazantstats)r when apcacheaned toha
present invention does not absorb the |light, so that the fading of bar code
i mges dotemperasuzg highex than Hha tANReratureonti vhigh Ltp88swmes
apparent jn the course of .the fallow ng, descripijon_ of,exenplary
ehbod: nenthe BRRER-ARPARARNPY AEAY4 AHY AT4ARFLY EOPHERNC  on and are not
I ntended to beglimting. r eqf. . _ \| - , d ,teed 1N a
t hi ckness of -a’Egﬁt r&&%ﬁ%?‘%&f%ié%m?¥ﬁgﬁ%kiggoﬁlr*?par ent

Formed onCFREERIELER LH° dbcifidietqind md, (397 €L BB BB, O Cper oac
and the t@uprakbhadned coating liquid was coated on the above-
_Liquid crystals of a thermdtrép;c type which assume a
nematic stgte,,a'smeeﬁicsatate or-g'cholqstq:i¢ phasa,¢an be
- used for the recording layer of the bar code display;médium ;;
of the present invention. For_ex&mple; a,sideQChaih type |
'high-malaculan liquid crystal having a methacrylic acid
polymer oxr siloxane polymer as a main chain with
low-molecular liguid crystal added ;ha;ato,in the pendant
form; and a maiﬁechain_typeqhtgh-mclicg;ar;ixqﬁid_erysgal
- such.as_a high.etrcndth - high QLA|ticity.- high heat-~
resistant fiber and polyester-based or polyamide-based.
high-molecular liquid crystal which is known in the field of
‘a resin. S —_— _L_: _.,.:i}- -
In the above-mentloned thrao'typis:ot recording layer ~
 for use in the present invention, the bar ¢o§Q1image can be
formed with higher resolution as compared with the bar code
imgge.prépared by using the the;mosqns;tive.reCo:ding-pAper'
~or the thexmal image transfer ink ribbon. Theéefore,.thé
bar code display medium of the prciihtfinventipn.is suitable

- for forming a high-density small-size bar code image. Of
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prepared Al -deposited surface of the polyester filmby a wire bar and dried
at [err], so that a recording layer.with a thickness of about 10 [err] was

formed. - 34 - Parts by Wi ght Bohenic acid Hexadenedicic acid

2 Di-2-ethyl hexcyl phthal ate ' 2 Vinyl chloride - vinyl

acet ate phouphoric ester copolynmer (Trademark "Denka:®Vinyl # 100P" nade by

Eggk%pﬁﬁgﬁguégggg)éhggé tyrél Pf ré??;d;ﬁg)f&%éf@%€$€2¥i§§§d§pgb%ﬁxfr
cormer ci i 1 SRRFAEFE s, rRds", BELSA ne piGiAe JoRhRlactu -
| ndustries, 'vﬁér‘dli%l'a@{}ﬁaggrﬁﬂﬂ.t $ aD o %ﬁrmg}yl al.cohol was -coated by a

wi re bar and nder application eat, so that an internediate |ayer

with a thickness ofh@bgUieboRlehny lé3Rre dECthe BLFTESEs 2HLEPLGY mald fum
butyl acetate solution of ultraviolet-cured urethane acrylate type resin,

Uni di c 17- 82%adtoxdingedd’ the preéscnt Rivanpion |Ndve: ékealliaht chemical

| ncor porated was coated on the above-prepared internedi:ate |layer by a wire

bar and dri edcasiietanpe}i eot thatoftheedar xulle image is not erased, for
example, when dipped into alcohoi._ In addiﬁioﬁ; the bar
code display medium of the present {nvention doas not absorb
the light, so that the_fading of bar code 1magés does not

: | occur. - o |

| Other features of thiglinvantion will boqbﬁo.aﬁparent

in the éoursq of_thg following description of exemplary

embodiments, which are givan for illustration of the -
invention and are not intended to be limiting thereof.
Example 1.

Al was vacuum-deposited in a thickness of about 400
on one surface of a 100 um thick transparent polyester film
serving as a support, 80 that a light reflection layer was

L ' formed on the support. | | |
A mixture of tho'falléwing COmponenﬁs was dispersed and
 the thus obtained coating liquid was coated on the abo&e-
prepared Al-deposited surface of the polyester film by a -
wire bar and dried at 100°C, so that a recording layef with

a thickness of about 10 Hm was fotﬁbd."
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thereafter, the coated surface was exposed to ultraviolet light for 5
seconds using an ultraviolet lanp with an output of 80 Wcm whereby a
protective, layer with a thickness of about 4 [err] was provided. Thu, a
bar code di splay nedi um according to the present invention, as shown in
Fig. 1(a), was prepared. - 35 - °~ The thus prepared bar code display

medi um was heated at 80C and then cool ed,- so that the regordlng | ayer
entirely assuned ‘a transparent st ate. Thereafter ' play .-
medi um was cut to an.a opriate size, whereby card- typg bar code di spiay
medi um No. 1, Q? ﬁ%Flg 2, was obtained. Exanple 2°A was

vacuun}depos!tggfhgeﬁ.hgb&%pgﬁidﬁ about 400 on one surfaﬁe of a

100-[err]-thic ranspar ent polyester filmserving as a slpport, so that a
light reflecti a ; Emiyg] £ support. A m xt upe .of the
fol | owi ng conpggeEtEQWHWnggq sed and the thus obtained goatlng l'i quid was
coated on the gbg caqg&ga@ﬂ.Nvﬁayqxaéé¥kgawiace of .the polyester film by
awire bar, wt hgi hbe e gstiey id dpdlyﬁggifwréuéﬁarﬁlate of [err], so that
a recordlng Iayeuewﬁhhvan Wngﬁunﬁylﬂ [err] was formed.  Parts by
‘i ght Behenlc Denkti Kaga u Kogyo K.K. B 30
| | Tetrahydrofuran . S o 150
Toluene 't S . 10
on the thus prepared recording 1ayer, a éoutihq-liquid

consistinq of 10 parts by wuight of a commercially available “J_
. polyamide resin “CM800O" (Trademark), made by Toray
Industries, Inc., and 90’parta by weight of methyl ‘alcohol
was~coated'byzd”wire'bar”and"driod under upplicétion'of
heat, so that an intermediate layer with a thickness of
about 0.5 um was formed. |
B A commercially uvailubio_butyl;acotato solution of
ultraviolot-currd urethane qcrylute type resin, “Unidic
17f82§-9” (?rudq@urk), mude-ry Dainippon Ink & Chemicals,
Incorporated was coated on the abovefprepured_Lnterﬁgdiata | r;J
~layer by a wire bar and dried under application of heat, and
“thoreaftar; tho coated surface was.exposed to ultraviolet
light for 5 seconds using an ultraviolet lamp with an output
of 80 W/cm, whereby a protectiv. layor with a thickness of
.about 4 pm was provided. Thus, a bar code diap;ay medium
according to the prerent invehtion._as shown in Fig. 1(a),

was prepared.
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Qct adenedi oic acid 2 Di-2-ethyl hexyl phthal ate
2 Vinyl chloride - vinyl acetate - phosphoric ester copolyner (Trademark

"Denka Vinyl #1000P" nade by Denki Kagakcu Kogyo K. K. 30
Tet r ahydr of ur an 150 Tol uene
10 - 36 - On the thus prepared recording layer, an'internedi ate | ayer

and a protective | ayer were successively overlaid in the same manner as in-

Exanple 1. Thus, arh@rthu8cPEPPASSd h&i|ﬁﬁ@ﬁxﬁﬁﬁﬁ*ﬁyt@P?%EmpWB§eHPQted at

i nventd on, a The_ t ared _bar

end o =0 h0RTebd Ebln, SoB)er” el AR, Whin, Ml ng SRR B ISP

| ayer entirel n r e

di Zpl ay nedi u%gm‘gggﬁg e”{‘mgﬁggé‘%r tgfj:rlttge stfh-zgﬁa\%éeér’g ytlégrggg yc%Q ar code
di spl ay nedi 0 ff?k l-eo R

plrggedﬁre flor é\gl ?aztnlag"r'\'a%fwa e%g?r type\eﬁ%ﬂ% sngggnnédl um;%gy lin
Exanpl e 1 wa cqfpe egﬁé Baeeebdbhaisl@%yiwﬁ qwc'pl | gt BRoWA W @tu;onz,
for the recording Iadyer coating l1qlid used in Exanpl 1 was repl aced
azel ai ¢ aci d.wdduspbtaifadd-type bar code display medium No.

Bxample 2
Al was vacuum-depoaited in a thickness of about 400

on ona surface of a 100-um—thick tranaperent polyester film

N~ serving as a support, so that a light reflection layer was
formed on the support.

A mixture of the following components was dispersed end
the thus obtaiﬁedhcoetlng liquid was coated on the above-
prepared Al-deposited surface of the polyestar film'by=a
wire bar, with the polyester £ilm placed on a hot plate of
70°C, so that a recerding iaya: with a2 thickness of eBOut 10
um was formed. | '

Y Behenic acid | 8

Octadenadioic acid - , : _ 2

| Di-z-ethylhexyl phthalate 2

vinyl chloride - vinyl acetate -
phosphoric ester copolymer (Trademark
"Danka Vinyl $#1000P" made by

" DPenki Kagaku Kogyo K. X. ' 30
Tetrahydrofuran : ' 150
Toluene o ' ' 10
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3 as shown in Fig. 2 was prepared. Exanple 4 One surface of a
100-[err]-thick transparent polyester filmserving as a support was
entirely printed in a black color, so that a pignment |ayer was formed on

t he support. On the thus prepared pignment |ayer, a recording |layer, an
intermediate |ayer and a protective |layer were successively overlaid in the
same nmanner as j : 2 - TS, ode.. di . LM
according to-t hgapﬁggﬁh%lsnyg ?’é?dgses%%‘f‘?hpﬁﬁg'l 3) k'ﬁ%ég*ﬁgg‘%&r%ed%
The thus p e aL aodeadi.g -iy§¥ 7 ) at ed, 80 A by Y
cool ed, soiﬁﬂg% gﬁg %e%%% f%gapgeg?'En ﬁggﬁeﬁgggﬁéggég;%gaﬁgggggggggf%te.
Ther eaf t er ghéhgana’ maARrd a8 13V BERAMPIE YOS OtHud 1@ BAraBBEePHidplay Z€.
wher eby card-type bar code di splay nedium No. 4, as shown in Fig. "2, was
obt ai ned. - medhumf atkerdinge to ehw ¢rdsunt Aitvehtidny asdshoWwn Lh Figho. 4
according to the present invention was evaluated with respect to the

t enper at ur (a$gi wasopreparmdansparent. state (Evaluation item (1)) and the
average particle dianmeter of the | ow nol ecul ar-wei ght organic materi al

enpl oyed i n t heThecthusnpreppred bax waderdispiay nediumcwassheases @t

given in Table 1. Table 1 Bar Code Eval uation . Eval uation
80°C and then cooled, 8o that the recording layer entirely

assumed a transparent state. Thereqftér;_the bar code |
display medium was cut intc an appropriate size, whereby

card-type bar code display medium No. 2, as shown in Fig. 2

 was obtained.
Example 3
|  The éroceduré.fér pfepq#atiop_o: £h‘_c§§d-typo”bqg code
displ#j medium No. 1 Ln_ﬁxampi§ 11ﬁ£g_rqpeatqd exéép; tha£.
hexadenedioic acid in the formulation for tho_recbrding
layer coating liguid used in Exampleti was_:qplacad by
azelaié acid. Thus, a card-type bar cha;digplay,medipm_No;
_3 as shown{in Fig. 2 was prepared.
Exanmple 4 - | o o 'Q;

One surfaée of a 100=um~thick traﬂsp&rént.polyastet
£ilm lOrving as a support was entirely printed in a black
color, so that a.pighéntjigyérfwasyﬁdrmed_dpithﬁnsupport.

On the thus preparédfp;gﬁint 1;?9£; 5 #ééq:ding layer,
an intermediate layer and a pfotectlﬁé ;g?e: were

successivaly overlaid in the same manner as in Example 2. .
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Dr spl ay ) ltem (1) ltem (2) Medi um No. [err]

[err] No. 1 18 Approx. 0.5 No. 2 22 _
Approx. 0.3 No. 3 11 Approx. 0.3 No. 4 22
Approx. 0.3 Using a thermal head (8 dots/nmm, thermal energy was applied to
each bar code display mediumin the transparent state, as shown in Fig. 3,
wher eby trans nt ab - - ' N AE b3 g o tion
W th the mn mokf; acBaziRols dbplay delHAr SoEixalhg KT SHEC padUdaHE
backgound. CDﬁVéﬁelbhe_E&a%hb%nﬂﬂﬂﬂvxaﬁiﬂ(&v;mwabe?éa?araagmn in Fig. 3,
thermal energy was applied to a commercially avail able Thernpsensitive
recordi ng paper "TiohemthuSaprephtsd bid Addd displaykneaiutewas Hextted at
Conmpany, -Ltd., so that bar code inmages were forned t-hereon. Conparative
Exanpl e 2 Usi 83°@ ahdr thenheadlad ,sisovthat hp Sacobdingl layexyentisely
applied to. a -comercially avail able thermal inmage transfer ink ribbon

"Bl 10A" (Tracdkesured aantranspamenth statsny Theaxeafbexgecthenbaxrsioade of

pl ai n paper, 'so that ‘bar code inages were thermal'ly transferred to the

sheet of pl aidipppay. meding was ks lahoiancAppRoRrhatecsise, whexebpge |
| card-type bar code diaplay mhdiuﬁ No. 4, as shown in Fig. 2,

was obﬁainod. | | | _
- Each of the above-prepared bar code dispiay media No, 1

to No. 4 according to the present invention was evaluated

with respect to the temperaturs region of the transparent
state (Evaiuatioh'ttam'(l)) and the average particle
diameter of the ldw-mbiecular-wliqht o?qénic material
employed in the recording layer (Evaluation Item (2)). The
results are given in Table 1. | -
‘ Table 1
ARG
Medium No. [ecy. oo (em].
-K; No. 1 18 Approx. 0.5
No. 2 22 | Approx. 0.3
No. 3 . . 11 Approx. 0.3
No. 4. .22 .| Approx. 0.3

Using a tharmal head (8 dots/mm), thermhl'energy was
applied to each bar code display medium in the transparent

etati,'al shown in Pig. 3, wheieby”tranlparent bar code
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di spl ay nedi um having the bar code images, the follow ng tests and
measurenents were conducted. The results are shown bel ow 1. The
reflectance and the width of a bar code i mage portlon and a space portion
were neasured by a connerC|aIIy avai | abl e scanner "AUTO SCAN 6000" :
(Tradenmark), made by RIS, Inc. The print contrast signal  (PCS) value

whi ch represents the i.nage contrast, defined in JI.S B.,9550, was cal cul ated
fromthe iBpges: garrving mameni Qﬁkk#ﬁfﬂ&m#tigg with &hﬂfﬂiﬁ&ﬂﬂﬂtl@ﬂ%p@ge
portlon in accordance with the follo f or mul and t he standard s
devi at i onWbRERi RENOuRS oW MeR& §¢ V&h&“nﬁ’é&u gﬁrﬁﬁt °Eﬂqt'-‘ﬁe backIrHnd. par
code i mage rtion and a space.portion. (Reflectance of - (Reflectance of
Bar SpaceC FBP?FG Eive éﬁﬁgﬂlﬁhde Portion) PCS Value (%

x 100 Refl ectance of Space Portion Furthernore, the bar. code | mages were
read by a bar Ysdngr sasexmsiehaad y“..(!h!bmin Flgwas ,c kivexzma h amengy
times the bar code i nages. were accurately read by the bar code reader, and

t he accur¥@g QHPlééﬁetﬂe&dﬂﬂymﬂﬁqiﬁ availablg thezmosereritistecnt age.
;ggg?né Eg;pgr %Bcﬁﬁé%z "Thermal Papéf”%&pe 12€£Aura%%ra emark[?VIatlon
made by Ricch COmpany, Ltd., 80 that bar code images were
formed thereon. |
'.chparatxve Example 2 B
Usinq a thermal head as shown in Pig. 3, thermal energy N/ .
wasg applied to a commercially available thermal image
transfer ink ribbon “BllOA" (Tradamark), made by Ricoh
COmpany, Ltd., placed on a sheet of pla;n paper, 80 that bar
code images were thermally transferred to the sheet of plain
paper. ' | |
Using tha thuo obtainad six kinds of bar code image
display medium having the bar code 1magcs, the following
tests and. maasuremants were conducted. -The results are
| shown below.f.f- : R _ - - g | .;;
1. The retlectance and the width of a bar code image
'porrion and.g spage portion wgre_mgasured-by_a commercially
- a'va'nablel gcahnéz: ."AUTO SCAN 6000 (Trademark), made by RJS,
Inc. The print contrast signal (PCS) value, which
| repraaenta the image contrast, defined Ln JIS B 9550, was

'calculated £rom the_reflectance of the bar code image
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Space  Bar Code (%9 of Wdth: . (% | mage

([err]) Ex.1 83 11 . 86.7 2.7 100 Ex. 2 81
10 87.7 2.9 100 Ex. 3 85 12 85.9
2.8 - 100 Ex.4 28 4 85.7 3.0 98 -
Comp Ex.1 85 9 89 5 4.7 100 Ex. 2 81
7 To, conduct ,a chem r.esi st ance
test, _each ofp?ﬁ’éiaﬂo99drr§ﬁﬁ M%.BP‘R%% tr ﬁﬁ?°58&@c8| 9‘3& ?Pe%. um - 40

contone. o} 336BFbpRE08 TGl il NORE, APLRLLA kv RARLRNT 10 il ki
Teasured BV CobBsARdC foai he e gl O A CRLELATEE Wiled oodgun

in Table 3. Ition con resi stance test, ea bar code

di splay medi uphage puReios atdcA Padd CpdPELEA. hours using a carbon arc

fadeometer. The accurate bar code reading ratio by a bar code reader after

the light- resistance test is also shown in Table 3. Table 3 Accurate

Reading Ratio  Accurate Readlmxdimect&ﬁ¢ero£he Reflectance of Hdwer

Li ght- resistance Test (% Spaca Porctoripst ColieEImafje Portion)

100 PCS Value (%)160 - _ x 100
, : Reflectance of Space Portion

Furthermore, the Bar code images were fead by a bar
code reader :epeaﬁedly 100 times. It'was couhted how many
A _ times the bar code imagés-were accurately read by the bar
.code reader, . and the accurate bar code reading ratio was

expressed in tarms of p.rcentage.

Table 2
Reflectance(%) | PCS | Standard Accurate
. Value | Deviation |Reading Ratio
Space | Bar Code | (%) { of width (%)
_ o - Image (um) o
|ex.1] 83 1 86.7 2.7 1100
Ex.2| 81 ‘10 87.7 2.9 © 100
Ex.3| 85 12 5. 2. 1
w x 2 85.9 8 100
Bx.l] 86 9 - 88.5 4.7 - 100
Comp o ' |
Ex.2 81 ' 7 9l.4 4.1 - 98

2. To cohduct a'chemical-res;stance test, each of the

above-mentioned six kinds of bar code display medium
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Ex. 2 100 o 100 Ex. 3 100
100 Ex. 4 . 98 98 Comp Ex. 1

0 25 Conmp. Ex. 2 70

97 Furthernore, using a thermal head (16 dots/mm), thermal energy was
applied to each bar code display nedlun1in the transparent state separately

;Bﬁé‘igiilc'&%%ﬁﬁéﬁé& “tpéoger i”spma{ St R LR LR o
_ it t
Lo eds' Riedhas B0dasy 268! §58.08x, 20" Boused 1 =€%m5€aa§é% were
01T DX Yol BB S AR Wb B W OES
obt ai ”edc?;'eﬁl‘(dﬂjfréiibé’énéﬂd‘éab@% dha%axtnmmra GRrryi ng the bar_code

| mages, the reflectance of ‘a bar code I nage portion and a space portion,

the PCS val ue 1sd haudieiel) dedeebatues andingaraaﬂsﬁsnds%tbﬂﬂ,raacn were
nmeasured in-the same -manner. as in the above... The results are given in

Tabl e 4. baabloode display medium was exposed to- carbon arc for 20
" hours using a- carbon arc- fadoometer.' The accurate bar code
reading ratio by a bar code readar after the llght-_

'reslstance test ls alao shown ln Table 3.

Tabla 3
Accu:ato Raadinq Ratio- Accurate Raading'Rhtib
after Chemical=- after Light-
_ :eslqtancc Test (%) resistance Test (%)

Ex. 1 - 1000 100
Ex. 2 . ' '.lo'o S . o .10.0..
Comp . : - b __
Bx. 1 - . '"o_._ : . 25._
COmpé . '-uffi- S 7. ‘fﬁ- o
Ex.. . _70- | | 97 . w

Furthermore, using a thermal head (16 dots/mm), thermal
energy was applied to: each bar code dieplay madium in the
transparent state sepnrately obtained in Examples 1l to 4,

- whersby tranlparent bar codo lmagel carryinq numerlcal
information with tha minlmum lina width of about 60 um were

formed on the white opaque background.



Ref | ectance(% PCS Standard - fAccdfate Val ue. Deviation Reading

Rati o Space Bar Code (%9 of Wdth | (% |1 mge

[err] EX. 82 10 97.8 1.1 100 Ex.2 80

9 ~ 88.8 1.1 _ 100 Ex.3 83 11 86.7

1.2 100 Ex. 4 29 4 86. 2 1.3 95

Camp Ex.1 85 In addition, Compkrative Examples 2 andl13 (akeConp Ex.2
1 _ 8 - *90.1 . 4.0 11 (*) (*) There were nuch
oni ssi.on and separateliycrbpedtade exteprs thattbar cddbeinagasawdrde \foatmen
of the width obtained fromthe neasurenents of the width of a bar code

i mage porti onbymasingpacthpamailoheass (A6 idyus frem) , edd ethabnbakre code code
i mage reading ratio. ~The bar code image is converted into information by
eading the vHRGEBWiRE 5BE SEAAMUMLJA N Midih 2f APRUSE pEOCkEoMETE..
Therefore, whgn tﬁg standard deviation of the width is increased, the bar
code i mage ca @3ecurately be read or the optically read bar code image

"miges o formed oeEnE ERE, AL, EReatbed Rk rRIE 47 P Rpd’ dmess”

Exanmple 1, display medium carrying the bar code images, the reflectance
of a bar gode image portion and a space po;tion, the PCS
value, the standard deviation and the accurate reading ratio
were measured in the same manner as in the above. The

N~ ‘results are given in Table 4.
Table 4
Reflectance($) PCS | Standard | Accurate
— _ ———l . Value | Deviation |{Reading Ratio
Spaca | Bar Code (%) of wWidth (%)
Image ' - (um) :
 |Ex.2]  e0 | 9 88.8 1.1 100 .
Ex.3| 83 . 1L - 86.7 1.2 100
U Ex.4| 29 -4 | e6.2 1.3 95
Comp | : . ' : :
Ex.1 85 11 87.1 | 4.2 12 (*)
Com _ o
Ex. ‘81 | . -8 1 90.1 | 4.0 11 (*)

{(*) There were much omission and void in the bar code
“images. - ' '

- 42 -



the thermal head is not brought into close contact with the thernosensitive =
recordi ng paper because the surface of the thernosensitive recordi ng paper
is.rough. As a result, the void occurs in the bar code inage, so that

uni form bar code i nages cannot be formed. In the case where the bar  code
images are thernally transferred to a sheet of paper using a t her mal I mage

transfer ink rTﬂH%thﬁd@%@dﬁﬂa‘@.ﬁW'ﬁh@ wideh '&Kthinaat £28n ehd ¥

peel ed off the ink ribbon, so that the obtained bar code inages are-free_

f rom sharmesserefdntieofnehes widtnloha Marmsbdéi {mdge! portieh and a o
di sadvant ages becone striking especially when the bar code inmage with a

narrow wi gipdice spbetied: haSpemltmgdﬁugnuMﬁfféduadngﬁhdeBSttnoaérimm#éInﬁge
with a mninumline width of 60 [err]is formed, the standard devi ation of

the -43- readinghratiGonpTha: bas Bestenlionge airaal cotbeapted aatbi gh as four
times that in Exanples 1 to 4, as can be seen in Table 4. Consequently, the
accur at e intermatian; byi §ee§4§ma%|vgidtéwmfecthq ar eedenisagsar Code
Cepo o BB Es S ki A Bk o AL SRS, W o
B e ey e gt 15 S e s BT
and er&“ﬁéhﬁgttQScREEtgﬁgebe read or the optically read bar code

. image may be convarted-inta wrong informat;on.,-

In the case whe:e the bar code images is formed on the
thermonensitive recording papar ‘in Comparative Example 1,
the thermal head is not brought into close contact_with'the'
thermosensitive'reeording-pepdr bdcaﬁaa the surface of the
thezmosensitive recordinq paper ia rough. As a-résuit,'the

--void occurs Ln the ba: code imago, so thaﬁ uniform bar code
images cannot be fo:mad. -

- . In the case whare the bar coda images are thermally
:transter:ed to a lhnot of pape: using a thermal image
.transter ink ribbon in cgmparative Examplo 2, th. ink is not
uniformly paaled o££ the ink ribbon, €0 that the obtained QJ
bar code images are free fram sharpness and the images'
cannot be formed £aith£ully.

Such disadvantagea become striking especially when the

bar code image with a narrow width 1s formed._ SPecitically,
when the high density bar codo image with a minimnm line

- width of 60 um is formed, the standard daviation of the

_43-



was repeated 50 tinmes. After the repetition of the formation and. erasure
of the bar code, the accurate reading ratio of the bar code display nmedi um
in Exanple 2 was 100% while the accurate reading ratio of the bar code

di splay nmediumin Exanple 3 was 92% because of a slight decrease in
transparency in the transparent portion. Furthernore, the bar code display
medi um obt ai ned i n Exanpl e 2 was initiail - made ;transparent in-.its
entirety, anWigthi4p @QNQQﬁPQx§ﬁuE¥QEP ngé aad RoPRSOMRE R& highas

t herfal head_of 16 dots/nm Tle opaque bary code was ‘then_erased by use of
t he th-@;}at r ol FQP‘agl‘é‘ﬁM“i% Aty é)’&mqﬁﬁ%sfgrﬁﬁt fon28nGa 2a, Aeeh ‘he'r%ﬁie'

code was repgategd 200 ti and. t he bar_code wgs.readhy bar_ co

readi ng appa atug°%HP8H4£i?¥ﬂiﬁhﬁe&F%ﬁF%E‘tE°g§i88p§BFg%bgﬁw§ﬂﬁ?é§§ﬁ%b1Y
opaque bar cedga, Qe accurate reading ratio was 100% - 44 - By contrast
to the above, mﬁen the bar code di splay nmedi um obtained in Exanple 2 was

code vas’ 1 or hEARBUARAEM P8 B iddH, D BRked, HodlaCBE Rked P AUREATE
For mat i on and. or aduhgady dene i hagcoane 1opdn: HASoBODATAES L A IRR LaR
has it ol | §n8oBRE BRea R ariRY, Wed R bRk e Rneo R RRAED S A AR BY o7
the bar COdeu&@SoEeEﬁ%t%$é¥%£fiﬂﬁﬁa of 16 dots/mm. Then, the thus
formed bar code image was erased by usiﬁg the heat roller'as
Wl shown in Fig. 5. The formation and erasu#e of the bar code -
wﬁa repeated 50 timea. After the repetition of the
| fo:maticn and. erasure of the bar code, the accurate reading
.raﬁio_of the bar code display medium in Example 2 was'IOO%,
while the accurate reading ratio of the bar code'display
medium ih Example 3 was 92% because of a slight decrease in
transparency in the transparent po:tipn.

Furthermore, the bar code display medium obtained in
Example 2 was initially made transparent in its entirety,
and a high density opaque bar code was formed by use of the
thermal head of 1§ dots/mm. The opaque bar code was then
erased by use of the heat roller as shown in Fig. 5.  The
formation and.erasurq_ot the bar code was :epeated_zoo.

' times, and the bai.codq was read by a bar code reading
apparatus which was modified so as to bs capable of reading

the opaque bar code. The accurate reading ratioc was 100%.



As previously mentioned, since the bar code display nediumof the present =
I nvention conprises a recording |ayer which can reversi:bly change froma
transparent state to a white opaque state, and vice versa, depending on the
“tenperature thereof, the bar code inmages carrying various information such
as price are rewitable. |In addition, the resolution of the bar code

i mages f or medBgncpnsrast &eddhe Ahaye nodremn bhet harpredendisplayion is
hi gh and the chemi cal -resistance i's also excelle | n-particular, when_the

1.
recor di rieedbysr obtainedydn FORES R aﬁwmaiwrmﬂg eRaaRe tiesent i
gp\éggi Loﬂé? eP*“gF”ggg’E;Fﬁ&a@ ke?é&pf%ﬁggafg&ggﬁgg%@gq \Ar’(%gs can be

LoemeockaEBY, YLAR ol S 0 P L8 AT B O 9

appar al Ugr@RERELAY bRl koW RRADcHAl PEA 404 COIPLRECEEA hY UK r eadi ng

nmeans for opt y reading a bar co or ove-nentioned,

rewitabkglber &80shdwaplidy FIRAI B arie f GARAELOR &AASeRasE of Othe
erasing an optically read bar code by applying the thermal energy to the

bar codebsitsebds waei pepoatied RAQC:rwlngs) sandnekei bar tode eas trewd t he bar
code carrying nunerical -information. - 46 -~ . L

by a bar code reading apparatus. The accurate reading ratio

was initially 100%, but decreased to 97% when thé fd:métion

and erasure of the bar ¢dﬂefw&a tepeated 200 timea.

As préviénaly“ﬁbhﬁfohed, since the bar cédeﬁdispiéy E“J;
madium“bf'thé*ﬁféﬁéﬁtfandntion comprises a récordiﬁg iéyer |
which-can~reverdiﬁly change from a trangpareht-ététe to a

* white opaque state, and vice versa, depending on the
temperature thereof, the bar code Lmagdi“éazryiﬁé various
information such as price are rawritabla. In-additipﬁ, the
resolution of the bar code images formed on the bar code
display medium of the present invention is high and the
chemical-resistance is also excellent. o

In particul;:; when the recording layer of the bA:'code_ <
display medium according to the present invention, ﬁhich
comprises a resin matrix and an ;ow-molecular-weight'orgénic
material dispersed therein, is employed, the bar code images
can be formed sharply against the backgrdund,'and'thé image

formation and erasiné.spdgd‘chomes high.
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CLAIMS "B" M&C FOLI G 230P63850 B - WANGDOC: 1888i

Clains: 1. A rewitable bar code displtay nmedi um conprising a support and a
reversi bl e thernosensitive recording |ayer for reversibly form ng bar codes
therein formed on the support, which reversible thernosensitive recording

| ayer varies in transparency with change in tenperature and conprises a
resin matrix havi fip addieion caince hghimaggadisplaypapparityer sed
therein, the | ow nolecular wei ght, organi c conpound having an average
partigl e di amecorddngf tamthel fresént olvéitioh aeonpiiises ias amreode
one-ei'ghth to two tinmes the wavel ength of a |light beam for reading the bar
codes. 2. A wesging meananfer optisally pading, af bagheedsofinamedien the
light reflective layer interposed between the support and the reversible

t her nosensi t2Reveckenginanad awritabl g bar sgodedAkspdayc maddam, A o m 1,

further conprising,a pignent |ayer ich is |nterposed,l 11 11112 111111

LML O Thag; 648 Belining mahne (FRr opaBIoaAR ORELeAIRL Rad bz

thernnsen5|téggerggoL%bTifﬁau¥he thermal energy éo_the bar code display
. medium, this apparatus is convenient for rewriting the bar

code carrying numerical information.
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4. A display nediumas clained in Caim1, further conprising a |ight
reflective layer which is provided in the rear side of the support- opposite
to the reversible thernosensitive recording layer. 5. A display medi um as
clainmed in Claim1, further conprising a pigment |ayer which is provided on
the rear side of the support opposite to-the reversible thernosensitive

recording | ayer.

6. A display nediumas clained in aimi1l substantially as

hereinaftg%ﬁgggg @ped wi.th reference to the Exanples. 7. A bar code inage

di spl ay

orm.ng a bar. code in a white opaque state or in a

; 2
transpar efcS FOLACROIYdEé3Es6 he step of applying heayavgpod.Q¥ddLbl e bar
code display nediumas clainmed in any one of.-the preceding clains. 8. A

method as claimed in Caim7 substantially as hereinafter described with

‘reference to the
Claims:

Exanpl es. her ein. 48 ¥ C 'L M-S " *

1. A rewritable bar code display medium compriSing a

support and a reversible thermosensitive recording layer

for reversibly forming bar codes therein formed on the

support, which reversihle thermosen81tive recording

layer varies in transparency with change in témperature o/

and comprises a resin matrix having a low-molecular

weight organic compoundfdispersed therein, the

low-molecular weight organic compound having an average

particle diameter of from 0.1 uym to 2.0 up and which

is from one-eighth to two times the wavelength of a

light beam for reading the bar codes.

2. A display medium as claimed in Claim 1, further

comprising a light reflective layer interposed between

the support and the reversible thermosensitive recording

layer.

3. A display medium as_ciaimed in Claim 1, further

comprising a pigment layer which is interposed )

LT



(0

between the support and the reverSible_phermosensitive

recording layer.

4. A display medium as claimed in Claim 1, further
comprising a light reflective layer which is provided in
the rear side of the support opposite-to-the reversible.

thermosensitive recording layer.

5. A display medium as claimed in Claim 1, further
comprising a pigment layer which is provided on the rear
side of the support opposite to the reversible

thermosensitive recording layer.

6. A display medium as claimed in Claim 1 substantially

as hereinafter described with reference to the Examples.

7. A bar code image display method of forming a bar
code in a white opaque state or in a transparent state

comprising the step of apﬁlying heat to a rewritable bar

. code display medium as claimed in any one of the

preceding claims.
8. A method as claimed in Claim 7 substantially as

hereinafter described with reference to the Examples

herein.
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