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(54) Titlez DISPLAY UNIT AND METHODS OF DISPLAYING AN IMAGE
(57) Abstract

The present invention provides a method of displaying
an image on a display device having first and second sides, said
image including a light restricting sithouette pattern having a
plurality of first transparent or translucent areas, and at least
one design layer having at least one color, said at least one
design layer being visible from one side of said display device
and substantially less visible from the other side, said image
being substantially transparent or translucent as viewed from
the other side, comprising the steps: 1) providing at least a
definition of said design layer to a computer; 2) generating a
computerized version of said design layer with the computer;
3) outputting the computerized version of said design layer to
said display device, the computerized version of sald design
layer being modified to subdivide said design layer into a
plurality of second discrete transparent or transiucent areas and
other areas; and 4) displaying said modified design layer and
said silhouette pattern with said first and second transparent
areas being in registry. Articles produced in accordance
with the method are also described. Printers, raster image
processing methods and systems, computer graphics systems
are described for producing the article.
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be totally or partially. obstructed while there is clarity of vision through
t he whol e of the panel fromthé other. side to the one side, in other
words a unidirectional vision effect is obtained. Clarity of vision

i s obtai nabl qud ¢7fudihe one side to the other side 30 excepgyiutosiobgssar ea
of the design while visibility fromthe other side to the one side is

Lotally, or par i alj X, P R o MEHIBON SFLISHLR LG K RAGE 112!V,
97/ 47481

PCT/ US96/ 09888 obstructed. In all cases through vision can be
obt ai ned in eit hEeldofthelnvemionhr ough t he panel when the |evel of

i I1um nation percei 'VedTﬁéirg#ﬂQnHﬁﬁoPm?%stL Q(a?%;aygniiééd in panictuﬁ.\' ?oea &tsplérge of

panel sufficiently excee umnation C r‘omtne near

the panel. Thg t oeinforaisplayinginapes vigwabdafrom tha sides] wieneby the imageng pageitedom 0. 5
to 3 5 mm . E‘FﬁA-O 70472, and EP—DO&ES%? dgscr' be t hods
of producing bot ffomyne side can be gifferens from the image petgeiyed from the of rnsﬁi?s“@ﬁt esi gn.
The frethods as dapphy Biflisi@Mspafnt or translisEMWhénAEWalSirdth bREST thesyant i al
printing of the silhouette and/or the design usin screen

! } g. . ¢
li thographic or simni| afhinkention plso relatesito aanethod ofidisplaying suchan imageagwellr at i on

as 10 can be obtair . ' ' . | i ad. t he
rinting processaspris bigbie T Sl ofinfed iaglein chter e sibectliy.
substrate. Wien (RIP)systéms for prepaving the dakecbefore display,Ipanigelatiybefartetpeintingand | nage
remain on the substrate only in the areas which the mask or stencil
allow the ink to penetrate. EP- A- 0234121 descri bes further
met hods of pri nt ipagkg@owsid ofthe 100@hfion The 15 printing nethods are limted to
t hose including 1nks. Again a nmask is described . which is subsequently
removed taking with itDirRlayAevess pashhffenias ipages,en each sige aqd being transpasent okr

and i mage. translucent from one of the sides are known from a variety of documents including

15. EP-A-0170472 which describes a panel comprising a light permeable material and a
silhouette pattern, comprising any arrangement of light restricting material whiéh
subdivides the panel into a plurality of discrete light restricting areas and/or a
plurality of discrete transparent or translucent areas, characterized in that a design is
superimposed on or forms part of said silhouette pattern so that said design is

20 visible from one side of the panel only, and wherein said design is less perceptible
from said one side of the panel as the level of illumination transmitted through the
panel from said other side increases. A number of different vision effects are
obtainable from different panels falling within the above definition. Thus clarity of
vision can be maintained from the one side to the other side with the exception of

25  the area covered by the design with clarity of vision through the whole of the panel
from the other side to the one side. Visibility from the one side to the other side can
be totally or partially obstructed while there is clarity of vision through the whole of
the panel from the other side to the one side, in other words a unidirectional vision
effect is obtained. Clarity of vision is obtainable from the one side to the other side

30  except in the area of the design while visibility from the other side to the one side is

totally or partially obstructed. Vision from either side can be totally or partially
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US- 5396559 describes a security device for use on identification cards,
nonetary docunents, and the |like using a reference pattern and a nessage
pattern 20 each having the appearance of a random pattern of dots. The
reference p%tge;hp‘s'is a dense pattern of randomy pospiieaRidedaet s, and
t he nessage pattern is a nodul ated version of the reference pattern
in which the dots ofthe reference 1L1)a:ttern are ~ slightly repositioned
by an armpunt deghstruttad; Inall cases thrangh visionsambe ohtaingd i aithes disectign through message
i mage at each dgt | Lon. . The APSS i ' ones 25
VoDl o with a PEREE Shepbeltotor RERqREn pHRARd droaf ineHaR s e RE T

t ranspar ency of side of the pinebsuffizient!y &xveedsahd MiuminatidnareletedfiRini themesrasjdelos

printed, enbossed or recorded as a . hot.ogr aph or. a_hol ogra
Decrypt | on of ¢ nibeRBRL T HesrgAagas upically SRR GaRispns ranging figfn § 9808 g
t hrough a cont agiy, Mask, superposition of inmages of the nessage pattern

and reference pattern, by view n% the message pattern through a nmask
positioned at 30  ER-A01704Rpn &P°9Wé3§3§f(g$@!’i’eé“°§wﬂ§ ef prodeging hattheeans .

-2- WO 97 . . .

PCT/ US96/ 09888 inodéttpattern and siso the imposed design. The methpds as,desoribpd o2y b8 1903
- 57863 descr i basnmarized dsieithensequential prinfingof thersithoudtteand/dr the desigmnasiay ent
sections for areas q.f t he | mag.e.. A Fﬂst.hod i S .,described. in. which a
decorative sheetorsed lithassaphic prsinilatink PPRURS RERCcesies With A% exart 4 gegistration as, - o of
a rear pattegn J:Wobtanda%\f%rnsemdlmkmicaxeﬁasmiﬁaﬁearaamthenﬁﬁsﬁﬁg prob@y®r on a
5 transparent plastic sheet in such manner that a plurality of snall

transparent por iegagied out through theimask gntortbe subsigate. Whendbe masks reseved. thtde as
to how the regi ﬁiﬂo@&deoﬁht&rn' Ak 'irﬂzgge remain on %%L&a&eonmh rﬂ\eegeag Which the

mask or stencil allow the ink to penetrate.
EP-A-0234121 describes further methods of printing such an image. The
1S  printing methods are limited to those including inks. Again a mask is described
which is subsequently removed taking with it unwanted portions of the silhouette
pattern and image.
US-5396559 describes a security device for use on identification cards,
monetary documents, and the like using a reference pattern and a message pattern
20 each having the appearance of a random pattern of dots. The reference pattern is a
dense pattern of randomly positioned dots, and the message pattern is a modulated
version of the reference pattern in which the dots of the reference pattern are
slightly repositioned by an amount depending on the gray value or color value of a
message image at each dot location. The message image is decrypted and becomes
25  visible with a range of gray values when it is viewed through a film transparency of
the reference pattern. The dot pattern may be printed, embossed or recorded as a
photograph or a hologram. Decryption of the message image may be accomplished
by viewing through a contact mask, superposition of images of the message pattern
and reference pattern, by viewing the message pattern through a mask positioned at

30 areal image of the reference pattern, or like means.



Japanese patent application Kokai | (1989) - 69397 describes a nethod of
produci ng a transparent plastic or glass substrate with a printed | ayer
i ncluding a 10 plurality of holes. The nmethod includes printing the inmge

ont 0 a secondwaWrbdsit €, perforating the i mage and segp®rdsosidéssr at e
and then transferring the image only - fromthe second substrate to

the transparent plastic _or glass substra . ry of the .

i nvention 15 JaPa"???é“{ﬁﬂb%’ﬁ?ﬂ‘?ﬂ@@h{"i‘&9%})5&?@%‘%& ﬁBEP‘@F“"“

di spl ayi ng an i magfandmage includin% tralspatbrit\bediidMS foF akeay ofitbe imaps.lA aRtholdes oNnd
sides, said image including a [ight restrjcting . Silhouette pattern
havi ng a pl ural it $esesibediin which a decosative sheebis prepated by segistratipnprinting injthg

| east one design ' : ' e design
| ayer boing O ORYCE{IE BeRiaycf ATuaig iAdafi i SR0A BloniBY of R
substanti al | y § estranspareit| plasfic sheettih suchOnannerttha ra phirality oBsmall transygeend pomions

substantially transpar.ent .or translucent.as viewed from. . t he ot her

si de, conprising f '"s‘['@f?s".mge‘k%d%sc"m"’" 'sﬂadﬁ%ilﬂ%“h%e seeisfratien PtigRs j ni t i on
of sdid design | ayuldye carrfe@Bput er ; 2) generating a ’
conput eri zed version of_ said design_|ayer wth the coragl

. . uter;
3) outputting the conpliapesenstepbappliationiKokaiild19R9 - §9397Aeasribesna mathed of spl ay
25 device, the i hd ' I r ' i f.ied
o subdivi de | PO ERpakoNsR of Yess RS S (et B it D0
transparent oi0t r plslityosdiblesThe method includes primtng ¢he imagaento arsecond substrate,
4) displaying said Lfied design |aver, and said silhouette pattern with
ohi d 71 r ot Pertaing it mieBs ape il Foodtht 258 len g fani e Pige g,
WO 97/ 47481 from the second substrate to the transparent plastic or glass substrate.
PCT/ US96/ 09888 The present invention also includes an
article having a conformbl e

Summary of the invention
IS The present invention provides a method of displaying an image on a
display device having first and second sides, said image including a light restricting
sithouette pattern having a plurality of first transparent or translucent areas, and at -
least one design layer having at least one colour, said at least one design layer being
visible from one side of said display device and substantially less visible from the
20  other side, said image being substantially transparent or translucent as viewed from
the other side, comprising the steps: . |
1) providing at least a definition of said design layer to a computer;
2) generating a computerized version of Said design layer with the computer;
3) outputting the computerized version of said design layer to said display
25  device, the computerized version of said design layer being modified to subdivide °
said design layer into a plurality of second discrete transparent or translucent areas
and other areas, and
4) displaying said modified design layer and said silhouette pattern with said

first and second transparent areas being in registry.




substrate, conprising: a colorant receptor layer and a light restricting

| ayer on said substrate, said light restricting |ayer having a
plurality of first transparent or ~ translucent areas. 5

The present yidwaRlgion al so includes an article conprising: perB6dskbmEi C
substrate having a conposition conprising vinyl chloride resin, optional
acrylic resin, optional plasticizer, and optional stabilizer, wherein
the conposition is foftfdresent inventipn also)isclydes aparticly haxisg ajcppfermablg, i ng

snoot hness of a i al r : -and a
l'ight restricti ?\g ;até'eér% F\'ﬁﬁ%ithﬁ:ggra& r%gbtgfﬂg%r aixgiaéuggtl}g%ﬁ?tgs?g%%gér?am 0.

desi gn | ayer i nsubsttatecsaultlighemstrictingdayeo having aplemlitysdficst branpparentayt ri ct i ng

| ayer being fubcli vided into a plurality of first -transparent or

transl ucent ar elBMSUSERAIESSi gn | ayer bei ng subdivi ded into a
plurality ofssecond tTidsreshtifvention hlsanslitiesmtartilecmprising aptlfineric  first
and second transparent areas being in regi st,r){. . ) . The present
i nvention furt h&bsirae haviega sompasitios compasingimyl ghlprideresin,joptiongl perylios

i ncl udi ng col or | tas. | 12 : d

t ranspar ency réﬁ?@%}ﬁngﬁplgﬁg or p |'ﬁlt“+'gég%l% %ﬁ&l‘éﬁ{: m@%ﬁlgﬁg é%‘q??roggg@and

t he |ight restr ootipolynmiedy esleasmliner having smaothnkssaif a $heffield valae effifomiabag 1i n bot h

accor dance vt ¢ n ot APt PR R gl b ver G4  blgnTaer apmid moRHEE. 1 i e

i ncl udes a nast deésigaiBgee iRiudinges leag onetélotlajer] satddipherestribling laydRBéing)r ocessi ng
of a print file incl,éjegi_ng col or sggarated | mge data, |ight, .

restricting | ay&bdivded intns niyrality ghiwst\esnsparent of Wiafegs. saidstesign AYeron sai d
print file being SUARAGR G a'pRFAIRY of EBGHA (RinkpRER of PhnsRilr hd Spar at ed
| mage data and sgi“% Iigr‘lt 1oa re%?ri_ct_i ng | ayerodatng, ana&iglﬁ?ro uci ng
sai d transpar endiyst dod secon (oansparent ageas being ingegistry. bi t maps for said col or
separated i mage data i d. | g |l SO that the
transparent areas in gﬁ?%ﬁ@%@@%ﬁ@l%&#%&% rir"g%?é’rrg%lg‘;t?"rgaapp Ié‘ggldesai d

| i ght 151 eddcdudirig colprIsepaeateddintag@gdatalight vestriewiyigdyey data and transparency  The -

i nvention includes i dditjon a raster ipage processjng . systemfor
raster image pr&8@s¥IS{gryFntigs “1‘?5”15??3&3'?‘{:&'8%&3iaﬂgﬁwi’st'r‘%itﬂéﬁ'lgj?@ﬁ&"ﬁage
data, |ight includir@StrdnisSdrént drea S Dothihe dolaRnskphraed J43eF Aiade Kbk festricting -
conprising: means operating on said 30 print file to generate raster

i mage bitmaps f.dayeEmiageardance with the transeprensy datadat a and said |ight

fi_St ricting layer datrjeiRBrlionGier ifthiaec fRbidinaé Procbdis RRIME T Ak 1 Nto

20  image processing of a print file including color separated image data, light
' restricting layer data and transparency data, comprising: operating on said print file
to generate raster image bitmaps for said color separated image data and said light
restricting layer data, and introducing said transparency data into said raster image
bitmaps for said color separated image data and said light restricting layer data so -
25 that the transparent areas in said color separated image raster bitmap and said light
restricting layer bitmap are in registry.

The invention includes in addition a raster image processing system for
raster image processing of a print file including color separated image data, light
restricting layer data and transparency data, comprising: means operating on said

30 print file to generate raster image bitmaps for said color separated image data and

said light restricting layer data, and means introducing said transparency data into
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PCT/ US96/ 09888 said raster inmage bitmaps for said col or separated
i mage data and said |ight . restricting |layer data so that the

transparent 3Jy8oHsmgy sai d col or separated i mage r ast epclrndsbgigessend
said light restricting layer bitmap are in registry. The

I nvention also ingludes ,a hi cg co| based em f.or ating 5

gr aphi cs i nages Wﬂl'ﬂﬁ?‘ﬁ@‘agﬁe g?fa??‘gp"@{? r pepotafed 'El‘ ‘i‘?ﬁﬂd *‘93‘3&1 cting

| ayers, CORREARInG tiyer datSdo thitRhe tr&ﬂ%ﬁd?&ntfa%s iSRRI sépart@Bagd O
generating col or separatéd i mge data fromsaid inage data, neans for
generating |ight rastesbitimep pedsaicight resimicting layer bitmaparsdpiregisiyt neans f or
transparency data, an udi ng
said col or separated I‘i‘#ﬁé@?@g&%&oiﬁnﬁg ﬁgﬁ?h est {Ce?ﬁ%bk)gs%nrfoagﬁeg d said
10 transpar eficy giaphigs images mcludmg color se]ihateprlayssrand light eestriating layers,pr ovi de
conformabl e articles t.ranspar en eas | hods -
of " provi i ng. t he comAASHg; irst inpit i Rordmabe i, TfenstorspmPe SR pIARIEL g
raster inage proGss data ﬁdrﬁfsﬂﬂﬁnage data, ﬁ&iﬁs mtgﬁﬁﬁﬁlﬁquhﬁeﬁﬁbkﬁibﬂ@ek Hﬁﬂes on
the articles at | ow cost. he present invention may provide
conf or mabl e arti &pewsd input memémmnﬁgfmcaﬁ&mné means fepautpyiting ddiselay et hods

of providing the;sagn #agafé colorr%papaftéﬁrﬁg%a&%Hﬁllﬁgﬁ‘trr?gﬁélg: Iidyer Gabs hrfel Rig2Nd

raster image proceSS| g syst oduci ng I mages on
the articl es Mhi annaial'tmwdml ability in i mage not previously

achi eved. 20 h L nvention with.i i t s and advant ages
will be descri beJ w){eﬁeng 'BE’H&EY&PY'H%“?"S?' Ml 'cgefawi ngs.

Brief descripti onindididgandpaiit afkds in images, methods of providing the same and
printers, computer graphics systems and raster image processing systems
and methods for producing images on the articles at low cost.

15 The present invention may provide conformable articles
including trahsparent areas in images, methods of providing the same and
printers, computer graphics systems and raster image processing systems
and methods for producing images on the articles which aflow variability
in image not previously achieved.

20 ~ The invention with its embodiments and advantages will be

described with reference to the following drawings.

Brief description of the drawings

25 . Figure 1 shows a schematic cross section of a display unit in accordance
with the present invention;
Figure 2 shows a block diagram of a display system in accordance with the
present invention.
Figure 3 a complex image including transparent areas in accordance with

30 the present invention.
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25 Fi gur
i n accordance

e 1 shows a schematic cross section of a display unit
with the present invention; Figure 2

shows a bl ock diagramof a display systemin accordance with the

present inv.

Figure 3 a conpl ex i magepdp6ioéidbsss

transparent ar eas“lln accordance with 30 the present invention.
- 5- WD 97/ 47481
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Figures 4A and B-show eharagierssand shapes defined by transparentateasshapes

defined by tra”ﬁ%@é&ﬂnc@%ﬁ?&g&%@g& i{,ﬁé‘a&por dance with the present

I nventi on.
col ored wi ndow graph

graying effect of conventional I|ight
i Kigure 5 the grayingseffent ofitohventigmal light aolbred vindow graphics

Figure 6 shows a sch.erTEtic cross-section view of a second enbodi nent of

a display unit PSFeERYS

YRIEA™ i th the present invention.

Figure 7 shosis a crosige6lshéis d/dchvndi Crdss-8étion Qlewl 6Fa Wcbrd dnftR dmfnP oF

enbodi nent of the pr

esent invention. Figure 8 shows a

schemati c cr oss3 diEpiay vt ipjascordancewiththepresgmfdaMepidn of a 10  display unit

i n accordance with t
cross-section throug

hrﬁ%% 9%@6\&# t?%ﬁsggeh% view backli%:rt é‘or use witﬂl%%@@on% is a

printe ubstrate 1 n acc ance wt t he

present i nventi embodiment of the present inveitipmre 10 i s a cross-section through

anot her printed subs

. [ ce. with the .prese i nvention.
tf.&‘&r@ 8'shows a sche%a%ﬁ:%rrgs%-gecnon v%ew ofbi third embo%ment ofa

10  display unit in accordance with the present invention.

"Figure 9 is a cross-section through a printed substrate in accordance with

the present invention.

Figure 10 is a cross-section through another printed substrate in

accordance with the present invention.

15

Figure 11 is a cross-section view of a printing substrate in accordance with

a seventh embodiment of the present invention.

Figure 12 is a cross-sectional view of a of a printing substrate in

accordance with an eighth embodiment of present invention.

Figure 13 is a cross-sectional view of a printing substrate of a tenth

20 embodiment of the present invention.

Figure 14 illustrates a cross-sectional view of a durable, optically clear,

transparent layer of the eleventh embodiment of the present invention prepared on a

polymeric release layer.

Figure 15 illustrates a cross-sectional view of the durable, optically clear,

25  transparent layer of the eleventh embodiment during a lamination step.

Figure 16 illustrates a cross-sectional view of the durable, optically clear,

transparent layer of the eleventh embodiment in combination with an imaged

substrate.

Figure 17 illustrates a cross-sectional view of the durable, optically clear,

30  transparent layer of the present invention in combination with an imaged substrate

as a modification as a twelfth embodiment of the invention.

-6-



15 Figure 11 is a cross-section view of a printing substrate in
accordance with a seventh enbodi nent of the present invention.

Figure 12 is a cross-sectional view of a of a printing substrate in
accordance Wy odysgil ght h enbodi ment of present invention. pcrus9en9sss
Figure 13 is a cross-sectional view of a printing substrate of a tenth 20
enbodi nent of the present invention., Figure 14 illustrates a
cross-sectional vi ew ofigdregh§risp plock diagram afithe compgpents of a pringing, systeft 18yt | ayer
of the el eventh euhainE With dfnbbdiferts ftfRin fo'NikEeth ioP the DFRBA iRAnkdh. 2

pol ynmeric rel ease | ayer. Figure 15 illustrates a
cross-sectional vi ew oFigurrel¥vis aistass-sespion and 19B ie p depr view 5 a printedhsybsiraet

| ayer of the eley i ' . ' ' . ‘

Figure 16 il ust rfg{]&essg“gmgeﬁrg’ggﬁs%é%ﬁgﬂgto\aﬁ"g\xmowﬁ&aﬁtrlg te"‘,'m'opt ically

cl ear, st r anspar Figurd 20/i8 & scembiicdravitgof b ipristidpdeadrinriccordance udithnled | on
with an i nmaged S Figure 17 illustrates a

ubstrate. . .
cross-sectional \ﬁ@mbﬁmp?émm}p&meamss?}tm‘@avw clear, 30 transparent
layer of the present i myipd3 108 alséhnfabit BraWitd G phinted irfdtchridBite JrithRstheAt €
as a nodification as a twelfth enbodi nent of the invention.
- 6- VWO 97/embodiment of the present invention.
PCT/ US96/ 09888 Figure 18 is a block diagramof the
conponents of a printing systemin accordance wi th enbodi nents
fourteen to sikteen of the present invention. Figure 19A is
a cross-section qgg 19B is a top view of a printed substrate for use
wi t h enbodi nent s HOBS to sixteen of the present invention. 5 '
Figure 20 is a schematic drawing of a printing head in accordance with the

As used in this application:

“colorant™ means any material that imparts color to another material or

15 mixture and maybe either, dyes or pigments;

“colorant receptor layer” means any layer on a printing substrate which is

provided for the purpose of transferring colorants to the substrate.

“durable™ means the substrates used in the present invention are capable of
withstanding the wear and tear associated with signage and may be 2 to 5 yearsin

20 exterior environments;

“plastic” means a material that is capable of being shaped or molded with
or without application of heat and include thermoplastics types, thermosets types,
both of which may be flexible, semi-rigid or rigid, brittle or ductile;

“smear-resistant” as used in this application means resistant of the ink jet
25  ink to smear as described in the following test, printing an image with black lines,
allowing a minimum of five minutes time to dry, rubbing the line with the pad of the
finger with a light to moderate pressure, such as might be used during normal

handling of images, and observing whether spread of the line occurs;

.7-



fifteenth enbodi ment of the present invention. Figure 21 is

a schmatic drawing of a printer in accordance with another enbodi nent
of the present invention. 10 Definitions As used in this
appl i cat i onywo 97147481 "colorant” means any materi al pdladogiotdRal t S
color to another material or 15 m xture and nmaybe either, dyes or

pi gnent s; “ . colorant receptor |ayer" neans any |ayer on a
printing substrate whftRblgsmeans the s“é?"@?ﬁsdl'é?f“‘f'whetﬂ‘i%“e’ﬁd?‘ﬁﬂ'é@ ¢ canabl§sferri ng

colorants to the withsahdiag fhe wear and tear associatedfv'v'iﬁ%ig?\%eea"nd W be ubdd RSt at es

used in the present invention are capable o wi t hS§tandi ng the wear

and tear associ¥geesdn extefiorepygrangentsnd may be 2 to 5 years in 20 exterior
envi.ronment s; “ » o L& &4 erd al | sS.capabl e
of being shaped or mf%f'g% V\n{ehmep'lé}ﬁ“ug?t W tﬁgﬁf"’g?%'ﬁ{.@’gﬁ’%%%@?k%at and

i ncl ude t hersnoplonfdrming 1o ypeen surfacesandaétainingsach, conformationfiurihg ode wikiodh may be”
flexible, sem-rigid or rigid, brittle or ductile;

"smear - r esi st an?g“g%"ﬁfrg@& agﬂ'epm%“’ﬂ'f%ﬁ ‘l’é‘?‘? @H" ﬁ'légﬁglb?t@% F%’If%mﬁblﬁ*_f the ink
jet 25 ink t Osubsteé cahbe@BRéréd WA hand prédSurk @hd S3MFSIHh thAShirfadehaithg NY an i mage
wi th bl ack |ines, allowng a mnimumof five mnutes ti to dry,

rubbi ng the | i neerigficior compound inpdgulagities, such as privefcar welde ridge onjthe exteriomder at e
e L S
10 Preferably, a conformable substrate in a direct print film exhibits a yield point and/or
permanent strain when subjected to a maximum tensile stress of about 3.5 X 107
N/m* (5000 Ib./square inch) at room tempé.rature according to ASTM D638-94b
(1994), when the caliper used for the test includes the total cross-sectional thickness
of the substrate, the thickness of the adhesive, and the thicknesses of any further
15 layers such as ink receptor, conductive or dielectric layers. More preferably, the
maximum tensile streés limit is about 1.4 X 10" N/m? to provide more conformable
films. Most preferably, the maximum tensile stress limit is about 7 X 10° N/m? to
provide even more conformable films. Conformability of the films still require
- internal integrity. Desirably, the minimum tensile stress limit is about 6.9 X 10*
20  N/m? (10 1b./square inch) and preferably the minimum tensile stress limit is about
1.7 X 10° N/m? (25 Ib./square inch) .

Testing Methods
Bulk Powder Resistivity: “The Application of ZELEC ECP in Static
25  Dissipative Systems” (Du Pont Chemicals, Deepwater, New Jersey September
1992)
Specific Resistance: “Tego Conduct S Resistivity Measurement and
Apparatus” (available from Esprit Chemical Company, Rockland, Maryland)
Surface Resistance: ASTM D 4496- 87 and ASTM D 257- 93 published
30 by American Society for Testing and Materials.
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PCT/ US96/ 09888 "durabl e" neans the substrates useful in the
present invention are capable of withstanding the wear and tear
associ at ed wwodonagsrge and may be used 2 to 5 years POCTAIS6098ESI

envi ronnment s; "conformabl e’ means the substrates in a direct
print filmare capable_0 o f 1 N9 L0 uneven surfaces .and retaining
such conformation duri %I%ég'ﬂmﬁ%gﬂ“g'95§Péffﬁ?‘ﬁb’/a§?‘ﬂf%?§8°’§tﬁg?'i ed per
unit area of the TekthigandMpitéritld. Y t he conformabl e substrate can be
adhered with hand pressure and conformto a surface having periodic

or conpound irregularities, such as a rivet or welded ridge on the exterior

metal lic surface of a t_bggmhsi%r akk@'c}i%‘%%t%eﬂsﬁf’oﬁybﬁwﬂt Riettofi® * QAkgel r OM

t he surface. 10 Pref erably, conto e substTate 1n a direct print
fil m-exhi bits5a yheteguipasients of ANSIASO 5/3-1989c ANSHBHR. H-1985published bytbeected to

a maxi numtensil e, st,r.ess of .about ,3.5, 1 [ . . N rr 0Q0
o T guare.  non) GEPBESRmfnSaREs asosiatlul ot Mibdton, Visin pisfiddy dotca
(1994), when the deaditylieiedsard ubing techifiques Well ke daRodel¥the printing industry.
cross-sectional thicknpess of the substrate, the thickness of the

adhesi ve, and t hExampleg hereia aeerepvaluated mithia{iretag-SPM3Q depsitomgter, frgm Giretag

receptor, conductyi; ; 56!@635 I . T V-
maxi rumtensile slfl?‘lg?sds)tlrfnr;nﬁ{ I'S gsggtﬁta%gi_iz}rlg(ﬂ&ig gﬁlf&ﬁvﬁ%{%wl ﬁl? %s'g;l?)rvi de

nmor e conf or nel§l e comparisons. butsnot mecessafilyshe:samie| walues. [iGolon Remsity is desmeasursiof ess

limt is about 7 . nf-er.r . Vi de. even. e, conf or mabl e
films. Confor mabitf'%i %‘g&g‘wéfﬁ@g T 'Hg’hgflﬁﬂy crpg:é%ﬁ%recgl%m% 'ﬁ%furegf {?affmf‘ Cegrity.
Desirably, the nilgemmimagecdiid impdita 36 filmsiof thel esthdiienfiorPbotaike color flendity
N'nferr] (10 Ib. /hsquare , nchg and é)ref e‘(r?ablgl t he nj nrum t ensi | ed,st ress
limt is about hasampjoyimpachppanthe pereaived acsthesies phhe imags on the feeprding

medium. By comparison, transmission optical density may be measured using an
15  optical densitometer such as a Macbeth TD 904.
Sheffield: Sheffield method measurement described in TAPPI Test T 538
om-388 published by the Technical Association of the Pulp and Paper Industry of

Atlanta, Georgia.
The disclosures of the Testing Methods are incorporated herein by
20 reference.

Embodiments of the invention

The figures are intended for illustrative purposes only. Certain dimensions
25  may have been exaggerated to improve clarity.
Figure 1 shows a schematic cross section through a display unit of the kind
used with the present invention. A display includes a first silhouette pattern 2,
comprising an arrangement of light restricting material which subdivides the panel
into a plurality of discrete light restricting areas 5 and/or a plurality of discrete
30 transparent or translucent areas 6. The light restricting areas 5 have light

transmission reducing properties. These may be, in one extreme, completely

9.



Testing Met hods Bul k Powder Resistivity: "The Application of
ZELEC ECP in Static 25 Di ssipative Systens" (Du Pont Chem cals,

Deepwat er, New Jersey Septenber 1992) Speci fic
Resi st ance: . T nduct S Resistivity Measurement and  popuéieiasgt Us”
(avail abl e M sprit Chem cal Conpany, Rockland, WMaryl andﬁT

Surface Resistance: ASTM D 4496- 87 and ASTM D 257- 93 published 30 by
Aneri can Soci et P4AYE. lrpeglpiongcahQ@smhpéyapmlgs.lon is infinite. Transmission optical

- 8- WO 9 4L AKFFBD (which is to be distingyished from reflection optical density, ROD) is
hOT/ USa6/ 09805 SRS TOD (which is to be distingyithed from seficction optical BAYLROP) Boed by
Ameri can Soci et defingd by the formidgst i ng and Materi al s. Col or

requi rements of ANSI/ISO 5/3-1984, AWB PHdgw 1985 published by the
Graphi ¢ Conmuni cati ons Associ ation of Arlingtd®/ Virginia. Reflected

opti cal density. i, s .,neasur usi t echnj,ques wel | .known .tQ those in
tﬁe printing’i na'efﬁrte%'? the ‘“te“s“ﬁ’gﬁﬁl' &ﬂ'el@fﬂ“ %grs%m@em“{f&?é&% 1§ ﬁ‘ea Gr et ag
SPMbO densi t omefménsity 6fthéXr@isafitted light pdsting theshgh CHe-ritaketial. g presel idvention

Switzerland. Qther instrunents will give simlar 10 conparisons,_ but not
necessarily theadgnts thay thedight regtcting lnyen § may not be perfectlyapaguedupmay allow t he

ntensity Of -t NgohBfjarh et il LR FOD BelR TRk Ikl Hybist 0 TOrm

Density: "Reflective Optical Density on a St a;&; T Method" " under 5 the

greater than 1, preferably greater than 2, more preferably greater than 2.5 and most
10  preferably 3 or greater.
The translucent or transparent areas 6 allow light to pass through. In one
extreme the transparent areas 6 transmit all light and reflect or scatter no light, i.e. a
"TOD of infinity and a ROD of infinity, where the optical density in reflection is
- given by:
15.

: (h
ROD = 1 (-——) .
ogie | -

Ix being the reflected light intensity.
The present invention accepts that the translucent/transparent areas 6 may
20 not be perfect light transmitters, i.e. they may absorb and/or reflect and/or scatter
some light. It is preferred if the TOD of the transparent or translucent areas have an
ROD of less than 1, preferably less than 0.5. The translucent areas 6 should differ in
optical density from the light restricting areas 5 by a sufficient amount to make a
clear visual difference. The TOD difference between areas 5 and 6 should preferably
25  be greater than 0.3. According to the present invention the areas 6 are preferably
transparent, more preferably optically clear.
The pattern of light restricting 5 and/or transparent/transhucent areas 6 may
be any array of pixels, for example, a pattern of parallel lines, dots, circles, squares,
etc. which may be arranged in a regular array, in the form of a design , in an

30 irregular array or in a random way. The transparent areas 6 may have any
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| atent image and is inportant to filnms of the present i nvention because

col or density has a nmj or inpact upon the perceived aesthetics of the
i mage on the recording medi um By conpari son, transm ssion opti cal
density may QgoW®afagl €d using an 15 opti cal densitoneter i¢aius9&nsdss
Macbet h TD 904. Sheffi eI d: Sheffield nethod neasurenent

descri bed in TAPP] Test 88 published, by fhe Techni cal
Associ ation of t Himension damdwap'a?n qhﬁdtfglay 9%?6 used, and may éﬁ@'wet@dwgway

The disclosures g tﬂehﬁng@%?b'l%%k%@%r&‘é@bly D2AhM W Fnfih mrrﬁ‘tid‘ot*l}{e 20

r ef er ence. nmbodi nents of theé |nvention
figures are int ertmaepamt anepy Gitox light festeicying areas Symayrite\chosep as dwedibmhm ons 25

may have been ex ?9@&("?0%&30 u ﬁ)\fﬁt F I.%r 56‘% of thf s%r]facf: area [1<s| ciga'eljéii 9&“ e 1 shows

a schematic cros i'on throu splay uni used
with the present transganint aveas G\Iniu&pfdaycewm}ithdeﬁesmt fnventionzhé Silhostteaneant er n

2, conpr i n arr ement O restr ctln mat ey i al which
subdi vi des tg p?n'@gyf’a e provid 3y P P@F g‘Pé“'ﬁP’ﬂ" PSS st ri cti ng
areas’ 5 and/ or a gritg oF di¥crete hgl‘lﬁ'ﬁsrtﬁétﬁlg ﬁsshﬁ@&%ﬁﬁm& oP bistreR bRt

areas 6. The light reStricting areas have lig transm ssi on
reduci ng proper t i adransiugentareasp. Khe snanalcbsbt @dﬂ@f@f filtesdmay be § silhouette
- 9-

PCT/ US96/ 0 9\5?18)897/ p%?tél%]slmllar to that described in EP-A-0170472 or a pattern created by the back-
10 light of a liquid crystal (LCD) display device or any other appropriate display
device. |
Substantially coextensive with the spatial light modulator or filter 2 is
placed a display device 3 and/or a display device 4. Display device 3 or 4 can
. display an image which may be a full color image represented schematically by the
1S  four layers 7-10, 7°-10" and the image is divided into transparent or translucent
areas 6 and colored design areas 7-10,7°-10° so that the transparent or translucent
areas 6 of the spatial light modulator or filter 2 are aligned (in registry) with the
translucent or transparent areas 6 of display device 3, 4. The display device 3 or 4
may be a printed image, for instance, in accordance with EP-A-0170472 or similar,
20 or may be a LCD or LED display device which is capable of displaying a
monochrome or full color image. At least one of display device 3 or 4 may be a
black or dark colored pattern.
The display unit 1 may be self-standing or may be laminated to a substrate
such as a transparent sheet of glass-like or polymeric material. The glass or
25  polymeric sheet may bé laminated to the display device 3, the display device 4 or
may be interposed between any of the layers 7-10,7°-10" or between display device
3 and silhouette pattern 2 or between silhouette pattern 2 and display device 4. The
substrate may be the window of a car, bus or building or may be a flexible
polymeric sheet. When the display device 3 or 4 is black or a dark color and is

30 located next to the transparent sheet 1, the dark display device 3, 4 may be partly or

-11-



opaque, i.e. the optical density in transmssion is infinite. Transm ssion
opti cal density TOD (which is to be distinguished fromreflection
optical density, RCD) S defined by the formul a:

TOD = log 5,}' where Ii is the intensity of the '?E‘r Serookdsght on
t he sarrplemaerlaq and I[err] is the intensity of t transmtted
l'ight passing through the material. The present invention cepts
that the |ight Fe@pletelytaroxidedhydinting W&)ﬂaﬁiﬂafeﬁbs"ﬁ@raﬁé%ﬂhvncﬁﬁé’mt Hﬁto may

al | ow somgsd hght to transmt. It is preferred if the TOD of the Iight
restricting layer is greater than 1, preferably greater than 2, nore
preferably greater thEg 2st®wsndchesmtic bdck dqaguaﬁmfal!ﬂ @rstaemhodgreaaafdhe

The transl ucent or%ﬂt)ran ar eas

h
extrene t he t r aREFEF &R gtg‘?"egéméa Eer‘a'ﬁ%hr\’fs 'mﬁiﬁwof F‘%ﬂ%y %1"?{ ?i\%l;é%er{a sc;? t g? ©

no light, i.8. Gdmage generdtidn méans Id. Imbﬁrﬁag%ﬁﬁhyaae@%rﬂéd usig ¢oniputeruBand t he
opti cal denS|ty I n, Eeflectlon S

ROD = | og| er r ppecial software developed for B@dﬁg'q"r@wew@ee&sa sych@nAdpbR ensi ty.
The present i nveRbioQhp®e CABIGE Hikfatdr™e C*oFéTUi?ﬁN‘@e Rlidus® 24 gﬂ‘;n@a‘?ﬁs 6 may

20 not be perfect 1IMI ght transmtters, i.e. théy nay absor reflect
and/ or scatter Xpress  gosimildrj Theimage g¢r@rappemnsela mdy belascandlr with which

ha
P by | ot ol BB Rirh SER ey R gl Frolf an impe, & pistine 8 phoicapg " 1
optical dendpty corverced peini bygptint in6 elecitical signsals ol shorby inccomriplifer ¢3 emxgmunt

to nake a cl ear visual difference. The TOD difference between areas
5 and 6 shoul d ﬂ?’éf erably 25 be greater than 0.3. According to the

present invention theogceme ghapRicEintig hey5eeh Mored in comﬁtﬁ&ﬁ%ﬁ@ﬁ%ﬁnx spore
preferably opticall i/dd ear. The pattern of

restricting 5 arigitghdata avhighdnclude/suffigient daserordeterming the lumiposity aﬂg colgeofany
array of pixel S’eg%h Cﬁ:x%f@ﬁ&rﬁg&;{ Bi%téa?artnaamcf p?ﬂfa?édl siibh +hhﬂ?§1a¥ g@&n?pl?fetlr cles,

squar es, arran regular ar he form
of a design 15 i rwithm plurality of transparent areas 6 within the graphlcs image. '

In accordance with the present invention this may be done in several
different ways:
Method 1. The color-separated layers of data (conventionally CMYK,
cyan, magenta, yellow and black or if the black layer is not used: CMY) may be
20 modified to include no color data representing the transparent areas 6 in each of the
layers . This modification to the data may be done in computer 13 but the invention
is not limited thereto. The pattern of iransparent areas 6 may be provided by
overlaying the transparent areas 6 as areas of “no-color” onto the graphics image
within computer 13. The no-color data may be stored as raster or pixel data. In
25  general there is no need to modify the half-tone algorithms as disclosed for instance
in US Patent Nos. 5,253,084; 5,258,832; 5,264,926; or 4,758,886 used to create
the full color image. However, if small diameters of the transparent areas are used
(< 0.5 mm) it may be advisable to select the size of the transparent areas 6 and their
spacing so that they are not a multiple of the size of halftone cells in order to avoid
30 rhythmic color shifts. With small size transparent areas 6, method 2 is preferred.

The translucent/transparent areas 6 may be a regular, irregular, or random array of

-12-



30 irregular array or in a randomway. The transparent areas 6 may have

any -10- WD 97/ 47481
PCT/ US96/ 09888 di mensi on dependi ng upon the display device used, and
may be di anetwovztyasi cal ly in the range of 0.1 nmto SecumsIsnesser abl y
0.2 mMmto 3 nm The ratio of the transparent areas 6 to |ight

5 Usual 1y about e k. SBa AR, BolyRiR, Bl or dSeparais andy B ! Y 03 10
t r ansparent ar easrep‘msehnnma: desighan imagei Bothithecsizerand chret distribution iof thetthagsparent
sil houette pattern ded by any spatial Iight nodul ator

i,
or filterwhich leéggytgvangdtgroa%q&l IMAEE- of discrete light restricting

areas 5 and/or a pl uralAstsnom |n¢|§grtﬁéﬁaﬁsPﬁ@ﬁ&?éa§Gtmaybeacoﬂfple&%ﬁd‘ﬁt'tﬁé‘@%t
areas 6. The spati al ght nodul ator or Tilter be a sil houette

pattern si mI tdfs'gnét déswqhﬂ@a-mqseemmnea%mhn@y be light restriqting aadhe ed by
t he back- | th
appropr i at e i spr irsiaredt degt b Gl 4 idhe b banbtar GindiRefvlls 20X, O 50

with the spatial slunghudedwuhagweasmlﬁcli may bedightrestricting qnéaéeﬂihatrﬁ:qurhxay

devi ce 3 and/or a d| e evi.ce 3 or 4 ca I spl ay
an i mage whi ch ?) f}f.gf d'?'ﬁﬁﬁrg a'r‘%ﬂ?@‘?éﬂ?@% T SRRSO H'&IdF? 8@ t he
15 four layers 7ﬁ\&9e31g?| coiuect gandsﬁrhlerstdwgﬁatbﬁtlﬁ%r’éﬂi‘ﬁi‘awﬁﬂhéd@@ﬁmrﬂlﬁ or
transl ucent areas, 6 and col ored, desi gn areas 10, 7' - 10" so that the

transparent of0 t rfihh 59186%3 3 or 4 may b displayedk T'E'%'@"?EFA‘M“&F of theifiligres pattetsor or
filter 2 are ali %ﬁge fehﬂeﬁ\?eP U&llt?‘o?gaﬂsgﬁquhaéeagl i ré! (n5e rstW thoorugﬂ

transparent areas of displa devi
may be a printed mnlagle laybtsrof pnmtnsrtw,nres cxaat:mmndgmﬁmamsuh r&mMmmmm or

oL 20, B adh UbsbRS Rl e RN
device 3 or 4 nayclés desngn. bl ack or dark col ored pattern.
15 . Method 2. The data representing the transparent areas is stored in a
separate layer - a “T” layer - in computer 13. A display output file from computer
13 includes the color separated primary printing color layers, CMYK or CMY
layers, plus the T layer. As will be described later, the information in the T layer
may be used in different ways. For instance, where Raster Image Processing (RII;)
20 is carried out, the data of the T layer may be introduced into each of the CMYK
layers in the final raster bitmap during or immediately after the RIP. Introducing this
data into the raster bitmap has the advantages that small repetitive structure
distortion may be reduced and the registration of the final image may be improved,
as each color separated bitmap has the identical positions of the transparent areas.
25  Alternatively, the T layer may bypass the RIP and be used by a display control
circuit to contro} the display 3,4 in such a way that the transparent areas 6 are
generated. For instance, where the display device 3.4 is a printer, the transparent
areas 6 may be generated by activating or de-activating the printer head during
printing in accordance with the T layer data.
- 30 Method 3. Method 3 is a modification of method 2 and uses a separate

transparent data layer T. The difference lies in the form of the data. In accordance
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The display unit 1 may be self-standing or may be |am nated to a substrate
such as a transparent sheet of glass-like or polyneric material. The gl ass
or 25 pol ynmeric sheet nmay be lam nated to the display device 3, the

di spl ay devigSosrth may be interposed between any of pthfisbéaigssss
7-10,7' - 10" or %etween di spl ay device 3 and sil houette pattern 2 or

bet ween sil houette pattern 2 and dj spl a evice 4. The .Substrate may
be the wi ndow oWithmethod 3y faisparensy datsihOwA iy SHRe wa pedt platrices are

pol yneri ¢ sheet godieskctii Gnstbiad BF Riotdepresenting #Eoldrell olih AGinal dishlFanrkd6tol or
and is 30 | ocated next to the transparent sheet 1, the dark display

devi ce 3, 4 nmyrepEcsgis @ trgnsparent area 6. Ay\@gtpphpm:g of ».vord processing and graphics
P! US001 09868 sftyare e YURAGRGEISH IR 5. Rifedd dFcbibfed B i fDGRATCNE heet

as taught in EP Paten . 2 shows a
schemati ¢ bl Hckbakgmpuadnthd datdwepfesents a trarispatentandas of a ligherestricting pr esent

I nvention. A sujtable graphics i e for .displ ur poses is.generated in

5 inmge gener ﬁf?"ﬁgﬁg' tgne %%ww&gxﬁ&%&ﬁnég’"ﬁfsl 'Qf_’c'ﬁﬁffuter 13 .
and speci glcha® "\i84t6red M1BE COBRULEQHs althaxdttes Whith REluBdsaedetdrivig@S such

as Adobe Photoshop[err], Adobe Illustrator, Corel-Drawferr

Al dus[err] PagesEReefteansparent argasd as shown sghematigally pn Fig (4Asj Whendip thefHle' i nage

generation mean . G ' | I : :
pi cture infor rraf"log)'%' 'ﬁlrjn&(gﬁweﬁl nagepgga%?écr? E%A%Farﬁw%gacyﬁﬁ;ﬁﬂp{&ﬁ%kggﬁver ted
poi nt by poildit Btores thd &y rof cakspariestraatas 6tshovwr inciigr4d Similacly tpeosperendy3 as

di gi tal dat a, . ! b d Once tcpe,%r.aghi CS itmar%g ﬂﬁ‘z been stored
in conputer 13 SEPhicproerams qap be used to giegie,desighp ip trapsparent 47as SURBRL ci ent
data to determ fifestdr@hdpesinapbe derierated. Galphic elements: a recrangl®and aitle off

I nformation, the data nmay be prepared such that it nmay be displayed 15
with a plurali tFaEﬁPa'fef‘h‘?%b&Feeﬁ%P“’gF‘éﬁg‘aﬁc 18 4Bne graphics i mage.

\n accor gaag)elsw th t NEefo@G8A mobiieition @8 miefiod 1MTRWHRR tiMRouette RS B!
15  included in addition to the CMYK or CMY layers. The silhouette layer 2 may
generally be included as a light colored spot color, in particular, white. It contains
the transparency data in registry with the transparency data in each of the CMY ‘or
K layers. _ "
Method § is a modification of method 2 in which the silhouette layer 2 is
20  included in addition to the CMYK or CMY layers. The silhouette layer 2 may
generally be included as a light colored spot color. In preparing the sithouette layer
2 for display, the same methods (e.g. RIP) may be used as described for the CMYK
or CMY layers.
Method 6 is a modification of method 3 in which the sithouette layer 2 is
25  included in addition to the CMYK or CMY layers. The silhouette layer 2 may
generally be included as a light colored spot color. In preparing the silhouette layer
2 for display, the same methods (e.g. RIP) may be used as described for the CMYK
or CMY layers. |
Method 7 is a modification to method 4 in which the image of display
30 device 4 is included in addition to the first image of display device 3 and the
sithouette layer 2. The second image may generally be included as further CMYK or

-14-



Met hod 1. The col or-separated | ayers of data (conventionally CWK,
cyan, magenta, yellow and black or if the black layer is not used: CW) may
be 20 nodi fied to include no color data representing the transparent

areas 6 in eagly #fyrdshe | ayers. This nodification to thecwedoenssey be
done in conputer 13 but the invention Is not limted thereto. The

[ ranspar ent  ar oot VAt dhsejonait shehbparetsamessiiu ik dte Hfafiens

within conputer IdataihaR oPfle@ieplayélet @ May be stored as raster or pixel
data. In 25 general there is no need to nodify the half-tone algorithnms

as di sclosed for instafdehod 8 is a modificatiorpafi rasthod\)in whichpthe image of displtys g32:
5,264, 926; or 4, 18835 iRfifle ﬁaﬁﬁﬁ@ﬁ?otheﬁrst m&é@%fﬁﬂﬁlé;g&kucggéx’nme'

However, if small diameters o transparent “areas (< 0.5
mm it nmay be Sadviilbousite layer z;elnqxrepantctlmsz@ndimaged for d:mlmthsrsamamﬁmds and

Lgﬂ‘[one cel | Zp?(r:l e[g?g@;} 550’87' bexfiwﬂﬁm?riﬁgﬂ%ypﬁo t'W rﬁf srral I

si ze transparent iaagés. 6, rret hod 2 |s preferred. The
transl ucent/transparent areas. 6 may_be a requl ar |rre%ul ar, qr, random
array of Method 9 is a modification of method 6 n which the image of display \\p

97/ 47481 device 4 is incl s 3 -
PCT/ US06/ 09888 S¢Vice 4 jisjncluded in addition to the first image of display device Sand the . i1 ar

or a separ at el@r r sifowstteddyes In prepanngmeessmﬂnmggeat féedlsxgw.mesamgmhosbt h the
e and e O St Wi Ve sl o RNBRTER Ble AV o TN S T 2 | o

t hrough t he i mage ran parent ar eas
6 may be a conpl eianagéml attractive 5 design 5, 6, 11 which has inage

portions 22 which may ht restrictin ans t, design
portion 23 made up of B:et"éh@‘g‘&dé tﬁf‘?edﬂgg"dggm’“taﬁ’éé’ésf’@ydewce“QW{“PEdPlded by
i mage areas whi ChydaBiate dnth&hé preScht fn'vEnkioﬂgmiV BASdirect ﬂﬁarytcfe@i'aé A1 an

areas 6 may -have differing dianeters and es in or to represent the
detail of 15 LCD or LED display, an indirect prlntmg dev:ce 16-19, or a direct printing device
20, 21,

The method of displaying the data depends upon the method of storing the
data.
_ Methods 1, 2 and 7.: As these methods have the transparency data stored in
20  each of the layers of the CMYK or CMY data, the CMYK or CMY data can be
handled as in conventional display devices provided these can display the number of
layers for the particular method.
Methods 2, 3 5, 8 and 9 include a separate “T" layer, which may be
processed by display devices according to the present invention. On some existing
25  graphics software it may be possible to specify a transparent spot color or to specify
a spot color of any desired color but modify the display device so that it displays -
this spot color as transparent. In accordance with this application, devices capable
of processing data according to methods 2,3,5,6,7,9 are called transparency layer
display devices or TLD devices.
30 When the display device 3 or 4 of Fig. 1 is viewed from the front and the

level of illumination on that side is high, the transparent areas 6 appear dark,
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the design correctly. It is understood that on the reverse face of the
design 22, 23, a 10 full color imge 3 or 4 may be displayed. The
representation of the filigree patterns of the fern |eaves in a

plurality o(v(wﬂ%qarent areas 6 which are in registry thr $96/09888
nmul tiple layers of printing requires exact printing of small size
repetitive transparent areas 6 separated by substantially opaque
regi ons 5 in orersmaliyblagkeHithe @3913%@41??@)'&5 is S““Pbl Rraviderh witly transparent

Met hod 2. The délle?s g @FM@?%hiﬁ@&anhStﬂerc%ib?P@hﬁé‘ﬁnK@E Qfis rﬂn@ge% F‘sd ina

separate | ayer - - 1 n conputer put file from
conput er mﬁformlyl dades thah theooiginel. This és rartisulagy mnmeyblpwbm thedisplay or

| ayers, CMYK or I rs us the T lLaver, .As will be described
a7 er " the i nf oS ARt plrer AR 15 Uit saE male yEfEn et A% p0 BRPRERT: ooy
For instances Wirexss. Fhtcai otdliR Gehel tIRCdisplay tgvicds, W):m?&’s the iwindow 6f addehielel . t he
data of the T | ayer may be introduced into_ each. of the CWK | ayers in

the final rastetndhe gaphigssantpuennto thebadwefshe vebice, Thispsshpwpin Figs § odu0| ng
hi d
this at a l*rﬂﬁ- Arf) Qﬁncrh%?hgfogﬁ‘?ﬁ SEphdEr %h%f i‘ﬂ’éﬁ 'Sﬁ h{%%?‘;’egl o ration

repetitive stru ture I on ‘may "b reduce
of the final i nieteringhasbeeni apphed\mdr the side of the trelac'ﬁhmmt;rletm“rpassajo\hrt map
has t he |dent|ca

05| the tr arent. area AlLternatively,
The T ayer iy winyRa8 which By Yoeh ASvelds IRRBNFBioRl ihed fim witgh
circuit to wnt gaphits) The grap lappearinde ofithe window avay 54 Indoniplfisonitafepar ent  ar eas
6 are generated. Far instance, where the display _device 3,4 is a

printer, the tradiagsataas 52 on the bodyof the train cap be glearlit seen Husyehanges Gaalsey or

de-act i vating tBecupmmeerm@eadmdwummbedw«h%sga&wa,lﬁ.mamﬁeserwth t he
T |l ayer data. s a nodification of nethod

2 and uses a sepoftigne22 of the image map be adiscenttoportippe 23 with viaespatent aseasifce | i es
in the form of 3‘9? ﬁg&?@ emoaiﬁféﬂtr &Hﬁ'é:&esem invention provides a solution to this

. Pé?’ / US96/ 09_888 problem. -

The technique of undercolor removal is known in printing and
photography (see for example “The Reproduction of Color in Photography,
Printing & Television”, Fountain Press, UK, Second Impression 1988). Instead of
printing or displaying dark areas of the image with a combination of the three

20 traditional colors Cyan, Magenta-and Yellow, using undercolor removal the black
component of the color is provided separately, e.g. by using separate black toners
or inks. In accordance with the present embodiment of the invention this technique
is used in a novel way. When preparing the data for display, the computer graphics
program of computer 13 of Fig. 2 carries out undercolor removal in the normal

25  way, however, the apparent dark color of the transparent areas 6 is taken into
account in the undercolor removal. For example, if 50% of the image area is
provided by transparent areas 6, a color with a black component of 50 + X % will
be displayed with only a black component of X%. The color displayed is the true
color as the remaining S0% black is provided by the transparent areas 6 which

30  appear black. For a color with less than 50% black, no black is displayed. This

results in some darkening of the color with respect to the original but the total
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with nmethod 3, transparency data is stored in the same way as dot matrices

are stored, except instead of a dot representing a colored dot in the

final display the dot represents a transparent area 6. Al the

t echni ques ofwyefshsgy 0OCessi ng and graphics sof t war e carpclrasssxdssscat ed

In the inverse: instead of colored dots on a white 5 background the data
represents a tra | . For

i nstance, the da ss?h ?ev tgfr}teﬁé{lﬁgs%hﬁ {t&eenﬂ%r Jé Hygf

such as "1" is sttmnmdge \mtlthﬁl\eﬂrmutrarspasmareahartaehgn cmhredhreamfﬂréémaga:

pr edet er m ned rra f trans arent a s 6 as,shown schematic

P o "non i nvihich do bt Rave the uBsercar areat & 45 8 RS VPG B1EES WEAREA Z19¢ 1 ho
transparency | ay g, 1') are IBRw\f&H vﬁﬁmraﬁ&ﬁondl blaél@ in St AR ddriilorddivn OWith the ?
transparent areas 6 shown in . Simlar Iﬂerytransparenc graphic

Fi
progr-ams can Be example givenabave lgeselgngnlyhmarla askegpmpgnent.his Tomponent ai ght

[ines or shapes gutrbGeiR"Gicdly aCSARN bl STEBEPin o b G Gudfile | e

of transparen are s
Met hod 4 i s a nodreas 6.nipans otbheriaiageehthoumrankpamht trba&slthissamé todorimyd0%2 i s

15 ncl uded in er.s. Thes | houette | ayer
may ! ugenelrapﬁﬁgﬁgeaﬁgﬁt?éaatﬁfgwﬁ’?sdww ?“ RESot co: or, uin g

particular, white. It R(K‘ic%é;ﬂ&l that with m&tmmt@&mr&m%ﬁ&ﬂy W th
t he transparency data in each t he | ayers.

Met hod 5 is d0nodhedisplayidsmicos mbnamlzwsnlm%wepﬂ&r m pithe sithouettglayer2 j s
20 included in adfy i4Qq415 Jgss.@@ﬁnfbtag%céfore Tﬁkedu%t+ Lrﬁ{\‘u?a phryer 2

may _ generally be included as a ot co n preparrng
t he sil houette | ajieuette layer 2Zah ruottdﬂpmdtmyd (etg”rby mkmdstdfrpdat:r(ganghodﬁ) P) may
be used as descrih

Met hod 6 i-s a nodYf dE%ﬂ ?Qf‘ﬁ'%?‘%ﬁ’ Hraala)gdqu:eMT t?ﬁf‘“é’ﬁ’é’i“étdr pLigally; Whe display, ; o

25 included in addcéma&atdaﬂt EstorCitéifesuit oﬂ/tfg,ﬂtaas&tamgmamsb*nhﬂueaﬁoee&ayer 2
generally i ncluded as a_li ht col ored spot color. In preparing

th)é si | houet tlé r@srz'sthat a“ﬂqusvrorﬂ?fsqnpav deyipg3 Emeﬁetkﬁsagaf(cemgmwﬂ) may

be used as descr iyRSgtedel inldhBok¥{ dark &fth ¢ &¥SiayRd on display d 3
Met hod 7 is a nodifi gaet |13n tg f ] emn;, % th@ lfents(t)aeysgfaydrevslcpel aI;

device 4 is incl aisegompensaied fqrdmun@rm cbrrp@tom orefyihisas nmrpspﬁhbigr bytevi ce 3 and

]E B? t .her Clvsh{lKl hou%ctl‘gasang\(heerbla%k c;mgnt o‘?ﬁé?y“&& SRR m’l&éf 3 Uhitk rh@s G(s:ge theggl uded as

where there are transparent areas 6.

20 A further method of compensating for the darkening effect of the
transparent areas 6, is to partly metallize these areas. This has the effect of reducing
transmission but provides a gain in reflected white light from the image 3. To
achieve metallization, the whole area of the substrate may be partly metallized using
techniques known for two way mirrors.

25 A direct or simultaneous display device 15 in accordance with the present
invention is a display device which displays at least the image directly from the
electrical output of the computer 13 and combines this with the silhouette pattern 2
so that the transparent areas 6 of the sithouette layer 2 are in registry with the
transparent araas of the image. Such a direct display device 15 in accordance with a

30 second embodiment of the present invention is shown schematically in Fig. 6. A

conventional LCD display 24 is addressed by an addressing unit 28 which is
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PCT/ US96/ 09888 CW | ayers. These contain the transparency data in
registry with the transparency data in all of the other |ayers.

Method 8 is \gg gyagi'cation of nmethod 4 in which the inmage Gicdi

device 4 is included in addition to the first inage of display device 3 and

the 5 sil houette layer 2. In prep rlng t he ajecond i mage 4 for display
the same met hodgonnectedtq @egomper*p)'%'ﬁ GRonyEign évaaé&rhywenwﬁcaklﬁénwa or

CWY | ayers of tR@ndecfo? 9. The LCD Wzigmay form part of a windd¥et B&fhdiné £CH

modi fication of method 6 in which the image of display device 4 is

i ncl uded i n addiafiap R4 islaceda backdight errglectar 2én§p¢ld3aseénhtcseu@eaﬁgonm@edo

si |l houette | aye splay, the sanme -
Tet hods o § sulBigHoSR0Laph (hAnSGHHY abERRTcdhkétfe £1. 200V o

| ayers ofthe 5f| rst The bacininglnﬁproduces illumination in tEe)ﬁmNbfhnﬂs squafes, t he i mage °
is output to a dis vice 14 whi corda,nlce wth the

present inventi cﬁ‘fc'%?rﬁ igilar gh ’(?F?@E?“‘Yfﬁgﬁlafﬂ?s 8%‘\'7?“&%"?1‘ metesial pgh astors LoD or

LED di splay, an préfics aelsilbduetis hﬁﬁnﬂ?!& BwhGs 12, 1.%n éka PreQI?Tsudﬂra'H%lk-ng devi ce -
20, 21. The net hod of di sgl ayi ngkthe dat a_depends upon the
net hod of st ori fightZiis shown schematically in Fig. 7. The back-light 2f gemsisis of 2 sgries of.  As

t hese net hods h ayers
of the CMYK or  Qiea BPerk 53 RGN lod g abfaberkd vy banspdi el | ich
convent i onall0di sydyche adeanspesnt patevialcach sstpticallyaieadacsylicaysin. The bpmnéﬁbems '
| ayers for the

i ncl ude a separ ?@rt o ?ﬁif%’rﬁ’;&%ﬁ?ycqﬂ“meﬂ‘@ light from %%d’ég's?ﬂﬁxl;g apd §'ﬂ1t ay

devi ces accor di nBe light il EdiRFiBREdvay ARgthei? TengfBin & AIFBctidN peripkstBcular to the
plane of the back-light 25 towards the LCD display 24. This may be done by

9

introducing an irregularity 32 called an optical element such as a slit, on the surface
15  of each fiber 30 away remote from the LCD display 24. Such optical fibers 30
* including optical elements 32 for producing a distributed series of cones of light are
described in the article entitled “Control of light output from plastic optical fiber -
with optical elements” by Mary Poppendieck and David Brown, published at the
International Congress and Exposition of the Engineering Society for Advancing
20  Mobility Land Sea Air and Space, February 26-29 1996.
When the optical elements 32 are arranged on the side of each optical fiber
30 which is remote from the LCD display 24 then the individual cones of light are
reflected towards the LCD display 24 such as to illuminate parts, e.g. strips or
rectangles of the LCD display 24. As explained in the above mentioned anticle, the’
25  spacing of optical elements 32 along the fiber 30 may be arranged so that the
spacing of the elements 32 is closer together or intrude deeper into the fiber
dependent upon the distance from the light source 26. In this way, a uniform
extraction of light along the length of the fiber 30 may be achieved.
Further descriptions of how to produce a back light from optical fibers are
30 givenin U.S. Pat. Nos. 5,226,105, 4,907,132; 4,885,663; 4,845,596; 4,519,017,
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25 graphics software it .may be possible to specify a transparent spot

color or to specify a spot color of any desired color but nodify the
di spl ay device so that it displays this spot color as transparent. In
accordance W o dhpsappl i cation, devices capable of pperessiovesdat a

according to nethods 2,3,5,6,7,9 are called transparency |ayer

dopl oy dexi oes. 0 oThB 85T, F0 s aos D bRt SEREERAES, 30

that side is highhertin®ytéferenRar ent areas 6 appear dark,
- 15- WO 97/ 47481 |
PCT/ US96/ 09888 nofhedkGR) display. 34 is drivernly the sepaputer I3eviarrableand sernedtos np| v

provided with tragg E’:?deaf'essmgeunnaz'seﬁﬁhﬁ o\?ﬂy%ﬁ&ééﬁnqﬂiﬁ@l{sia?@éﬂ Bf'Lé sgﬁr%' ors.

of the image, this Inmage appears uni'f arker t an t gi nal .
This is parti chl awhichactillureinitedbythe opticabfibkrs 30 ayaddreswtimth daaafmenmgcliiaced
adj acent to the sang trans aren

This can occur wh8h P%FHQFQQF%W%E?FEP@%‘%&%E%@@é" ?‘iﬁ’g" &?'B‘Tth%\d ggﬁ?cl e

and the graphi cF:)s ﬁﬁlﬁ/z.lWﬂa\mehﬁns*phe?lmaﬁﬁcsﬁa?lmwlfifﬁluﬂgdd&ctiﬂimd n-
Fig. 5 rior Art a .phot ocopy o apoto p of a trainin
whi ch | arge whi te"a"sPa'ez“I%fﬁs&ﬁhﬁéa'ﬁﬁd%%“%mﬂﬁmﬁ‘ga‘ﬂv ofeflisplaygBorof t he

train. The white {Bfh& | tua%uﬁﬁgﬁﬁﬁﬁm?me jma ethﬁm%yV&bﬁbnsmﬁe &fel in

covered with conventional p m w ndow 10 graphi cs gray
appear ance of 19 helhmnmoweai?eéﬂ!eﬁﬂ!elmnmmaﬂc@cﬁmwmtllomced It hasm&madt ar eas
o he o, oL el BB SR e P U ARIES A,
full color wouumthaﬁammremgm mlyerbﬂgadmm&nt intdistgrtion bfhése23

with transparent areas f ol odj nment f t he present
i nvention provi dedress %Fﬁ{heéﬁa!leds P‘ﬂ\“g"'itegm’ °§'Fb‘g§ ms, o.g. Rlters.

The under color removal mentioned above is carried out allowing for the
I5  percentage of transparent areas 6 in the image 3.4 to be displayed. In the areas of
the LCD display 24 which are opposite the transparent areas 31 of back-light 25,
the computer 13 outputs the relevant data so that the LCD display 24 is transparent
in these areas. Thus the image 3.4 displayed on LCD display 24 consists of areas of
the image 3 or 4 illuminated by optical fibers 30 separated by transparent areas 31.
20  When viewed from the front of the LCD display 24, a full image 3 or 4 may be seen
separated by the transparent areas 6 which appear dark when the general
illumination on the back-side of the LCD display 24 is lower than the general
illumination on the front side of the LCD display 24. On the other hand, when
viewed from the back of the LCD display 24, the display device 25 has transparent
25 areas 31 separated by opaque areas provided by the back of the optical fibers 30.
In accordance with a modification of the second embodiment the back-
light 25 may be provided by a series of LED units 33 separated by transparent areas
34 as shown in Fig. 8 schematically. The LED elements 33 may be formed in lines
or squares or circles or in similar shapes and are arranged so that the light emitted
30 from the LED elements 33 is projected towards the LCD display 24. Thus the LED
elements 33 illuminate those parts of LCD display 24 which contain image data fed
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The techni que of undercolor renoval is known in printing and
phot ogr aphy (see for exanple "The Reproduction of Col or in Photography,
Printing & Tel evision", Fountain Press, UK Second Inpression 1988).

| nst ead of nti ng or displaying dark areas of the igrafolbdsis @
conbi nati on oF zhe hree 20 traditional colors Cyan, Magenta and Yel |l ow,
usi ng undercol or renoval the bl ack conponent of the color is provided

separately, e.g.tothel{P HGP‘SE%Y'&P@"‘GF‘&ER"*"GH‘@@Q and addressipg ppjk 28 frpgy the
d th
accordance wi CBF'&J%{/ £5 Rk ded A ﬁigﬂﬁ% tﬁ] o"rgﬁ% ?gfgv‘cﬁ}s ?ﬁbﬁeﬁﬁ?&g pue

I's used in a nove . VWen preparing pl ay, the conputer
gr aphi cs pheokb€ Brdnspfay @4 mﬂuxheare ib3egistryFwith tiR tcansparens amsas 34.0fdbe bagkor
renoval in the an% ﬁ/a however, the apparent dark color of the
transparent ared¥® %“’?’3% 18 %t o account in the undercol or renoval .

For exanpl e, sif 50% ofAleh@tivelp tife disphad desice 14 in accdrdanie AitH althird éntidginiene Nt

areas 6, a color with a black conponent of 50 + X %w || be

di spl ayed wi t h &ArRe RIessPLBYentieHmaY b an iBdirerbprinting deveeols- 1. spl ayed is the
true color as @m AR nspar ent
areas 6 which 30 aptggg‘g?& acrE#‘ngd adg%) l‘da\},nméet\ﬁﬁlf%hgf‘eg %lﬁiick no

bl ack is displ a;;euit'mg‘ tmethod with whichgbere issequential celothat kmsfengf mdlvtdhd coloror Wi t h
respect to the Orlgltlgél but .t he
qa

fromi rteﬁéae' c %97947@‘1 suhstrat :
PCT/ US96/ 09888 5P agey frpm intprmepiate imags carriers {o the prking subsipte; onces in
hue between jo ghlfypgﬁllﬁﬂﬁi'e@ﬁﬁas sa}‘ofcoigr-sdphetedni?egangkbhmmdowt h\%t h |
transparent areas t colore eas o the.l e I C 0 not
have 'I[D he trans de'@H{‘edéﬁ’%ﬁ’?gg sybstrgfes bb\"'é‘a}ﬂéfe\}d?‘?ﬂ)'ﬁ\}?f’ﬁ‘f'@gg'ﬁ? 18 jq-produce ¢

Fig. 3) are pr OWheiﬁﬁhm.md btwomémte}n%atstemia@e@;ubﬁf&esqﬁq O)St‘éhﬁlfedadd' tion.

Wth the 5 exanpl e" gi ven above, if a color only has a 10% bl ack
conmponent, this feowtheremputer output; tbtarnemlwetanw-mmwsdmcaﬁ Bogsanbl e from -

thi s color 10 {NGaALERINAE dldiba B3 Silhole ihomraBhERPsdlesplonli 3 OF 1 Ne

i mage w t hout transpa areas bl ack
added so as 1% match tWith fefieranct oo lithograpliic pﬁmngnhgma;,ed substrates 17 may beld i s

acc ept ed that w ;[elt}esso maé)Jd p&)@esterrm}?ogrgﬁllc p ates SUI&E‘G Qorqlstﬁorgraﬂh{évp?{rﬁulaé) gn a

printing press 18. The lithographic substrates 17 may be generated directly from the

information from the computer 13 in a suitable imaging device 16. The set of
lithographic substrates 17 may be used to print sequentially all or part of the image

20 4, silhouette pattern 2 and image 3 of Fig. 1 in accordance with the present
invention. For instance, as shown schematically in Fig. 9, the image 4 may be a
pattern of black 42 on a transparent sheet 41 in registry with an light restricting
white silhouette pattern 43 onto which is printed in registry a full 4-color image 44-
47 leaving transparent areas 48. Data preparation may be performed by any of the:

25 methods 7 to 9 above. Thus, a total of 6 plates 17 may be necessary : black, white,
cyan, magenta, yellow and black. An individual plate 17 may be used several times
for each color in order to obtain sufficient depth of color or opacity of the printed
layer 42-47 . Where a dark tinted transparent sheet 41 is used it may be possible to
omit the first black layers and use only five color layers: white, cyan, magenta,

30 yellow and optionally black. Data preparation may then be made in accordance

with any of the methods 4 to 6 above. In order to obtain good registration between
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10 the display device 4 may be partly visible fromthe other side of the

sil houette | ayer 2, i.e. viewed fromthe side of display device 3.
This may be due to the fact that the sil houette layer 2 can not be
produced (e. Jiﬁ ki nds of printing nethods) Wi t pogrsbsapaci ty
that the disp ay eV|ce4|stotaIIy|soIated optlcally When di spl ay

device 4 has a d rk col or result Q n t, nof ppaque
si | houette 15 yarigus '§"?&ﬁ%¥§“°a9PPS“?F% Eo G !b're UPé'fﬂe‘é§ 5?%3 bed e

darker. 1In accor HPE-FendinkEuropean pdtéif apfIRARINEP 95108740 filedBY Mg 4k e995ng  Of
t he i mage di spl ayed on display device 3 is also conpensated for by

under col or cor r e Mhichyis ingerpprated herein by rafsrengryssi bl e, i ncreasing the

2 e o e ol g i A 5

where there are transpa
conpensat i ng Sor datacthe finklrintsd9 afef produced int printers 18 in the consgional twagoe@leat, i s

to partly rretalli e ese ar e effec reducin

transni ssi on but 'ﬁ?%@ﬂagﬁma'ggﬁﬁ"ﬁe#%pa@&"@ dipnts tflﬂ?egq‘i?se'l“ 'BYFP&% i mge 3.
To - achi eve iivRivirg prinfihd &8 confbenableaiue ta iR oAforrhdbie Ratlré bf e Sub¥uted e
partly netallized using techni ques known for two way mrrors. 25

A direct or si WIW%%W the egnformable o V&bY?’rFoa@@demﬂ@@J%S@ffﬁcpﬁémsresent
invention is a diggplay device which displays at |east the inage directly
fromthe electrical output of the conputer 13 and conbines this with
the sil houet t1@ patt er nAf alternate samesideaf colbelayers42pZmanbe printedsasGhownt he

o nouelie | Yer B o683 e ok s 2 b PR 35 01
embodi ment of t heoloF primed isithetsadkilgjer 43 ASHPpPRed26 BaiRdovEsUbktyaté, lirafép@renb. A
conventional LCD display 24 i< addresced by an addressing unil 26 which is
PCT/ US96/ 09888  ,dhesive layer 50 may be applied optionally to the printed side of sheeting 40 in
15 order to secure the sheeting 40 to a window or similar. Adhesive layer S0 may be
any of the adhesives mentioned below with reference to overlaminates. It is
preferred if the transparent substrate 41 of Figs 9 and 10 is the optically clear vinyl
sheeting in accordance with the eleventh embodiment of the present invention. It is
also preferred if the adhesive layer 50 is optically clear, preferably an acfylic
20  pressure sensitive adhesive.
Although it is preferable to use a pressure-sensitive adhesive, any adhesive
that is particularly suited to the particular substrate selected and end-use application
can be used on the sheeting 41. Such adhestves are those known in the art any may
include adhesives that are aggressively tacky adhesives, pressure sensitive
25  adhesives, repositionable and/or positionable adhesives, hot melt adhesives and the
like. Pressure sensitive adhesives are generally described in Satas, Ed., Handbook of
Pressure Sensitive Adhesives 2nd Ed. (Von Nostrand Reinhold 1989), the
.disclosure of which is incorporated by reference. |
Also, as indicated in Fig. 10, any errors in registration between the printed
30 layers 42-47 may be compensated for by making the transparent areas 48 in the

silhouette pattern, i.e. the white layer 43, slightly smaller than in the colored layers
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connected to the conputer 13 in the conventional way e.g. by neans of cable
and connector 29. The LCD array 24 may formpart of a wi ndow. Behi nd
the LCD array 24 is placed a back-light or reflector 25 which has a

| i ght sourc 89w nected to a suitable power supply pchnise ) by
cabl e and connéec 27. 5 The back i ght 25 produces 11l um nation
in the form of strlps sqguar es, | es or simlar shapes separated

by areas of traf8 Ha‘?'érﬁmﬁ'ﬁibfeﬁhf' HPSpRFEnt "é%ast“é in the black, Jayef {2dmavhe r83denouet t e
pattern 2 as Sh@lrgihny gmﬁlegthahiheﬁ%??)ﬁg%@ vmtﬁ;f#gngl Cogﬁﬁgmeans light 25 is

shown schemati ca sists of a series of
optical fibers amsspgzsumw thii colaredlayersiwill wten@'emnméhh toansparent sread8nt

eat 31 M Yl AP LR BB,
gi stri gut edtﬂe knalgdphrehfﬁaastds:i)fblaghhtayamrge 26 and emt iy Ithe Ilgﬂt ina’
i stributed way along_their length in i i on perpendi gular 1o the

pl ane of the back- ||gﬁf‘°@§f?m€m@%§'€i’é’cﬁ ﬂ'ﬁf‘%@) é s%é“done by
i ntroducing an igk&Oprnting HW&%SC?H &ﬂplﬁ'frdﬁpédrﬁ]ﬁheﬁqugﬁ fed46 n i’tﬁoﬁaﬁé it, on

the surface 15 of each fiber 30 away renote fromthe LCD display 24. Such
optical fibers 38¢een produdingdevide h@amkhm to:d skitled tpersginfsoreepprintngi ng a

enti 11 ed ~ Cont r Sfehafbssy SR aimmet #7)s shbdiond by seal AT anfRfy bflnd SSoAME,
optical el enent shednpeehhrmdaappmdmmtkcrandsrﬁangdcﬁi@m publ i shed at the

| nt ernati onal Congres osition qf .the En | ne ety for
Advancing 20  Mobil i Rﬂ'{‘éf sa ‘é“&‘%&FP’"&d‘bd'%‘dHB‘" ‘3 thsg 1006,

Wien the opti calintginfRaRi ifaged sabﬁra?ersrwraaeq@icﬂéu mq,rﬁhﬁ@d@iceqs%hseqaédceal fiber
30 which is renote fromthe LCD display . hen 't he 1 ndi vi dual cones of

i ght are ap¢ theduaintenanes pfreaact rmt@w mtwmrape verioyg layera of maged 3 uni nat e
parts, e.g. StriB§4Qh4 sitho Pette{ &&Eﬁ%fﬁg Yfis biffeult 6P te?lbﬁ&ltﬂ% ‘[?o‘:'i exp' ai ned

in the above nentioned ar spaci ng optlca Ments 32
al ong the fillser p&&:fmyndbad;wtmang&dn&mptmmenmy be obtampabymugg mﬁxltdwor

elements 32 is Ioser to he ru

dependent upon ?‘fé Bfint§T, ﬂ"ctb's 5836? ﬂ@"?‘fﬁﬁf 1&5&&%"5 ‘t e Hfoé’"{fgw the

uni form : exmmtsemnc@i‘dud:ﬁve dfund v3editd gt bibs@itss of by BRadsi dfelie 30 nay be
achi eved. urt her descriptions of how to produce a back
|ight from opti @&Fa‘?'%gf'é’“%[r‘@ theeharged glgﬁrqsﬁmgagas pithe dga Providing sixos -
4,907,132, 4, 88368 drunts rédurires & Specihl printeritich is expensive, or in the alternative, using

20  the same drum six times may make exact registration difficult. The AGFA
Chromapress™ electrostatic printing system supplied by AGFA-Gevaert NV,
Mortsel, Belgium, may be an indirect printer in accordance with the present -
invention. The system includes 8 electrostatic printer drums arranged as a series of
four drums on each side of the substrate to be printed. The printing drums are

25  controlled by a computer graphics system suitable for producing the modified
images in accordance with the present invention. This system is designed for
printing onto paper but could be modified to print onto clear films, especially
optically clear polyester films of the type known for overhead transparencies.

It is preferred in accordance with fourth to sixteenth embodiments of the

30  method of the present invention if the display device 14 is a direct printing device

20. In accordance with the present invention a direct printing device is capable of
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WO 97/ 47481

PCT/ US96/ 09888 4,234,907; 5,432,876; 5,187,765; and 5, 005,931; all

of which are incorporated herein by reference. The LCD
di spl ay 24 i sweyosMtegr by the conputer 13 via cable and conneckcEnusss/098ss 29
and addressing unit 28 so that only those liquid crystal cells of LCD
display 24 5 |

addr essed with d\g{éggﬂf cﬁ“ cbﬂol'a'ﬂmd?gtfﬁpc&gr Jngfe 8&?:“@ aglriglf@#ﬁr}tﬁg s@sggteen i
application pr epaﬂxecbnnnn@maraﬂama)ebmht Iﬁnxlmhhtad aﬂlchroran intermediateGubstratéhen t he

t t f f the introduct f th
L1 anspar ent ar cadike ¢ S RtnnamaELS ofF tieh fogs pE LR %a#%ﬁ’e"dispfay.

For i nst anqﬁmﬁmt@ma@w sub@fales’ 17 Whiéomnusdt BE usedms &qﬁ@nc% iPordersta! pri

device is first prepared in 10 the conputer 13. Then e transparent ar eas
6 are i ntroduded.a substrates 1 Dwarprinter A8 A direct pripting deyige 20 in Acegrigncemith thehe

Ly ansparent ar easpbiffyehiiihls 8o Bbrich ekl Rl 1R L uer 13 nto T 00UCT N0
t he transparent areas at an earlier stage resu stortion of these
areas, when the |cmkgemageMupnmmmyS|oglhauerMegatersubm;eueecgforf| lters.

The under col or reno ntioned aho Is_carrie al | ow for. the 15
per cent age of trd nﬁ‘a‘f’@ﬁ% ¢ Rfe "'taﬁé prﬂﬁgg%otﬂacfﬁbg&aapgpqhgm g h the
areas of t haD dhbivn détetaically th Fgiocdr 1@ e opposite the transparent areas
31 of back-1ight 25, t he conputer 13 outﬁluts the rel evant data so

that the LCD spl ay 2Aurkdirechprining methods may inclyde hutsse potdimited 1 ink-iehe | nage
3,4 displayed on A4S & 3 or 4
i1lum nated by opt | caﬁé ?‘%ﬁ%e& %gﬂgftatee@hbﬁaﬁ r angécarr'celn g%%gsmﬁg‘e

When viewed fr om tramsfef mglndmgisulﬂlhntmm roass meayalznnsfa' drwlelctrosmy@rB or 4 may -

be seen ar at t.he.tran are t are S C ear ark when
he coneral & Bblogipti O PeRES dh s SoffiRes Wil ine BedBR Tllenddh s, 'S ™
| ower than the gecllfebﬁ{bnntmg, method lnlaymsab& rmranoitktﬁ: thanefe# msarhdekmcfwrme LCD

di splay 24. On the other Ma ewed fromthe back of e LCD
di splay 24, the dScopthRpngd \ﬁ'e%roz&’ Graeh'er%ﬁgeﬁavemﬂvf@m Mignssnta &r&mgse at ed
by opaque areas Mﬂf%&l@%&ﬁ}ﬁﬂ?ﬁ%réﬁ arf éi@ctr%ﬁﬁﬁ@ﬂ{agé istfﬁit%reagd on special i

| n accordance with a nodi ation of the second enbodi ment the back-
li ght 25 may be peleptiostatic papepanddhends transfarred im single operatiqnee atteagispsgent

transparent ar eassubftrate 21 %e %Fstrt?&%%etmef 1hd Sc&cmmgro%gésr bt aﬂbgp

el enments 33 may b squar es es or
simlar shapes andmdahemdtmpgmdlgmthdda’sudhm sd:regi‘ﬁnnang bt lithographic pnntmg is

20 that the transfer of the image is carried out with 2 single substrate and is in full color
whereas the indirect printing methods make use of a set of color separated imaged
substrates 17 in order to generate a full color image. The registration of
electrostatic printing may be considerably better than that of an indirect printer
method, independent of whether the transfer process is used.

25 An example of a printing process used in the present invention comprises
feeding the material 41 in either sheet form or dispensed from a roli into a printer,
printing a desired color image and silhouette pattern 42-47 in accordance with the
present invention, retrieving the image from the printer and, optionally,
overlaminating the image with a film 50 to protect the receptor coatings and image

30 from water, scratching and other potential sources of damage to the image, and
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30 fromthe LED elenents 33 is projected towards the LCD display 24. Thus

the LED elements 33 illumnate those parts of LCD display 24 which
contain image data fed -19-
WO 97/ 47481 wa o147481 _ _ PCT/US96/09888

PCT/ US96/ 098‘% to the LCD display 24 via connector and cable 29 and
addressing unit 28 fromthe .conpyter, 13, The data output fromthe
conput er 13 pr odiAdEMPYng,the selease hwggﬁaﬁ{qnngthepqqﬁt’éi Mags @ HANSRATYU \which are
in registry wthR,gstigtelbdn ent areas 34 of the back- i ght 25 shown
in Fig. 8. 5 AlTernatively, the display device 14 in

accordance with a thi jds GrRadh iR direct printhg Mol hESEIYd 16V REAIrRbARK e an
i ndirect printing devi cse 16-19. 1rect prifting An i'ndirect %rirnt inng devi ce

i n accordance wiekémpléef gnoddegal registrativni pointingsis that producedrbiyratconygntienshbigh wi t h

whi ch there i.s se ngi.al _cql orant transt.er of i ndiyj or -
separated i nﬁge&ugﬁgfﬂtkfj%t B?'ﬁ@rd‘f' @@Epr?"ﬁgﬁgiig‘g ‘r%lcaelr é%f §f@H§&B$ﬁjﬁﬁ’r¥§ry
substrate. 10  highajuality ragsistfation canti¢iobtained lotally &f the edcetosmpdiiial Aclvery . €.
single primary c¢olor, .. . internediate irrﬁ_ge substrat_eﬁ1 17 which are used
in printing devi definitign is,reawired around each swal} {rapsparpptiargadn the image, 8epd The
internedi ate | MagQfreaisaidnihd e hiviteisUil Soifle distortion df AiE dolPlesaimapd er
output data in the internediate i maging device 16. Such an_ I ndi rect
printing met hod aveslopgdistgnces maypbe tolerated £ the lether bandselectioptatic printers have1 5

Wth referenge t i i WL { ' A 7 may be a
series of | gga)ge sﬁ%r‘cé%@?,é\?e?{' ic?%%e?%%héﬂgee& Jalﬁueéﬁa%ga?%oggﬁ)gﬂ %?l% llo hogr aphi c
printing on a printingisinot ¢andedue aslotdlly ad ink jétiprintees; eyenivdthssingidpasd es 17 may
be generated direcf]y fromthe i nformati on fromthe conputer 13 in a
sui tabl e i magi ng"¥e¥Fte 16. The set of li t hographi c substrates 17 may
be used to print sequefdny@dckors Aay afféct BddcaPlegisRionBRPANA. Ink Jet prinfeouet t e

fint
pattern 2 and image 3 of Fig. | 1n accordance with tge present
move the substrate a distance of 2- 3 mm between colors, whereas a single pass

15  electrostatic printer moves the substrate between 100 and 150 mm and a thermal
trénsfer printer such as the Summagraphics Summachrome™ Imaging system prints
the whole area before changing color. Tests have indicated that the amount of
movement between color changes is not a reliable guide to the degree of local
registration.

20 Printers are often characterized by “dots per inch” or DPL. Tests have
indicated that DPI is a better guide but not an infallible one for the choice of printer
in accordance with the present invention as can be seen from Table ! below.

Warp or distortion or thermal expansion/contraction of the substrate 21 or
of intermediate substrates 17 may also affect or reduce the theoretical level of local

25  registration.

It has been determined that the degree of local registration can be
determined practically by printing a special test image which includes a special full
color image with a regular array of transparent circles of different diameters in the
image. When the diameter of a transparent area drops below a certain value, the

30 errors in printing registration are such that individual transparent areas are reduced

significantly in diameter.
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I nvention. For instance, as shown schematically in Fig. 9, the imge 4 may

be a pattern of black 42 on a transparent sheet 41 in registry with
an light restricting white silhouette pattern 43 onto which is
printed in regovymiuse full 4-col or inmage 44- 47 | eavi reCTIUS26/69888 ent

areas 48. Data preparation nmay be perforned by any of the 25 met hods 7 to

9 above. Thus, a total 7 : I.te,

cyan, magenta, yellow gﬁésfgﬁ‘@!ﬁ;ﬁ&ﬁéﬁ 'ﬁ%‘i@@a&%@@“ﬁ"%ﬁs %@gd sever al
times f or gaintedant edchilayepbehty printedody 1 00% celof.fEach tagér inkhgdek thefpattemor or
opacity of the printed . layer 42-47. \Were a dark tinted transparent
sheet 41 is used ‘?ft"amreﬂbc'ﬁﬁé"f‘ﬁldé“f?’“g diametgy in Fegjstratiqn v e"BTya‘El‘Ee'I ayers

and use only fiVveQagp! A an U, laydhd dfine CHIGH blabR WNRE Anagdhta, yellSl] Gdh air
optional |y black. Data preparation nmay then be made in accordance

with any of t hé nedlaskase printes & 10¢%6velor intensitysequentialiyp each faygoineluding therarray | on

8‘;; ‘Al‘gig 1 of transparent circles. As the colors are at 100%, any missregiﬁﬂiion will be eawa
PCT/ US96/ 09888  visible ashe vespeotive cdlorn enopaching intothédtranspdresst ateds andveyucingy be
produced by a net Ead descri bed I n co-pendi ng European patent

appl i cation EP 9FPEIEHAWELTSt i | od on May 4, 1995 whi ch is incorporated

herein by reference. Inaccordance with :hégre@ém B?;ﬂiéﬁicﬁ {he"icedl rédiftration masedi at e
| maged substrates 17 fromthe inmge data, the final prints 19 are

produced in pHi nt@RD) afghe printmg methedéprinteninapivers js defined asbe transparertiareas . The
printing filnms us : | ' |

i nvol ving printi n(ggg%tgngg{n gﬁ‘?f@%}ﬁgpgﬁe oaf%gﬁg%ﬁ%wn@@hrqg%?gﬁ%@nt he
substrates medsan thepriared imdge hapretiucedud 5% afl ite ntended digmetexinmbyct i ng one
maj or surface of er.nat e ,sequence

.he. . qubstrate. 10 An al,
of color layers 4‘52["&‘70"?1*3?"'58 VB‘P’Fsrﬂ' %E‘Vgé'“gﬁg\ﬁﬂ for some copymersigl ppnters) AFyal;
10. The order of JaiRs bANRI Gephrd bDthé dcdufacy OF SktiRtipaheipridi@ and of calibration. It
Cas ~ is advantageous if the printer in accordance with the present invention has a local
registration index (LRI) better than (i.e. less than) 1.0 mm and preferably less than

0.6 mm and more preferably about 0.3 mm when printing 4 or more colors.

Table 1 |

20
Printer Type LRI | print DPI
(mm) | quality
Encad Novajet Thermal Ink jet 0.6 excellent | 360
SummaChrome™, Thermat transfer ~0.4* | excellent | 406
Summagraphics Corp.
DesignJet™ HP750C | Thermal Ink jet ~0.4* | excellent | 360
Hewlet Packard Corp.
Xerox 8954 Electrostatic 0.7 good 200
multipass
3M ScotchPrint™ 9512 | Electrostatic, one { 0.6 good 400
S8
Raster Graphics Inc. Electrostatic, 1.0 good 200
DCS 5400 multi-pass

* The quality of printing was very good that it was difficult to determine the limit

due to extraneous effects probably introduced by the graphics software.
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color printed is the black |ayer 42. As applied to a w ndow substrate,

t ranspar ent substrate 41 may now formthe outer |ayer or overlam nate
of the sheeting 40. An adhesive | ayer 50 may be applied optionally to
the printed g,9geab) sheeting 40 in 15  order to secure thgcghRfRGéesass 40 to
a w ndow or simlar. Adhesive |layer 50 may be any of the adhesives
mentioned below with reference to overlamnates. It is preferred if
the transparent substrate 41 of Figs 9 and 10 is the optically clear vinyl

sheeting in accor dancée?grilg, ng%}yﬁh&i@?&h}i b TR0 dTRR light redtfiQing liBMSBlored

. : . t \ :
I nvention. It is referre f the adhesive layer 50 is optically

cl ear, pref er abloy white lyengrimetallis silvesy oxgald dayeewbich faces the display device 3

Al t hough it is S - i . A
adhesi ve BREDFUE Blshat ot Gt L S RHCEGRIE witnfie BRCIVGNpR s,
sglheC_t ed andsenﬁgmaesl:ﬁahbiﬁgmtdoﬁmd layer2mrbelpﬁnuﬁeﬁingﬁgl'ltthgloﬁddgﬁlvbﬂg 41. hSuch )
adhesi ves are those.known I.n the art any ma .. 1In e a sives that
are aggr essi vel )F‘ef"jw %é& Qrdgner HF%Q%? an é@r?é’ﬁ“f'i‘&@e'g‘g‘&l“s‘gdﬁ g spot
reposi L onabl e 3ad ApriBFid MORMIAAHES HokiRhat MR aefiBlilea BRARYCS and Lhe

| i ke. Pressure sensitive adheSives are fq;nerally described In Satas, Ed.,
Handbook of trangmission opticaldersity (TQDNotas ddastelsO, Dneferably of atdeasth\d 91 moned
Rei nhol d 1989), | ' L Seal N e ref erence.
A so, as i ndi eaPeaiably pf2s g fod gl of S0tk shchel ¢ AN pied
printed 30 10l axemputéPgraphicsusingeompurpelisiatacebrdante With trlprésgnttientioisspar ent

B B ' mogifedgp Sl B o rbted v ink Wit neor i S st 11 Ot
-21- VO Qélof.7 dfhdreas the transparent areas are “printed” as “no ink” areas. _
PCT/ US96/ 09888 44 to 47. Simlarly, the transparent areas 48 in the

bl ack layer 42 may be TRuRpare the data for ghe griphicsalesign. therimnge hé maybadrsis in the
white layer 43. [Byuddling stSrais computer 13 including data for a light restricting layer 43.

15 . Under-color removal in accordance with the invention may be carried out on the -
image data as described above. The image is normally stored as color separated
layers or planes of data for each primary printing color. Each of the planes
represents the data for one color, e.g. black, cyan, magenta or yellow or a spot
color. With conventional equipment, data preparation method 7 is used and the

20 following is created: a 100% black or dark colored plane of data representing layer
42 as the first image 4 within the graphics software. This may be created as a spot -
color layer. Next, a 100% white, silver or light colored plane of data representing
light colored layer 43 as the light restricting layer 2 is produced. Finally, the data for
layers 44-47 as the full color graphics image 3 is generated. The black and white

25  layers 42, 43 are preferably specified as spot colors. This results typically in
producing 6 sets or planes of data: one for the black layer 42, one for the white
layer 43 and four for layers 44-47 of magenta, yellow, cyan and black used for a
full-color print. However, the invention is not limited thereto. Where a good quality
process black may be produced, i.e. a black from a mixture of cyan, magenta and

30 yeliow, the final black layer 47 may be omitted. Where a tinted substrate is used the
first black or dark layer 42 may be omitted. One or more of the layers 42-47 may be
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m ssregi stration of the colored layers will not encroach into the

transparent area 48, simlarly mssregistration of the white | ayer 43
will also not encroach into the 5 transparent areas 48 of black |ayer
42. wo 97/47480€ i nternedi ate i maged substrates 17 nmayp@acsdecomss set
of screens for a screen printing device 18. The output from conputer

13 is then fed to_an automat,ic screen produci vice 16 as is known
to a skilled persaBﬁ'pﬁdr?‘é@F“ZﬂW%fr'f‘Wﬁ- Fgr tnstance, 'th&%ﬁ? &ggs. Wg’efsfq{ﬁ‘?asl %age 19
i's produced by saeti&fipRhestfidadairéifesehtingwhiayer 43 insortd 14 Gbtainhafficizheens 17
and conventional screen printing techniques. A maj or

di sadvant age wi t FPPRFIY; P Ehetfingkrigt.i ng net hods is that the i nternmedi ate

i mged substrates 17 ange h@aAdrifnigarent freas s Mal tlshérated ithid RRBURP TS

and the maintenance of exact registration between the various layers of
i mages 3 5 araod shedmagesdathwadifiedbypintroducing 2hetranspagent araas 48jintd each lof ther

N B e e e T

be obtained by u 'S case the
i nter fredi at e i mage¢hnijul.s Typidatip fok printing duvives 121 YEPSESeparation filkbared

sem -conductive druns used to print subst&fs{ es 19 by neans of the
attraction of torfopstiustedifrom thy modiied inaage including the transparenyarqas 48 and these

Providing siXx Or fies are cafth&niEhiddTB e didlirk témeMae imhging d&ic‘érlﬁ‘é@?ﬁﬁieif 20,

expensive, or in the alternative, using 20 the sane drumsix [inmes nay

make exact reldi stAltarnaivelyand preferably, thedntrdaption of the teamspanent aeeas; f&intq the

el ectrostatic prift, A | - . Mort sel ,

Bel gium nay be adr}ul t'%g)leﬁ)ég{eﬁggrfe‘é?% ioietﬂe g%c@%ﬁ?lﬁyg\n%{? cﬁw“ew?)?gg &nt

i nvention. The s)iatermediascimagding sibstrhtes 1 7 ospririting tpform ipeinted images 21 .rEhigied as a

series of f.our uns on each side of tae ubstrate.to be@pri_ﬂf ed. The
$2 Jpvi'i Ates

J
printing druns arkstaghievedgising dpta prenaiation msthg 8gPL ch sep Wbl e

for produci ng t hegs BRhf & the computel Pl Ghe Mayes Afth $ARESIuskd itd e CMeReNt
invention. This systemis desjigned f printi n% ont o tEaper but coul d.

or
be nodified t& pripysr dataned tesilliouetts kayer datayhep the qutput Gata figpy the gpmputen By
| yester fil Sty : i .
polyester films qof fhe tﬁgﬁr&gﬁwﬁfﬁs@yﬁfﬁggf the d rp@ﬁgg)&fs 42-47. 'I'h]!s

It is preferred in acco ce wt ourt S| xt eent ments of the
30 nethod of t Hesghressleantagenhat operating dn thé datel with lalgprithensi €@ to praparespriit r ect
i nLENG device s phangscal ARG R b Rl PDBE Rk, W SRR
-22- before small scale repetitive structures such as the transparent areas 48 are
20  introduced into the image data. Due to truncation errors, small scale repetitive
structures in digital data may suffer distortions when operated on by algorithms.
Such distortions may appear as rhythmic changes of size or shape or loss of part of
- the image.
To protect the printing, a transparent overlaminate 49 may be used which
25 s preferably optically clear. It is preferred if the overlaminate 49 is the optically
clear sheeting in accordance with the eleventh embodiment of the present invention.
In this application, overlaminate layer 49 refers to any clear material that
can be adhered to the surface of any existing coated or uncoated sheet material.
“Overlamination” refers to any process of achieving this adherence, particularly
30  without the entrapment of air bubbles, creases or other defects that might spoil the

appearance of the finished article or image.
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WD 97/ 47481

PCT/ US96/ 09888 deposition of colorants of a full color imge
directly to a single printing substrate. The printing substrate may
be the finakygéishfad article or an internediate substrate. pcrysesdosizce a
direct printing nmethod is one which does not nmake use of a set of

I nternmedi ate i maged sybstrates 17 which nust he used in sequence in order.
to print 5 a subst-rg‘i‘iﬁlielg"ﬁ“ﬁe%"cbsr‘?f_r?f“?feml%’.m'&_tydf‘?% S'Wq%ﬂ}yit devi ce 20
i n accordance WoléHalmiation of a tritisBAret iprotBORE chfl b kifecfléréin éferfédt¥ Qs an t he

signals fromthe conputer 13 into a full color inmage on a substrate

21 or a single Pwerlapinatg. Qverlapingtionhas thesfiufher gdvantage that thenmpgesafeng t he

i mge, e.g. a d ﬁﬁécit ' : gﬁg.% t

40 shown schema? I ca ?dyﬁ?'ﬁgglﬁtg‘."hg SBY 8‘%18%%%&%%13@“ %E@Haz'f@é%#gpri nting
nmet hods may § ncfinsleobetheradesiredgurfaderfinishdr tesign, and pretide a degred ofadesiréidng bubbl e
jet and spark jet, thermal and piezoelectric inpulse jetr, thermnal,

transfer incl udPﬁbcaiﬁ‘ﬂr%t-ﬁ‘?ﬁvg':‘%%E"Fﬂe@ﬁ‘éﬁyﬁ?&ﬁﬁgﬁt@?m& B’glaapﬁ'é?%lt ic or |
el ect r ophot ogr apRitéct Bie utideMaeriRhd ke flofh dltdions BFséfiditedt REnlighesent '

i nvention a direct printing nmethod may al so be the electrostatic
transfer net hod OkepERrees °§5""““9@0t%ﬂ?'!‘ﬁﬂ'f‘é‘r'&]h'ﬁxéﬁ'ﬂeo‘ﬁﬁsﬁﬂb@ HpHS patemsy st em
avai l able from Mgagageta M ning and Manuf act uri ng Conpany in which an
electrostatic inmage' is first created on speci al el ectrostati c paper

and then is jransferr, e | : tlgqm : e .

substrate 2]1.b The di sAt [ f]éﬁ@ﬁ%gﬁd\ﬁgé’gagﬁ CcO %ﬁﬁsﬁﬁ 'H%g@g]%ep@'tg %8s

descri bed above preferably anetlantivetedndilr ewansparenticologessor heaily coloclbssamatarial een
printing or lithQg LCc printing is 20 hat the transfer of. the jpmage is
a1 ed out i t A5a SRR eVelnBorit e ARnshuderiy pifsble aiparent psstic prieralc ¢ e
i ndirect printi bgariigldnashe sifdce ahl Ghesile. aTELIdhENiveThIR oveR@finge fer 4500€d
substrates 17 in order to generate a full color inage. The registration of

el ectrostatic picP¥dibRg hetrpeler e@ﬁéhﬂmabmhyﬂmrtwe%sq%aﬁemsﬂw adhestyp iTheiI r ect
o MO 15 TRATRE orVRIRGIBARIL It 4 b PR W GRS PSS L °
i nventi on conpr isudase texture. Pesfeiradgpvetiaminate layera #9 are desiguddiforexterhal graphiss m or
0 SPensed M Skl 1o Bl g o RSl BRI | o0
: Company as Scotchprint™ 8910 Exterior Protective Film, 8911 Exterior ' .
Protective Film, and 8912 Exterior Protective Film. However, other films are
20  available or could be fabricated and the invention is not limited to those
exemplified.
In the absence of the use of a clear, transparent overlaminate, a protective
clear coat of a vinyl/acrylic material may be applied, such as Product Nos. 3920,
8920, 9720, 66201, and 2120 protective coatings from the Commercial Graphics
25  Division of Minnesota Mining and Manufacturing Co. of St. Paul, USA to protect
the durable, imaged substrate. Such coating may be performed by some printers at
the end of the image printing process.
Pressure sensitive adhesives useful for layer 41 can be any conventional
pressure sensitive adhesive that adheres to both layer 41 and to the surface of the
30 item upon which the sheeiing 40 having the permanent, accurate image is destined

to be placed. Pressure sensitive adhesives are generally described in Satas, Ed.,
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present invention, retrieving the image fromthe printer and, optionally,
overlamnating the inmage with a film50 to protect the receptor coatings
and i nage 30 fromwater, scratching and other potential sources of danage

to the inmage, wiyWurast PCT/US96/09%88
WO 97/ 47481

PCT/ US96/ 09888 t.hen renmoy ng.the rel e | ner. .,and fixing the
printed i mage to_%&%—@gﬁw Perr et S enave ye ?@'%f%‘*’-_?g?%{xf%&."gkemﬁ?ﬂ _
I't is preferred ifogofiehsldiscdsshretTwhichiinbdporaced b vefrenct. [Pessalre sa@itive r at i on.
An exanpl e of good local registration printing is that produced by a

conventional hi ghadhesivesgregommerciaily availabls fiom & pumper ohsquwrces: Bartignlarly ve| y

| ocal areas of fu : ﬂﬂt’é s | Soithdrki ' ﬁh on can
be obt ai ned | ocal J)?feglﬁbt eeac ece rf%rﬁlre%fgn f‘ﬂ'r%ad%gg\g/sery &E'X"fﬁ’?%ﬁwe Inition
i s required arbunMinnessita Mining andManufagtusing Company of Sthaul, Migessotgaod

mage 0 over R eRGPIGR BT Rl 1B, 468 S, e o he i  ©
el ectfostatic prigspggzohave 10 distances of several centineters between

each color station so that full col or printing . is not, carried, out as
local ly as ink jet pririN@ylimitpg fisthes examplesof pressuresensitive adbgsives ypefil with

Many factors may ik pRttm iMRnddhiRtiudetfdss ifishel Yedbritefi Ui Par. NBK RE!

printers nove the substrate a distance et ween col ors,
wher eas a si nift e Ph86 (LHrich)2,813,8265Re 3335813, 38%82 7122 1Bnd3 HLIX r at e

Surmagr aphi co. SurdaEIT a2 Pe 0% sy IeRFE (st i T f AR o ca
bef ore changi ng cphblicatioheds053 938 the Hisclosupdsad whivhtard ificorpovated by edference

herein. A presently preferred adhesive is an acrylate copolymer pressure sensitive
adhesive formed from a 90/10 v;reight percent monomer ratio of 2-methylbutyl

15 acrylate/acrylic acid in a 65/35 heptane/acetone solvent system (39-41% solids) and
having an.inherent viscosity of about 0.7-0.85 dl/g.

Thickness of adhesive 318 can range from about 0.012 mm to about 1 mm
with a thickness of about 0.025 mm (1 mil) being preferred.
The adhesive may be ;irotected with an optional liner (not shown) which

20  can be constructed from any conventional release liner known to those skilled in the
art for image graphic media. Non-limiting examples include Polyslik™ release liners
commercially available from Rexam Release of Oak Brook, [llinois and polyester
liners such as a 0.096 mm polyethylene terephthalate film with a matte backside
coating on one major surface and on the other major surface, a vanadium

25  oxide/surfactant/sulfopolyester antistatic primer coating and a condensation cure
silicone exterior coating. These antistatic coatings are generally described in U.S.
Pat. No. 5,427,835 (Morrison et al.), the disclosure-of which is incorporated by
reference herein. Ideally the liner is optically flat. The liner preferably has a Sheffield
value between 1 and 10.

30 Non-limiting examples of further release liners include silicone coated

Kraft paper, silicone coated polyethylene coated paper, silicone coated or non-
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novenent between col or changes is not a reliable guide to the degree of

| ocal regi stration. 20 Printers are often characterized
by "dots per inch" or DPlI. Tests have indicated that DPl is a better
gui de but n i ifal lible one for the choice of printer

.chrussd

f i
accordance quﬁf’@ present invention as can be seen from eI oW.
Warp or distortion or thermal expansion/contraction of the substrate 21 or
of i nternedi at ecealtsspalymeris materiaissugh aspolifethylene of polynioryeneras wellas the: i cal

level of |ocal glg\?fmrﬁoeﬂ F);!?Hat?&i with %ol%rg%ncbrglease agelJtst salgﬁﬁs é?l?c%ﬁe %&er m ned

t hat the degree oca regrstrati mned practically
by printing a sprethanés, hmdslbng chairealkyl acriglaies ucidsssdefinadia &. 8. Pat. (Nd. col or

thed® M R o sieh {5 o s PSS S 70 4y et s B s SRS L
certain val ug, HfdistfdsureSbf Which e ilkoipdrdtétDboy Rftrdncé RérkiaN are such t hat

I ndi vi dual transparent areas are reduced significantly in diameter.
-24- WO 97/ 47 4Bmaccordance with the present invention the transparent areas in the

PCT/ US96/ 09888 pripting may be be introdubdlf: %ﬁ%PﬁFe' b, ’i‘feﬁénnééi"ia?r ihsex AlaaP! ¥

constructed of yers to eac ayer being
printed at 100%roaging devEedb nlagypen “ThDI’ dd\e& ¢onfgyred tosintnoduce theofan:pams par ent

ircl th d t st t.h
Cayer S an ox Al of OF asPoraspange pBSPOG 20 Han itk e E RS DN | ov,

cyan and 510 bba%nﬁgﬁﬁbd%ltliﬂt a6 paﬁnn}gclﬁ%ﬁed Uit forithewholk widtR ePepdittakg! Y, each
layer including the array of transparent circles. As the colors are )

at 100% any m Substrgiesdt Fegulapinteryals. This Fesa series of pgrallelirapspatent areas.
respective col OrAIEﬂEWtﬁfme%nﬂxﬂ}&aﬁ hiay bé g&gmm reaé RAEnuRREr SRS

.
their dianmeters I n actor ce wth t e present appﬁpl cation,
the "local regi srrachrlr;e adistribdtiont of square or rectangular transparent areas. If the printer 20 is

an electrostatic printer, portions of each printing head may be missing or

15. deactivated, which produces a series of longitudinal transparent areas. Portions of
the heads may be deactivated in sequence to introduce square or rectangular
transparent areas.

A TLD printer in accordance with the present invention may be created by
control of the printer 20 using the T layer data. After raster image processing, the

20  raster bit maps may be operated on by a further algorithm using the T layer data
which changes the raster bit map such that transparent areas are produced when
printed. Such a modification may be done by a hard-wired circuit in the printer 20
or by software run on a local processor in printer 20. Alternatively, the T layer data
may be used to control the printing head directly. For instance, for an ink jet printer

25 tﬁe print signals going to the printing head may be suppressed in accordance with
the T layer data to produce transparent areas at the required positions.

In accordance with the fourth embodiment of the present invention the
silhouette pattern 2 and images 3 or 4 are printed using ink-jet or bubble jet
printing methods. Ink-jet printing includes a variety of procedures including thermal

30 ink-jet printing and piezo-electric ink-jet printing. All these methods have in

common that discrete quantities of ink are sprayed from fine nozzles towards a

-30-



10 (LRI') of the printing nethod/printer involved, is defined as the

transparent area dianeter in mmat which the dianeter of a
substanti al nunber of the transparent areas in the printed i mage has
reduced to 50%g¥4bisy | Nt ended diameter in any di r ect i pprusoRosss |

values are given in Table 1 for sone commercial printers. Actual

| f LR d d of set th t d.
bal fbration 1t BRI et heBiler G e @i Hpibebatie QoS AABIP: ¢ e
present inventi omnhaﬁeraoieqa@bmmg oflafg@gw&kaiucﬁ as lafli¢RNginedrhg dRVVAR! than

(i.e. less than) 1.0 nm and preferably |less tha 0. 6 _mm and nore
preferably about tiueprifihengeslorpasiers ang 518“%)?“%?@"’0%!‘&‘% Suitable receptor
-rl)_?lbln'? 120 P shedting BrSlon-durable use may be transparddtPdlyester marking film LRI

(m) - qualitsy 8501/8501Hrsopplietlby Miwtesota Mining and Mamifesturing GompapetThe 0. 6

excel | en£ 360 ically umﬁiexcgfé%% bt i ordal The‘ﬂ?}le e‘ierv"eiﬂﬁ];%godiment
[err] 0.4 excel | BRE ?gﬂﬁ? Jg "ff)?vB
Desi gndet[err] HR¢p&ficularly préRfre® IThe Rifmatidn of achutiite Jrlkief imagRX 3 pkdvided byA60

Hew et Packard Corp. Xer ox 8954 | ectrostatic
0.7 good vanetzmg commercially available printing techniques. A suitable largef; Prmat s

3M Scot chPrint [ er ﬁr]nt&&ll&ﬂdlﬁé fatridted Adar ‘filmsod?lﬁ ink3 l36(he Hewleﬂq‘}gkard HP Desfggo
pass Raster I cS Inc. El ectrostatic,

200 b0Os skpdsoC or 755CM printer, supnkﬁdthy.l-ﬁgdgt Packard Corpmrmfdﬂalq @dtmf
printing was veryes t [ lﬁ}
due to extraneous g?@gc ?ﬁn"ré‘%‘é’%‘?‘ff i ({tl(k)egﬁtatg#% (Jﬁt!ll%l 1§ ap 'lE"(]t}gné Rare.
- 25- include thermal inkjet printers such as DeskJet brand, PaintJet brand, Deskwriter

brand, Designlet brand, and other printers commercially available from Hewlett
Packard Corporation as well as piezo type inkjet printers such as those from Seiko-

15  Epson, spray jet printers and continuous inkjet printers. To perform the invention,
additional cartridges should be added to the printing head in addition to the usual
four colors, cyan, magenta, yellow and black. To print a black layer 42 and a white
layer 43 of Figs. 9 or 10, at least an additional white station and black station are
required. To obtain good opacity two or more white or black cartridges may be

20  added to the printing head.

From the test results shown in Table 1, it can be seen that ink jet printing
provides highly accurate local registration printing. Pigmented ink jet printing inks
are available from the Commercial Graphics Division of Minnesota Mining and
Manufacturing Company (3M). Generally, pigmented ink jet inks from 3M a water-

25  based pigmented ink which comprises a suspension of commercially available

pigment particles and a dispersant of a formula of

-31-



WD 97/ 47481

PCT/ US96/ 09888 Cenerally, the silhouette pattern 2

i ncludes an light restricting light col ored or white |layer or
metallic si gol d layer which faces the display devpé&fy

and/ or the g“?%%ggﬁdevice 4 of Fig. 1. In accordance with the %?g?gﬁt

I nvention, this 5 light restricting |ight colored |ayer 2 may be printed
using light colored, silver netal Ipg or white ink or toner depending
on the printing nethod used. A whifte spo colYor is preferred. "Light
restricting” neans that the deposijt EQEQ " transm ssi on
optical density (TOD) of at |eastj|l. efe ‘g at least 2.0, nore

preferably of 2.5 and nost prefer ny of |[3.0 or greater. The software

required for 10  conputer grapRi~¢s-Nsing-cofpB?! 13 in accordance with

the present invention is nodi fled $o that areps of white are printed
with the white toner or. ink as a sp 5 4 color, vmereas t he transparent
areas are "printed" as "no ink" areas. To prepare the data

for the graphics design, '
stored in conputer 13 .nc‘f’ﬁ"gf"ﬁgqgg‘l%"‘ﬁb?@g*?’g"&‘?@'@é‘%??‘%'P?“Gn‘;dﬁﬁégeg'}"% . 15
Under - col or r enof/primarp amino@relps fremvlkyl ary)corianalieh tnines; may be carried out on

t he i mage data as des r| ed above. The image is normally stored as
col or separated | ay®Br * pl anes of data for each primary printing
color. Each ¢f the planesgr? andmafg%ﬁ;‘g@,qlbﬂomﬁalgﬂia for one color, e.g.
bl ack, cyan, magenta or ye]low or spot color. Wth conventlonal

equi pment, data preparat |%N5Hmfﬁwepfﬂ!$'\}5‘l§§“mvﬁf@m29““d selectedffony i s

127as the first RO PrsinflebeShaingfeolle il SoBimnI BRI LB OV o

as. a spot . alkglhtm:, leagents, alkx;daﬂng (epokidie) teagentseiso@hib)cganates, sulfodating ol or ed
pl ane of data re re entin ht colored | ayer 43 as the |ight ;

restricting | ay&y8 f§“$?ﬂ?ﬁﬁ%d"a gal ly, the data for | ayers 44-47
as the full jgol or graphi CehéreiRBE° ahdiRS" eﬁnﬁfeaéﬂdnuyThmylbh braantywr} s, 25

| ayers 42, 43 are preferably specified as, spot_ colors, This resu

typically in ©f ac?ﬂ"@éﬁ'é?‘ﬁ% framdhs group consigting-of grprefgn. d'th‘b‘ﬁe“ﬂtb‘lm t he bl ack

| ayer 42, one f%ta&ﬂﬁn‘m{rﬁ&num ortetnlaﬂllé?ranﬁ‘l?bnﬁf?rﬂ four for layers 44-47 of

nmagent a, yeI | ow, cyan and bl ack used full-color print. However,
the invention is not |i i Pigtents&rdankjet ivksuse the standard golors oficyan, magenta

~ yellow, and black.

15 For black inks, carbon black can be used as the black pigment. The
selection of carbon blacks suitable for use with the present invention is based
primarily upon considerations of surface oxidation (high “volatiles” preferred), and
the degree of blackness (also called jetness) of the pigment. Pigments that are acidic
or surface-treated provide suitable interaction sites for strong dispersant adsorption.

20  Pigments having a high surface oxide content are more hydrophilic, and thereby
much easier to disperse. Pigments with a high degree of blackness or jetness
provide a high quality printed image.

For yellow inks, the use of nickel azo yellow pigment offers several
advantages. First, such pigments provide inks which are highly durable in outdoor

25  environments. Second, such pigments contain nickel ions which may be able to

form complex bonds with the novel dispersants. Lastly, such pigments are believed
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process black may be produced, i.e. a black froma m xture of cyan, nagenta
and 30 yellow, the final black layer 47 may be omtted. Were a tinted

substrate is used the first black or dark |layer 42 may be omtted.
One or nore owolshazdBpyers 42-47 may be PCT/US96/09888

- 26- WO 97/ 47481

PCT/ US96/ 09888 i,ed a i §.Ve, Of S . i e, the
whi te layer 43 ey e EREp aBufon RerRal oaltivine” 4 FYSUE st gaffold ApbAEss

representing whi tentd ahedterdlenient dues @ccut durirgithe jettingfproceise the deposited fipawillt y i n
the final print. .. he array, of transparent areas 48 nay be
generated wi thin 93 Hignifieantly geduge J"’E?ﬂ!‘f‘g caeﬁ‘ag‘%ﬁﬁ%'gg tﬁ‘ﬂ&‘?}f fligying, proper
i ntroducing the txaBRASHARbDR Al €86 MikehfdlifksCAmAY chbiiieration is lighttdesQf data
representing the printed | ayers 42- by overl ayi n]? or ot her

at

t echni que. Ty cadinop itfigvery desirable ¢p producsasaphis images that pregdamedstoreutdeos fi | es

are constru, X he . I £ ' A | h nspar ent
areas 48 and thes@&)ﬁ&t'gﬁsqm‘flg%ngsr}g r@&%&rﬁ h@%ﬁte'é Qﬁ%‘yﬂ?gﬁ y&e}gc\e/:%é;r]\
I nt ermedi at e i maglightfasiness, @ad fierefore is ome prefe€d magenta pigmentnat i vel y and
preferably, the introduction of .the transparent areas 48 into the
data to be printed is KPSCYANIBKS @ef’ﬂ'é“‘{%‘?&p@gg%lﬂ'%'e@?'gﬁt'ﬁé?'GP@L@FYeEE"i)On of
the i nt er MeghipRi A vieNBNsAGafisty of Mﬁﬁépxﬂ)r?erﬂs'rﬁh&'b@%ﬂnﬂ ubing Gbget Nt ed
i mages 21. This is _best achi eved using data preparation nethods
5,6,8, or 9 i W whphibalocyaniprasatyampigment, inks comprising suphipigmentscare onecpreferredit er
13. The T | ayer d%ﬁlfodhﬁ n'& ntroduced into the CMYK 15 | ayer data and the
sil houette | ayer data When the out put data fromthe conputer 13 S
raster inmage processed Rreferablyapigmentéd inkjep ke tant Yecpreparédowith dispersants afjthes
42-47. This {Ogas.t e agvant age that operating on the data with

e.g.

al gorit hns, OWESAM®™ A i nt files, change scale, change from
Maci ntosh fornmat to DOS fprmat, is carriged out before sl scal e
repetitive structures such as the transplar ent areas 48 are

R N =—C co,rR" |

1,
H
N (CH 2)n NR'R®
o8 W
_ 7
o gt R o
m
L -
15 Specific compositions of suitable dispersants are given in the Table below.

Ex R* R R'* R® R R R R’ R" 3‘ n

a R H H H CH;y CHy CHo Na Na H 20

b R H H H CH3 CH_\ Cng Na Na H 20

[~ R H H H CH,\ CH'l C):H;s Na Na H 20

d R H H H CHy CHy CH;: Na Na H 20

¢ R H H H CHy CHy CH:CH.CHH: Na Na H 20

f CﬁHsCH:CH: H H H CH,\ CH:; C.gHg Na Na H 10

g N(CH:CH.); H H H CHy CHy CiHo " Na Na H 30

h R H H H CHy CH; R** CH: CH: H 20

i R H H H CHy CHy R** CHs CH. H 20
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20 I ntroduced into the image data. Due to truncation errors, small scale

repetitive structures in digital data may suffer distortions when
operated on by al gorithns. Such distortions may appear as rhythmc
changes of giy%8sfey Shape or loss of part of t he | mMaggeTUs9s

9888 -
To protect the printing, a transparent overlam nate 49 may be used which 25
Is preferably optically clear. It is preferred if the overlamnate 49 is
the optically cl ear sheeting in accordance with the el eventh .
enbodi nent of t WEhefspasmester hgedip thsypreparation of the dispersant gf ¢xampleg ars) b andji on,
over| ami nat e | ayeyDesgopberdy XP H58E, available frone theBayer Garperation, Pittsbergh.ne
adhered to t he Biw Dgsmopken™XP Q39%: ontpins shert| chain alkyd @raupd sheet material .
"Overl am natd on" refers to any process of achieving this adherence,
particul arly 30**Theiamireuised inaheerrg epening reactioratoprépateidispersant o Essspleh ot her
def ects that m whdJeffpmink™ Me600 [O-(2-ayipemopi)c@’ -Ohiethdxyethyl)pobiprspylene i cl e or
i rr;age. glycol 500] (available from Fiuka Chemical Corp. Ronkonkoma? RY). WO
97/ 47481

PCT/ US96/ 09§38 *#*The amine used in the'it dpRhifg RiabtivASo preéphreldispersat GPERIMpIOH M di ty
may be slowed byad Affamine™ Wt’d'ﬁb'[éf(‘th%iﬂdb'?o#}i)_@’-(tzfxﬂ&ﬁ&@%%c;%bﬂ(eﬁ@ﬁén&e coat
or sheet herei nyd5iield ﬁi:gg Q%Dﬁfavgﬂable from FRI& Chéficaidep. I@ﬁS&i ma,nm'?.on has

the further advantage e 1 nages are protecte rom scf at chi ng,
spl ashes, and the overlam nate can supply a high gloss 5 finish or other
desired surface fini sl thepragice gnd thefidldpf thei fifth embddimente thefgroleps whinlh are

OBLY 015 Ry oL AN IR S ol RSB RRR i s oL
effects of diremberitionmagibe sebstituted to nitlet\@dsir&dOphysies pripefty fqairénients in the
Overlam nation is, for exanple, described in US patent . 4, 966, 804.
final dispersants. This is not only allowable, but may be highly desirable or essential
.in the formation of tailored dispersants. Where individual substituents may tolerate
such broad substitution, they are referred to as groups. For example, the term

20 “alkyl group” may allow for ester linkages or ether linkages, unsubstituted alkyls,
alkyls with such useful substitution as halogen, cyano, carboxylic ester, sulfonate.
esters or salts, and the like. Where the term “alkyl” or “alkyl moiety” is used, that
term would include only unsubstituted atkyls such as methyl, ethyl, propyl, butyt,
cyciohexyl, isooctyl, dodecyl, etc.

25 In addition to the pigments and dispersants described above, the inks will
comprise primarily water as a pigment suspension agent. Such inks will typically
also include further additives to provide various properties. For example, an
alcoholic polyol, may be employed to control the drying rate of the ink. Suitable
alcoholic polyols include, for example, polyalkylene glycols such as polyethylene

30 glycol and polypropylene glycol; alkylene glycols whose alkylene group has 2-6
carbon atoms, such as ethylene glycol, propylene glycol, butylene glycol, triethylene
glycol, 1,2,6-hexanetriol, thiodiglycol, hexylene glycol, and diethylene glycol;
glycerol; and lower alkyl ethers of alcoholic polyols such as ethylene glycol
monomethyl or monoethyl ether, diethylene glycol methyl or ethyl ether, and

35 triethylene glycol monomethyl or monoethyl ether. A surfactant, useful for wetting

and reducing the surface tension of the ink system, can be provided as well. In
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10 After printing an i mage or design of the present invention,
the inmage is preferably overlamnated with a transparent colorl ess or
nearly colorless materi al 49. Suitable overlam nate |ayers 49 incl ude

any suitabl e woonFhgy ent plastic materi al beari ng on eagyuSyé/dessse an
adhesive. The adhesive of the overlam nate | ayer 49 could be a

hot-nelt or other ,t.her dhesive.qr a.pressuressensitiyve adhesive. The 15
surface of the o@gé'f'ﬁ?rﬁifh? &qvgﬁperggt @H%‘ERW"&%"W&H’“@? E’k‘é‘“d?aym or

ot her sur f as@l. tFhesdinQudePvaleesslable Orpanic 263oRah8, NumethfitsModde, desi gned
for external graphics applicatiqns .and jnclude materials such as

t hose conmer ci al TUngiRKies| defragers; epfrasign mbitorsoisepsity modifiers pH Buffersi [err] 8910

Exterior Protectigetfahls eaficitelingXdeals Sd the like. Protective Film and 8912
Exterior Protective FH’m Tovever: ofﬂ'{er $Ws are 20  available or could

be fabricatedSand t he Cotremtcompoundingdechhology fod theprodessing of pigmenexenpl i fi ed.
In the absence ofd.the. use qf a clear transQaE‘e t .ove(%{ anm.nat.e, , a
protective ipEr3ions mployshumeraus processing technolngies. ; Qe sHeh teghtiology o
such "as Product Negkes 72 ultrasonic en8iy Qo achiee miifPatd pastitte ddfidebuRtieh.ect i ve
coatings fromthe Commercial Gaphics 25 Division of Mnnesota Mning and
Manuf act uri ng Co.Angfhestechnslogy makeguse of predia gulls. such as ballmills, sandymlls of pged

substrate. Such G@aldrf!IMERY nifs @ﬁéJﬂc@ﬁﬁab@’piéﬁé@ dRperAbRY by siibjecting the ! he end

of the image printing process. =~ = . Pressure sensitive adhesives
useful for | dfer pigmenhmixture smbigl twensitit inisrashearing and caseading whichdbeeaks dowe

dhesi h dh I s h f f th 0 i
Cipon whi ch  he- sBRPRICTE 1St R oon BaniEieh Mo ol B rneye Srdome s o
to be placed. Prefienssfes &om disadeantagbemeiuding media gemcproducy coltsminativad i n

Satas, Ed., - . . e - 28-
97/ 47481 Additionally, if the flow rate in a media mill is raised beyond a certain level, the

WO
PCT/ US96/ 09888 resulting grinding and dispersion becomes uneven, and much of the material leaves
15  the system without being sufficiently processed.

Problems associated with media milling systems can be overcome, at least
in part, using homogenizers and emulsifiers. These systems generally function by
forcing a premix of solids and liquids to collide against a surface, or to coflide
against itself. Unfortunately such high pressure devices are considered to be

20  unsuitable for processing pigment dispersions due to the abrasive nature of the
pigment particles and the relatively large size of pigment agglomeration structures
which can plug narrow gaps through which such systems force the mixture being
treated. Such clogging can be avoided, at least in part, by filtration or
preprocessing to reduce the size of pigment agglomerations and to ensure sufficient

25  dispersion of the pigment prior to use of high pressure processing.

In still another processing method, the pigment dispersion can be forced
through a series of small nozzles having diameters on the order of about 150
micrometers to about 1000 micrometers. Such systems must be able to withstand
very high pressures at high fluid velocities. Three different configurations for such

30  systems may be used: a) a “wedge"” configuration with orifices of decreasing

diameter, b) a “wedge” configuration within which the orifices have cavitation
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Handbook of Pressure Sensitive Adhesives 2nd Ed. (Von Nostrand Rei nhold
1989), the disclosure of which is incorporated by reference. Pressure
sensitive adhesives are conmercially avail able froma nunber of

sour ces. Parwocd.}h,%lky preferred are acryl ate pressur epSRiSslhdsss
adhesi ves commerci al | y avail able from 5 M nnesota M ni ng and

Manuf act uri ng Con'R of St. Paul, M nnesota and generally descri bed
in US. Pat. ancement peyjcesjand (3 am mpinging jes” eenfiguratien in which the 579 207,
Non-limting fur g.g?.l, f: I i W|th_
t he present i nve‘&%ﬁ?n ﬁép‘taﬁ%tg e a é‘g?\éggﬁlggse\é?? ﬁ%ﬁlﬁ%ﬂ%&g{ ﬁl%yll.'

Re. 10 24 906 (nurlﬂneto)qrem 9jeR a9d the jQtstredBs 86 ecodbip&bbysipipingingither? 13:

e it WA AR R T 5

i ncor por at ed 5by resilte whes Processing watei-based pigmiehied@iks| y preferred adhesive is
an acryl ate copol yner rApressure sensitive adhesive forped froma 90/ 10

wei ght ~ per cent monomerfieathednkohas deenpracestsdising either obthe ywedasT acrylic acid in
a 65/ 35 hept ane/ o} ing an
I nherent vi scosictri,;l}E i abouwdg ﬁnﬁ”%ﬂ@gﬁ“%%@kﬁbﬁm&meﬁﬂg%ﬁ?(br?g{;?o
adhesi ve 318 carferbyrvepight, nw&nwwntmama@lnmtmmmﬁdemnmd waterandvi th a

t hi ckness of abo 025 (1 ] R referre o The
adhesi ve may be% hﬂ%’&et iﬂr‘f%ﬁ?ﬁona O%Fenf"g{' &‘oﬁb(’%th“ownﬁﬁ?frﬂ""zo can
be constructmd fwithn givyn Gmhylen&glynm&ko-waieeme {1 meﬂ:hhhmmpt theldiypearsionls | | ed

g exanpl es include

in the art for r a|
Pol yslik[err] rePesed es'n‘s %gwg’ m:ger (a"”élﬁ PE‘?"&P‘P ‘ﬁ‘?/‘ﬁlsq&%f%‘ Machestncam

Rel ease of Cak Begpkon éaamlmﬁlmnmsﬁieea while wates Adaeﬁe'ihﬁaﬁfyﬁal dte 0- 096
nm pol yethyl ene terephthal ate filmwith a matte backsid coating on

one maj or surf acequentatyadded Therrddition obdicthyleseglycol is cmnéaumh\ﬂs to
oxi de/ surf act anté,gwn; ﬁg&l‘%ﬁéﬁ g{thg&géeﬁl&; ic primer coating and a
Si

condensati on cur I'cone exterior coating. These antistatic
coatings arelyenerall yl’otliemltlmaﬂlunm $ters.the ink is filtexet usihig,. foﬁexﬁﬁ:ileBBS (Morrison

et al.), the disclos ncor.por at eference herein.
| deal |§/ t he ||ne‘i"°r‘§‘u@§f W{Y“?ﬂjﬁm’fﬁ'&"? ﬁﬂ%%a?%w LR Sot 1 el d
val ue between 1 @&mindiBgy, 2hn Arbor, MI). AlpGmb, siith asOMasterfipk périslticl punipher

rel ease liners include silicone coated Kraft paper, silicone coated
pol yet hyl ene coaf@vailablgfeom Barnant Con Bagingtany Tlorcap Bpused to feed the ink through the
) 29,‘ filter. A flow rate of about 120 milliliters per minute with a back pressure of about

20 3 psi is preferred. Further examples of suitable inks are given in the co-pending US
patent application also owned by Minnesota Mining and Manufacturing Co. having -
attorney docket number 52146USA4A, Serial No. 08/556,336 and a PCT
application which claims priority therefrom, both of which are
incorporated herein by reference.

25 In accordance with the present invention the display device 4 of Fig. 1 may
be a black or dark layer. This layer faces towards the inside of a bus or building
window to which the graphic has been applied. It is preferable that this black layer
is uniform and that the graphic is durable, in particular water resistant.

Another ink jet formulation replaces the dispersants previously described

30  with water-soluble silicone polymers such as poly(dimethylsiloxane)-g-

poly(acrylate)s as additives in water-based pigmented inks for ink jet printing,
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PCT/ US96/ 09888 coated polyneric materials such as pol yethyl ene or
pol ypropyl ene, as well as the polymeric materials coated with

pol yneric relywgsfsmagents such as silicone urea, ur et haataisocevdss ong
chain al kyl acrylates, such as defined in U S. Pat. . 3,957, 724,
4,567,073; 4,313, 988; 97, 702 4,614 02 190 90, 615; 5
the discl osures GRUEHRL %Rﬁwzf'\%éﬂrpﬁm'%t gﬁ'"ﬂ?'f’ f@?‘é’ﬁ@goﬂgﬁﬁf’”‘ et

I n accordance W férmiulioRs &ad8 Found fitctpemiing, BeaskiR@CT Fdlént apgiRation sekisle
printing may be introduced after the RIP. The printer 20 or the

i ntermedi ate 0. | naging iRremosated berein by FréerenceT D' devi ce configured to
i ntroduce the transpar K [ ‘?&Q@ when
printer 20 is an inkj etﬂa}o‘r“r‘l %hgrmlébﬁﬁéisﬁ%{ngsetrﬁﬂg%)sugﬁgméﬂ? ¥ed so t hat.
no printing i ¢ carabledinaccordance with thessiventivind: dightli embqsiiments, mJtable durable

Cranspar ent . ar cagoientor S 5 bl nd o RASEF oS b iR or B bl Rc a1 vt el

a repeat ed numberinvehtidn willshowbe descnbedornduﬁﬁgamdysﬁerarmtsr dﬂmecs‘evamuarde or
rect angul ar transparent areas. If the printer 20 an electrostatic

printer, portion&ighth emhadimants,accegs pigment-hassd W@J%‘%@"H&“&esﬂ%ﬂ@?&ét i vat ed,
whi ch. produces a g of weaRBrabit bl hart-fa IRAVRE For BEA 3R lighe StabRTRadd’
t he heads nay be deactivated I'n s guence to |ntr uce squar rectangul ar
transpar ent dfeasonstructions under such cirduisidices asarefound incextesiodsipwieg Wi t h t he

pr esent inventiorlnrrﬁ/ nscreat ed by control of the printer 20 using
the T | ayer data WP MSast er i mge processing, the 20 raster bit naps

may be operated on by ‘th er. al gori uskn er dat a

whi ch changes the rastg‘f;ef)"'tg i i‘l’te tp"tm" g‘&ﬁ%i&“‘? g §a’§es§rfté""|5f’t6°dhced
when pri nt éduluﬁttcdd @nfiiﬁﬁih;i(a(}aiinmgcmﬁvhg lagen@ 1031 12) dra(byla wabseateCi r cui t
in the printer tware run on a local processor in printer

20. Alternativel 3;1lqlhwhere'nakgreaheﬂataaovﬂona"yPﬁyg(t)é lnese of adpesivri Hrcopted or
printing headsdi figghad 1o he sib3FMBCAR) of fHe saifack Alvay FhmAthé iMaé redeivingidyer Pr 1 Nt

si gnal s going to the {Z)I’I nti n§) be suppressed i n accor anc
{111-112). The adhesive layer (113) may or may not be backed with release liner

(114). In this embodiment (Fig. 11), the image receiving layer (111-112) comprises

at least two layers, wherein one layer is a protective penetrant layer (112) and one

layer is an ink jet receptor layer (111).

20 | Once the ink jet printing sheet has been imaged with ink jet ink (shown as
|  patches of dried ink containing pigment particles) (115) using an ink jet printing
process, the printed sheet (101) may be overlaminated with a transparent protective
layer (116). The transparent protective layer (116) may be a transparent plastic
sheet bearing on one side a pressure-sensitive adhesive or hot-melt (thermal)
25 adhesive, or a clear coat, or a processing technique that will affect the surface of the
printed sheet (101).

Both ink jet receptor layer (111) and protective penetrant layer (112) have
particles (117) and (118), respectively, that contribute to the performance of the
printed sheet.
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the T layer data to produce transparent areas at the required positions.
In accordance with the fourth enbodi nent of the present invention the

sil houette pattern 2 and images 3 or 4 are printed using ink-jet or bubble
j et Mo sd7el met hods. Ink-jet printing includes a vatikRisysaosss -
procedures including thermal 30 i nk-jet printing and pi ezo-el ectric
ink-jet printing. All theerretho t hat, di screte

quantities of ink arel %édelF?%ﬁﬁmrﬁgﬁﬁSWF& atPBB%PB aglc or other

- 30- WO &ﬁ(aﬂl@%ﬁéet material coated or otherwise treated with a release material such as a
PCT/ US96/ 09888 receptor sheet. Recently, wide format printers have

become commer ci Sifigpegy dperaparkon type matgig) onik least ope syrfage I SOBFit: | ar ger
articles such aggg %Wﬁ SMENGS daf \Q:rl@@’r Ekﬁv%r s to relea?ell 'Bhﬂ&%as gen%%@r

posters and signs ecorre easl Swta e rece eting for
non- dur abl e ﬁ:seﬁwhbwlqasalmpwhmﬂesw spctbatahe ad!upswﬂgyehsqupo@d 8501/ 8501H,
supplied by M nnesota M ning and Manuf acturi ng Conpany. The optically

clear, flexible vi nyl Bﬁeﬂysinrmtaspent d‘dbosedanhembo'dilhem bétitlpeesemnivemimodi ment
is particul arIy fer £ed. -[‘5 4 on_of. accura%ei 'ﬁﬁ es S
provided by a JVé’ir‘i“g?‘ys i Eaﬁ% edcomptjsing 3, subsiggte. a 'Hf“l“h"g’ ¥ ques.
A sui t abl e | ar ggaybodoicting the subisrata] Whereih FHeli genece&aﬁglagér%d CNFh&abfiﬂ Il ms and:
inks is the Hew ett Packard HP Design 10 Jet 750C or rinter,

suppl i ed by Hewlesstionpgrqtegtiye peneantdtyenaf v compesitignagd at least O“GEK ieorni a,

USA, howeveng E,Q,pﬁ, ertHfﬁ@gc%nﬁE:&nﬂd/ aidnaQJdewhe'r\Ql'ﬂtﬂe' rg? jbt 1'39e tr and,

I ncl ude thermal et printers suc s DeskJet bra Pal

Deskwri ter co:nmandispmmgmtbs obpand;latamf acsiza ¢hat pause&mosumﬁenrﬁal ly

avai | abl e from Hew atJon S |, as _pLezo type

inkj et printersP 5%:""33‘"1%8@&%?8"@8? o J 5 side 5&'83‘,% 'ngp?sé'f rﬁm%gers

and conti nuous iimdgeatcepring thydr Sn sequemtial bdenis Aneadhdsive MdyeOdnd a release ligeidi t i onal

cartridges should be added to the printing head in addition to the usual
An advantage of the seventh embodiment is an ink jet printing sheet

15 wherein the substrate and adhesive are durable for periods of several year§ in an -
exterior environment where the materials and images can be exposed to rain, sun,
and such variations in temperature as are found in exterior environments and on
surfaces in exterior environments. Typically, the articles of the present invention™ °
have some flexibility such that it may be adhered onto surfaces having some

20  curvature or non uniformity e.g. windows with screw heads or rivets, without easily
ripping the material or cracking or delamination of the image receiving layers,
overlaminating layers, other coatings or image or “tenting” of the material over the

protrusion.

The ink jet printing sheet provides useable images using both dye-based
25  and pigment-based ink jet inks suitable for use, for example, in wide-format ink jet
printers wherein both narrow or wide images can be made by ink jet printing
process. The resultant printed sheet is easily handleable without easy smearing of
the image and can be applied, when an adhesive layer is part of the ink jet printing
sheet, to a window, vehicle side or other surface using techniques well known in the

30  art without use of other devices such as spray adhesives.
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four colors, cyan, nmagenta, yellow and black. To print a black |ayer 42 and
a white | ayer 43 of Figs. 9 or 10, at |east an additional white
station and bl ack station are required. To obtain good opacity two or

nore white orwiergissgartri dges may be 20 added to the prinpCTgsdsoosss
Fromthe test results shown in Table 1, it can be seen that ink jet

printing provi des_hi .gh| e | oc |strat|on

Pi gmented ink jet print F‘ﬂﬁ'g’ H%gﬁxceso &h&s%ve i"@“‘r?‘b‘ﬂ&%“ﬁgﬁ%@ ﬁl& al
Graphi cs Di vi si on pRipeled besnitiaal M%Wﬂﬁ@dsheet such &@ay@ Blsédresistence@ndriy (3M .
General ly, pi grrente ink jet inks from3Ma water- 25 based pignented ink

whi ch conprises a backgpumd icolar. dBoedaler satuggtion and dansityare also °'~"s‘3""|§$i Hhibat

Pgrl'f icles ans\oa 93?&%% .O'i'héaprfn%dw:aesqo not curl excessively on exposure to
PCT/ US96/ 098885 [ dumidity or during the ink jet printing process, and printed images exhibit quick ink

drying times following printing with good image sharpness.

Ink jet printing sheets are commercially available from the Commercial
Graphics Division of 3M. Ink jet printing sheets are also described in PCT
Publication WO 96/08377, which is incorporated by reference herein.

10 Further embodiments are described in co-pending US Patent Application,
Serial No. 08/554,256 and its corresponding PCT patent application from claiming
priority therefrom, both of which are incorporated herein by reference.

In accordance with the present invention and shown schematically in Figs.
1, 7 and 8, six or seven layers of ink may be printed with close registration to each
1S other. It is preferable if the inks are quick drying. The eighth embodiment of the -
present invention addresses quick drying receptor materials for ink jet printers.
Further, ink receptor layers are not perfectly and a method of improving the
transparency would be preferable.
The eighth embodiment may provide in one aspect an inkjet recording

20  medium comprising a hydrophilic, microporous, polymeric membrane having
opposing major surfaces and a non-porous hygroscopic layer residing on at least
one major surface of the membrane.

The hygroscopic layer provides a means for receiving an inkjet image and
retaining dyes and pigments contained in the ink.

25 The hydrophilic, microporous, polymeric membrane provides a means for
durably supporting the hygroscopic layer containing the inkjet image and also a
means for diffusing the solvents contained in the inks from the dyes and pigments
retained in the hygroscopic layer.

The combination of the hygroscopic layer and the hydrophilic,
30  microporous, polymeric membrane provides the means for rapidly producing a

precise inkjet image in a durable medium.
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wherein Ris an alkyl, aryl, or aral kyl group obtained by the renoval
of primary am no groups from al kyl, aryl, or aral kyl am nes;

m=1to6; 5 Rlerr] and Rferr] are hydrogen or |ower
al kyl ; wo?.”g"?l Rlerr] is the residue of the ni LERARMdosRCt Ve
conpound selecte rom the group consisting of acylating reagents,
car banoyl halides, sulfanoyl halides, al kyl ati ng reagents, al kyl ating

oe . AN
(epoxi de) reagents, i i9fPhiposespatusinventianhystiephilicg means that dherontast a
azl act one reagenf&i . : ' . are
i ndependent |y, a{’@;}f ﬂa‘é‘? ?/? t,heglr"fgfé lﬁsflthaa\rlggg%gfeg&ﬂr%jm&séy g§ f|'318€E1'J"§g’l ected
fromthe group cthygrostapic neansthe layerds capable of bemg wetdyarwater-based hhakiaf'si um
anmoni um or tetraal kyl ,a nbum .. ... . Pi t.s for ink jet
i nks use the st a?Pg‘éﬁ“Efyaegf‘%mBF userip inkigt inks, and the water“ifé?‘ﬂg%a isplgomhed k. 15
For bl ack inks, byihefyed Fafpurpses GRh Hfvenish, titropbrak polyEeR Yhembrake”

sel ection of carbon blacks suitable for use with the present _invention is
based pri nieansya pobymer flanthptrontains an interconngeting veid skuettire. Bor puspeses

vol atilest pr ef g hentiinonporosliyeAERE s Bhertha dERARE cbithitin 2! | e

jetness) of the pignent. ts t are acl surface-treated
provi de suit abl eintencamenting soid stroasref Bor putposescpfdhis ipeensiant*hpdiephilid i on. 20

Pi gments having a.high surface oxide gpntent e re hydrophilic, and
Chereby . o iR pobived BmPans BrAH & ppy e B whety b eapiiety B9

bl ackness or 19 et sigfate tension fopéed of the watdribaseddiqands, tsichdsiabiend of 581Gs and

For yellow inks, the use of nickel azo yell ow pignment offers several

advant ages. Fi r ssurfagtaeys. willgaussithe liquid tode absorkedvlfin cateethrpgies pf thar abl e i n
oL 0 e ¢S AR P eSS oSl | 0, 0
such pi gments ar anipspliess/efipressure. For the purposes of this invention, “precise” means that dot - 32-
spread resulting from applying an ink jet drop to the sheet is below a level at which
15  the resolution of the image is adversely affected. Ethples without precise imaging
might show image l%leed, uneven 'ed'ges, or mottled colors, '
In an eighth embodiment of the invention, inkjet recording medium 210 of
Fig. 12 s comprised ofa hydrophilic, microporous, polymeric membrane 212
having a hygroscopic layer 214 thereon. The layer 214 can be coated on or
20 laminated to the membrane 212 'using techniques known to those skilled in the art
of coating or laminating of multiple layered constructions. Non-limiting examples -
of coating or laminating techniques include notched bar coating, curtain coating,
roll coating, extrusion coating, gravure coating, calendering, and the like.
Hydrophilic, microporous, polymeric membrane 212 is hydrophilic and
25  receptive of aqueous solvents typically used in inkjet formulations. Microporous
membranes are available with a variety of, pore sizes, compositions, thicknesses,
and void volumes. Microporous membranes suitable for this invention preferably
have adequate void volume to fully absorb the inkjet ink discharged onto the
hydrophilic layer of the inkjet recording medium. It should be noted that this void
30  volume must be accessible to the inkjet ink. In other words, a microporous

membrane without channels connecting the voided areas to the hygroscopic surface
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PCT/ US96/ 09888 to offer a high degree of thermal conductivity. As a
result, if particle deposition onto a heater el enent does occur
during the | efbloddr4ef 0CeSs, the deposited filmwll O TIUS96/09888

significantly reduce the heating efficiency of the ink, thereby al I owi ng
proper bubbl e for

i s |ightfastness, coatss8 a"‘g‘i%ﬁé Gther; (Eg:ﬁe? 938851'3?'5‘8%“ o ‘?V ‘gﬁ‘% éon%hgsgor ton

i mages that are admh\edu&parmtw.d%fead functxon suamiyltsatﬁh@ﬁ&vm | VAds drdpne
nmagenta pignent is known to have excelle ast ness, and

therefore, is one pref eY¢|éaolmg§rﬂe§n$¢lgr»h§TMD792 “the(l-BU!kde"SRY#’&'Yn@yan
i nks, the consi deﬁéﬁs \)gmfooatiﬂﬁ?del(shy Glf' kagg%f SR nd%m, tqg%‘iﬁ'\)oiu}ﬁé g u3| hg

apply as well. riet sat properties my be
coppef 10 phi hadejeryrmmdrhgsasraang;lnmqmbgammnhallmhslaf(knwnécnsgym&h pi gment s
are one preferred '

pi gnent ed i nk | et SYTRAGNg QW%C‘% 'Pgﬁgtﬁ’éamwdm"mf@ﬁé'f@éh? greigFtr ‘ﬁjﬁger fgrmbtane
fol I owi ng for mul aprior to saturation. Tyidal void volumes for hydrophilic, microporous, polymeric

' membrane 212 range from 10 to 99 percent, with common ranges being 20 to 90%.

Void volume combined with membrane thickness determines the ink

10 . volume capacity of the membrane. Membrane thickness also affects the flexibility,
durability, and dimensional stability of the membrane. Membrane 212 can have a
thickness ranging from about 0.01 mm to about 0.6 mm (0.5 mil to about 30 mils)
or more for typical uses. Preferably, the thicknesses are from about .04 mm to
about .25 mm (about 2 mils to about 10 mils).

15 The liquid volume of typical inkjet printers is approximately 40 to 140
picoliters per drop. Typical resolution is 118 to 283 drops per centimeter. High
resolution printers supply smaller dot volumes. Actual results indicate a deposited
volume of 1.95 to 2.23 microliters per .square centimeter with each color. Solid
coverage in muiticolor systems could lead to as high as 300% coverage (using |

20  undercolor removal) thus leading to volume deposition of 5.85 to 6.69 microliters
per square centimeter.

Hydrophilic, microporous, polymeric membrane 212 has a pore size that is
less than the nominal drop size of the inkjet printer in which the inkjet recording
medium is to be used. The pore size may be from 0.01 to 10 micrometers with a

25 preferred range of from 0.5 to 5 micrometers with pores on at least one side of the
sheet.

The porosity, or voided aspect, of membrane 212 need not go through the
entire thickness of the membrane, but only to a sufficient depth to create the
necessary void volume. Therefore, the membrane may be asymmetric in nature,

30  such that one side possesses the aforementioned properties, and the other side may

be more or less porous or non-porous. In such a case, the porous side must have
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15 Specific conpositions of suitable dispersants are given in the

Tabl e bel ow. Ex R* Rlerr] Rerr] Rerr]
Rlerr] Rerr] Rl err] R[err] Rl err] Rl err]
Rlerr] n  wooms R H Pcﬁris%fabs :
CHerr] derr]Herr] 0
aa R Na adequite vond voluLme to abscb't'the hquﬁHL (ihe \llﬁ%'_'t[ g;:g ed t 0%25{\1 i er r]

H H CH H Na Na

: , [ehidroﬁbﬁnelz{ykrm@[ err]Herr] y y OHerr]

CHerr] derr] H[ err] Non-hmntmg, examples)gf hydrophjlic, microporous, meenc membranes
R

?IH[ err]CH err] 'enrlr f_fcélﬁlfﬁ%apdﬂ'esteﬁabblyvmyl %Eo‘ég,lﬂhd %Iﬁ:rs équth a mlclé)-vmded ¢

[ err] H err] CH[ estnjetild.c Preferrelll among thielse candidides are a miGbpaony m&hrene |

ﬁE g_l{ ]e|r_|£ f E:Ir-l][ err] ):T@pﬁcially avag}g?le as “1N§in” from PPG Ind|_| s"iei—ﬁsé“’%’]‘edéﬂ'—lpeg Illjat. No.

g[ err]H err] 4, 83.;',_| 172 and h§>t!'1\oplnll;f',I |Naroporous membralies typtcally&sed for O

err]
Clerr]Herr] Cf avgrofiffration, printing or liquid barner @lms as d[escnbfd in UiS. Pat. Nos.
H H H g :
err]Herr] H 4,8655‘8%?, 4,&1393’[1 ©§ 538,618, and 5,443,727, which afelaRidcbifofdiéd by
- 33- WD Oveferévkglas if rewritten herein. Teslin microporous membrane has an overall
PCT/ US96/ 09888 *The as t ester, used i ar ati on of the
di spersant of exé*f'rﬂi"&%s ogagpm’ﬂmgﬁ ‘1 e mm, ang, e BSé’ﬂ’SBﬁz‘ﬁ{J%ﬁ‘F 59E,

avai | abl e from t gpenmeéntalfRIHRGSH%.0The itk Vblalne c@pacity of the maﬁbraﬁle&mnhew[ err]

XP 7059E cont ai ns hort chain alk
mtcrol?ters per square centnmgéer glrherePore this membrane has sufficient void

g

volume combined with thickness to fully absorb the ink deposited by most inkjet
15  printers, even at 300% coverage, without considering the amount retained in the
hygroscopic layer.

Membrane 212 can optionally also include a variety of additives known to
those skilled in the art. Non-limiting examples include fillers such as silica, talc,
calcium carbonate, titanium dioxide, or other polymer inclusions. To obtain‘clarity f

20 these fillers may be milled until their particle size is below the wavelength of light. It
can further include modifiers to improve coating characteristics, surface tension,:
surface finish, and hardness.

Hygroscopic layer 214 can be a coated layer or laminated layer on that
portion of membrane 212 upon which the inkjet image is to be formed. Thus, layer

25 214 need not cover completely the membrane 212. Nor need layer 214 cover both
sides of membrane 212. Layer 214 preferably lies substantially on the surface of
membrane 212 and does not contact the inner pore surfaces of the membrane.
Depending on the ultimate purpose for the medium 210, at least one side of
membrane 212 may be covered at least in part by layer 214 and the other side may

30  be sealed or coated with another material, such as an anti-static coating, adhesive,

barrier layer, strength enhancing layer, etc.
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5 **The am ne used in the ring opening reaction to prepare dispersant
of Exanple h was Jeffam ne[err] M 600
[ O (2-am nopropyl)-0O - (et hoxyet hyl ) pol ypr opyl ene gl ycol 500]
(avai |l abl e fre@dramdea Chenical Corp. Ronkonkoma, NY). 10  pé1ibes/onsss ne
used in the ring opening reaction to prepare dispersant of Exanple j
was Jeffamne[err] M 1000 . .
[ O (2-am nopropyl)-0 -( ggﬁ?%%@fﬁ?ﬂ%‘ﬁ‘ﬁgfryf‘eﬂY’ﬁ/"leté_'noef,"amra“y oc&anB%Prene
gl ycol 900] (avai Ispithetichliyasonsthicted nidieitsd@bwhas thosd¥killed irktheast fOPProviding an
In the practice ang the _fieI% of th@aj‘_ifth enbodi ment, . heﬁ‘ggog s.which are
15 not direct | y MKFeeaptiXgsiriace. plon-miting syamyties,od the gpaterils ysgdrog ‘ﬁﬁlﬁg}ﬂ%ﬂof
the present lhw&'p?ﬁvﬂ?%l&ﬁol? paVinyl leslidofie, TeIRllose Berivativesiiviasc al

e

property requirenents in I nal “di s}gﬁgr sants. This is not only
al | owabl e, but Snayatbexymeghyl peltlose. palyedhylene exides wates soluble starches and gumer dmt i on

of tailored disper . k Cerd N1 V4L I . r
such broad substi taggilgg’)'?i ,m%%;/ce'giregkds#‘}éﬂ %%?Ié:a’stglg‘ %@“ﬁ"ﬁ%@%ﬁp"ég‘%&gﬁ‘a‘ﬁ% de‘a, t he
term20 "al kyl gamb@benefidialad exhandediandlingcstrehgthkwerting, oF caritiod vistositkages,

nal ogen.  cyano. cAtersrisueh LS 2ak Ny 38 Gl o3Ptk e splox sbistecmn 1 e

i ke. Where the tglsgbedlchided or "al kyl noiety" is used, that term
woul d include only unsubstituted al kyls such as nethyl, ethyl, propyl,
but yl , dPcl ohexy| Ofthesewatgrials, dygressppic, palymeroatings are prefesreddusitei on t o

the pignents and dSRftudARissRead SAAGHARGY f prbife kWi rdbebtive surface for 0P | 5
primarily water as a pignent susperisi on agent. Such 1 nks I “typically
al so i ncl ude furt hreceivirgrindipensanemtlymontacting and rétainimg dyesped pigemnts b pregisepl e, -

fhe ink. i tabl e o8 s, Titse BoetER pBl % viret B eeedpAces oeiaek. ittt
pol yal kyl ene gl ycahs propghcelisiopleyioitives, i pd(vinyd hix6iwdls)anchansdulaay ppaftrpaae.

‘gl ycol, al kyl ene glycol s whose, al kyl ene groyp has 2-6 car bon atons,-
such as ethyl die gl ycol ﬁymmw@wrawwPeﬁwﬁ%@e@we@? yspB&nymbghe

glycol, 1,2,6- hexw%ci.{ﬁahes, hﬂ}.@ﬂ%g&gﬁ%wmﬁm 5o ShnliSiBh.: wme.siaﬂ'&mmcgﬂgh |

gl ycol ; gl ycerol ;" and : ethers of al coholic polyol:
as et hyl ene gl ycolcoating solution iscappligdyto thermembrans; sofutiastvissositya@nd concentratiogl ycol

ety or ety S i oeBipmbt 5t Slng ok AR, 5 e
tensi on of the i nkowwistesity comingholutios\coated onmembtanes Wwith very high porosity and/or -
-34- 20 large pore size tend to fill the pores, resulting in a coated membrane that is
saturated with hygroscopic polymer and has little or no coating on the surface.
Membranes coated in such a2 manner do not meet the requirements of this invention
because the imaged medium usually exhibits lower image density and contrast and
can dry more slowly.
25 Preferably, medium 210 after imaging can have the pore structure of
membrane 212 collapsed to provide transparency by a post treatment such as
heating or calendering, such as disclosed in U.S. Pat. No. 5.443,727.
Further embodiments are given in co-pending US patent application Serial
No. 08/614,986 and a PCT patent application claiming priority therefrom, both of

30  which are incorporated herein by reference.
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PCT/ US96/ 09888 addition to the above, other ink additives commonly
known in the art may al so be used. These include, water-sol uble

organic COS%%%%%M hunmect ant's, bi oci des, fungi ci des, pdbRa0%RES -

corrosion inhirbitors, viscosity nodifiers, pH buffers, penetrants,
sequestering agents, and the like. 5 Current conpoundi ng

technol ogy for the prd¥atuandgensh embedimapts of a direcypapiag Methed iR AgeOBIRBCH UNET OUS
processi ng teCh”RJitRWeep'?&cemgveﬁ{i&hre‘ﬁ?ééﬁzkgfcﬁgﬁaﬁc printing! FThE PerthSel %&g? &:’r‘ asonic

energy to achieve m xing and partic occulat1 on.
t echnol ogy nakesisusel fof revedling prodesses inowhith arectrding heid is stilized telimpiosé an or

attritors. Media mlls . .achieve acceptabl e pignent. di.spersions by.subjecting
The 10" pi gment SHTESTAIE PREH Frgl 3 TELADE P PO T AR Patetll Rl

whi ch breaks slowsubsequenthe@@hdtétrtopdridfixed to the@lepirgstRicipai@érn! Prdcesses dlaligver , )
media ml| processin dvant ages

g system?~ . often suffer _from di‘%ﬁ __
i ncl udi ng nedi a P8 ATSHTRRNE fQr DRERaRng eReinseIng Braphics,grtyyark foradysstisementse £ ow
rate in a nmedia gishhysahd'tieliked beyond a certain level, the resul ting
grindi ng and di spersion becomes uneven, and nuch of the material |eaves 15
the system without beilngp typitdlielecteontatic imagiagproesss, a recording head which imgladeserns

associ ated with di 1l ldn t at | east in
por e usi g homo it afey o APheAlfy of el st S8MeL pedelMiretormed e, | o1
by f ongi ngs it Sivscanmdd adedss 4l Fecordthg meiting And theGhbslareeleaidlynst a '
surface, or to collide, . against jtself. Unfortynately such, high
pressure devi ces eBErgzedfodmpeseay °l%6"‘b‘éa"2(§’a“°"ﬂHE‘Bﬂ ihameg'uwbr“ﬁrcm%i ng

pi gnent di spersi gRiudiHs chitadiEPwibPh kY Vhith ki EorhgtRes a liquid cdﬁiﬂﬁfﬁ?ﬁ
particles and the relatively Iar&; si ze of pignent aggl oneration structures

whi ch can plug naigmsnt ¢fadys therpony Ebrcesh rankr is tampvey fomrthe modium, leavingiionerur e
bei ng treghidn g?%gﬁg&l S pﬂ? g&r@re g%@x&%gﬁgdrieﬁtork&%#e é}%eg%t . by

filtration or récessing uce 'ze o _
.aggl oner ati ons ampebduce & perutasens irhdge C Teepro2éss cancbeapilizei fonsimdle tdier qrifglirent

HEAER G TTN TR p———— AL
multiple passes across the medium. S
The recording medium is an important component of the electrostatic
imaging system. The medium must be able to accept, retain, and discharge the
20 electrostatic pattern. The medium must also be compatible with the toner system
employed as well as the particular imaging hardware, such as a single or multiple -
pass electrostatic printer.
In accordance with the ninth embodiment of the present invention
electrostatic printing of media requires the printing of electrostatic images on a
25  dielectric paper construction followed by transfer of that image to polymer films.
Such conventional electrostatic imaging is disclosed in U.S. Patent No. 5,114,520
(Wang et al.).
The dielectric paper construction typically comprises a paper or paper-like
substrate, a conductive layer coated on a major surface of the substrate, a dielectric
30 layer coated over the conductive layer, and a release layer coated above, beneath, or

with the diclectric layer to assure that the image received above the dielectric layer

-44-



t hrough a series of small nozzles having dianmeters on the order of about
150 m cronmeters to about 1000 m croneters. Such systens nust be able
to withstand very high pressures at high fluid velocities. Three

di fferent con{jpealgions for such 30 systens may be used: gey/dso e".
configuration wth orifices of decreasing di aneter, b) a "wedge"

configuration within which the orifices have cavi¢tati op
-35- VO 97F gansferred to the final substrate upon application of heat and pressure. A

PCT/ US96/ 09888  commerdiaf{ a@iilByIé exdfplecsTIhis s protess and BieBbdidtsit8t
configuration in which the di spersion streamis split into at | east

two el enents, eachceomplisinthatprocessis therSeptehpsint™ Electgnic,iraphigeSystenavailabie o
jet, and the et %heﬁm%?&hemﬁ]ngrggoagh' fagiﬁrihggb@?%fts?%s, MinncBS2 Whith each

ot her. Each of these systens een round sati sractory
resul ts when psocésonediresvriatingracthod jni ageordinee with s present invention. A furfifet er t he

i nk has been process usi ng ei ther of  the "wedge' . confiquratjons or
Lhe T iooirei e | C e,y Reyh for cetsHig poghe. Biéseat rvetiion is e PERIGLCS 5900 nd® L
weight, it is dil gisaeiatell ifksancladintl Whitddid sivep éptt cBlorsier eisltRRlettdlager 2and

di et hyl ene glycol to produce a final ink concentration of about 4 %
concentration 10 avalblp figmfRaster Gaonbics jacorfiandespcEaliferdiankiBar ratio. In the

0L L1 Op, St ep. e ot S8 e ie s ekl Bl oy B 125,
Longrreadow: VAR aiMuhiphsé pringers paech siveld minting beadand| fedd dt’ehpbmpeiatgb;imty are
sequential ly added., The, addi t.i on,of dj et hyl.ene ol is carried out slowy
to prevent FP'8EE9J‘I"§??”6‘H“ gachpass- 1 ag fig’fc&‘ﬁ‘lhi/@e present invention Big, | i g

the dilution stepsequeficelofkoriefs iyl BeRis@ttolsindthe séqulen®cTEBIOR deseribed with M cron
What man Pol ycap 36 HD cartridge ﬁgrﬁ e filter (available from Arbor

Technol ogy, ~Ann Afgfeiencenp Figsadango: %‘d@ﬁaldlﬂfkélalf@&@»ér lightsolered light sestricting unp

layer 43 and CMYK layers 44 to 47 or vice versa. Single pass machines have

15  presently four or five printing heads arranged parallel to each other in the
longitudinal printing direction. In accordance with the present invention
conventional single pass machines may be modified to run multipass. For instance, a
four head electrostatic printer may be modified to apply the dark layer 42 including
printing registration marks along the longitudinal edges of the printing substrate,

20 and three identical Jayers of the light restricting layer 43 on top'of each other to
increase the opacity of this layer. In the second pass, the CMYK image layers 44 to
47 are applied using the registration marks to maintain registration. Alternatively, a
five head electrostatic printer may be used to print the dark layer 42, the light
restricting layer 43 and then CMY image layers 44 to 46 in one pass, using process

25 (CMY) black instead of the final black station. Due to the considerable under color
removal in accordance with the present invention, a separate black (K, layer 47) is
often not necessary.

A preferred transparent printing substrate, to which the image is

transferred from the electrostatic paper, is the optically clear vinyl sheeting of the

30 eleventh embodiment. Transfer of the image from the electrostatic paper to the

~ transparent substrate in the laminator may result in some reduction of optical clarity
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(avail able from Barnant Co., Barrington, IL) can be used to feed the ink
t hrough the filter. Aflowrate of about 120 mlliliters per mnute
wi th a back pressure of about 20 3 psi is preferred. Further exanpl es of

sui tabl e inkg,g3hem g ven in the co-pending US patent Fpldsegbdsgy al so
owned by M nnesota ni ng and Manufacturing Co. having attorney

docket nunber 52146USA4A, Serial, No. 08/556, 336_and a PCT application
whi ch cq>féh%mmnb@vtrszryteﬂmté\egaﬁmef\bpﬁ% s Gan herpogreated by running

i ncorporated hergp PHJ% ﬁﬁt@ Sughihe lamn}atolg agaih HﬂéQFaﬂﬁﬂ%ﬁﬁ‘e iMa g@uéﬁfan

present invention evi ce bl ack or
dark |ayer. Thi soptisglbyflat almtsasta(fmmsuqm pplysster@heﬁt l%olmfsr mesmm sofien gt

wi ndow t o which r has_Db, e t this
bl ack | ayer Itap" §g’ g %"3?1?? @ﬁﬂp 97? Ee'{og‘?aé'p 'lt%hlﬁ% d%;g{) pol r%sqgart i cul ar
wat er resistasnt. One aspect ofthémtmmumen; oftthé prresant inverion rﬂh& aces the
di spersants previously. descr@aed 30 with water-soluble silicone polyners

such as pol y(di n%‘t'ﬁ‘f!'%Pf‘ &% fits) fog the direct P"ﬂﬂ!‘%/? Alectrostatio images. additi ves in

wat er - based pi gnent ed
T 36, 0o 07 4a 8“1, € adpRét, 1hRlirk prift il (cofrises a durable, conformable,

PCT/ US96/ 09888  polymericysubsirate hawing/a eanduetive layerorerareddrom aicoafing Salutiom r

o Rt O a0 oG shRleiE pomen and Bk B Con be Tound Tn

coassl grte app n-seri al
i ncor por at ediher ei n byPrekfmblyeﬂeeonductwep:gmentmthecdiﬂbctbﬁllgyetIiBalb%He but al so

the ink jet printing substrate.is urabl e. I n accordance
with the sevent hP¥ ’é‘i’s&HY‘WTéﬂéﬂ%f’"ﬁ’BﬁE’ HF‘P%I'é B e recept or

sheetings for durabl e g bcﬁ:bdepi’-ésﬁhﬁ@“ q{eaml&u&andyﬁtvﬁ of the lsﬁxk%wt
I nvention wll now be described. Advant ?geous y the ar%,l cles of the seventh

and ei ght husestinthe cepdustivecnigspent peogrding tobesfollowing tgst described byl t he

substrate is DuPont, one of the commercial suppliers of conductive pigments. As described in
15 Capano et al., “The Application of ZELEC ECP in Static Dissipative Systems” (Du
Pont Chemicals, Deepwater, New Jersey September 1992), a cylindrical cell, with
electrodes at the top and bottom is used to make bulk powder resistivity
measurements. A weighed amount of powder is placed into the cell and then
pressed with a laboratory press into a pellet. The resistance between the two
20 electrodes is then measured as a function of the pressure applied and the thickness
of powder pellet. The bulk powder resistivities of Du Pont conductive pigments
commonly range from about 2 Ohm-cm to about 20 Ohm-cm according to this test.
Another supplier of conductive pigments, Goldschmidt A.G. of Essen, Germany,
identifies bulk powder resistivity as “specific resistance” and employs a test method
25  available from Esprit Chemical Company of Rockland, Maryland. For purposes of
this application, the property of “bulk powder resistivity™ includes the concept of
the property of “specific resistance”.
In another aspect, the direct print film comprises a durable, conformable,
polymeric substrate having on a major surface a conductive layer coated thereon,
30  and a dielectric layer coated on the conductive layer, wherein the dielectric layer

includes spacer particles and abrasive particles. Spacer particles, which are generally
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conpri sed of weatherable plastic materials, allowing for heat and |ight
stable i mage 10 constructions under such circunstances as are found in
exterior signing envi ronnent s. Referring to Fig. 11

an ink jet priygdnagssheet ( 101 ) of the present invention pCcT/USY6HISES
Il lustrated conprising (a) an inmage receiving layer (111-112) on (b) a

substrate (210 erein.the sheet opti,onally have,(c) a |layer of
adhesi ve (113) cof %‘Z‘I‘”S%I%“"-S? thap ¢ p[aggfe%gn@ﬁrbl&vFaf\ér? ?l’ﬂﬁkgdon t he
surface away fromddfiguiatiBgthan atsiRdive pagtidesyfaniction to pravide h-rdudghhess Thut nathtass ve

| ayer (113) may or nay not be backed with rel ease |iner

114). In
this enbodi ment (FF"&.‘“)‘/'E‘I)S’,“““ g bebuesn theimaging Agpd) %fy%rrelm@&mimnﬂ@cm)s theses
at |east two |aye : ' . o : | er
(112) "and one - CFemaibhEk it SR Sbéeinck ek, REALGCPtcesiGion B prohid
Once the ink j&t porasivitytg contectithdinaging bendi of thpealectrosthtic print¢ran oidekto(dddaown “as

patches of dried ink contaipin i particles). (115) using an ink jet
printing pr 85‘@%‘5’," af'ﬁ@“‘ﬁf&'h"?‘é%qes‘ﬁéré&ﬂb‘f) '"?%V%’ga‘)overl amnated with a
transparent protective Optionally, #hedireCtlptal filme atficRinspedssurt sdnbitiveadhesiee | ayer
(116) may be a transparent Pl astic aring on one side a

sheet be
pressur e- sensi ti vE&oaiethsihg other majgr susface Of(‘ME‘F%P')‘“‘f@"- praferied by arelggse 5 ¢l ear

coat, or a proces g ' tJal . -0f _
printed sheet (10%‘&' ﬁgﬁgabﬁ%ﬁ%ﬂ%ﬁ)‘{eﬁdﬁéﬁkﬁ%rt'ﬁ'tr&g}ée;agfég?{qnpg%'? h gt{lf) and

protective pei@t r &ilm hivingan ihageyrinkeshthereon to begdherédloadfinaliivoFatioand (118),

respectively, that cont o Bifih 0o} e pRSLk BYERBAS (BE abil§ cq giminard! | Nt €

manufacturing steps for the preparation of electrostatic images on a final substrate.

An electrostatic direct printing film can have a surface resistance in its

conductive layer of about 2 x 10° to about 3 x 10° Ohms/Ci and can have a surface

15 resistance in its dielectric layer of greater than about 1 x 10" Ohms/C:. This
difference in surface resistance results in clear, crisp images generated by the
electrostatic printer. '

“Surface Resistance” is the measure of D-C resistance of moderately
conductive materials according to ASTM Test Designations D 4496-87 and D 257-

20 93.

Referring to Fig. 13, a typical construction of a film of the present
invention 310 comprises a substrate film 312 having on a major surface thereof, a
conductive layer 314 and a dielectric layer 316. On the opposite major surface of
film substrate 312 resides optional pressure sensitive adhesive 318 protected by a

25  release liner 320.

For electrostatic imaging on film 310, a conductive coating layer 314 is
provided from an organic solvent-based conductive coating solution on the upper
major surface of film substrate 312, which can be any substrate described above for
prior embodiments. Electronically conductive layers employ a plurality of particles

30 of a transparent, electrically conductive material such as antimony doped tin oxide

or the like, disposed in a polymeric matrix. Conductive layer 314 is prepared from a
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PCT/ US96/ 09888 Typically, a release liner (114) conprises a
paper or plastic or other sui tabl e sheet material coated or otherw se
treated w tt@Y s@hfase material such as a si |l i cone opckipssygasssr bon
type materia on at | east one surface in contact with adhesi ve | ayer

such that adhesive Iay r adheref to r.el (;%se Iaﬁyer bug .easily remved 5
fromthe rel eas&OMtioRe W?@T’P‘@é% qraylatien thatgengr %W'F%&"i’%c"&posed
Briefly, in one pasnael digferdahe am@mabmg&vm he rattertmm%&mwwvent i on,
an ink jet printing sheet I's provid onprising a substrate and an inage
recei vi ng dpayga!heomufa@wmmms s'ﬁh@b’?lah!@emmmf avlidsto erganingelventcei vi ng
| ayer conprises |ﬁﬂ§ t one
conposi tion and "g{hel%é%% cmf)enﬁe) Em‘%ﬁ i@ﬁghﬁ& *X@()x%%ﬁ@ﬁ&@ﬂ%@é’@@?%
conposi ti on, Sancveighe percent bkieg pnkemlylprafm;fbmasé e@apphcanon to fimrsubstrase

di spersed partig{lt s or particulates of a size that causes protrusions from
t he prote IZve penetrant |ayer. Optionally, on the side of the
substrate opposite fr amet Efating of conIGRWE forMERtivN HPfilmP(8itratd F125mauent i al
order, is an adhesive |ayer and a release |iner. An

advant age of t hevaporationior ethsoremewalofiorganis spivent; the thiskngssion galiprreefith 5

wherein the substpalgvafl ?u%‘i'ﬁ"éaﬁ{%ﬁ gwlﬂ?' aﬁ&ﬁf@%{&gﬁﬁb&h Sﬂ(%&ﬁ years
in an exterior environnen ere the erra nmages can pe
exposed to nai n,presam)ypreferred and such variations in tenperature as are found
I n exterior environnme 0 f ac xterjor envi ronrrents
Typioally. the arti ol Nendpmingeameles of CRdpORtids perics ol win

flexibility suchiddent Asﬁoﬂgwryhebadéierda&oﬁﬂhed seHjlhRGRRleRANE Hﬁlr&%e@o
curvature or non uniformity q%@) W, ndows with screw heads or rivets,

Wit hout easily acrylate bindgrs %rg ugqtel fasthe pregent gpventionctich as tesey epramensially on of
the imge recei Vdvmbie%’cﬁﬁ ﬁlhed Coum Mﬁsdﬂ%lﬁ]w s o5 AYHESHSPRY RrbokyRitd N9S Or
i mage or "tenting" t he rraerla over protrusion.

The i nk jet ¥ri reciyiae bihé@'mnqb?&vcdéfﬁhwabylaed mﬂm bmdemgArmeﬂsmflﬂmsed 25

o dert ormmt i i RobieRérsiatera} g cah ¥ cfplodt iiFgerers BARERE 80T rmges can
be nade by ink j®bodyedrdifiAkepn, omoundaftaeeﬁﬁd “Vited”, o€ artiich gradePEI2amdsheet is -

easi |y handl eabl t hout ed n
y eEzng are particu arly sulga% tjor 9se in the present invention. Also vinyl resins

~such as “UCAR” “VAGD" brand resins from Union Carbide of Danbury,
20  Connecticut can also be useful.

Conductive pigments can include antimony-containing tin oxide pigments
or other pigments such as indium doped tin oxide, cadmium stannate, zinc oxides,
and the like.

Non-limiting examples of antimony-containing tin oxide conductive

25 pigments include those pigments disclosed in U.S. Pat. No. 5,192,613 (Work, 11l et
al.); U.S. Pat. No. 4,431,764 (Yoshizumi); U.S. Pat. No. 4,965,137 (Ruf); U.S. Pat.
No. 5,269,970 (Ruf et al.), and in product literature for “Tego S™ pigments
commercially available from Goldschmidt AG of Essen, Federal Republic of
Germany and “Zelec™ pigments commercially available from DuPont of Wilmington,

30  Delaware. Generally particle size should be reduced by a milting process particularly

when the Goldschmidt Tego S conductive pigment is employed. Pigments are
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t he i mage and can be applied, when an adhesive |layer is part of the ink jet

printing sheet, to a wi ndow, vehicle side or other surface using
techni ques well known in the 30 art without use of other devices such as
spray adhesi W@ 9747481 PCT/US9&o888

WO 97/ 47481

PCT/ US96/ 09888 e a of he seve

enmbodi nent mai nt d?'ﬁfef?PWéPmEf’e‘é']"l‘ﬁ‘Slpémc% size iﬂ"b‘b 'I“b eB"P" ‘s['l;l‘hkg}]‘et

printing sheet, sstcahe@aaram:mesﬂcdnaﬁém&waemuﬁodme m%orldwkgr ound
col or. Good coI or saturation_and density are al so observed in the

printed i mages. The pr iFattise srerof thesondustivopisments indhe eandpctive Jayeid ¥@@Bsure to
5 humidity or dHEéé’fgo&g@odt 86216 hodiit PQH:E'.%&WQ&%?0,0QSQ\ m ﬁﬂe tgeges

exhi bit quick ink t1nes oW ng printin good | mage
shar pness. 5  conductive plgrrierlkis jooteagilyl imbibed) with selvent actoncwheressat giehter

available fromth vision of 3M Ink jet
printing sheets a&é@m '§’€§8’?q"5'é‘ff lfwrg@}maya% BRBPATENYi on WO 96/ 08377,

whi ch i's incorporated Weﬁﬂﬁ@rﬁeﬁﬁrﬂ,ﬂrﬁhﬁle siztQan range from abot @05 to

enbodi nents are described in_co- ng US Pat ent plication, Seri aI

No. 08/554, 256 antboptS2ugn mtb;vemlehg ghowt 4 pahbeingypest E’ifqufﬁﬁ from cl ai m ng
priority therefrom boteqf m%wgr l%gl Mt Qgéﬂfr&g Q'tS'

I n accordance with the prese [ nven & caI Fy I'n | gs

1, 7 and 8, siX ownlsebwnzltm;tmusIQ)Ohmdehmyginefemd mMouNhabbms'bOhm-cm
regi stration to e

drying. The eight ﬁg'&ﬁgﬁl‘%w CHFd t éthltﬁe B{'ﬁ%&rgég{ﬁtsl th?/é‘ﬂ? PBWK%J%{' UI oK

qui ck drying receginde ab&it@rs Ohm-chpfor DHed 341081 pidridngs and 4-15 Ofcinfor , | nk

receptor layers arZeeleréOZt& %r ];‘cﬁx(s:\% lagcegtggle%orﬁé gr%gen? Invl.ntto;oﬂmen gulltc ggwder
resistivity has been found to be important in controlling the final appearance of the

15  image on the direct print film because materials that are too resistive require the use
of a larger amount of conductive pigment can cause an objectionable amount of :
background color in the final image.

The “Tego S™ particles are identified to have a specific resistance of 10,
which is believed to compute to about bulk powder resistivity of about 10.

20 A variety of surfactant materials can be employed as dispersants for the
conductive layer 314 in the present invention, including nonionic and anionic
dispersants. In general, anionic dispersants are most preferred, although the
invention is not limited thereto. One particularly preferred anionic dispersant is a
material branded *“Lactimon” dispersant from BYK-Chemie USA Corporation of

25  Wallingford, Connecticut. Also commercially available from BYK-Chemie USA
Corporation is a nonionic dispersant is branded “Anti Terra U™ dispersant.

Non-limiting examples of solvents for the conductive formulation include
ethyl acetate and ethanol.
Formulations of the conductive layer 14 require a weight ratio from about

30  5:1toabout 1:1 of pigment:binder with a preference of a weight ratio of 3:1

pigment:binder. When “Tego S” conductive pigment is employed, the weight ratio
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transparency woul d be preferable. The ei ghth enbodi nent may
provide in one aspect an inkjet recording 20 medi um conpri sing a

hydr ophi li c, m' croporous, polyneric nenbrane havi ng opposi ng maj or
surfaces ang, 1por ous hygroscopi c |ayer residing on at ptfaséenosss one
maj or surface 0 e nmenbr ane. The hygr oscopi c | ayer

Bnd pi grent ?22%%.% o bt 1.l 10 3.7 et findeg  Wogm peciupont™ S

m croporous, polsyERict gorlastive pilinent E\éhﬂliﬁedi tKERéSht frfio can range frél BBLY1:1
supporting the hy FOSCOPIC | ayer containing the inkjet image and also a
nmeans for di ffustior?QO'!tlﬁe B'Gmﬂ@rh'@et‘:ont ained in the inks fromthe dyes and

pi gnent s ret ai he
conbi nati on of the hygr‘r9 g%dctg% gﬁfﬁég? 9'3&39 'ﬁfahﬁy%é“ég)h fhere's}%d equ%%ect:’?‘i(i);por ous,
pol ymeric nertr acomdpetivity délaydr Bé4.nWdes tlfeovelglmmtdlof pipmeduhindeg exceeds about

ng?l se i nk] et I g@argis msu Ciéht coeheswe strength of the layer 314 on film substrate 312.
PCT/ US96/ 09888 Dielectric layer 36 cAvbO&RRR di\fcchdu::ﬁvd l'ﬁx @314 Qprovide the
“hydrophilic" neans that the contact angle e liquid on the

surface is |ess clertresiatic grpgeitanee regyired for %@%’M‘W& i nventi on,
"hygroscopi ¢ nmeans thﬁne'd?éi%inél e?§P@R'o‘?ré?§tw§9!h%ﬂie¥]&l;fnec?¥eﬁﬁ(w%d based

bl end of sol vent's actants used-i I nks,” and t he

wat er - based b0 encontribusésso theqerforntance ofifilini3d 0 ferydinect printingofiimagess of this

i nvention, "m craporou | yneydic nenbr .e," . ns.a.polyner film
that contains anggﬂf"épﬁﬁﬁﬁeﬁ T‘{ﬁi&'o\')é? Hmé'ﬁ]%q'ﬁ%erfaﬁ%{ﬁﬂﬂ%B&@ tké/"e"(""i"’gof
this invention, hé%ﬂQn@ﬁfn@idﬂleleaﬁﬁﬂayeﬁ?mlfovarshﬁd’?f otdcti@ondlRfve R 3¢9@Ad N an
|nterconnect|ng void structure For pur poses of this invention,

"hydrophilic providgs the deposurface foBfilphdl ¢ menbrane” neans a poI ymer film
vvher eby the capillary Bigfctric layer 316 is coated on layer 314 from a dielectric formulation '

IS that comprises particulate matter of both spacer particles and abrasive particles, '
preferably in particular ratios dispersed in a binder.

Both the spacer particles and the abrasive particles should be selected with
consideration to the refractive index thereof, so as to provide index matching to the
remainder of dielectric layer 316 and film 310. In this manner, film 310 has a

20 uniform transparent appearance. The spacer particles can be fabricated from a
material having sufficient rigidity to withstand coating and handling, but need not be
highly abrasive. Non-limiting examples of materials useful as spacer particles
include relatively soft materials such as a polymer or a mineral or relatively hard
materials such as silica or glass, provided that such relatively hard materials have a

25 relatively rounded configuration. More particularly, useful spacer particles can be
made from synthetic silicas, glass micro beads, natural minerals, polymeric materials
such as polypropylene, polycarbonate, fluorocarbons or the like.

Typically spacer particles have an average size ranging from about 1 to
about 15 pm, and preferably below about 10 um. In general, spacer particles will

30  be present in a distribution of sizes, although it is most preferred that the particles
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10 surface tension forces of the water-based |iquids, such as a blend of

sol vents and , surfactants, will cause the liquid to be absorbed,

i.e., to enter the pores of the menbrane. Preferably, the nmenbrane
wi || absorb waioymemsih | ess than one at nosphere of prgsUdogness®r t he
pur poses of this invention precise means that dot spread

resulting from aplp"fé | eve I at_

heon 18 TP AP adfts rngs bfjonll £ i, TirBRRS uabpaRinitiniye

Wi t hout precise Iﬁi&gbﬂ@ducedto()ﬂpngbﬁbeﬁww i mage bl eed, uneven edges, or
nottled col ors. an ei ghth enbodi nent of .the invention,
i nkj et recording medi urﬁimrteﬂularly Pfefemﬂl&'@i"“l’l"f‘l’%“%!ﬁ‘iﬁ!ﬁ’? matgrigds comprise

hydrophilic, mcr , I
yar oscopt o | ayer BRI sIRE of Which s AR PIAREACpthetc, amBHoPkfkas soi
| ami nat ed to the byethoWaRe GpacR ngqngtmemdemhpmm(rﬁym 147 tﬂhessemntmdld lmgei n

the art of _coati r, | am atl pIe |l ayere uctlons
Non-limting exanﬁrf %vs?rage%al%cle&zeg f‘ﬁ‘g"% ‘yﬁggﬁ? miﬁg ?fﬁ? gul Fcl ude
not ched bar coatlmnrmsratnaiaﬁawd Ipﬂgwlesnzegf6-r}0QJniT(mﬁsnhrﬁgon€Ma|m on
coating, gravure coatin cal epderi ng, n the ]ike .

Hydrophi lic, micr mf?@r\ rsaﬁ@*mfznqt%ﬂa!mmﬁms ‘Pyloid T4 X-25
receptive of aquem-,lg.ﬁ@ bmwwﬁ.wmlahxv&ﬁg%thme §id6l ot 6.0l R miBbALd S5 -

M cropor ous nbranes are available with a variety of, pore sizes,
conposi tions, 19 hi emmsggemratus and void volumes. M croporous menbr anes
suitable for this inven £ at e I, Iurreto
fully absorb the ink] etAﬁrgﬂvegéag%%as?'gée for?'de‘ftﬁpﬁy&ﬁg%gﬁ rese'ﬁ "Iwe"t? ayer of
t he inkjet recor dareprowdidumassuie tBdtohd gbrfogmanoe eﬂsphbmpamblesandmbehsw%re vol une

nmust be accessible_tao th I nkj I nk. 1n, other wor I Opor ous
nmenbr ane wi t hout E%H%‘Y iﬁFPgi"c 35,19 Prayileanoptinized 3&?“[‘6 "leﬁ‘@mhygr oscopi ¢
sur f ace The abrasive particles will generally be harder than 1tQpacer particie VO '

97/ 47481
PCT/ US96/ 098845  material chosen and will usually have a more irregular configuration or texture than

the spacer particle material. Among some of the preferred abrasive materials are
silica materials such as microcrystalline silica and other mined or processed silicas,
as well as other abrasives such as carbides and the like.
The abrésive particles generally have the same size range as the spacer
20 particles, typically in the range of about 1 to about 15 um and preferably less than
- 10 pm.
One particularly preferred group of abrasive materials comprises mined,
microcrystalline silica sold under the brand “Imsil” by Unimin Specialty Minerals,
Inc. of Elko, 1llinois. These materials comprise 98.9% silica with minor amounts of
25 metal oxides. One grade having particular utility comprises “Imsil A-10" which has
a median particle size of 2.2 pm, and range of particle sizes such that 99% of the
particles have a size less than 10um and 76% of the particles have a size of less than
Spum.
The proportion of spacer particles to abrasive particles are such that the

30  spacer particles are present in a larger amount. Preferably, the ratios of spacer to
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coating and to each other (i.e., a closed cell film will not provide the

advant ages of this invention and wll instead function simlarly to a
filmhaving no voids at all. Void volune is defined in ASTM
D792 as theyglgpighk density/ Pol yner density)* 100. pérhSsenosesity of

t he polyner 1s not known, the voi d volune can be 5 determ ned by
saturating the nenmprane vmth

uid of known density and . C arin
the wei ght of tAasivR RArighsdal 'm%? gwéawetqfia‘e%lﬁeﬁ W%SthOMP@ﬁ&P )

prior to saturaijeQao ddsphcerto abrisie YRIIIEE S aB oximgtdlPPhi 11 ¢, m croporous,
pol ymeric menbrane 212 range from 10 to 99 percent, with conmon

ranges being 20 to 90¥he spacer particies and abragiye gartiglesiare dispesst! scacbinder Whishnbr ane
t hi ckness deter nbr ane
t hi ckness al so g}@?@ysct}@ﬁhﬁﬁé&wx {éQ{ﬁ Gi‘ﬁp";‘e(éfncfu(r”g b Bﬁﬁ%%&ﬁm%‘gl onal
fst abi | Lt y of 5t heesistivity, ammﬁmmbwnpatim&wmmmps of particles ahdltlekdsmss'rhangl ng
rom about 0.01 out tQ.about 30 m nor e
for typical use§es“‘|—*ﬁth9‘|‘lg?‘é'fﬂ Sy&ctenm?h"& ﬂaé ity o P‘?"@H]“éﬁ&ﬂcz“"@ﬂ‘ then to _
about .25 mm (akRbtrostatiimagingprB&as indlshoiit Ibe brablé ambxent atmosphe-ﬁ@e l'iquid

volunme of typical inkjet printers is approximtely 40 to
picoliters per densditionsgand teanspareol ution is 118 to 283 drops per centinmeter.

H gh resol uti ongpul iefhege AR Ye AR Gl g elLHERS Oclialred oSl LS

i ndicate a deposited m cro |ter per “square
centi met er Wt h gesuplof amtevials aﬁahc akrylic copolymmroﬁge type wuimerciﬂlyamhbl&t ens

could lead to ag hi as 0% e (usin cal.or val ) thus
| eadi ng to vol ui@"ﬂg&ﬂ?‘l ‘?1‘58?8@%53’%'% P@"Wﬂ’ﬁ?'ﬁ%‘*efg? nd “Deso g‘ squar e
centineter. E342-R™. Hydrophilic, mcroporous, polyneric marrbr ane 212

has a pore size that is | ess than the nom nal drop size of the inkjet
printer in which the ﬁrﬁ?j“éﬁg'F'é%'fﬁ'@ln’ﬁ@afed'e‘ec‘ﬁébi&'ﬂrﬁ‘ﬁﬂﬂGJ“IHEYE@%R!NSSF% por e

size may be fro of from
0. 5 t0 5 i or omey e by R GRAETpgter plfbls Ind shrpiV¥ gt S bOAEY

The porositys orass(dldsle'tllhaﬂpmftotal‘solidmibrthmpaﬁﬂgmmdcmhe fgmmtooahgaht t he
entire thicknesscof .t to . a.sufficient depth create
t he ' neceééaf'?"vg"r'%ﬁ%°a€§” e‘?’%“ gce?tﬁéﬁﬁéﬂ%f‘é% PR E ngrmet ric
in nature, 30 therokal bdliak, :wmnardam@s:saﬁmﬁefrbaa@bmrgarmlabmnsmﬂr'Operties

and the other side orous, or non-porous. I n such
a case, the por @Egﬂgﬁm &2 weight ppég;gt (5? the total sohdspthe particles solids (peefcrably ina

41- 3:1 spacer:abrasive mixture) can comprise from about 7 to about 22 and preferably

20 18 weight percent. '

The particle solids for the coating mixture can be blended by ball milling
for approximately two hours at room temperature. Under these conditions, there is
no significant reduction in particle morphology, and the ball milling process only
serves to mix and disperse the particles. Other processes could be employed.

25 There is a conflict between the need for surface roughness for good
printing and a need for a smooth surface to provide good transparency. Surface
roughness is desired to provide topography for deposition of toner particles is based
on a Sheffield measurement method described in TAPPI Test T 538 om-88
published by the Technical Association of the Pulp and Paper Industry of Atlanta,

30 Georgia, incorporated herein by reference. For printing, the dielectric layer 316

should have a surface roughness ranging from about 50 to about 200 Sheffield units
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PCT/ US96/ 09888 adequate void volune to absorb the liquid in the ink
that is passed through the hygroscopi c | ayer 214. -

Non-limting woawwiees of hydrophilic, m croporous, polyneri ®OTAIE96/69888

I ncl ude pol yol efins, polyesters, polyvinyl halides, and acrylics with a

' -voided 5 t 3 AR i ¢ '
T o opor ous. menbr MRSt Frorl U CHd BaBA8 WiAAH6 HERD YAl irdied®0n .
| ndustri es as def thaethet hand, Ssurfaed withNiess than 10 SHefB3Burfiidds preférrey forophi | i ¢

m cr opor ous nenbranes typical used . fo . mcrofiltration rinting or
liquid barrier fi1r§f§pggr}4dmu$a\5’lmpmllmpégrqsas_m %?F‘f“- Accordipg iethe gisgent
4,613, 441, 5, 238, faléhtiodRds prefeféd tolprint Whto@surfadd o¥i5h td BE ShatRelRLSIES (et O
reference as if rewitten herein. Teslin mcroporous nenbrane has an

over al | 5 t hendaf shesacesptablaraese) aed tiey tpsubischthe finjshed print todireskpinine has
been neasured : | . Sl | apacity of
the nenbrane is t%alljlgnﬁagﬁoggsgLﬁﬁén%c{r)%c?tﬁref?agfperr;s[‘gﬁggr{e}% gﬁ%‘&%agr.
Therefore, this npolpssenéilnnas sufficient void vol ume conbi ned with

thickness to fully abs t.he ipk Ited by,nost inkjet 15, pripters,
even at 300% cover age, O'%ﬁl%?rﬁ%fgawﬂgﬁ?égii %&'ﬁ?%‘%%%"?é?ﬁf%@ﬁswaeﬁ%

hygr oscopi ¢ | ayer and 324 can be provided in J¥éF idSn the prévamion vt Hiehding sdgslfsg” byncl ude
a variety of additives known to those skilled in the art,

Non-1imiting Ekanproxidingsavenue farjresidugl ehaege ta be sliminated frem|the ground planec 5| cj um
carbonate, titani ' 9%2 e | ' ol L clarity
20 these filler s?nn%g's@gém |a§§138‘¥1¥hﬁ;‘"§#§ﬁ%§‘éﬂr@ﬂc eng{&?ej‘tl @mbqgifig\%v&t he
wavel engt h of | i gapplied to dielectric lageai3 16 av opposing latdral@édgeswfifilm 215 t o i nprove
coating characteristics,, _surface si gn, surface. finish d

har dness. “Suingypg? 35 H e bR nave Som o GBSk st amon 8, o

| ami nated | ayer oObrahd@¥ultifilm, Confitive Black Ink'9OIBE20T frdmR4fh @i SWarsbn bhe
inkjet image is tQ be forned. Thus, |ayer 214 need, not, cover

, 25 _not,
conpl et el y t h&S neMiimipgton Massachyjsetivand dre,configyred to-prrmpate dielgotric layer 316 at-

such lateral edges of film in order to provide an electrical ground to the conductive
layer 312.
Thus, a film 310 of the present invention can have in sequential order, a
release liner 320 comprising from about 0.07 to about 0.15 mm (about 3 to about 6
20  mils) thickness, a field of pressure sensitive adhesive 318 comprising about 0.03 mm
(about 1 mil) thickness, a film substrate 312 comprising from about 0.05 to about - -
0.10 mm (about 2 to about 4 mils) thickness, a conductive coating layer 314
comprising from about 1 to about 5 micrometers (0.04-0.2 mils), a dielectric layer
316 comprising from about 2 to about 4 micrometers (0.08-0.16 mils) thickness,
25  and a pair of electroconductive ground stripes 322 and 324 at lateral edges of film
310 that permeate layer 316 to layer 314.
A preferred method of constructing films of the present invention
comprises a modular construction, but can comprise a sequential construction. In’
the sequential construction, beginning with release liner 320, each of the layers 318,
30 316, 314 and 312 are built on top of release liner 320.

-53-



si des of nmenbrane 212. Layer 214 preferably lies substantially on the
surface of menbrane 212 and does not contact the inner pore surfaces
of the nmenbrane. Dependi ng on the ultimate purpose for the nedium
210, at | easyoefpssi de of menbrane 212 nmay be cover @grRised@agsl | N
part by |ayer 4 and the other side may 30 be seal ed or coated with
another material, such as an anti-static coating,, adhesive, barrier

| ayer, strength enh an&q{galpl&);@ methpd of the present invéntion employs a modular

- 42- WO Qonéthdfidn wherein the first step |s the casting of a film organosol onto a
PCT/ US96/ 09888 {em can be constructed froma variety

of naturally oc damwrﬁg' release liner, pre qpapatly flsbrelease Jinetio aneardancewish k nown

to those skill GQ%{& evet odn?en S’f’tﬂé’in‘l%?’m tion, @llod%%fﬂﬁﬁ%ﬁmk%?gaﬁwo ace.

Non-limting exa erlasuse
i ncl ude pol y\si nyb faincomkt;atamzlwcmdingpyteohhuqﬁharkﬂows&i thoseakitled tvthy ati ves

such as 5 carboxyne ceIIqus o] eth | ene .Qxi sol ubl e
starches and gunf@an FqJ]gendent module; § Blﬁe'd °¥ |"ﬁ sensifiyg Bgﬁss"gg’eﬁ isaston j ca,

tal c, cal cium cagiRadingr 370! praferabip mdamwln flat liner iff 8toRBNRSART the hebenhp
enhance handl i ng, strength wetti'ng, or Control viscosity dant s,

such as in U.S. emhodingnt ofthbenmsent inventioneedds ta#m-qyes @ﬂscrdxeduﬂtm Aden, th,%n

oot has. e pr apaast a1 ST G SRR e 0 o
to provide ay i nfeld ompstsmeeﬁsmvémswms on liner 3 &gl thé l‘eg]pm Wief anent | y

contacting and r‘gt ai pi.ng dyes and pignents in a precise i nkj et
i mge. O these Tt eﬂ pol y(N-vinyl lactans), polyethylene oxides,
net hyl and pr owlenfaﬁlvéwldas Rarfi@hplvned bafﬂﬁerc.amvanume(pfedawe s@hRRR0! s)
are particul arlé‘greferre Hygr oscopi ¢ Iaz 214 may be
formed on nenbr emezbaqswhanqmmlm substitutiongpr &eemweqlaw ed medulali ng

coating, |am natifiGmdkbnCO- extrusion. Wen a hydrophilic

15 Conductive layer 314 can be coated on film substrate 312 using any
technique known to those skilled in the art, preferably a wire bar coating technique
as known to those skilled in the art. The # wire bar of from about 6 to about 40 is
used to achieve the 1-5 micrometer thickness described as suitable for layer 314,
with a #10 wire bar being useful for DuPont conductive particlés and a #12 to #40

20  wire bar being useful for Tego conductive particles. The wire bar coating process
step can operate at a line speed ranging from about 9 meters per minute to about 19
meters per minute and preferably about 12 meters per minute (40 feet per minute).

Dielectric layer 316 is coated on conductive layer 14 according to coating
techniques known to those skilled in the art, preferably a reverse gravure coating of -

25  the dielectric layer 316 onto conductive layer 314. In those instances where a wire
bar is utilized, the total solids are preferably about 16 weight percent. Where a
reverse gravure process is employed, the total solids are preferably about 25 weight
percent. The ruling mill cylinder having a theoretical “lay down™ factor of about
0.031 mm to about 0.078 mm is used to achieve the 1.5-5 micrometer thickness

30 described as suitable for layer 316 with 3 micrometer thickness being preferred.

The reverse gravure coating process step can operate at a line speed ranging from
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coating solution is applied to the nenbrane, solution viscosity and
concentration w |l affect the performance of the resulting inkjet
recordi ng medi um For exanpl e, | ow viscosity coating solutions
coated on nemyoanamsni th very high porosity and/or 20 | ar gepqQrouss6/a98ge t end
to fill the pores, resulting in a coated nenbrane that is sat ur at ed

Nermbr anes. coat ed Tk o B K7 ele e e 3 BRRHAPMRN, IiReBMp .

i nvention ininute) SThé heerse@gade catbperateisaabll yatioxhrigirigt fronh gbuat 0isSitage
density and contrgst and can dry nore slowy. 25
Preferably, medi ugh%&gsa?’ldé%"eff"ﬁﬂéf‘&ﬁ“a&n have the pore structure of

menbrane 212 col | apsed e reuﬂ@@rsﬁea@mms_m\veaupng,dapﬁkhgﬁg@stdm% such as
heati ng or cal endering, such as disclosed in U S." Pat. No. 5,443, 727.

Furt her enbodi frenapplied t lgierabpdgen ot FmAlQasing teokmignes knewa thpseskilledhingbe | al
No. 08/614, 986 i ' . D f
boih of 30 wa it brecreofah Rk BBl IF el il el 320 328 1 O

-43- - WO, 97 8¢ipdS322 and 324 permeate layer 316 at such lateral edges to create a ground
PCT/ US96/ 09888

) Ninth and tenth_ e dinrents of a direct
printing method i Reth&PpYHEpss 322 and 324\%??%"’[41‘3' L}F'&g@ﬁﬁ gr‘h‘(}‘é‘h?rififﬁom‘ﬁ'f eto
el ectrostatic pri psdifg prothd ﬁfeﬁ e o6 Ei@ﬁrte%géeﬁ'}angin% frorh &bdu® $2 mleff per

i

recordi ng processes in which a recording head is utilized to inpose an

el ectrost at i c1®at minute tomrbauts 1rmsters gerfainwieandpreferably pbousiA sigtess pes minute
material is 5 mgq%,emduye attracted to, and affixed to the
ern. g

el ectrostatic pat rocesses of this type are enpl oyed for
preparing engi neeri ng gABertimaging, diirb 300 banfberprateated with overlaminate films as has

been described previously. The overlaminating film of the eleventh embodiment of
the present invention is particularly preferred.

15 - Films 310 of the present invention can provide an average color density as
measured according to a “Reflective Optical Density of a Status T Method™ under
the requirements of ANSI/ISO 5/3-1984, ANSI PH2, 18-1985 published by the
Graphic Communications Association of Arlington, Virginia of from about 1.0 to
about 1.6 O.D. Unilts. Preferably, the average color density ranges from about 1.3

20 to about 1.5 O.D. Units. These values show that films 310 of the present invention
has an excellent color imaging capability after electrostatic printing directly onto
film 310 using electrostatic printers otherwise used for the processes described in
Wang et al. and Chou et al. above.

Before calendering, films 310 of the present invention can provide a 60°

25  Gloss from about 10 to about 30. 60° Gloss can be measured as described in
ASTM D2457-90 (1990). After post-print calendering, transparent areas of film
310 may have a 60° Gloss of 100 to 150. Further embodiments are given in co-
pending U.S. patent application 08/581,324 which is incorporated herein by
reference.

30 Sheeting for overlaminates and printable substrates for use in the

embodiments in accordance with the present invention are preferably flexible, -
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di spl ays and the |ike. In a typical electrostatic inmaging
process, a recording head which includes a linear array of a
plurality of separately chargeabl e el ectrodes, generally referred to 10
as "nibs", igoehiagled across a recording medium and the nipgp$yRbdhosss

sel ectively energlzed to inpose an electrostatic pattern upon the
medi um The char ged mediumis contacted with a toner, which
typically conpr jvesather resisiant apd optigally Fﬂﬁngé“'tab‘e substpate,isa Yinybheetg i® her eon.

Excess toner is m&e@ﬁrﬁm&mm&meﬂ& 6E0%E Pebsér® Mvkntion. Optiondll thel N the

charged areas. e toner 1s subsequently dried or otherwse fixed to 15
produce a perrrarsbmtmgmagbepmhde@wuheegpmt\ydearudhwvsed for single color or

full color gra n, be.co eddn.a sin Cr OSs the
medi um or in mw}l'lezlf Sﬁé@ 6?852’2 {1 verlaing AprfielRg Sibsfiits
recording rrfdl um{rgmmgb AR ahd ﬁlﬁﬁtgih&lmﬁﬁetﬂie cﬂiteh&?pﬁbl@;ﬁrﬂﬂ‘gé ﬁiriéﬁtd ] )
the 20" BT ect r AEFRIG Gsesay PR EAsed THRICH 3 RIS Ot BBl ABAPIENS w ¢ b t he
toner system substra?é“manY&%r@&u‘éﬁMy efidive iSadhfevei cul ar i magi ng hardvar e, '
such as a single or multiple pass el ectrostatic printer.

I n accordance with t h@ngiaspent aefitharieventhiembodinent ofithesprasent invention isran

el ectrostatic pr| i a. rostatlc

i rages on a 25 ! %F@ﬁ'gt%ﬁedgggéﬁy g%sﬁ#&@?n@#y%hr}%ﬁgﬂn gbg]ﬁ‘ 85t er of

that inmage tw palkléageninérd thitthas preferred sﬁmapm@er\neﬂtdmainmnmt 60t piesént | magi ng
I's disclosed in U S., Patent ,114‘6 (Wang et al.).

The dielectric d&Y}'@Pm&W?P'F 8?:‘{‘? rity, witkin apseptabls pnsess a paper or paper-|ike

substrate, a conducti vigisaein decliie Kith theBldvehth HbbARRAF th fventioat rate, a
dielectric 30 | ayer coated over the conductive |ayer, and a rel ease

| ayer coated abciPEPrERSRSOMPOsiten comprising winykchlaride sesiny. eptionakacryliggesin, 0 assur e
that the inmage r&?ﬁhﬂ%ﬂs@@&\{%mﬁ Q&l(ﬂl'ap_étﬁ)mz@, thleféYn%e composition is formed on a

A 15  polymeric release liner having thickness values from about 0.05 mm (0.002
inches) to about 0.12 mm (0.005 inches).
The method of forming the layer comprises the steps of: forming the
optically clear, transparent layer having two major surfaces from an organosol on a
first polymeric release liner having a thickness ranging from about 0.05 mm (0.002

20 inches) to about 0.127 mm (0.005 inches); optionally adhering a field of pressure
sensitive adhesive to a second release liner; and optionally laminating the field of
pressure sensitive adhesive to an exposed major surface of the optically clear,
transparent layer; and optionally removing the first polymeric release liner.

An advantage of the eleventh embodiment is the ability of the durable,

25  optically clear, transparent layer to provide stabilization and protection from
abrasion and ultraviolet light degradation. As shown in Fig. 9, the printing layers 42
to 47 on printing substrate 41 may be protected by an overlaminate 49 which may
be the 6verlaminate in accordance with the eleventh embodiment. However, the
vinyl layer in accordance with the eleventh embodiment may also be the printing

30  substrate and overlaminate 41 of Fig. 10 which is adhered to a substrate such as a

glass window by adhesive 50 with the image 42-47 therebetween. Therefore, the
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PCT/ US96/ 09888 can be transferred to the final substrate upon
application of heat and pressure. A comerci al ly avail abl e exanpl e of
this transfer wyemesas and the products to acconpl i sh t petrupvemessss i s
the Scotchprint[err] Electronic Gaphics System avail abl e from

M nnesota M ning and nufacturin of St..Pau M nnesota

i s one direct priRtFHY "H%’I‘WBW{?F'@B&?%&H&"W{W‘P%‘“’(Jﬂﬂ@e\?t“?‘ﬁ@@ﬁ 8ﬁ A
further SUi {heleleveritl einbolithent babdiso/inélgdes dimetiiud dNpestedting iaf ikdgeiidn i s the
printer DCS 5400 and associ ated inks, including white and silver spot

colors for the si A9rETAaRgewithiig present inventiongGomnrisie dhe stepsoRferming Hayenafc s
Inc., San Jose, Chleiefedbdth @mbddifent on a polymeric releai% ARk hm? WdnhaRinp ReSayer Of

rrultl pass electrostatic printers nmay be used tipass printers have
a single print$ ngtlttr@tedemhdm@hmemmerabpmcl ate prinmary color to the
head i n each pass. cofdance with sen vent. on th

sequence of toners maya%é ﬁawgpgpfrﬁ{loq ‘f’*lé"p% 'Eugelr?lccg g’f’ g"(':’@E‘)il 8?‘§€‘&e%"é‘??'i¥ed
wWth - r ef er eokesr, transpargnt. lay@r ambfﬂacthermally priotessdbleierpnosel ompdsitioncon 4 ght
colored light restricting 3 and CWK | ayers 44 to 47 or vice
versa. Single pasBolRess W&W‘é‘?’e‘”ﬁé‘“‘“@P‘@g‘éht"’!‘@%@[ﬂmﬁ}es fiel Bf@“ﬁr‘\"ntl ng heads

arranged paral| el grflaGer é dffcal curkf\fropenies of @A 1di nal pri nti ng

direction. In accordance with present 1 nvention conventi onal
singl e pass md€hi nes rral/mtreﬂm be @ddetfmm apolymeri¢ release lmleomaﬁenaitkaqweto a

four head el ectroﬁozg% L‘l&llegrlﬁme% t *a?fsﬂﬂg“ou gnersg ng|(§dg’§%< layer 42

i ncl udi ng printing regrs |on nmar ong nal edges of
the printing subsHaggerty S!ﬁmelda(seleiuwgeommhbmll tbabmnSOShefﬁéléuhusght

restricting |ayer 43 on to o her t.o crease t op it'y of
this layer. In thée%@@amﬂ%a{@grf@rfg Wﬂﬂﬁg‘@ef‘%{?@ thppagiape of et 419 o o
applied using the c&ﬁﬁﬂtﬁ%ﬂ@ﬁl‘ﬂ@ iR dkierrhifle (TR iaPbeatance &ché&itatduﬂﬂee of layer 412
Alternatively, a i ve head electrostatic printer ﬁzi/ﬂgeuse to print

the dark Iayer|542 onthecdurablg imaged substratg: rNtm-lmgns examples of eelegse liners iwiladei mage

layers 44 10 46 | Giglg cBASS polllel el SERPRaRA oty dndiheile m&m@oof the

final black station e consi e un
accordance w t h t ipeefared<Semnteleaseipert 41dris a ares elkyd ematedqimm( Ilavmg,awxea 47)
often not necessar

‘substrate, to whi (?ﬁryf"ﬁ cqan%céorv@smgapoh}afq%&ﬁ(&? g‘?’ gﬁ# 6‘%’( t I nglaat iC

paper, is the opt iowalmni polyesiér illanyl sheeting of the 30 el eventh
enbodi nent. Transfer of the imge fromthe electrostatic pa Ser@&’o t he

_transparent sGBst rate i Relgass lief il 4 sanhavea glosyeanging figmaba | P¥n 13
optical clarity. ang preferably from about 120 to about 140. Gloss is measured by a Gardner 60° -

Glossmeter using published techniques known to those skilled in the art such as

ASTM Standard No. D523.
Durable, optically clear, transparent layer 412 comprises a thermally
25  processable composition containing vinyl chloride, optional additional thermally
processable resins, an optional plésticizer, and an optional stabilizer where the layer
can be prepared from an organosol with a sufficient melt temperature to be
thermally processable to cause layer 412 to form on the polymeric release liner 414
without causing harm to the surface of liner 414 responsible for formation of the

30 optical clarity properties of the layer 412.
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PCT/ US96/ 09888 of the printing substrate in the transparent areas.
This can be corrected by running the printed substrate through the
| am nat or aggHByfsker transfer of the image using an FRoshdsys f | at

sheet as a forner such as pol yester sheet. Pol yester does not soften at

| am nat or terrperatures so that there is no transfer of the |rr?ge to the
pol yester. 5 Vinylchleridg is@p indystripl chemicplicammerially sxailablg frommany, esent

i nvention is thesgyrces thrfihdht HE oAl l%fe?abfy' ih@hfn?fc}ﬂ&ﬂe%éﬁﬂ% the'prddbtng Of
el ectrostatic inages. I n one aspect, the direct print film

conprises a dur aisvention is# inykghjpeide resin comp'eﬂ"guﬁqqncy-ryheié@rrd&treslmeammgmaﬂy
conductive |ayer,paahaf6d B FOBbad fcventﬂafbffs@&l{ﬁah?%fcnevelarlg?e rising

conductive pignent and organi c so erably, the

conductive pigment in When used dsgriothee, buaygtionblaesii ibthelformation of lpyend 2,y
resistivity ranging. from aboyt 2t about 15
powder resistivi Y icresin is readily yailgl F'%@%‘P%‘lsf'ﬂ"?ﬂm sqramesciplly ayailgble:

used in the condgghiniyRbstE&Rkroagkdut tHebbrido ﬁéﬁﬂp kHeQUMyNE résPlsefdlPin Gyked Dy -
E.I. DuPont , one of the commercial suppliers of ‘conductive pi grrents

As described in 1%compisesfiomabout|75,000 whebonp ﬁ,@&tmmbewelz&zmw in Static
Di ssi pative Syst ( g]ﬁﬁh B@ﬁg ey
Sept enber 1992), a'g&cyl|P,r>1éfrnllbhéiltheaiacf’fm: fitinthe e N%fwaé elétop and

bottomis usé@l t resimeomphisihg Hhvadteracryhs resin having about lO0.0@ﬁamehcmmg\t A

wei ghed anount of owdeI I S ﬁﬁa dl'g[]ko th V@Eﬁr ang%tlhen pressed
with a | aborat or FOBPEEE Yﬁ‘fag eSS YRGB B een the two 20

el ectrodes is then ma@W&ﬂllﬁ%e&oﬁ%ﬁhb@%rﬁfyeﬁhQ cBMPEiSes  Plasiiditer esaidid t he
t hi ckness of powder gel | et. The bul k powder resistivities of Du Pont

conductive pi grreH'te§°"“a“°“ of mﬁfgrﬂ'?“? tanster to @)ﬁ\"&U&dt"ﬂ@d@Ihﬁl@Fﬁ tNembout 20
Chm cm accor di ng jifQinkdksingI&0f plasticizer include 1.4-butylene glycol: adipic acid; butylocty! .

15  phthalate; hydrocarbon resins; di(2-ethylhexyl) azelate; dibutyl azelate; dihexyl

"Bul k

azelate; and the like. Particularly preferred for a plasticizer, if present in the
composition of layer 12, is Vikoflex 7170 plasticizer commercially available from
ATOChem of Philadelphia, PA.

Optionally, the composition for layer 412 comprises a stabilizer to aid in

20 the formation of layer 412, provide ultraviolet resistance, and assist transfer to a
durable, imaged substrate. Non-limiting examples of stabilizer include Hal-Lub,
Hal-Base, Hal-Carb, Hal-Stab brand hindered amine light stabilizers commercially
available from Hal-stab Company of Hammond, Indiana; Nuostabe V1923 brand
ultraviolet light stabilizer commercially available from Witco of Greenwich,

25  Connecticut, Cosorb brand ultraviolet light stabilizer commercially available from
3M Company of St. Paul, Minnesota; and Tinuvin brand HAL stabilizers
commercially available from Ciba-Geigy Corp. of Greensboro, N.C. Particularly
preferred for a.stabilizer, if present in the composition of layer 12, is Tinuvin 1130
and Tinuvin 292 HAL stabilizers from Ciba-Geigy or Nuostabe V1923 stabilizer.

30 The layer 412 can have a composition ranging from about 40 to about 60

weight percent of vinyl chloride, from about 10 to about 30 weight percent acrylic

-58-



Anot her supplier of conductive pignments, Goldschmdt A .G of Essen,

Ger many, i dentifies bulk powder resistivity as "specific resistance"
and enpl oys a test nethod 25 avai l able from Esprit Chem cal Conpany of
Rockl and, Marwoaad7asior purposes of thi s application,pdimesopnmper ty
of "bul k powder resistivity" includes the concept of t he property of
"specific resistance"” Il n anot her aspect,.the direct print
filmconprises a %‘Fa%?'@?b%ﬂf%lah%%,‘mg& percent, plastigizes. and figmapot 8ty ng on

a maj or surface aayoRbdeGeightperanehatigi.ed thereon, 30 and a dielectric.
| ayer coated on the conductive |ayer, wherein the dielectric |ayer

i ncl udes spacer parti clligesirably laysr 453 can have sompogition x3agipg from abpytc 310 abgpt ch
S;/eﬁigir all'y 55 weight percent of vinyl chloride, from about 15 to about 30 weigtit ércent - VO
PCT/ US96/ 098885  acrylic resin, frdnpatent O to ahout20 weight peitventgilasticiperr anddtons abomti® or
have a nore roundgd confi qurati.on than abrasive particles, function
to provide a rougﬁ’n@é’gt%Wﬁ'ﬁﬁw(%f‘g%ﬂ’éhzer‘_ a relatively small gap between
the immging head of theprefefibly, RF&rafIR caPhdve cEhpesitibnlriiing from aboRTaI7R6 NY. |
surface of the direct print film Abrasive particles function tQ provide 5

abrasivity to confbgu Hléeis‘}*rﬂng?ftj ofinyl chloride, dras) ghout lﬁ@aﬁbf"@ zﬂr"l"fi&*ﬁ.r in
order to clean percexﬂqéé{:r?lgn% llaeﬁﬁ,yt?&\?ﬂwuh%tmmqueig?%ch&g‘;ﬂééﬂ%i%? magi ng

head. e direct print leld of
pressure sensi®i viomdadbesti2Ao about 6 weightipertenyrstabiligerot her maj or surface of the

direct print film protgcted.b rel e | i,ner., The field of
pressure sensitive adheg?%osg@i‘ﬁ'gye{ﬁ?eﬁnrbgg{epgﬁ&byggfc;\gps@lpl %‘Refff film
Ravi gg an i magfe prﬁﬁdlicﬂikntshﬁfc_ﬁQﬂkétﬁ(leban@ﬁi‘bﬁfﬁﬁ& @fe_?hbfy' D@viso?my‘l_éﬁe{dhe,- mineral
n advant age of the present ipvention s the ility to elimnate X
manuf act uri ng st e&"go‘?‘e‘gﬂéﬂypbﬁ%{'ﬁ?ﬂ' igpbuty) ketppeuid solpene; marepreferably in g
substrate. equal parts of QikhSbRENS. OBAyaf 4 12 id khifCdr geivult dodfed foh lifercAl widve a
S

surface resistance in it ) ) )
a dry coating weight ranging from about 0.70 to about 1.10g to yield a dry

thickness of from about 0.04 mm ( 0.0015 inches) to about 0.08 mm., (0.0030

inches). Preferably, liner 414 has a thickness ranging from about 0.5 mm (0.002
inches) to about 1 mm and layer 412 has a thickness ranging from about 0.5 mm
(0.002 inches) to about 1 mm.

20 After coating, layer 412 is dried on liner 414 to remove solvents at a
temperature ranging from about 90°C to about 120°C for about 2 minutes, then it
is fused in an oven for 30 seconds to 60 seconds at 175°C to 205°C. Composite
410 is then stored until usage, optionally, but preferably as a portion of a lamination
with a field of pressure sensitive adhesive (PSA) and a second release liner

25  protecting the PSA field.

Fig. 15 illustrates a laminated composite 420, formed from the lamination
of a PSA field 416 (protected by second release liner 418) laminated to a major
surface of layer 412 opposite polymeric release liner 414.

Field 416 and liner 418 are combined in a separate step prior to lamination

- 30 according to techniques well known to those skilled in the art.
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conductive |layer of about 2 x 10[err] to about 3 x 10[err] Chns/[err] and
can have a surface 15 resistance in its dielectric |ayer of greater than

about | x 10[err] Ohms/[err]. This difference in surface resistance
results in GlRBlregt’ | SP i Mages generated by the el ec '
printer. - "Surface Resistance" is the nmeasure of D-C

resi stance of noderat elé conductive materials, according to ASTM Test
Desi gnat i ons D 4496- g7€l4 A6 eanbs any cqnventignal pressure sensitive adhesiveghathas g ¢ o

Fig. 13, a typi Sﬁlcapé?d?ﬁ% Eiieds| éyggsa aflarld ﬁr@?eﬁﬁlytﬂéﬁerﬁhﬁﬁﬁ%?tical clarity "vent i on
310 conprises a substrate film312 having on"a nmajor surface thereof, a

conduct i ve | ayepropartiesefdlayerdila| Non-iimitingexamplesiof suchhadhpsives irshulet e maj or
surface of fl ubst r.at [ L.an ressur sitive
Sineaee oo o Byl ol a0 RS, Bk AR S5 il | L
el ectrostati® i cepolybutadierde, styrenctisoprencislockivpolymesoPricferddlyl, adiesiveshubed S

provi ded from an or,gani,c sql venj -based copnductive coating soluti n the
Upper m EPaE Ry acd e blepds riag s s Rl peresnb et angingdinm Hious 350

substrate descriP@dubdi?USarldPreferably aboud 7525 aﬁ@@@ﬂé&ﬁ%&ﬁl 10611800 tatipent.| v
conductive layers enploy a plurality of Partlcl es 3 of a transparent,

el ectrical |y conduct iKielddd6é ean have a lastinated thicknaspeffrane ghoyt 0,043 mon toeabout or

the I ke, di SPOGR e, ua BRRHHER) bém BB 02015 TR B oYk 2yEr 314 1 pr epar ed

97/ 47481 10 Release liner 418 can be made from a release liner material known to those

PCT/ US96/ 09888 .. .. .solutjo f conductive fo ation that generally
conprises a bi n dféilled 'EHW(fu“ct]%'ng&y' the "8‘?"@?7@??( E‘,ateﬁ‘f“ég& }é"éﬁtsf"f%l‘i‘?do‘_’gq'"es&
organi c-based sgexsifdd ackdtBing 8 HeggeRY SHENEIR of FromaBBItS o about 40BhefieMst he
manuf acturi ng process. The ht percent of solids to organic sol vent

we
in the conducti §ele¢t'tsmmﬁﬂmlinerrﬁigaﬁ" pHery therappearanse of layey 412 andhBSA figld 16y t h

about 25 during storage and prior to usage, which may be material to customer preference

15  for the layer of the present invention. Non-limiting examples of release liners
include silicone coated polyester, silicone coated paper, urea alkyd coated polyester,
urea alkyd coated paper, and the like. Particularly preferred for release liner 418 is a
silicone coated polyester commercially available from Rexam Release of Oak
Brook, IL having a silicone coating of 0.005 mm caliper on a 0.07 mm polyester

20 film. -

Release liner 418 can have a gloss ranging from about 80 to about 130
and preferably from about 100 to about 130. Gloss is measured by a Gardner 60°
Glossmeter using published techniques known to those skilled in the art such as
ASTM Standard No. D523.

25 After lamination of PSA field 416 to layer 412, first polymeric release liner
414 can be removed prior to storage and use.

Fig. 16 illustrates the cross-sectional appearance of final composite 430
composed of layer 412 having PSA field 416 adhered to a major surface thereof and
also adhered to a substrate 422 having an image 424 on the major surface thereof to

30  which field 416 is adhered. Layer 412 and PSA field 416 contact a major surface
of substrate 422 without enveloping substrate 422." Preferably, substrate 422 has

-60-



5 weight percent being presently preferred for ease of application to

filmsubstrate 312. After coating of conductive
formulation on filmsubstrate 312 and evaporation or other renoval of
organi ¢ sol vepberifags t hi ckness or caliper of the conduetyusdebesyer 314

can range fromabout 2 to about 5 [err]mw th about 3 [err]m being 10
presently preferred. | es

. Non: | L.t ] exan f hinders
include acryli cs,IMagR A angme %.swifmpndahépd 416‘?3‘(‘)‘@(‘55%,4% 0‘5&% &
bi nders, car boxylppesingmbjt firfcd IMSRI 4243 rmddth QXdbrdinBwith the praenty | at e
bi nders are useful for the present 1nvention, such as those comercially

avai | abl e from Alinvestorco| | oi ds of Suf f ol k, VA such as "Surcol SP2"

car boxyl ated 15 acryl i "o G . | at e
bi nder. Anbng sone of txﬂé&ﬁ‘&gﬁ%%wggtd &ﬁ%fﬁﬁéaﬁﬁ :éhé‘%g&r%t%fe&érrpl oyed
as binders are& nabmaers,dtks, erqlathts)gll as known@o tebseskilledfin theratnin pahticolauthdss  t he

brand "Vitel", of,which. grades PE2 and . .PE200 are particularly
suitable for use qeﬁ“t"ﬁ‘éf"%ﬂ@’é’gme“ﬁsﬁiﬁﬁtﬂfﬁﬁ?'_w%‘b°'\yi nyl resins such as
"UCAR' "VAGD' brand r ePréferably,Giagd 23 tofmpfitis 6mpdsitiond bapaMe o Withstaddfaect i cut
can al so be useful. Conducti ve 8I gnents can i ncl ude

ant i mony- cont ai ni M@eessiRg smperatumsiatieast about 100°%, andimveferably ghlesst sbaltich as.
i ndi um doped tin fvﬁ"@.eﬂr}igﬁmmﬁ& E\E’toﬁo&qnﬁ?ggmaégx}]ﬂdd{é’sﬁgndt he like.

Non-limting exanples of antinony-containing tin ctive 25
pi gments i ncli¥de pamdse pignents disclosed in U S. Pat. No. 5,192,613 (Wrk,

11 et al.); U S, Pat. . 431, 764 (Yoshi zum ) U. S Pat, .No.
4,965,137 (Ruf); US. Sypsifle 4%%“‘_‘ Y Irasparsey 5U sﬁ{&w&%’f"&l ‘?ﬁ‘?s%ﬁ‘_b""f’ﬁ“
product |iterat urdie hdofinkgd eraphic)| NoWlihiting examples Gitfdde  ednspdront glasd, | abl e from
ol dschm dt AG of Essen, Federal Republic of and " Zel ec”

pi gment's commer ci EANSRAreRE aevhig sheets and transpasent PB'W"W‘PWG%;%%H ,ngluba'(‘)ate 4emaViar e.
General Iy particlgg i ;,ﬁ,dgawg@umn%&q;éﬁﬁg by a mlling process particularly
when the Gol dschm dt Tego S conductive pignment is enployed. Pignents are
- 48- 15 Layer 412 and PSA field 416 are transferred from liner 418 on composite
420 to image 424 and substrate 422 by application of pressure of a range sufficient
to adhere PSA field 416 to substrate 422 and preferably from about 1 kg. to about
5kg. _
Layer 412 and PSA field 416 can have a combined caliper of from about
20  0.05 mm (0.002 inches) to about 0.13 mm when adhered to image 424 and
substrate 422. Preferably, the caliper ranges from about 0.10 mm to about 0.13
mm. |
Afier layer 412 and PSA field 416 are applied to image 424 and substrate
422 , liner 18 can be removed, rolled, and can be recycled for later use.
25 Machinery conventionally used in the formation of durable imaged
substrates can be used for the pressure sensitive transfer of layer 412 to substrate
422, Non-limiting examples of machinery include laminators such as Scotchprint™
9540 and 9542 brand laminators from 3M Company.
Fig. 17 illustrates a twelfth embodiment of the present invention where an
30  image 426 is placed on layer 412 of composite 410 prior to adhering of PSA field
416. Transfer layer 412 and PSA fi¢ld 416, with image 426 between layer 412 and
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PCT/ US96/ 09888 preferably mlled until the particle size is snmaller

t han the wavel ength of visible light. Scattered transmttance of
conductive laver.214 should be 10% or |ower. rCTiaddslosdss Size
of the conductlve p| grrents I n the conductive Iayer 314 can range from
about 0.02 to about 0.4 [err]m Bel ow about errl/m partjcle size, the
5 conductive BrAfigdale. és‘!‘%'céé%FF‘SbsirﬁBi“%ﬂ’"W ?W’Ql?l“ srcond image 424 #%er eas

at greater see (Mg, Q7f{096e5<1|ﬂ% fu‘iJ1 @onﬁﬂﬂﬁé‘ﬁid Y thisPehodidiet, 'Kﬁ)éle@ti‘ésﬁﬁfc

t ranspar ency. referably, the average particle size can
range from aboumagmgya[-ﬁmp]rmesaranbeusedamhﬁs tie Scatehprip thtrnmpamgmg es of
about 0.1 [err]m wder

| k
ootstivi ty cariSbam 28 ERT sl o poss aysh 2 o fsq imedd)Farbtl ByREVCE 5
about 10 Chrg cnbdmcmmabaﬂ;ewamblmdnwmasoﬁ MmmglaﬁdJMa?iufﬂsmmmo. St.  being

presently preferr Wth the Pog %ge the ovvd_er resistivity
can be about 2- A0 Plafe 2 4oplog desigp st snpiugf IMEEIMBEEITOM f or
"Zel ec 2610-S fh@%ﬂ&r&?ﬁi@@hﬁ@'oﬁtoflﬁ’}erhh? dﬁ.@ﬁmtapgxﬁ%maw aﬁh&e@u}.& powder

resistivity has been found to be inportant in“controlling the final
appear ance of tthe ling 419 iscpgaled awayhleaving igage $26 on layer 4i2 &;dmwlonmaosfclal s that

are too resi stlve r he us of a H{%H conductlve

pi gnent can cau'e aéegg%i%e&éé °*F%‘ F\heré'%‘{f e 285 ° tﬁe&%’"ﬂgc Q% %ol or in the
final inmageld0 embodiments of the prisent ihegaiony eg)atkt-jwdraberﬁharaml&ﬂtrnafylbedséd) have a
specific resistance elieved to, conpute to about- bul k

powder resisti v§°t|§7'“68’°é'ﬂﬂi?t°"i‘blay°£mb t}hermapmﬁs %ft%P"B'FE: 18 aFgordange
materials can b@\tﬁm@tﬁm&tﬁ&nﬁhﬁrﬁ&ft%}h&ufaﬂ& pheféred. conductive |ayer 314
in the present invention, including nonionic and anionic di spersants.
I n general, anionic dﬂ@p\ﬂ%’@l’rﬁ@ pap\ddespbrasion andayliraxioletdighhprgtsstierhte image

i nvention is no t her cuIarIy preferred anionic.

di spersant is aInJ hmg&%? J}% ra%ﬁcf?ééadctl non" di spersant from

BYK- Chem e UBSA Cor porﬂhramtydbr laﬁer 412\af the presan thverlGmmrbefare the imagel 424
comercially available fr BYK-. Chem e USA . Cor. lQn LS a nonionic
di spersant is bIVEHE aYaY: f&ﬂ’ﬁs ﬁPg} ?bzg“ﬁgﬂocff’§g‘é"f‘389ﬂ Cycles W"R%Sqd aprasion
Non-1imting exatipeleconttherciallyavaiablelfrom Thter Drlistres ofVFonbwanda| Meworork asd ude

et hyl acetate and_ethapol Formul ati gns of the conductive
|l ayer 14 requir greferably @q)m about; 300rtp gbgui H10QP cycles, depending the type of substrate
used.
20 Layer 412 provides protection to image 424 and substrate 422 without

detracting from the appearance of the image. Layer 418 is optically clear,
transparent as determined by visual perception. Preferably, optical clarity gives
acceptable vision when measured with a standard vision test with and without the
film between one’s eyes and the vision chart.

25 A protective clear layer was prepared on an urea alkyd coated
polyester having a urea polymer coating comprising a polyurea alkyd formulation of
0.005 mm caliper on a 0.07 mm polyester film from the following components.

46.7 weight percent Geon 178 vinyl resin (B.F. Goodrich, Cleveland,
Ohio); 17.9 weight percent Elvacite acrylic resin (IC1 Resins, Wilmington,

30 Delaware); 17.2 weight percent Vikoflex 7170 plasticizer (ATOChem, Philadelphia,

PA.); 2.3 weight percent Tinuvin 292 HAL stabilizer (Ciba-Geigy, Greensboro,
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30 5:1 to about 1:1 of pignment:binder wwth a preference of a weight ratio

of 3:1 pi gnent : bi nder. When "Tego S' conductive pignment is enployed,
the weight ratio - 49-

WO 97/ 47481 wo 9147481 PCT/US96/09888 -
PCT/ US96/ 09888 can range fromabout 3.0:1 to about 4.7:1 pignent:

el gt ratio can Rt pe Nagstabe V013 lgblinf WD orctumigh Ciaor |

When the pigment 43.6hieithe perceth bPa SoMenBsy3RoF tWo bartd S¥edi sobtyl IRAGHRGHAbRe DUl K
5 conductivity of layer 314. Wien the weight ratio of pignent:binder

exceeds about part miflesal spifis; ¢ s j nsufficient cohesive strength of the

| ayer 314 on filmsubstrate Qy waskmfecoateccii “}?e""g‘gi‘ﬁ%@ tg"c Ff?%}fx, can

be coated on conductive Iayer 14 to pro ros
capaci t ance refui mauarfdadried ke mose salvents 4t awenpegature of 120°C for 2 minutes & then

dielectric layer 316,is of lve hi | ec t|v and 10
contributes to thg"sﬁ%'r"fag @é%?“%‘%fﬁ‘ (ﬁ%‘:ﬁ éﬁ)’,l@glf"effr gbggl“mmges
el ectrostatically. In add| tApﬁuHegvmg\c/P Epardl frdif the Thiswi ,ﬁgongﬁtgm 10 with
t he recording ead and toner ielectric |ayer 316 covers and

protects conduct i ygﬂ%ft‘éﬁ“mﬁ:ﬂﬂ’ﬁh@m ury, CThr ovi des the t6Ppastsrface for film
310. Acry 1 th@i&i}n?aﬂdﬁ-l’ﬁg ﬁﬂl@delp?nacﬁﬁ ed on W%‘%{e r314 froma

dlelectrlcforrrulatlon onprises particul ate of both
spacer particles RamdplabG§2i(C2. Hall.BedfoedPark,IL)  pref er abd parisn particul ar
rati os di spersed in a binder. Both the spacer particles
and the abrasive particles should be selected with consideration to

the refractive index theredfhe compdsentsovdre Gmsd@dlnmd%vémhﬁhhﬂ&ohﬁnieh%f
remai nder of dlelectailc | ayer 316 and film 310. In this manner, fil

has a 20  uhPfoPHal patissiylal. mathvhethyd detone and methyldspbutyl kesane togreldsa ﬁ%ﬁh be

fabricated from asolution viscosity of 1100 - 1600 centipoise. A field of solution was knife coated at
0.076 mm wet thickness on a silicone coated polyester release liner having a silicone
coating of 0.005 mm caliper on a 0.07 mm polyester film (Rexam Release, Chicago,
IL.) and dried at 120°C for 2 minutes to obtain a dry thickness of 0.0025 mm.

15 The layer on liner from Example 9 was then contacted to the adhesive field
from Example 10 to produce the laminate as seen in Fig. 15 , applying a pressure of
about 2.3 Kg/em?.

In accordance with a thirteenth and particularly preferred embodiment of the
present invention, the display device 20,21 of the present invention is a thermal

20 transfer, including thermal mass transfer or sublimation printer. In thermal mass
transfer printing a donor sheet or “ribbon” is placed in contact with a receptor sheet
and the donor sheet is heated in an imagewise manner (usually from the back) by a
localized thermal print head. The imagewise distribution of heat (and pressure, if
necessary) causes an imagewise transfer of material from the donor sheet to the

25  receptor sheet. The material transferred is usually a binder containing colorant (e.g.
a dye, pigment or mixture of the two). The binder is a thermally softenable material

- (e.g. a wax or a resin), which releases from a carrier layer on the donor sheet and

transfers and adheres to the receptor sheet. The thermal head typically consists of a
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material having sufficient rigidity to withstand coating and handling, but
need not be hi ghly abrasive. Non-limting exanples of materials
useful as spacer particles include relatively soft materials such

as a pol ymeg, b A Neral or relatively hard mat er '5,?.},% SeoEhsaS.
al's ﬁave a 25

silica or glass, provided that such relatively hard materi
rel atively rounded configuration. Mre particularly, useful spacer

particles can bematrix of minujecheating elgmentsy edch of whish canbeaddressed individyally.heads,
nat ural m neral IR o | w;,n X -5’#.% e,
pol ycar bonate, f G‘g?‘bbc/a'r ig%lgﬁgézﬁ{oﬂgd @flieé?fcumn? ;ﬁ§se9‘i’l||rx ypi&c‘g |y spacer
particl es have awhiclveampyise theheatingrelemeytss Repenthh tage formad thermal mass wnsfir 15

d f bl v bel bout 1 er. . | .. ticl
LT Mo pa" oy Yok Becbireiiercel S b itk RER FogPitpR e K, | ©' °°
pr58f erred t h\ﬁ) tg%%ﬁ{bﬁémmaging system (406 DPI) from Summagraphics Corporation,

PCT/ US96/ 09888 USA., or the GerberSqiengific Produsts({3rzbesEdge Graphtse Corp. 4154 HGCTo
| T Ove L ranspar g Xyddh gaglmf,'& Reland Digital Bloud TolFEHARPNC50sybeh ] M OF

bel ow. articularly preferr group of spacer particle
mat eri al s conpr i (860 DPI). Suchmystpiocan beiadidressed direotly iby theicomputet 1oftherred t he
synt heti c, am)rphg S si‘lpkcas sold 5 by the WR G ace Corporation under
t he brand " Syl oi PRIV nmterial s have an average particle size

of approxi megcel y 3. 5- Trhernhat sutllifation privders diffdr f#6m 2herinallniaRs transfer K/gﬁlﬁﬁaﬁ atus
and an average partjcle si sured on a | vern

t o ¥ Ot{gps&lp Lerrhn}astﬂn& : erm,"sublimation” <\, | i
anal yzer. One spgtithe donpggibon poficoniaptdlip resePtornesti thedermy yblimagtion™ gy | oj ¢
74 X- RegUleRis toRR¢ fakChRthe\bbiSrntNANE of the W6REHbBoR Hpoticdsandi ze of 6.0
as nmeasured on a 10 Coul ter appar at us. _
condenses onto the receptor sheet without going through an intermediate liquid
state. By controlling the number of current pulses sent to each cell of the thermal
15 printing head, the heat generated can be controlled which, in turn, determines the
amount of sublimation and hence, the color density at that location. An example of
-a sublimation printer is the Rainbow™ series of printers supplied by Minnesota
Mining and manufacturing Co., St. Paul, USA. These printers are typically small
format.
20 Ribbons and printing methods for thermal transfer printing of light
restricting including opaque silver metallic, white opaque and brilliant durable
colors are known, for example, from US Patent No. 5,409,883 and US Patent No.
5,312,683 as well as US Patent No. 5,472,932 which are all incorporated herein by
reference. The light restricting white and silver metallic ribbons known from US
25  Patent No. 5,409,883 and US Patent No. 5,312,683 are preferred to print the light
restricting light colored silhouette pattern 2 in registry with the colored image 3,4 of
the present invention onto a suitable substrate. The optical density of the white light
restricting layer should be at least 1, preferably at least 2, more preferably at least
2.5 and most preferably 3.
30 Extremely smooth, optically clear substrates having a very flat surface are

preferred as the transfer process is sensitive to surface errors and the final sheeting
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Abrasive particles useful for dielectric |ayer 316 of the present invention
are provided to assure that the perfornmance of spacer particles and
abrasive are effectively decoupled so as to provide an optim zed

di el ectri c nBgbH9Hur4s: The abrasive particles w lpcTaso6e98ss vV -be
harder than the spacer particle 15 mat er i aI chosen and w Il usually have

a nore irregular configuration or texture th the spacer particle
material . Among §§?H§‘E EFstrichwsign as lite &P%ﬁ?'&sﬂ\‘r’é"%\"é&"|55ﬁe§"%1‘r“é‘°°°"da“°°s| lica

materials such géwim th %&éﬁﬁmtﬁﬁﬂoﬁi&?enﬁbf*th&ﬁre?éﬁfim%ﬁi%ﬁ 1srBaRfc‘iilaR{/ pREGQFAssed

silicas, well as ot abrasi ves such as carbides and the |iKke.
The abrasive par t'lihetm,% trgusfescaloraptsusedintthesmalktransfsr E@Onaﬂg@dmtagh@lsgpacer 20

particles, typi C%l lr%ei‘éi'all&gsax o G ?cR:?&étU\;‘ h&ﬁ aﬂﬁ) %%Est sz'g{aFl 1ma
it e podhs p i,

preferably less t
preferred grodp dalledorasi ve materi aI S conprises m ned,

m crocrystalline silica sold er, the brangd "I nsil Speci alty
Vi neral o o e ! o Roguple; e spmeChpre Do Imang vt AR E5kog. Gos
silica with ninorg uamgmpﬁ\cet:o.%'érﬁsﬁ absawf&sa%ﬂe%ﬁﬁiagmasvanaas RRLp & Ul ar
utility conprises "Insil a nmedi an particle size of
2.2 [err]m and re&shgézifsfenpahhontmh gf wblshsamcpnwem%mhem printing head

par 161 €5 have 2 ;aligfd35 1A o FoBl b G fork ey BRI Sh SR Bl ° ze.

of less than on o pacer
particles to labr asagemagmllbwcahdasyanMmeHhtfhuxtothétele&s bemgapm rcohw incles are
Pgi_s ent in a l al %pgpfggo atrleast an llght t[e%tt;llcy ng lEgrl]l?cc;Igrted ngbo%f susé %g meta hc silver or
PCT/ US96/ 09888 white ribbons as mentioned above. Resin based ribbons are preferred as they
provide good scratch resistant prints with good weatherability and durability. Trials
with the SummaChrome™ Imaging system have demonstrated very good local
15  registration between multiple layers of different colored ribbons (see Table 1)
resulting in exact registration printing down to transparent area diameters of less
than 1 mm.
The substrate for thermal transfer printing may be commercially available,
clear, particularly optically clear films such as the transparent marking film VM
20 4414 from Minnesota Mining and Manufacturing Co., St. Paul, USA or
commercially available optically clear polyester films. Particularly preferred are the
optically clear vinyl films in accordance with the eleventh embodiment of the
present invention. in order to give adequate mechanical stability to the vinyl] film, it
is preferably supplied in a laminate form with a polyester film with optional pressure
25  sensitive adhesive between the vinyl and the polyester.
In accordance with the fourteenth to sixteenth embodiments of the present
invention the TLD device 14 in accordance with the present invention may be a
combination of direct printers 60, 70 or a combination of direct printer types in a

printer 80.
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abrasive particles fall within the range of about 1.5:1 to about 5:1. Mbst

preferably, the ratio of spacer to abrasive particles is
approximately 3: 1. The spacer particles and abrasive
particles ar | sed is a binder which general ly cg|

pol yneric rgg?%%' e resin should be of fairly hi gh el ectri ca{d ﬁ@(ﬁsﬁ
resistivity, and should be conpatible with botht es of particles and the
toner. The r esi The frymeenthip,sixtesntls erabodimentn af ks presept invention esavisel i ty to

permt it to fn{}ﬁ“eﬂQiu&&a{egﬁfexceptlonﬁ\lqﬁﬁl‘tgﬁﬁﬁ'ﬂflﬂ r(‘min Grell! HG/ithD Pﬁ&ﬁj shoul d

be stable in a nt at nos s and transparen
There are | arge dnnmpmdfm‘eufp-ntmgaidsahdMcolblleémgesofthehghesmmlw eferred 10

group of materials ar ol of th e C ially
avai | abl e from Fr? galg\* g%lrﬁngdﬁ? pHput o %ﬁgﬁﬁ%‘ﬁ m&ﬁunder t he
brand " Desogrsaphincludes both@ﬁ?l(%age data as well as T-layerda@G8éuppliedth plikitef 66 O

pr epare dlelectrlc | ayer 316 can enpl oy solvents such toluene into

whi ch the bi nderand optienally plse to printas 704 Reintar,pQuis pied to print aspecialstihousie added 15
lids. Th 10
as solids. The R06R Phmd ?E@Af ﬁ:ﬁbiedt?adsﬂi%ﬂ%r ﬁg.g% ; e}e}m,ﬁ R ﬁea&r om

t o about pre era abou t perc e total
coati ng m xt ur e.subjtrate. The vmylesubmw of ¢k dleventhtembodimentds pamtulaﬂy preferrebnpri se

from about 93 t abo 78 ef rcent. O the
otal soli ds. ¢ nEnesuu pruidigm rimer ot I8 pyEr7d A nal B § Sepaiace
spacer: abr asjove pﬂnwrme riftiig Headlintegfated Withha Peintinghehd ofyiiititdr 602TRe fihal
preferably 20 18 wei ght percent. The particle -solids for

t he coating m xtfill golerimage 3 fchidingdrapsparsat ?’eﬁﬁqﬂsﬂ’l'ﬂjlu"ed by printes 80 appfivali mat el y
two hours at ?n ggperature. Under these conditions, there is .. no
significant red tion in particle norphology, and the ball nmilling process
only serves t o Referriagto Fiiss pA and 1% thectranspirens sub@rtte|63,pwhiclemayes coul d
be enpl oyed. 25 b d for gurface

| i.ct bet nt
Foughness T or ~gddny of the wkfitcend. Fafafiahl soy/ek oPoatl G pispmies mepiitngd 1,
provi de %oo]glst r ?hs pmcmbc?uhémpanumlarly the cpmgianyeaeari &nﬁﬁ’ﬁlhﬂiledjﬁsﬁatgﬁ)ﬂ;/ :c deI .
t opogr aphy for osi tioon of. tone S | n a Sheffie
 measurenment net HSE"‘G%@E’P‘F’BW“P?‘?‘ dt'l‘@ g#"%é% l?ﬁlggeystry lea"""[Subl i shed by
the Techni cal Asphispatért areadb7 inhdcdiianee i ﬂféamapalra\d?a&taymﬁhhé\frl1@}3} a, 30

Georgia, incorporated herein by reference. For prin e di€lectric

| ayer 316 Prisfigr §10ds prafesably asthemat transfan grinfesas demg»pgy-th referengsdathes0 t o
about 200 Sheff't‘ﬁlrfleﬁ{ﬂ' -

e efnBodiment. Layer 64 is a dark colored layer equivalent to layer 42 of

20  Figs. 9 or 10. Layer 65 is a light colored silhouette layer and preferably has a
transmission optical density of at least 1, preferably at least 2, more preferably at
least 2,5 and most preferably at least 3. The white and metallic ribbons described in
US Patent Nos. 5,312,683 and 5,409,883 are preferred. Layer 66 is a colorant
receptor layer printed at the same time as layer 65 or printed as a separate layer.

25 Certain general principles about colorant receptor layers are described in
US Patent No. 5,472,932. In accordance with the present invention, layer 66 may
be an ink jet image receptor layer, for instance as described with reference to the
seventh embodiment of the present invention including both a penetrant layer and an
ink receiving layer. Altemnatively, layer 66 may be the hygoscopic layer of the eighth

30 embodiment and the substrate 63 may be the microporous layer of the same

embodiment. Alternatively, layer 66 may be the conductive and dielectric layers of
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PCT/ US96/ 09888 and preferably from about 80 to about 180 with 140
bei ng presently preferred. On the other hand, a surface with |ess
t han 10 Shef fwelogjszami ts is preferred for transpar ent, poaniso6sssy | y

optically clear areas in the print. According to the present

Invention it is preferr .0 print, gat.o.a surfa to 80 Sheffield
uni ts (Pover 5 MeaRghighbodenls EauBa sfmbtlaisdd b Ployisioe eoblinsiE php .
finished print t¢ayér¢esboupthe ansparent ar€adl6l7 @bt shogvniin Bipe $9B. Fhe hibons for
optically flat former_such as an tical cl] ear , pal yester film
Referring agai n ®HMEf §0 maygbe Wg‘&ieagbf’mg‘?‘iéﬁ‘ﬁr‘%&mitw OSF%‘BWB' BfYes 322
and 324 can be pigy¥sidaduitdbiOfesiRbr ivax.2i d in the prevention of "leading edge
fog" by 10 providing an avenue for residual charge to be elimnated from

the ground pl &ne. As theaolorant receptar layey 66 ifcplaed in eegigiry with therdighbenlored . 76

to about 2.54 ] . | | | s osi ng
| at eral edges (r;nl &Ffé\rﬁg‘ﬁe 18 1o neeﬁgpia&&%&gg??%é%@zi“%ﬁ%f%ﬁ%&'g%tﬁé%@?ﬁade
from’a conduct.i veedepior laybrob6Lmajctie biehér optimized Boranckptdiiue of the inks orGonelsidhi ve
Bl ack 1 nk 9093E20J", fro'gcﬁRaf_fi anfi Swanson of

Prijdle

. 15 . W/ m ngton,
Massachusetts andadicwlag Sige fimgitafions fegpized fn (lgli'ee'ﬂ'ﬂtweg‘g‘l?éj{%&'i" mayde, ¢
such lateral edgegail. Firlthe édndadie laytrOthepaitickGarye milydelekiehdidd t80@21d 160 t he
conducti ve | ayer 312. Thus, a film 310 of the present

i nventi on cariOhawen. Alsostbe surface eughnessnay be increased ta 200:Sheffield; units wizthout
conprising from ahkout 07 to out 0.15 nm (about 3 to about 6 20 mils)
t hi ckness, a fi elaﬁomgpggr?eecz%rm8ﬁ§%ﬁg?sﬁr\?g aé%‘ﬁézi ve 318 conprising about 0.03
mm (about 1 mi | Thé pigmmeartickes knd stheridéniald requided foralPtolodarig from

about 0.05 to about .10 mm (about,,2 to about 4 mls) thickness, a
conductive coati ﬁg:eptgy@yerﬁgmay be‘“°°’88’ﬁf?ﬁi“§?ﬁj“%% indey for transfernng g, o

mcrometers (0.045@r @5 65 heat andq,reﬂsﬁie%@fsnchswhfdfeﬁermal_uansfe%tﬁgnpri sing from
about 2 to about m cronmeters (0.08-0.16 mls) thickness, 2 and a pair

of el ectrocod§ucti ve gPeuted subsiratp 62 map be transfezzd toa secand panterctflyhent fi| m
' - printer 70 is an electrostatic printer, the substrate 62 may be printed directly in the
printer 70 as described in the tenth embodiment of the present invention.
Surprisingly, the transparent areas 67, which contain no dielectric and conductive
layer, do not receive charge and do not take up toner. Hence, there is no need to
20 . provide printer 70 with the T layer data. This method of printing should be
distinguished over European Patent No. EP 0234121 and US Patent No. Bl
4,925,705 in which a mask is used and subsequently removed. In accordance with
this embodiment no mask is used.
The fifteenth embodiment of the present invention will be described with
25  reference to Fig. 20. Substrate 62 is prepared as described above whereby layer 66
is an ink jet ink receptor layer. The substrate 62 is printed in a modified ink jet
printer 70. As shown in Fig. 20 the printer 70 may include a conventional four color
ink jet printing head 76 which runs on a guide 71 across the width of the substrate
62. Associated with head 76 is a continuous tape having closely spaced registration
30 marks. A sensor (not shown) in head 76 detects the marks on tape 77 and sends

reference position data of the head 76 to the printer control circuit (not shown).
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310 that perneate |ayer 316 to | ayer 314. A preferred
nmet hod of constructing filnms of the present invention conprises a
nodul ar construction, but can conprise a sequential construction. In

t he sequent i%,ﬁm ruction, beginning with release |iner 33¢Quws9&edsssof -t he
| ayers 318, 316, 314 and 312 are built on top of release |iner 320.

- 53- WO 97/ 47481 _
PCT/ US96/ 09888 Attached to the head 76 oy 1light s0317ee 78 whichypay,br2 Bser apd which s ent

i nvention enpl oy, pﬁ?ﬁfi&%h%& bea or;.@ﬁfa%av&&wanﬁm;b@rp&dt&afarid fhétsub%&r% s

the casting of & M or ganosol orary release |iner,
preferably an opi2 Oalthe/otheleﬁderoflsdas'etelwmnoummba:maddanoefmthehz,mde'f?: t he

el eventh enbodl ent t f ol d t he

or ganosol 5 (9 28 1 divEn By MElesd 7o bt Betr O Briifors BLARRRSL o
t hose skill eds | Nmébtofs @D servomotolsias mederpmdﬂmmwblg,a rhitter i‘nuyebd of
pressure senS|t|ve agdhesi ve 318 is, cast se I|ner

|.e
preferably an opRlaced S"el’P%l'twﬂ ofiguide; 73 %@E@P&&‘H’c@ ﬂrﬂﬁt"ﬁ i Squrcg| é\'f@ﬁ ﬁ
_el_m;(r)]d' tmﬁgt of t hﬂoﬂftﬁf&ﬂthe hEeAY! Heal PORCILAR alighthN 95, Wh& the h@-ﬁ beath € -

of filmsubstrate 312 On the tenporary ner is
joined with the fromlight sofircé @8 passes through transparemtaegiom67 of substeati @ thee 318 on

i ner 318 and the tenmpag

Al ternatively, Osr?gs%gﬁ %’%%8&?@%&@&%&%c)'/rc‘e’a‘gaﬂﬁaﬁmée TP R SQNTRl U ¢ ve
adhesi ve- backed podifiesxhe prisitisighali 69 t6 heal 76t sotthar prifig ik baly afrfiedostas eagishred
nodul ar constkuctl Conductive | ayer 314 can be coated

on film substrat¥ith ZerﬁQSHQ‘Sé

A sixteenth embodiment of the present invention will be described with
reference to Fig. 21. [tems with the same reference numbers are identical to those of
the fourteenth and fifteenth embodiments. The printer 80 includes a thermal transfer

15  printer 84, 86 to 89 and an ink jet printer 85, 90 to 93 combined in a single head.
Thermal transfer printer 84,86 to 89 includes two or more ribbons, 88,89 which
print layers 64 to 66 onto substrate 62. The ribbons are held in ribbon carriers
86,87. The thermal printer prints layers 64 to 66 on top of each other and in the

_ width of one pass of the ink jet printer 85. Under control of the printer control

20  circuit, the ink jet printer 85 then prints a full color image in registry with the
patterned layers 64 to 66 using CMYK cartridges 90 to 93. The combined printing -
head may be mounted on a guide 81 supported by supports 82, 83 at each end and
may traverse the width of substrate 62 as is conventional for ink jet printers. A
registration mark tape such as 77 of Fig. 20 may be used to improve registry as is

25 conventional in ink jet printers. Alternatively, the printing head may be stationary
and the substrate 62 is moved in the X-Y directions by means of a known X-Y
plotter drive.

As the ink jet printer does not print in areas where there are no layers 64 to
66, these areas do not require ink receptor layers. The transparent areas 67 may

30 therefore be maintained optically clear.
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techni que known to those skilled in the art, preferably a wire bar coating

techni que as known to those skilled in the art. The # wire bar of
fromabout 6 to about 40 is used to achieve the 1-5 mcroneter
t hi ckness desgpiohg@fhsfls suitable for |ayer 314, W t h a p&hfussknsssdar

bei ng useful for DuPont conductive particles and a #12 to #40 20 w re bar

bei ful f T t ticl Th
ctep can operate at a |WHIF SpesTOPARGAsF e ONERISD e oo B eEREHh P nut ot o

about 19 Niabéntion Raiot Miniied Meitd For ex£npld) varicil oiys ddemtifyigsthper i nut e
(40 feet per mnute). Dielectric |layer 316 is coated on _
conductive | ayer mxerﬁ'eemcmdﬁgretfeﬂwml ng t echni ques known to those

skilled in the art, Kﬁeﬁ*&h?f&sﬁl%ﬁ%ﬁﬁnﬂé@ﬂ#& @;sﬂ%é‘,{w hQ&fxnl%ﬂ-st arldhe

dielectric | ayer 316 ont o conduct ayer 314. |In those 1 nstances where a
wre - ba¥ i second didesosdid image including amlight sesmcung)slbbwamayerathwng a6

wei ght percent. everse gravure pro S IS t he
total solids ar e%@ﬁgr%mrs;’ t'aﬁs@ﬂ'iengtmg areas and ‘Sz teW%ng??rFq Yl i ng mil
cylinder having ahdvirait Mastone colbaxmdemast Ba@asargnqﬁyeﬁwugtwsmle from dde Giaa mmto

about 0.078 mmis used . to achieve the 1. m,croneter thickness

described as sui tﬁfﬂa@ digplay dgyige a@l*ﬂ"%"c‘ﬁ"ﬁe?ﬁ"&'%‘?r@?@ﬁh%%l‘ﬁ'léfﬁ’éssé“dd&a&ﬁ
preferred. ws@axmiaﬁ?arﬂﬁsax&ﬁ&r%am&& RVKRATrod BB ofiRfsiger ate at a
| i ne speed ranging -54-

WD 97/ 47481 10  comprises the steps:

PCT/ US96/ 09888 abou Dut e and
pref erably about 15 r’r’s)tpr &'6%?5&393 m %?d‘t%sﬁﬁ '%"e ee'r.%oea gr MR e can

operate at a roll rat 2)cgehaa¢1gngcdmpntamémwrs16h of shid design lay@iwdthithd cédmputeér(l

referably about 1. tr| es 322 a 24 are
grrpl oyed, ys uch stri pe§)°l‘3'é?H“Bb‘h°§°mpaﬁf37‘°rde"(f%f éf'af’ﬁﬁ' HayE Lo fi‘l"ng"ﬁ?ﬁ 310

usi ng techni ques KaGMN the coMMiErizeH versiBf of $id M|gn Iayer beﬂfgtmodi’ﬁéafts satividedn
of fset gravure or flexographic coating of stripes 322 and 3
15 said design layer into a plurality of second discrete transparent or translucent areas
and . other areas, and
4) displaying said modified design layer and said silhouette pattern with said
first and second transparent areas being in registry.
. The method also can have a display device be an LCD display. The method
20  can have the first step include providing a definition of a silhouette layer to the
computer, the second include generating a computerized version of said silhouette
layer, and the third step includes outputting the computerized versions of said
sithouette layer and said design layer, the computerized version of said silhouette
layer being modified to subdivide said silhouette layer into the plurality of said first
25  discrete transparent or transiucent areas. The method can have third step include
introducing the plurality of said second discrete transparent or translucent areas
into said computerized version of said design layer using the computer. The
method can have the third step include introducing the plurality of said first discrete
transparent or translucent areas into said computerized version of said silhouette
30 layer using the computer. The method can have said display device be a printer.

The method can have the printer be a direct or indirect printer. The method can
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Stripes 322 and 324 perneate |ayer 316 at such | ateral edges to create a
gr ound path fromstripes 322 and 324 to | ayer 314. The offset gravure
or flexographic coating process step can operate at a |ine speed

rangi ng frog;(ﬁmms 12 meter per 10 mnute to about 31 nMepEfEsdabsssi NUt e,
and preferably about 15 meters per m nut e (50 feet per mnute).

After imaging, film 310 can be protected with overlam nate filns as has
been descri bed pavesheqritss be yigeabgxast resistpprings. The methed canchave thedpeah

enbodi ment of reyst br¥ex Bf RS Eﬂﬁteﬁ BR/Sialie A Rar Fmﬁmagn fefdrathPdmhatlePthed 66wl 15

Films 310 of the pr sent 1 nvention can provid average color density as
measur ed accor dambmoss preférdtdy saller than mﬂtmmaﬂ‘hmn&pd yardfavasﬂ coroputdrizZeét hod"

d h i {_ANSI (150 5/ 31984
publ | shed by ¢ neeraon of S e Bediiin 4 ot shlor agemutiRem Sar e g o,

Virginia of §ronkyébonlie rethod €an have sauﬁibﬁ‘lﬁ:teﬁzﬁi \@rdibnsUﬂkditﬁdes@hQiﬁf&hi y, the
aver age col or density ranges, from about 320 to about 1.5 OD. Units.

These val ues s hﬁfW ?‘W&Pet?el layer inglyde data Pﬁ@'%ﬁ’é‘s‘éﬂ’?ﬁl’m eh't’i“ﬁ'r‘\'cem areas §s an
excel | ent col or sl aRl fghsf@BRY dhtal Yhé efiod SarPRave Siid a.’s;usy @vicdbegg directly

onto f|Im 10 using eI ectrostatic printers otherw se used for the
processes descrtrbmanemlayerdlmlmﬁqmt al . and Chou et al. above

Bef or e cal enderi ng, f the e n_can

60[err] 25 G oss fr‘é?nnﬁ'ﬁg ¢A5° @éﬁfb bh% {]ﬂdossp"%len ?'Fé'gsur ed as
descri bed ino receptoﬁﬁféﬂaméﬁghtg&tlﬁclﬁgﬁ)yerdﬁ Wsmte.ﬁﬁlﬂm'hhmmﬂd%“ ng,
transpar ent arﬁ% %J‘H ma have a GH&err A oss of 100 to
150. Furt her o “«‘ﬁ)f’fl@'ﬁ”rws ent or transtucet aread oy S pat ent
application 08/ 581, #§arfile ¢h ha¥e b R6TbMULRIBBsARY. Rirtherdomprising: sar&f erence. 30
Sheeting for overlam nates and printable substrates for use in the

enbodi nents in gelewmntdayeehaxingia plurelity pEseeend transpanent ontransiucent areas,apd y

flexible, said first transparent or translucent areas being in registry with sécand transparent

15 - or translucent areas. The article can have colorant receptor layer include a
conductive Jayer suitable for electrostatic printing. The article can have said
receptor layer include a dielectric Iayer suitable for electrostatic printing. The
article can have said conductive layer include a conductive pigment comprising
particles of antimony intimately mixed with tin oxide. The article can have the

20  particles be antimony doped tin oxide. The article can have said conductive layer
have a surface resistance ranging between 2.0 X 10° to about 3 X 10° Ohms/%. The |
article can have the dielectric layer comprise spacer particles and abrasive particles
with the ratio of spacer particles to abrasive particles present within the range of
about 1.5:1 to about 5:1. The article can have colorant receptor layer include a

25  conductive layer suitable for electrostatic priming. The article can have said
receptor layer include a dielectric layer suitable for electrostatic printing. The
article can have said substrate be a vinyl-containing polymeric substrate. The
article can have said colorant receptor layer include an ink receiving layer suitable
for ink jet printing.  The article can have said colorant receptor layer include an

30  ink receiving layer suitable for ink jet printing. The article can have said substrate

include a hydrophilic, microporous, polymeric membrane and said colorant receptor
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PCT/ US96/ 09888 weat her resistant and optically clear. A suitable
substrate is a vinyl sheeting in accordance with an el eventh

enbodi ment of whiengmsaasent invention. Optionally the sheetriuksssses be
provided with an optically clear adhesive. Wil e the

ti [ 1 | , | 1 nat d i pti bstr at 5
khown i n the ari JE MRS NEOSERGIET o Thefricle Sun ave 2th Rore Srictist GEFor mat
graphi cs uses, Vi fembhine 6e collapiedad biovide @ahspatenéy ByPpRNireiMedt a8 inAkRgand

printing substhra e films remain extremely elusive to achieve.

One aspect of t he S¥hGES beatine opfalendarng: The apticle qap Buther comprisa ipaotegtive an

i nexpensive, dur abfraMibyer #d ¥aid Ink 2Eceivi i

pol ymeric 10 rel ease Iiyner t_hz:lt nhasce?or g@??ﬂﬂ?#%@'ﬁ?%ﬁ?ﬁﬁgagg
pernmt the | ay@r #atcansesprotusions from the protestive layert Fhévarticle ot comaprisekar ity

w thin acceptabl e ... Jhis |ayer in accordance with the
el event h enbodi maRE‘%%%% Reneiran; Jayer ang said ink TS OB e coqtaining isnerseg particles
conpri'sing vinyl of sz thet ¢agses protAapibhOféth tikGirdteitivellfyel. The article cdfel Onal

pl asticizer, and gptjong|l stabilizer, wherein the conposition is forned on
a 15 polyneric 3&“@83 SL? F"Hgfc VE pard shbstratecds tianspacent. preferably eptically 05 nm

(0.002 i ncheggar.t 0o about 0.12 mm (0. 005 inches). The
met hod of forming the layer conprises the steps of: forming the
optical ly cledP, transpAnaticleicayeomprise  polymenic subjtoate bavirfgscenmpbosition an

organosol on a -k s ease liner havi a, t hi ckpess
rangi ng ‘f r om abouf OIBP'R&I é‘{'r‘!r?ﬁ;ye 8‘%’%@%% ohenjg]n@ﬁ%cghctr 55"588{;?“38&152'?’2%?? . 005

i nches); opti onal bpticndhseabiilizgr, svhereinl the edmpwsition isformed on a pohmsticlrélvRe AResi ve
to a second rel eage.li ner. andfO%"igfg all hgtm'nati nq the field of

pressure sensitivi2AMEqonesspfa 9 é’é'ﬁe irogp aboyt f 4 abowt 194ad ot i cal |y

clear, —  traaSigRresictingYayer andAlicSpH iaérdhlsiid sGUERMIeNGid Bigh idyel
pol ymeric rel ease, | ]ner. An advant age of the~el éventh

enbodi nent i s 1 heinglydingay leat opgeoler lpven said lightgestrigtipelayat bejngsubdivided into a

transparent |ayer : ' b A ' p i from ..
abrasion and ult rg{t/'?h(l)l e"?\qrggﬁtﬁ ‘L‘@%Sir %lﬁg{“lk'g%na%gass%agé/\ﬁe%lgghﬁ%f’bﬁw& supﬂnglded
printing |ayers 4into a pluralityt af sécond trapsparehs orgransliceht #es, dnd sadyfirtand s&bret ed
by an overlam natg, 49 W,?Sh %aié% ... be the overlam nate in accordance
with the el event h" ' &WBYETAHE PERBIMIGEIFTY { he - vinyl layer in accordance’
with the el eventh embodTireesiicléedn favtised chfiprise@ciylid RkihNThe Aicle citafe’ ke and
over | am nat e élé of Fi gyg%gﬂvgw ch is adhered to a substrate such as a

gl ass wi ndow by aBfeY ofifle fesip rangg Fomabayt 49 e ebest (7garsicht Pereensstbe o,
the ~ amount of acrylic resin ranges from about 9 to about 33 weight percent; the amount

of plasticizer ranges from about 0 to about 25 weight percent; and wherein the
stabilizer ranges from about O to about 8 weight percent. - The article can have the
amount of vinyl chloride resin range from about 55 to about 65 weight percent; the

25  amount of acrylic resin ranges from about 16 to about 27 weight percent; and the
composition includes an amount of plasticizer ranging from about 10 10 about 16
weight percent; and an amount of stabilizer the ranging from about 2 to about 6
weight percent. The article can have said substrate be transparent, preferably
optically clear.

30 A printer for receiving a print file includes color separated image data, light

restricting layer data and transparency data, and for printing the color separated
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- 56- WD 97/ 47481

PCT/ US96/ 09888 present invention not only includes printing on to
the vinyl layer in accordance with t he el event h enbodi nent but al so
includes a RpGBAE Protecting an image in accor danggrhisbéloskdse
present invention, conprising the steps of formng a | ayer of t he

el eventh enbodi nent on a gfl ynmeric release liner; and |am nating the |ayer
of 5 the el eldagenandthe dghtEestricipg jayenfats inglyding transparent areas in botirthe 14

shows a prepar atg,pp. et GORRETLRE 18eF i aBtr SancORIth 8R! | ¥
cl ear, transpareh{wlsgﬁ)%g?éﬁ&% Sédl@et ermattﬁ 9gp gces;asal:r)l é‘corganosol

conposi tion on aransparencpddtyneric rel ease |iner 414 having snooth surface
properties hel pful in.the. formation..of .th i.cal. clarit roperties
of Tayer 412 1o The bripter cap bg 35 SRlyte{hul prtedl ap B hnfer e meerPal G o e
liner materi gl krafyfer printer. The cle@ifaatit prihtechniinchidea iinedr aiapbf dplaratitysofr f ace
roughness, neasured accor di n%re'io Haggerty Sheffield (see abqgve), of
from about 1 to SERAsRely chargepblerelectradesngndsaid printer prpts said (raspsenqydatabyner 414

shoul d r c0gni 2 &elliteiohirlify oried 8f he'sbrffelf Erahi it elbdfodes. The iR 2Ct1 N9

layer 412 will determ'ne the ‘appearance of the outer surface o ayer 412
15  on the dur gisinter inclhedgealplutalitytaf inkdet heads-dnd isaid prigterprintgdaidstransparenicgase

i ners include siliLcone coated polvester. .  .ureaal kyd coat ed
ol yester . and 1318y lecta BTN oodl 8 idng ot pRddR TG (bl PRleibaneter, o 414
is a urea aligyd printdr@sh privt ¥£ia light réshidting layestdnda further priftel devive t6 Prikisaid
conprising a polyurea al kyd fornmulation of 0.005 mm caliper on a 0. 07
mm pol yester fi |G@jorseparated image daig| ease | iner 414 can have a gl oss ranging

from about 100 to about 130raster imag@PpdcEising Fetidd Yor raftén idbs frodedting 6 AbOUL
140. doss is neasured by a Gardnéer 60[err] G ossneter using _

publ i shed t echningintSlelinpluding colariseparatediimage dath,Jightwesteietingdayendats and
transparency data, can comprise operating on said print file to generate raster image

15 bitmaps for said color separated image data and said light restricting layer data, and
introducing said transparency data into said raster image bitmaps for said color
separated image data and said light restricting layer data so that the transparent
areas in said color separated image raster bitmap and said light restricting layer
bitmap are in registry.

20 The raster image processing method can have said color separated
image raster bitmap and said light restricting layer bitmap are first created and then
said transparent areas are introduced.

A raster image processing system for raster image processing of a
print file including color separated image data, light restricting layer data and

25  transparency data, comprises means operating on said print file to generate raster
image bitmaps for said color separated image data and said light restricting layer
data, and means introducing said transparency data into said raster image bitmaps
for said color separated image data and said light restricting layer data so that the
transparent areas in said color separated image raster bitmap and said light

30 restricting layer bitmap are in registry.
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ASTM St andard No. D523. Durabl e, optically clear,
transparent |ayer 412 conprises a thermally 25 processabl e conposition
containing vinyl chloride, optional additional thernmally processabl e
resins, an opwioonarspl astici zer, and an optional stabilizer PEUS609888 | ayer
can be prepared froman organosol with a sufficient nelt tenperature to be
thermal |y processable to cayse |ayver 412 to for  he LC rel ease
[mer a1s T % Chout Coad SR He PB vl SR pied A

responsi bl e for fgroeaéih®syseen dafiénchide a ppgliramimabledigitdl pyocpssoperti es of the

| ayer 412. -57-

9 7y 47481 A graphics computer based system for creating graphics images chluding
PCT/ US96/ 09888 . color separated layers ¥adWight fellriRfidgiRyérs: caMprists fist inpa¥ mé&hgdrcal
commerci ally avail abl e from imany sources throughout the world.

Preferably, tHe vimage dass meansifor generating icolor sppangteddmage data from paid image datai s a

vinyl chloride resi [ Sk NQg: VA r%ggln i rcially
avail abl e from B. ﬁ%s@%ﬁ%@%@éﬁ%@g&@k egﬁlgg‘o é'\rﬁ'f g‘relisﬁgqgi 0. 5

Wien ‘used as anot fisisparbity dagal ardmidans foB bttpuiting & ldisphky filedidhalingoshid cdleer 12,
acrylic resin is readily avajl able_ as an, i_ndlust rial chem cal comercially.

avai | abl e f sepprated iasesatac dald light srslicting layerdatasand qad pansparengndata. ho

acrylic resin useful iThegishics computerbasésyBemS8s flrtherRonprisd stéragd MidadsForbout
125, 000 nunber average nol ecul ar weight. Preferably, the acrylic
resin useful 14 tseringaplurlityiofstendardiranspargncysdetatemplates.0 ~ resin conpri si ng
El avacite acrylic resi I’@;{' out 100, 000 nol ecul ar wei ght

comerci al ly avail abl eﬂf romhfl%"g%'esi ns of WI m ngton, Del aware.

Optionally, the conposition for |layer 412 conprises a plasticizer to aid in
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the formation of layer 12 and its transfer to a durable, inmaged substrate.
Non- limting exanpl es of plasticizer include 1,4-butylene glycol;
adi pic acid; butyloctyl 15 pht hgkat.e._hydrocar bon resins;

di (2- et hyl hexgleysnage! ate; dibutyl szﬁll&t&{saﬂﬂwn? mhmpmgsgmd.t he
like. Particularly preferred for ajplastpepz % esent in tne

;\?gﬂ):ibf ieoprgl;n L5 '“3'2 E!f:??e\rr[] E?f ::‘hl | adel phia, PA . m[m’m"i“" m””m

Optionally, the conposition for |layer 412 conprises a sta Zermt Os
20 the formation of |layer 412, provide ultraviolet resistance, and aSSISt

transfer to a dur af| eA'ﬂefFQQQQP@}HStCPQPES'"B\Eﬁ“FPSrﬁ ppigolngie| es of
stabilizer incly ?ﬁ%gﬂh Eltlﬂflon g;ghcalcdek?{ rt??éﬁrt;@pﬂ@ﬂ@nggg?t{ angta?eg opagnd -

hi ndered am ne | 0 I'e from

Hal - st ab ComSanymage giaphiobyiyse lofi doramacr shilwsreabd pifitihg 3heimmgelonto a substrate.
ultraviolet light stabilizer commercially available fromWtco of

Greenwich, 25 Connecticut; Cosorb brand ultraviolet light stabilizer
comercial |y availabl e ermAnlmag,ed ﬁMhMﬁQ!tl@istSﬁearE’@ﬂhereMe‘?ﬂﬁ'&@Fa and
Tinuvin brand HAL stabilizers i ally, available from G ba- Gei gy
Corp. of Greens ﬁané'mswcompa'rc{enﬂm tar«rf&wtwe optical Aensity hasdgen eantrglied byhy i zer

if present int &Fﬁﬁh and
Ti nuvi n 292 HALh';&t a I'ze rom k) ﬁéa‘-"élg%f@?;h o??gbéiv%mﬁ% stabilizer.

30 10 The | ayer 412 can have a conposition rang| ng from about 40
to about 60 melght ree nyl .chlorid r about
30 wei ght percent acr Ap eths (? of (? splaymg an image on a d&i Splay doewcéipavmg irst ang

- 58- WO %édﬂ‘b&!bs sald image including an Ilght restricting silhouette pattern having a

PCT/ US96/ 09888 . gm n, from abou to abc')\aé 33 welg ercent
pl asticizer, and'ralipnof st franspargnt or trans 'éﬁSB‘tﬁ"eaf(F It opedes ay§f abi | i zer.

Desirably, | ayernadihg af Rkt 3R o160 SR & 1bdsPone’ REFH RYerbeMBVRBAUoif Bné §d@bout
15  of said display device and substantially less visible from the other side, said image
being substantially transparent or translucent as viewed from the other side,
comprising the steps:
1) providing at least a definition of said design layer to a computer;
2) generating a computerized version of said design layer with the computer;
20 3)outputting the computerized version of said design layer to said display
device, the computerized version of said design layer being modified to subdivide
said design layer into a plurality of second discrete transparent or translucent areas
and other areas, and
4) displaying said modified design layer and said silhouette pattern with said

25 first and second transparent areas being in registry.

4. Anarticle can have a conformable substrate and comprise: a
colorant receptor layer and a light restricting layer on said substrate, said light
restricting layer having a plurality of first transparent or translucent areas.

30 '
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55 wei ght percent of vinyl chloride, fromabout 15 to about 30 wei ght
percent 5 acrylic resin, froma Q0 to about 20 wei ght percent

pl asticizer, and from about O ¥ W percent stabilizer.
Preferably, | ay®$74¥481 can have conj | om aboupcHUséeosss
about 60 wei ght percent of vinyl c abouf 16 to about 27 wei ght
percent acrylic resin ro ab t 10 t-0_apout, 21 .Wel rcent

pl asticizer, and 10 fr{)m ?thb"gaﬁ)%’ﬂ origable sybgirat gé‘?dc PASNEHR| § zer .
Conposi tion for | ejeantdéckptorlaybcandadight reslriftihglayes Oh \shid Gubisiiare] saay IgMt ent s

i nto solvents such as . ketones and argmatics, preferably D -i sobutyl ket one,

m ner al spi Testisting Jayes having g plpralityrof fiest transpargnt qré@ﬂﬂ‘!"f'f“ ¥eASone and
tol uene, nore preferably in equal parts of such solvents. Layer 412
is knife or gravure coated on liner 414 with 15 a dry coating weight
rangi ng from about 0. 70t o Ambasticle tompisinga pplywiedic substrgteand  t hi ckness of

from about 0.04 0 nche out 0..08 . 0030

i nches). Pref erag?‘ ykht??g m%fkaxerﬁgé)ageﬁugﬂ 83(?5825”&3‘”’”{%& #%&%‘F’ﬁ'ﬁ%‘?’ 0.5 mm
(0.002 i nc hmsl):d:h@aﬂbisubnelcdmﬂ@eﬂ saidgtit résirrcting fayér Hehigcshmﬁﬁaed iffed Ng
fromabout 0.5 mMm 02 inches) to about 1, nmm After

coating, |ayer 41Busalitypf; I(ﬁé’él trapsppreptar t@!ﬂ“‘t"’ﬂ‘ q*wr@ @6’80 @N?rsbemg sybdivided

tenperature rangi ﬂ%a{ﬁlﬂfﬁhwg&og@{rﬁﬁsﬁl&tt& 1? g]sgdfﬁpsr AP dbnd
m nutes, then it I s fused In an oven for 30 seconds to 60 seconds at
175[err]C t o PO5[ tansparent@erepbeing i registry. 410 is then stored until usage,
optionally, but preferably as a portion of a |am nation wth a field

of pressure sensitive adhesive (PSA) and a second rel ease |iner 25
protecting the PSA fielt. A printer for recewmg a prigt.fi Ielﬁclhiidsltsl‘oi' sépafated imagé nat ed
conposite 420, forne t he Ia&natl a PSA field 416

(protected by secH ﬁi'#&l &% g‘é"%l“ﬁ'& 214 and tf”&?ﬁ‘ﬁ%&d"i‘ c?‘"ﬁ forprigting the color g  5ce

of layer 412 opposiphrated dhageehndhé Rite asRickihgRyer4ad including transparent areas fil € d
416 and liner_ 418 are conbined in a separate step prior, toﬁJ am nation 30

accordi ng to 1®chbaththesolnsiseparates ayer and the Yehtdrstrictig layer iplsecordance with the
-59- transparency data.

8. A raster image processing method for raster image
processing of a print file including color separated image data, light restricting layer
20  data and transparency data, comprising operating on said print file to generate raster
image bitmaps for said color separated image data and said light restricting layer
data, and introducing said transparency data into said raster image bitmaps for said
color separated image data and said light restricting layer data so that the
transparent areas in said color separated image raster bitmap and said light

25  restricting layer bitmap are in registry.

9. A graphics computer based system for creating graphics images
including color separated layers and light restricting layers, comprises first input
means for image data, means for generating color separated image data from said

30 image data,

:\
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WO 97/ 47481
PCT/ US96/ 09888 Fi el d-416 can be any conventional pressure
sensitive adhesive that has _ OHtTHIS SHEERIHASY BReN | east as good as and

preferably beideprdshan the optical dlarit properties er 412.
Non-limting exanples of such adhesi  REPLACED pol ya %’V%?’é

pol yvi nyl et hers, natural rubber, silicone, rubber, styrene butadlene 5

ci s- pol ybut adi ene, styr en@‘-ei’%sd'ﬂ"rgﬁ'?é'aﬁ‘l'&)kﬂbt tqsmnwbyer daﬁrsbmdab;btymean&le& ves
used i ncl qﬁﬂraﬁsﬁygn@qml 4@ bl ends having a weight percent ratio
rangi ng from about 50/ 50 to about 90/ 10 and preferably about 75/25
and a viscosity of 1100- 1B@Q\Sd’mutpmlmdxsplayfle mcludm;, said bblet sépardfedcan have

a | am nat ed t hi 0 nm.t o ,about 0.05 mm and
preferably from q“ﬁ%ﬁ‘?‘%%%é% 6&% 'arﬁ?ld sy transparency data. Re| ease | i ner

418 can be made from a rel ease Ilner mat erial known to those skilled
inthe art. Preferably, the release liner material 418 has a surface
roughness, nmeasured according to Haggerty Sheffield of fromabout 5
to about 40 Sheffi el ds. Sel ection of the liner 418 will affect the

appearance of |ayer 4 1 during storage and prior to
usage, which may be WWHW&NWWE““{W preference 15 for the layer of
the present invention. *Nof-ly mmi| g exanpl es of release |iners

i ncl ude silicone coated polyester, silicone coated paper, urea al kyd coated

pol yester, 10 urea al kyd coated paper, and the like. Particularly
preferred for release liner 418 is a silicone coated pol yester
comercially avail abl e from Rexam Rel ease of QGak Brook, IL having a

silicone coating of 0.005 nmmcaliper on a 0.07 nmm polyester 20 film
Rel ease liner 418 can have a gl oss ranging fromabout 80 to about 130
and preferably fromabout 100 to about 130. A oss is neasured by a Gardner

60[ err] G ossneter using published techniques known to those skilled
in the art such as ASTM St andard No. D523. 25 After

| ami nation 8% PSA field 416 to layer 412, first polyneric release |iner

414 can be renoved prior to storage and use. Fig. 16

illustrates the cross-sectional appearance of final conposite 430

—_—
—_—
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conposed of |ayer 412 having PSA field 416 adhered to a major surface

t hereof and al so adhered to a substrate 422 having an image 424 on
the major surface thereof to 30 which field 416 is adhered. Layer 412 and
PSA field 414, onbést a major surface of substrate 4RCI/USWGIGES
envel opi ng substrate 422. Preferably, substrate 422 has

- 60- WO 97/ 47481

PCT/ US96/ 09888 i mage 424 on one Wdfor surface and a field 424 of
adhesive (not shown) on the opposi ng maj or surface. Inmage 424 is
formed in accordance with the present i nvention. | mage

424 can conprise dyes, pig

hORS 85 both from 5 . toners,
i nks, or paints, all as kngq *Qdai gth

art, in particular
bsepnt | nventi on.
$ of w thstandi ng
; nd preferably at

o1 g 010

t hose descri bed in erfbodi nent
Preferably, inmage 424 conpiis¢ 0
processi ng tenperatures off |4 E

| east about 105[ err S eptive to nost inks,
pi gnents, toners, dyes, a Substrate 422 can
be any transparent substr ai-d L.of t}niJarI of

i mage graphics. Non-limting

sparent gl ass,

transparent acrylic sheetsg b te sheets. Substrate
422 may be the w ndo ehicl el 15 Layer
412 and PSA field 416 are {tn4 4B lon conposite
420 to i mage 424 and substjr h p[ fpressure of a range
sufficient t o adher A e te 422 and preferably
fromabout 1 kg. to about D LT ITE L LT R TRTCLLLT O 6

— ——

|| i

m =1

L I .

iialeinl® Ruisinin
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Layer 412 and PSA field 416 can have a conbi ned caliper of from about 20
0.05 mm (0. 002 inches) to about 0.13 mm whéen adhered to i mage 424 and
substrate 422. Preferably, the caliper ranges fromabout 0.10 mmto about

0.13 Rié 97/47481 After layer 412 and PSA fi elpdTAkS6/09888
applied to i mage 424 and substrate 422 , liner 18 can be renoved,
rolled, and can be recycled for |later use._25 Machi nery
conventionally used in the formation of ¥ apl e i maged substrat es

can be used fof-4i-Re--pr-esStH-e--seRsi-ti-ve-t+-afisi-ef--of-J-ayer--412--+o--sybstrat e
422. Non-lihiting exanples of machinery include |amnators such as

Scotchprintferr] 9540 and 9542 brand | ami nators from 3M Cofpany.
Fig. 17 illustrates a twel fth enbodi ment of the present invention}where an
30 image 426 is placed 4 Jayer 412 ite 410 prien to adhering of
PSA field 1} 416. Trans™r | ayer412e0ai( i 4167 with §mage 426
bet ween | ayér 412 and - b -61-
WO 97/ 474811 :

PCT/ US96/ 09888 PSA field 4 G,Lielzrlaclhered to a substrate 42 (with or
W t hout a sécond i mge 424 as in Fig. 17) to becone fi hal
conposite 430. [Tnm thi s enbqgdi . a ostpi1cC Imagi ngitransfer
process canibelused such ad th¢ Scotchprint[err| El ectronid_lLoagi hg
system and el e&trost}g}i c inagi pg pap such as I\Io.GBGEF_Ti rrqge} trémsfer
paper, 5 both comercialfly availa from M fnesot a [M e andi

Manuf acturimg go. St. Pajl , USA, to pllacela 4-color ddsign 'and

sil houette pattern Tayer toner i|nmage.from the.elfectrodtaticipaper
onto |layer 412. Optionally, a PSA field 416 is adhHered and the liner

414 is peal ed away | eaving i mge~426 on |ayer-~412 for lamnation transfer
to a desi rabT‘é“dm'a_tﬂ'é“"rr'l'm"?;r’t'emarrw_/:er-vt"aﬁy“of"rﬁ?"pﬂ'nt "Ny -Tret hods  of
t he : ST

P e - <

qd
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10 enbodi nents of the present invention, e.g. ink-jet or thernal

transfer, may be used to print the inage onto |ayer 412 . Thernal
mass transfer printing in accordance with the thirteenth enbodi nent
I's particul ar o @redsar r ed. Use of |ayer 412 ppoyisssnosss
abrasion and ultraviolet |ight protection to inage 424, i mage 426, or
both, and substrate 422. 15 Abrasivity for layer 412 of the
present inventi dd2before the'iggge 424 3/y7 \ears away ranges f rom about
500 to about 2000 cycles with 10 abrasion wheel s comercially

avai |l abl e from Tab}
preferably from abo
substrate

424 and substra
I mge: Layer 4
vi sual percepti
vi si on when ned
filmbetween on
protective clea
pol yest er havin
formul ati on of
foll ow ng conpo
vinyl resin (B
El vacite acryli
wei ght percent
PA.); 2.3 weigh
G eensbor o,

97/ 47481

PCT/ US96/ 09888

I ndustries of Tonowanda, New York and
1000 cycl es, depending the type of
\ e g




N.C.); 2.3 weight percent Nuostabe V1923 stabilizer (Wtco, Geenw ch, CT)
and 13.6 wei ght percent of a solvent systemof two parts of

di -i sobutyl ketone and one part mneral spirits.

A | ayer was kewideusgated on the liner with a wet thickness opcfludsdhossh nNM
and dried to renove solvents at a tenperature of 120[err]C for 2 m nutes,
and t hen fused in an oven for 45 gggonds at 175[err]C to a dry

t hi ckness of abo . An. adhe5|ve was prepared
fromthe foll ow Danbury, CT)

69 parts AQ : 17 parts
Par apl ex G652 (C. H
The conponents we
parts xylol, met
final- sol ut
sol ution was knif
coat ed pol yester
calipér on a 0.0 AL.) and
dried at 120[err] HBCRORR m 15
The | ayer on |ing - t field
from Exanple 10 t lﬁll |ng a
pressure of ' : : th a
thirteenth and pg pregpnt

I nvention, the di tion is a thermal
20 transfer, including thermal mass transfer or sublimtion printer. In

i sed of 10 equal
one togyield a

b, A fiqgld of

5S on a7S|I|cone

t hermal nass transfer printTnRa Aﬂfﬂ - sheet or "ribbon" is placed in
contact with a receptor sheet h e donor sheet is heated in an
i magewi se manner (usually fromthe back) by a | ocal i zed thermal print

head. The imagew se distribution of heat (and pressure, if necessary)
causes an i magew se transfer of material fromthe donor sheet to the 25
receptor sheet. The material transferred is usually a binder containing
colorant (e.g. a dye, pignent or mxture of the two). The binder is a
thermal |y softenable naterlal - (e.g. a wax or a resin), which rel eases
froma carrier |gguss : and adheres to
the receptor shg

5



- 63- WD 97/ 47481

PCT/ US96/ 09888 matrix of mnute heating el enents, each of which can
be addressed i ndividually, normal ly with highly controlled pul ses of
current bei ngweoasmet hr ough resistors whi ch conpri se pERUSRddsEY -

el enents. Recently, large format ther8p7 mass transfer printers have
become commercially avallable with good local registration, e.g. the 5
SumaChr one[ er r ], T ySTeR 6 JOPT I .o iy Mot i on,
USA., or the GErberSc [ St BUSA /| GC
1300 system n jyst em
(360 DPl). SHEE 3 of the
present i nvergEEss er from
t hermal nass not
contatt the e .t he
fact that th%;

condenses onty i ate
|IC]UId - o S e S e ' 37 nt to
each cell of anny ~ 7% . o (3 e b ' Lo b AL \n be
controlled YO TR K S Yo ' i on and
hence, the cq '
subl i mation j by

M nnesot a ;
printers are typically snal pbbons and

printing nethods foréiqr p t itﬁr infing of |ight restricting
i ncl udi ng opaque sil netalltéf | t@ opaque .-dﬁﬁgilliant dur abl e
colors are known, for exanple, fromUS Patent No. 5,409, 883 and US Pat ent

No. 5,312,683 as wel | a No. 5,472,932 which are al
i ncor porated herein by ((?Néﬁ W)



reference. The light restricting white and silver netallic ribbons known
fromUS 25 Pat ent No. 5,409, 883 and US Patent No. 5,312,683 are
preferred to print the |ight restricting light colored silhouette
pattern 2 in pape7aéigt Wi th the col ored image 3,4 of t Fer/bsRwoiRE -
invention onto a suitable substrate. The optical density of the white |ight
restricting |ayer should be at |least 1, preferably at |east 2, nore
preferably at | east 2.5 and nost preferably 3. 30

Extrenmely snooth, optically clear subst Ses having a very flat surface are
preferred as the transfer process is selfsitive to surface errors and the

final sheeting - 64-

WD 97/ 47481 P

PCT/ US96/ 09888 d restrict vision as littke as possible. The
cl ear- vinyl sheeti ngf—eetor dagce with the el évehth enbodi ment of
the present inventi s partidc™arly preferred. her mal transfer
colorants used inAhefgal trapsfer ribbons are advaptagtous as

s provide WV |light ang pure resistant
For exanm e SummaChrone[err]

cometcially avafl abl
images in S5g full c
| magi ng syst ém (406 Summagr aphi cs
a printer with eight ations for up to ei ght
of which can be conveygd to the thermal printing h

20
and in any order. Foup-e thase ri bbons may be the cp
magenta, yellow and cyan{riplgons with four other ri\Q S

AL e

i ndi vidual l'y
i onal black, 10
bei ng spot col ors,

in particular aty |pasft jan light restricting |iJht} colored ribbon,
such as netallic silver pr white ribbons as ne pned above. Resin
based ri bbons are preferfed gs they provi de ggdoNkscratch resi stant

prints with good weat perpbillijty and durability. Trij

SummaChr one[ err] | magf ng} syfstjfem have denonstrat ed e
=l
L
n =
o L -
< /
o~
o
o
gg o




15 regi stration between nmultiple layers of different colored ribbons (see

Tabl e 1) resulting in exact registration printing down to transparent
area dianeters of |ess than 1 mm The substrate for
t hermal trans{vero7avdsnt i ng may be comrercially avail abl e, PCT/0%98/06388

particularly optically clear filnms such as the transparent marking fil m VM
20 4414 from M nnesota M ning and Manufacturing Co., St. Paul, USA or
comercially available optically clear polyester filns. Particularly
preferred are the optically clear Hthyl filnms in accordance with the
el eventh enbodi ment of the EQ present invention. In order to give
adequat e nechanjica ity to the vinyl film it <t i s pregerably
supplied in a llaginal® formwith a polyester tl mwbth | Pressure 25
sensitive adhesi v§[between the vinyl ar@ the ¥l ye In

er
accordance with the fourteenthgﬁo si xteent h erfbodi grent eor esent
i nvention the TLD accordange with th¢g pr vention may be
a conbi nat i fTect printers )T /{ CJ n gqf direct
printer types in § printer 80. // // B
- 65- WO 9744 1
PCT/ US96/ 09888 The fou h §o $ix bodi nerks of
t he present inventgion|pfoyide pr sulbyst 1 at xceg;bﬂﬁé? :
qual ity providing|traps ent areas 6 Wi ifcal ity and free
of printing aids %nd h| 56 col ored i nmag hi gh ifty.
As shown schemati¢ally | nf Fig. 18, the o1 _conput er I3 |whilch
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5 i ncl udes both CMYK i nage data as well as T-layer data is supplied to
printer 60 and optionally also to printer 70. Printer 60 is used to
print a special silhouette pattern 2 onto a conformable, translucent
or transparenwogy4edser ably optically clear substrate. AdBusYsdddss
substrate of the eleventh enbodi nent is gquicularly preferred. The
output print 62 fromprinter 60 is fed to printer 70 which nmay be a
separate 10 printer or a printi heaWdintegrated with the printing head
of printer 60. The final ® f col & i mage 3 including transparent
areas 6 is produc¥d by prinf%r 80 as i nal print 72.

Referring to Figs. {9A and ansparent_ substrate 63, which may

be any of the transl\ucent, and/ or ﬁﬁtically cl ear substrates
mentioned in 15 th ' enf S, ~particularly the optically

cl ear; conformable stibs € el eventh enbodi nent, is printed
with |ayers 64fto|66]in transparent areas 67 in

accordance with the {ra ) fromthe T | ayer. Printer 60
is préferably & tlher pal infer] as described with reference to the
thirteenﬁg n i vk _col ored | ayer equivalent to | ayer

42 of 20 Siolored sil houette | ayer and

nsity of at |east 1,

preferably at . , i | east 2,5 and nost
preferably at feagt B. i : Al 1 ic ribbons described in
US Patent Nos. |5, 12, 68 B are preferred, Layer 66 is a

o]
o
~—+
)

col or ant recept o the Séﬁﬁ'tﬂ%e as |l ayer 65 or
printed as a s¢pafatp | Certain general principles
about col orant |regepf or 5C ed in US Pat ent No.
5,472,932. In @ccprdpnc 5e ™vention, |ayer 66 may be
an ink jet image [ecppt ns ancégas described with reference
to the seventh € he |present invention including both a
penetrant |ayef apd gn ei ving layer. Alternatively, |ayer 66
may be the hygeschpifc | i ghtjh 30 enbodi nrent and the
substrate 63 nmpy pe fhe ayer of the sanme enbodi nent . :

Al ternatively, || ayer| 66 ductive and dielectric |ayers of

- 66-

............................

48




WD 97/ 47481

PCT/ US96/ 09888 the tenth enbodi nent. Conductivity is maintai ned by
provi ding a continuous path in | ayer 66 about the transparent areas 67
as best shownwogwdrzgss 19B. The ribbons for - printer 60 NpyriSochbsaguced
by enbedding the particular type of colorant receptor | ayer 1n a
suitable resin or wax. 5 As the colorant receptor |ayer 66 is
placed in registry with the |ight col ored | ayer 65, there is no need
for layer 66 to be transparent. This has9ft® advant age t hat recept or

| ayer 66 may be better optim zed for acceptance of the inks or toners. In
particular the particle size limtations required in the ninth enbodi nent

may be rel axed. For the conductive |ayer, the particle range may be
extended to 0.02 to 10 10 [err]m Also the surface roughness may be
increased to 200 Sheffield units w thout affecting the clarity of the
transparent areas 67. The=pigments, particles and other
materials required for the col orant ~ receptor |layer 66 may be
incorporated into a suitable binder for rané?erriﬂb to :f | ayer 65 by
heat and pressure as is known f®r ther inti 15

Printed substrate 62 may be trans{ErpR 70. Wen
printer 70 is an electrostatic,prif be printed

directly in the printer x4 , 2Zalal bnbodi ment  of

the present inventiong Sur Pl gl 7 L1oSPp Areas 67, which
contain no dielectricYand conduct | : iROT
do not take up toner. nce, therg
with the T | ayer data. .S nmetho
di stingui shed over European Rg

4,925,705 in which a mask is Bsed
with t hi s enbodi mrent no mas
enbodi nent of the present inventi
to Fig. 20. Substrate 62 is prepa
is an ink jet ink receptor |ayer.
ink jet . printer 70. As sho
conventional four col or i nk
guide 71 across the wdth of the
76 is a continuous tape having cl§

e printer 70

J ent No. B |

I n accordance

he fifteenth

P5 ref erence

eg | ayer 66

Med h a nodified
i ncl ude a

S on a

At w th head




30 mar ks. A sensor (not shown) in head 76 detects the marks on tape 77

and sends reference position data of the head 76 to the printer
control circuit (not shown).

-67- \ng Sikrig+81 PCT/US96/09888

PCT/ US96/ 0988 Attached to the qﬁﬂq 76 is a light source 78 which
may be a | aser and which provi des a narrow beam of |ight directed
substantial |y perpendicu2q4Q to the substrate 62. On the other side of
substrate 62 i s nounted head 74 on a further guide 73. head 74 is
driven synchronously mﬁ;} head 76 by neans of synchronized stepper 5
nmotors or DC servonotord as is known in the art. Alternatlvely a mrror may

be pl ace an head 74 and |i ght
source 78 may be Fbad 74 includes a |ight
sensor 75. Wh ght source 78 passes through

t ranspar ent reg;gn ;; 23 g;F EE,:;E sensor 75 sends a signa
79 to the cont i i iesopqpl circuit 10

nodi fi es the priﬁ;fsignal:gz to he;E 76 so-thaL\prlntlng is only carried
out in registr ] 1 A sixteenth
enbodi nent of the dresent _i1iventio % &d wth reference
to Fig. 21. It : nunber e identical to those of

the fourteenth and fifteenth enbodi nents. The prt r 80 includes a therna
transfer 15 printer B84. Q? to 89 and an ink jet printer 85 90 to 93
conbined in a single @ Thermal transfer printer 84.86 to 89

i ncludes two or nore ribbons, 88,89 which print |layers 64 to 66 onto
substrate 62. The ribbons are held in ribbon carriers 86,87. The
thermal printer prints layers 64 to 66 on top of each other and in the

wi dth of one pass of the ink jet printer 85. Under control of the printer
control 20 circuit, the ink jet printer 85 then prints a full col or i nage
inregistry with the



patterned |l ayers 64 to 66 using CMyK cartridges 90 to 93. The conbi ned

printing head may be nobunted on a gui de 81 supported by supports 82,
83 at each end and may traverse the width of substrate 62 as is
conventional fwosymMMsj et printers. A regi stration marlpchiRGe/dodssh 2S

77 of Fig. 20 may be used to inprove registry as is 25 conventional in
ink jet printers. Alternatively, the printing head nmay be stationary
and the substrate 62 is noved in the X-Y directions by nmeans of a known X-Y

plotter drive. As the ink jet printer does not print in
areas where there are no layers 64 to 66, these areas do not require
I nk receptor layers. The transparent areas 67 may 30 therefore be

mai nt ai ned optically clear. 11717

- 68- WD 97/ 47481

PCT/ US96/ 09888 Whi | e sone enbodi nents of the invention have
been descri bed, the I nvention is not limted thereto. For exanple,
vari ous ways of identifying the i nvention include the follow ng.

A met hod of displaying an image on a display device having first and 5
second sides, said image including an light restricting silhouette pattern
havi ng a plurality of first transparent or translucent areas, and at
| east one design | ayer having at | east one color, said at |east one
design | ayer being visible fromone side of said display device and
substantially |l ess visible fromthe other side, said tﬂ?ge bei ng
substantially transparent or translucent as viemﬁs,?a the ot her side, 10

conprises the %&ﬁfS: 316
X \ 324

NS~ XN
v

N

| Fig.13



1) providing at |least a definition of said design |layer to a conputer;

2) generating a conputerized version of said design |ayer with the

conput er; 3)outputting the conputerized version of said design
| ayer to sai dwipspi7ast devi ce, the conputerized versi onpetsssgdssdesi gn
| ayer being nodified to subdivide 15 said design layer into a plurality
of second discrete transparent or transl A2&M areas and other areas,
and 4) displaying said nodified design |layer and said

sil houette pattern with said first and second transparent areas being
in registry. The met hod al so can have a display device be an
LCD di splay. The nethod 20 can have t@f|1'4t step include providing a
definition of a silhouette Iayer to t conput er, the second include
generating a conputerized rsion of sa|1 il houette | ayer, and the
third-step includes outpu4 g the conpﬂt i zed versi dhbdof said

sil houette | ayer and said sign | ayer, the conputer|ze- version of said

si | houette I | | ayer
into the plurality | ucent
areas. The nethod c3 e
plurality of said s ar eas

into said conputeri ter. The

met hod can have the thlrd step i ncl ude |ntro-UC|ng t e p uralrTty of said

first discrete transparent or translucent areas into said
conputeri zed version of said silhouette Iayer usi ng the conputer. The
met hod can have said di splay device b Q§ The net hod can
have the printer be a direct or |nd|rec printer. The nmethod can

- 69- WO 97/ 47
PCT/ US96/ 09888 ‘iﬁ ve thél i nter 414& | ocal4d B@act reéilsﬁ ry printer.

The nmet hod can have t he T ocal
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registry index of the printer be smaller than 1 mm preferably smaller than
0.6 mMm and npst preferably smaller than 0.4 mm The nethod can have
said conputerized version of said design layer include data of

col or - separ at gy doayss of said design 5'3,1} ayer. The met hodperusdsmssss sai d
conputeri zed versions of said design |ayer and said sil houette |ayer

i nclude data of said first: transparenﬂ:@(%tr | ucent areas as

separate transparency data. The netho Ve said display devi ce be a

transparent |ayer dis y devi An ar n have a
conf or mabl e substrat d conp&ﬁge a cé”:ﬁant 10 (42 Aiiayer and a
light restricting | aye ¢
col orant |ayer haV|n ar 2NN 1Y
areas, and sai A w

g cle can
el ectrostatic printl-- ‘-- i o yer
include a dielectric el ecw ost &
article can have saif | udeN\a COMg

a ™ e -L &

article can have said conductive |ayer have a surface resistance
rangi ng between 2.0 X 10[err] to about 3 X 10[err] Chns/[err]. The
particles present wwtjiuR the r about 1.5 to out 5:1. The
article can have col &Qt rece%ri% Iayer4 ﬁcl ude a 25 4120412&“ ve | ayer
suitable for electrostékgé printling. The hrticle can haye sp

| ayer having a plurality

registry with second

conpri sing par

article can have the dielectric |ayer Fcl@rl“s spacer particles and
receptor |ayer include |electr|c Iayer SU|tabIe for

The article can havega

have col orant recept

article can have the 20 partlcles be antlnDny doped t|n OX|de. The
abrasive particles with the ratlo of spacer particles to abrasive

printing. The

pol ymeric substrate.
| ayer include an ink
The article can have
receiving |layer suitég
substrate i NCI
said col orant recept

ai ni ng

bt or

nting.

nk

sai d

ane and
- 70_




WD 97/ 47481

PCT/ US96/ 09888 | ayer includes a hygroscopic layer. The article can
have the pore structure of the menbrane be col | apsed to provide

t ranspar ency ofagiSt treatnent after imaging such apchrRbd/g98ssO!" -

cal enderi ng. e artlcle can further conprise a protective penet r ant

| ayer and said ink receiving | ayer cont@pﬁtng di spersed particles of a size
5 that causes protrusions fromthe pr tive layer. The article can
conpri se a protective penetrant _layer and said jnk.receiving |ayer
cont ai ni ng di spersed particles | of a size that causes protruélons from
the protective |layer. The artlche can be dur abl e. The artlche can
have sai d substrate be transparént, preferably optically cléar 10

An article can conprise a polynéric sups
conpr.i sing vinyl chloride resin, optifnal

having a co

osition
:Eglonalg

pl astici zer, and g " the conpositign is
formed on a polynerijc rel ease | iiner ng snooét hness of a Sheffield
val ue. of from about }1 to about a lightirestricting Iayer and

a design layer on sgid substratd |nclud|ng.at | east
one col or |ayer, said |ight resbrlctlng | ayer begtre th=w+yded |nvo a

plurality of first fransparent Qr transl ucent i sign Hayer
bei ng subdi vi ded into a pliurality of sec D or !
transl ucent areas, ﬁH"§§FH"TTT§t """ andsecona T 5 ardas bei ng

in registry. _ Theaartlcle can furtiher conpri sg acryhlc resin.
The article can have¢ the 20 aﬂnunt of vinyl c n| rangd from
about 49 to about 72 weight perqent t he anount of acrylic riesin
ranges from about 9jto about 33iwei ght percent; the amount daf

pl asticizer ranges flrom about O ‘to-ebout--25-weight--pereent----and-wHer ei n t he
stabilizer ranges fiom about 0 to about 8 wei ght perceZ? The¢ article can
have t he amounpt of vinyl chloride resin range from aboyt 55 to about
65 wei ght percent; the 25 anount of acrylic resin rgfges fnom about 16 to
about 27 wei ght perg¢ent; and the conposi tion inerudes gn anount of

pl astici zer r@angtng rrom apout 10 to about 16

72

13

Fig 18
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wei ght percent; and an anount of stabilizer the ranging fromabout 2 to
about 6 wei ght percent. The article can have said substrate be
transparent, preferably optically clear. 30 A printer for

recei ving a RybWebufssl € i ncludes col or separated image data, porijabsoosss
restricting |layer data and transparency data, and for printing the color

separ at ed -71- WO

97/ 47481 ' 1517

PCT/ US96/ 09888 i mage and the light restricting |ayer data including
transparent areas in both the col or-separated | ayer and the |ight
restricting |ayer in accordance with the t ransparency dat a.

The printer can be an electrostatic printer, an ink jet printer, or a
thermal 5 transfer printer. The electrostatic printer can include a

linear array of a plurality of separately chargeabl e el ectrodes, and
said printer prints said transparency data by sel ectively controlling
ones of the separatﬁfy chargeabl e el ectrodes. Thegynk j et printer

i ncludes a pluralit$?of ink jet heads and said preRter prints said
t ransparenc ata by selgectively gontrol ling.ones of said ink jet
éﬂern&l gﬁp

heads. The q§§s transfe@ 10 M nter can®Pint said |ight
restricting hayer a further printer [device toldarint said col or
separated i nage_dat a. A raster inmage processing

met hod for rastler }i mage pr col or
separated i n@peg data, |igh par ency
data, can coifilli s¢ operati i mge 15
bi t maps for ol or sep i ng

| ayer data, B I nt raster

i mage bi t mapi sai d col li ght

restricting |ayjer nga o)




areas in said color separated inmage raster bitmap and said |ight
restricting | ayer bitmap are in registry. 20 The
raster image processing nethod can have said col or separated i mge
raster bitmapwvwmesasid | i ght restricting layer bitrmap are fi petwsssnwossgd and
t hen said transparent areas are introduced. A
raster image processing systemfor raster imge processing of a

print file including color separated inage data, |light restricting |ayer
data and 25 transparency data, conprises nmeans operating on said print
file to generate raster i mge bitmaps for said col or separated i nage
data and said light restricting | ayer 16/17 data, and neans i ntroduci ng
said transparency data into said raster inmge bitnaps for said color
separated i mage data and said light restricting |layer data so that the
transparent areas in said color separated i e raster bitmap and said
light 30 restricting |ayer bitmap are in gistry.

- 72- WO 97/ 47481 ?

PCT/ US96/ 09888 o The raster_processi ng system can be
hard-wi red. The raster I~ processing sygtemeggan include a programmabl e
digital processor. t A gragaicéﬂbonputer based system for

creating graphics imges including o) semrated | ayers and | i ght
restricting layers, cgnprises first ingQut s fgrf 5 i mge data, neans
for generating color Beqdqrated i magg da M saild i mage dat a, means
for generating |ight Bedqtiricting | a&er secorld i nput neans for
transparency data, arg rfgans for outpudld di sgljay file including said
col or =
= ™
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separated image data, said light restricting | ayer data and said

t ransparency dat a. The graphics conputer based system can
further conprise storage neans for 10 storing a plurality of standard
transparency b dydnmasip! at es. The cl ai ns f ol | oWperusesnosss
17/17
Y_ r
~ 80
86
X
84 /85
81
I/
93 .
N\ g0 91 o2 /
82 88 ' 83
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- 73- ﬁ@gl L AR BEEN L A nethod of printing a
graphics inmage onto a{su lg:#gf nprts{ng the steps of: . '
contTol | i ngVOR@/47481 o [of t hB RIAGER i ssi bh optical density to3PefpribcoP§e

optical -density at any 5 area of the graphics image by use of a
conput er  SEMENPEDAOHAIMS, S printj ' o the substrate.

2. A graphics inmage on a substrate hHmmmmllml[]Me area where the ratio
of the - transm ssion optical denssty ta reflective optical density

f th hi [ h beé¢ . 10 ont | by th f t
cof twar o au AGEBPRAf PR e Prhissamaeg S Heuby s Fofmering the seps 8 AP o
of display lfaﬂtrél'ﬂng tHe35ti& Of the ?ﬂaﬁﬁﬁ?ﬁorﬂ@?ﬂcﬁﬁdeﬁé{éﬂ@mﬂﬂi‘v@ ngi* 8Ensﬁ? g agycond

si des, sai -1 mage 1ncluding an 11 ght stricting ouette patten

(5) havidng aseapdfithagiaphicoimalge by tise oftmeqmapueertsoftware; andr transl ucent areas (6)
and at | east, qne _design |a erﬁé?- 10) having at |east one color,. said at
|l east 15 Prighes thedm ?‘59&?9 Rfe-vi si bl e from one side of said display
device and substantially |ess - visible fromthe other side, said
| mage bei ng substantially transparent or translucent as

2. A graphics image on a substrate having at least one area where the ratio of the

trans_missioh optical density to reflective optical density of the graphics iinége has been
10 controlled by the use of a computer software during pn'ntihg the image onto the substrate.
| (i) |
3. A method of displaying an image on a display cég_vice%aving first and second sides, said

: - 2 -I1°) _
or translucent areaf'[ and at least one design layer)having at least one color, said at least

image including an light restricting silhouette Eattern having a plurality of first transparent
15  one design layer being visible from one side of said display device and substantially less
visible from the other side, said irriage 'being substantially traﬁsparent or translucent as
yiewed from fhe other side, comprising the steps: i [( 13 )
1) providing at least a definition of said design layer to a computer,
2) generating a computerized Qersidn of said design layer with the computer,

20 3)outputting the computerized vei'sioh of said design layer to said display device,
the computerized version of said design layer being modified to subdivide said
design layer into a plurality of second discrete transparent or translucént afeas and
other areas, and _

4) diéplaying said modiﬁéd design layer and said silhouette pattern with said first
25 and se_cc:nd transparent areas being in registry. |
. o (63)
4. An article having a confczxzx)\ab_le sub_s_trats/ comprisirz%; )
a cqlprant receptor layeﬂand a light restricti'r_lg layerfon said substz%z said light restricting
layer having a plurality of first transparent or translucent areasfsuch that a design applied
30 to said light restribting layer is visible from oﬁe sidé of said article and substantially less
visible from the other sidé, said article being substantially transparent or translucent as

viewed from the other side, and said colorant receptor layer including a conductive layer

1




viewed fromthe other—side,—conprising the steps: . - 1) providing
at | east a definitior] BHS SHEET cAg BEEN fyer to a conputer (13), -

2)* gener at i W9/4748b Ut er i zﬁgpu@Egl on of 2aid design |ayer wi 80 Apré, 1998
conmput er; 20 S yout Pttt g+ conput eri zed versi on of said design

| ayer to sagugaaémlepéétrggwl@ﬁnmm t he conputerized version of said
design |ayer being nodified to subd|V|de sai d

into a plurality of second discrete trans@a}ant or tra ullmmn I“ﬂ]lmnnmd

ot her areas sal nodi fi &d ®Hesy gt | ayer and

sai d sil hOLﬁe%arBQFPQY‘PS&f?‘?fO@Jb&eﬁﬂﬁ%?t&ty P“smgey and second transparent
areas bei ng, ddlorafieddptdr la er{and a light- reﬁ‘ﬂctﬂ{ lh sﬂ&tﬁt@@ﬂ? ﬁﬁgstﬁctm
substrate (63) conprisi ngy a col or ceptor % i ght
restricti nga)teajwvmg 8 plurdity ofifinst mrtsparemtcnr traﬂslucbnlt a@h%uobshartlaodeslgg apphed

| ayer havi ng pHrallt of fi.rst ﬁ arent f? é sl ucent ar FZ%

such that - 40 Jeidilight nglaygy is visiple e g of i srhice g SybstantialBdess s b1 o
from one_sivigle frofitihe ofict btk SaRMiclt' B Sltlstahlidly! bSparent or tihShhpad T Om ( he
other side, said artic el ng subst ant ly tr nspa ent or translucent as
vi ewed fr omiévingl fodrh elie mhets;deaamﬂmdcblmhmeeptorrleymmodudm@mnkrmiw@ ng a

conductive | ayer. . suitable for electrostatic printing.

5. An arti d%@fﬁl&%b}?gf%mgdﬁmﬂnﬁ%l e substrate (63), conprising: a
col orang receptor | ayer (66) and a Ilght restricting | ayer (65) on said
substrate, said light restricting | ayer having a plurality of first
transpar ents, @in drficlé sbtipiyiig: ar eas (67)4 h that a design applied to
said light restricting Ia er is visypb fromone side of said article and .

subst ant.i alapywptigally clear po p me sybstrate jayy @ﬁemggsh n eqreprisinggyiayl ghloride.e bei ng
subst ant i al Iﬁ"gh Fe%t}iségﬁ‘é Fa rd tJe@i@ﬁ a% sa%c? substrate, said desrgn layer including at

least one color layer _
15 said light restricting layer being subdlvrded into a plurality of first transparent or
translucent area{ be) | |
said desrgn layer being subdivided into a plurality of second transparent or translucent
areas, and said first and second transparent areas berng in registry. |
(I6,18)
- 20 7. A printer for receivi ? a prmt ﬁle for printing an image, said pnnt ﬁle?mcludmg data of
color separated la)yersf n sa1d 1mage data of a light restricting laye n sald 1mage and data
of transparent areas)m said image, “and for pnntmg onto a substrat tgre color separated
image and the: light restricting layer data including transparent areas in both the color-
separated layers and the light restricting layer in accordance with the data of the
25  transparent areas so ‘that the printed color separated layers are visible from one side of the
| substrate and sgbstantlally less visible from the other side, the printed substrate being

substantially transparent or translucent as viewed from the other side.

8. A raster image processing. method for raster image processia'gqof a print file defining an
30 - image, said pn'ht file including data of color separated layers(in'said image, data of a light
restricting layerjin said 'image and data of transparent areasin said image, comprising

operating on said print file to gen.erate'raster image bitmaps for said color

This Sheet Has Been Rei ced
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=8| or ant recept or | ayer i ncluding an
ink Teceivin |H%&90IB§E$ r ink-jet printing. 10

An articl ewgﬁﬂrﬁ@h ; REPLACED opti ¢adly clear pol Yneric §Qb‘emlatt9@8(41)
having a conposition corrprl sing vinyr—chl ori de, . alight restricting
ayer (43) sadated finsediatd andsnid(ight fbiricang percisbad rate, said design |ayer

i ncludi ng at | east one col or layer, 15 said.li ght restricting

| ayer bei ng submtmduemglsmﬂdm qﬂsmﬂatamsgarem afeas g0 smdirrsgarr ionage brtmaps for

t ransl ucent

el e spid oBER patited imase daB ol st Dl BN e Bver Vel e the FanspRieRt 1 ¢ o

and second atda3 ASRM Elor RpMafed l?ﬂh%@ra‘st@r Blﬁﬁapsirf&’sald ligh Bestricfing Pay@f bitth4) are
(16,18) for receiving a print fi for printing an inmage, said print file

viewed fromthe other

i ncl udi fg dmregistry. col or separated | ayers(44-47) in said imge, data
of alight restricting layer(43) in said image and data of
transparent areas (48) in said inage, and for printing onto a substrate
(19, 21) the Aqiashig&tefipate?Based syst 'f R84 ¢sliftage IMBRidmgColorg | ayer
data i ncludin ?‘?ansparpﬁnt asreeas%,s fmn %e écrgﬁgr- & sngpar ated | ayers

and the | i géparated tayers ol agolloaqd%raphlcsamge atafmhghmmsltnctting lajet,acoalprising: 25
t ranspar ent are% so that the, printed caql or epara@&d |l ayers are visible
from one side ofir§tppput means forinpuiting datg,pi't Qr5A Eraphicy IMagss visi bl e from

the ot hgr side, e . i sparent
or tr angl ucent éﬁseg@s. ewggﬁe?&m%% %aﬁat?&’irﬂ%e data defﬁﬁ%%%ﬁ%kﬁo?g&sgrab&@
processi nglm@ehod for raster image processing of a print file defini ng an
30 i mge, sai-d print_file including data of color_ separated. | ayers
(44-47)in Senes forrggr@ratawgthshbtestawmgghyer data defining;spiddighhtpstrigting layar) in sai d
i mge and data t f

operating on saneropt HERe el toB oo 42 dfﬁfé@@f"enha%%? FARIPA By
color  image,and

15 means for outputting a display file including said color separated image data, said
data of said light restricting layer and said data of said transparent areas so that when
displayed said transparent areas in said color graphics image and said light restricting layer

are in registry.
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col ored ?gdﬁﬂagﬂjl CS irrzg%e, means for generating col or "'separated i mage
dat a def OL36PRr e 1B1agel dafa apdisaid lightergstrictingalayerf data spethat thieitragspargiot
restrictj Layar t fining said.light resiricting |ayer, . second
mput e inieol sPodtflel Trait Al itmebind i b cebusk e bor are

gr aphi csiniregigey. and means for outputting a display file including
said col or separated i mage data, said data of said light restricting |ayer
and said data of said transparent areas so that when displayed said

transpargn [ in said cqlor graphics inmge and said |ight restricting
| ayer ar -'?‘ﬁ%"i%?&ww g&-‘@ﬁ systerR &ert craatinga graphics wmpge irsludiggreoletir f aces

conpri Si gparated 1 | f .. " | ight restricting

| ayer ongﬁﬁ? %aja)(/)errs gﬁar' F g@gdoé} Eggﬁdﬁ'gggéé(f%ﬁ %ht rgsétpamrqala% ' ?‘ngsi"l,g_ti ng | ayer
having a pl ur fitst inpubinedns ot inpLAIS AT th@EolbFed brhpHi&Tnagt €as, said | i ght
restricting layer being printed by a thermal transfer pFinter, at |east one

printed desi ghicaRs,foF gengpatingcolar separetet image data defining suid tolprd graphisr ot r ayi ng
an imageim%%i d design layer having at |east one color and including second
t rapsparent® br translucent areas in registry with said first transparent or

t ransl uc giehnsfoP éneritii lighPARRGnS B tikhi ik el g froma

first side of sgﬂj_ a??i 558 pr oxf‘%am?gr gﬁ?ggﬂ‘é@gﬁ& f'@?érggﬁ%ﬁﬁs@%‘gt antially

not second input means for inputting data of transparent areas in said colored graphics
image, and

76 separat ed
i ntroduci ng s
g

D
a

qQy — —- - - .

means for outputting a display file including said color separated image data, said
data of said light restricting layer and said data of said transparent areas so that when
displayed said trahsparent areas in said color graphics image and said light restricting layer
are in registry.

10. A sheet article having two major surfaces comprising:
an imperforate substrate,

" -a light restricting lLayer on one major surtace of said substrate, said
light restricting layer having a plurality of first transparent or translucent
areas, said light restricting iayer being printed by a thermal transfer printer,
at.least one printed design layer applied to said light restricting layer and
protraying an image, said design Layer having at least one color and including
second transparent or translucent areas 1n registry with said tirst transparent
or translucent areas, the image on said design layer being visible from a tirst,
side of said article proximate said design layer and shbstantiall§ not
visible from the second side when the light intensity failing on said second side ..
is greater than the light intensity falling on first side and said image
being substantially transparent or translucent when viewed through said first

and second transparent or translucent areas from said first side.
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1. A method of printing a graphics image onto a substrate comprising the steps of:
controlling the ratio of the transmission optical density to reflective optical density at any
area of the graphics image by use of a computer software; and

printing the image onto the substrate. -

2. A graphics image on a substrate having at least one area where the ratio of the
transmission optical density to reflective optical density of the graphics image has been
controlled by the use of a computer software during printing the image onto the substrate.
()
3. A method of displaying an image on a display cég_vice%aving first and second sides, said
image including an light restricting silhouette patterjhaving a plurality of first transparent
or translucent areas[ and at least one design la;e;)’;aving at least one color, said at least
one design layer being visible from one side of said display device and substantially less
visible from the other side, said image being substantially transparent or translucent as
viewed from the other side, comprising the steps: J{;j )
1) providing at least a definition of said design layer to a compute
2) generating a computerized version of said design layer with the computer;
3)outputting the computerized version of said design layer to said display device,
the computerized versioﬁ of said design layer being modified to subdivide said
design layer into a plurality of second discrete transparent or translucent areas and
other aréas, and | |
4) displaying said modified design layer and said silhouette pattern with said first
and second transparent areas being in registry.
(63)
4, An article having a conforz‘nable substratif compnsm% )
a colorant receptor Iayeyand a light restricting layerfon said substza:;eé said light restricting
layer having a plurality of first transparent or translucent areasfsuch that a design applied

to said light restricting layer is visible from one side of said article and substantially less

visible from the other side, said article being substantially transparent or translucent as

viewed from the other side, and said colorant receptor layer including a conductive layer
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suitable for electrostatip printing, H!l‘“c‘ ‘“l“ “I'!‘ “l‘sl “ ‘!l‘
(7)
5. An article having a conf(o()lzgable substrat% compnsx?fz

a colorant receptor layer/and a light restricting layerfon sgrgsubstrate, said light restricting
layer having a plurality of first transparent or translucent areas/sqg:g ;iat a design applied
to said light restricting layer is visible from one side of said article and substantially less
visible from the other side, said article being substantially transparent or translucent as
viewed from the other side, and said colorant receptor layer including an ink receiving

layer suitable for ink jet printing.

~ 6. An article comprising; ' (4 (]

an optically clear polzme;ic substratejxavin a comc;‘nosition comprising vinyl chloride,

: .. (43 : (a4t o o
a light restricting layer(and a design layefon said substrate, said design layer including at
least one color layer,
said light restricting layer being subdivided into a plurality of first transparent or
translucent area}/ ks)
said design layer being subdivided into a plurality of second transparent or translucent
areas, and said first and second transparent areas Eeing in régistry.

(I6,18)

7. A printeq for receivin? a prigt ﬁBe for printing an image, said print ﬁlegincluding data of
-4 r
n age, data of a light restricting layer/in said image and data

- (&

color separated la ersﬁn said im

N o 12/
of transparent areasim said image, and for printing onto a substrate/the color separated
image and theight restricting layer data including transparent areas in both the color-
separated layers and the light restricting layer in accordance with the data of the
transparent areas so that the printed color separated layers are visible from one side of the
substrate and substantially less visible from the other side, the printed substrate being

substantially transparent or translucent as viewed from the other side.

8. A raster image processing method for raster image processi?‘g of Z- p;i;xt file defining an
image, said print file including data of color separated layers{in said image, data of a light
restricting_layer) in said image and data of transparent areas|in said image, comprising

operating on said print file to generate raster image bitmaps for said color
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separated image data and said light restricting layer data, and

introducing said data of said transparent areas into said raster jmage bitmaps for
said color separated image data and said light restricting layer data so that the transparent

areas in said color separated image raster bitmap and said light restricting layer bitmap are
In registry.

9. A graphics computer based system for creating a graphics image including color
separated layers of a colored graphics image and a light restricting layer, comprising:
first input means for inputting data of the colored graphics image,

means for gerierating color separated image data defining said colored graphics
image,

means for generating light restricting layer data defining said light restricting layer,

second input means for inputting data of transparent areas in said colored graphics
image, and

means for outputting a display file including said color separated image data, said
data of said light restricting layer and said data of said transparent areas so that when

displayed said transparent areas in said color graphics image and said light restricting layer
are in registry.

—_—
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an imperforate substrate,

-a light restracting layer on one major surrace of said shbstrate, said
light restricting layer having a plurality of first transparent or translucent
areas, said light restricting layer being printed by a thermal transfer printer,
at least one printea design layer applied to saia light restricting layer ana
protraying an image, said cesign iayer having at least one color and including
second transparent or translucent areas in registry with said rirst transpa;ent
or translucent areas, the image on said design layer being visible from a tirst
side of said article proximate said design lLayer and shbstantially not
visible from the second side when the light intensity falling on said second sice
is greater than the iight intensity falling on first side and said image
being substantially transparent or translucent when viewed through sad first

and second transparent or translucent areas from said first side.



