FSCODCD_-V\D 16/ 820205 dETHOD AND APPARATUS FOR CONTI NUOUSLY FORM NG DYE
SUBLI MATI ON | MAGES | N SOLI D SUBSTRATES Fiel d of the Invention 5 Ih&08/c4@05
invention relates to the formation of images within solid sheets of '

pl astic. Mre parti.cularl t ent.., | i t : ol ogy
for continuousl *Sﬁ%ﬁ¥8§é9§@§@§@35F&H?%3Q%E§QUP§§ﬁ§f2??8¥%§g§§93fthin
solid sheets of plastic. Background of the Invention 10 Fromthe advent of
plastics, users and mMNEGIBIMATFONTMAGESHAVSOEID GUBSTRAKES| e neans for
inmprinting or formng i mages thereon. Prior inmaging technol ogies suitable
for use on other materials, for instance netals, wood, and the |ike, have
not generally nmet with success when used to perform permanent inmaging on
pl astics. Exanpl es of such prior imging technol ogies include, but are not
limted 15- to, paints, decals, |acgugrsihmded@s. | n general, the

probl ens associated with wutilizing prior 1rmaging or marking technol ogi es
center on certain chem cal and physical properties of plastics_ in general.
One of thes great adhapresgeisnvintion sdletests thefopmation %@wa@%‘ﬁks@nfsa}lﬁéé?egﬁﬁfo

conpl ex shape avi i nherently very.s h i is is an
advant age in P?F@E"Zowgwgﬁlﬁﬁ% %ef pr%%e\éhmg%)lg}sofl ir%ﬂ%%ﬁ%&e}lﬂ&ﬁk%g@r enel y
smoot h and of teitimResty galive dyesbiinatibn, batys gamferpinepts withinrsolideBeaterider s
the application thereto of paints and the like |less than satisfactory.
Many paints, plpsti¢-nst ance enanmel s, when applied to plastics, tend to flake
o;[)peel when the plastic is flexed or when the imge is subjected to
physi cal distress, such as abrasigp SbuldSMes Blvbiforchange. 25 I n searching
for a nethodol ogy for form ng permanent, abrasSion-resistant inmages in
sheet plastics, workers in this field have noted that plastics tend to be’
mol ecul arioy si ni | aFramotheadvaitof plabtiidsceserand manuéacturergdeereati have oughh dyei ng
Bt ocesses, | anvPRbla RIS I RBpGs Sogng imagd oSl Bhorhghg” | TR 07
technologies suitable for use on other materials, for instance metals, wood, and the

like, have not generally met with success when used to perform permanent imaging

on piastics. Examples of such prior imaging technologies include, but are not limited
15 to, paints, decals, lacquers, and dyes. In general, the problems associated with

utilizing prior imaging or marking technologies center on certain chemical and

physical properties of plastics in general.

_} One of the great advantages of plastics is that they can be formed into complex
shapes having inherently very smooth surfaces. While this is an advantage in the
20  manufacture of such plastic objects, the extremely smooth and often chemically
resistant nature of plastic surfaces renders the application thereto of paints and the like
less than satisfactory. Many paints, for instance enamels, when applied to plastics,
tend to flake or peel when the plastic is flexed or when the image is subjected to

physical distress, such as abrasion or temperature change.

25 In searching for a methodology for forming permanent, abrasion-resistant
images in sheet plastics, workers in this field have noted that plastics tend to be
molecularly similar to certain fabrics which are imaged utilizing a dyeing process

known as "dye sublimation". According to known dye sublimation processes, an




i mage, for insiapedwgecorative design, is formed of sublimation printing
inks on a dye carrier, sometinmes also referred to as a transferl 4p8/ 2305
auxiliary carrier. Dye carriers are often, but not exclusively, fornmed of
paper. - Printi ngnoBefol iBAGcONISDRLYY BesiGR g fofthed 6f suBlimhesh ﬂ@muﬂgwnm of
several known printing nethods including, but 5 specifically not limted
to, offset or dystcarmerprometimesakerdfeded tophe tisnsion pappaefexilsrredrich PYhe dye

carrier are transferred. b ubl i mation, cals I - L i i from
the dye carri e t%® ?Weo%\teg’?j%ui%fl%t edcrcnﬁ?léfﬁﬁ Owggﬁﬁpggk&%%%g?%ée%%gtg " t he
design. There @hgrseyeniad okhgwiy dy esitill keownpigblgandthsdsiseludint buty e

sublimation printi n&teqhni gues. The actual dyestuff or dye carrieger
utilized i 8 nopeafsahtnoslimitsd ineffse o5retar psmeas grethods b %E%th}%%ﬁf?%,
provi ded t hat ' anabl i3l LINB LA tralBfes phistid® foay t hat
t he dyestuff s%ﬁ?ﬁi%é@%{arr%%%rﬁy to b?hsglgl\lllgp%@’state from tﬁe sol'id state
upon t he appl ithatlyosanddr thdettextaer fappe whifchgs iatd degosatdd with thelslesigfior
sublimation printing is prepared from sublinmable dyestuffs utilizing

bi nders and oxidatjion additivyes. The m . subl.i mabl ey . f herein
to mean capabl e of 'ff@rcsfﬁﬁﬁvﬁétfﬁ%wn&?ﬁﬁg%tswgb&? torfl%?‘ryﬁl d_é@/g gjtf%#?o?flati on

i mage in a texntigy tdchfiqisl Mhedcodytdyestutto@klye b&ria w@lized ¥ ddd ebdeftial to the
color-inprintéd side on the textile face to be inprinted and is thereafter
h__egt ed. A sopringiplesiestheyseseulfifrsentionirovided thebthadiestutsis eapakle o170- 220C,
tihgse dyestuffs, suhli tnto the textil . i iﬂ% L her eby
formed in thatggbl%al&foé];ﬁhfsel.s ?ﬁag%l%tﬁ%e #%St&gfgﬁ%ﬁfé‘ggﬁeggﬁés‘%ﬁgﬁ It \?\A&- Ftla{ebe
appreci at ed t fain @Beokd sthid@po@ theanp Bepeion of hely e Oatl bipend printinginkreritage fer t hat
the image is actually formed within the structure éf the textile,, or
substrate, onsWHingionpringng wavensredfronpspblimaple dyestufstilizmgiinders afdy ps¢
printing techp] - i ingiﬁ)q%]' nf; &l % Rt HeasiHbFace of

t he 25 substrg%@g&%?é@%%g'r?%%%- or me 4b§neaglg{sié%frég%§}gnp etely gﬁi table for

many = appisi cakutdinsationhey are | ess than optinmal for others. By way of
illustration, in the preceding discussion of dye sublimation imges forned

intextiles, it wil] be appreciated that if a textil.e |,S subjected to
substantial wear, §§“P’§Iyat‘£§’%&‘g’e§ﬁbm%? %ﬁ%eggﬁe#bﬁpgﬂ?%ﬁ St t%Ace of
that carpet, gr _mfafﬁx}a& Zi&ggié%g%htﬁ%@ﬁe'dﬁqhyteslaﬁlfambrbetimpﬁﬁteﬁlaher1§, will

tend to wear quickly.
thereafter heated. As soon as the dyestuffs reach a temperature of about 170-220°C,

those dyestuffs sublime into the textile and the desired image is thereby formed in that

20 textile.

O

From the foregoing discussion, it will be appreciated that one of the
advantages of dye sublimation printing is that the image is actually formed within the
structure of the textile, or substrate, on which it is imprinted. This is in direct contrast
to most printing techniques, wherein the image is formed solely on the surface of the

25  substrate. While surface-formed images are completely suitable for many
| applications, they are less than optimal for others. By way of illustration, in the
- preceding discussion of dye sublimation images formed in teﬁ;tiles, it will be
appreciated that if a textile is subjected to substantial wear, as is a carpet, an image
formed solely on the surface of that carpet, or on the surface of the individual carpet

30 fibers, will tend to wear quickly.




16/ 09/ 2005 It mcobodiwd her be appreciated that nost inks suitable for

forming surface images tend to be opaque. Again, this is suitallte/®8¢/ 260y
applications. However, where it is desirous that the resultant article has
a lustrous or trangtwilbfithpr epteciatédibat most inks ssiteble op feyodng sikéacpr ecl udes

the desired translucent image. 5 U, S. .Patent . 3,649,332. t0 j

di scl oses an EH¥EF tﬂq torhsoragust r‘%?r?étfélf““ Q?RI%’\?P@ %%HYF?PB@?E}%(?E?' %{%{Fe& ng to
1332, a phot 0-5ensjitd ¥RirtahSahs IREIARYHIRE 1B 2 [1EROEs of RiRRdedtpeoay, ihs
pl aced agai nst a porous paper tenporary receptor sheet on a vacuum platen
and suf fi ci entuseatsshopajuesilsijirecindad thaddspedirashicenidméseet s i n cl ose
contact and in fixed position. The transfer sheet has a dye coating on the

surface 10_contact g_rg }Iéaﬁh%é@gi%%%ég%gqe]g&b@ggjfaopég%%ggggﬁ%%ﬁvaqu%hgfgr oxi de

coating or’ t he out ace i's expos to a color

separation | i ghtatihgBgsladticO M acd@inirttd B82, L£sHoty-sepkitige e cartier havieg 4n imagat ent
i mge. A conductive roller carrying a coating of conductive
radi at i on- abs deadibereemis placpd paingt @ POEIS AR GHIRIBIFALGERIOTSEEH 8 Ed over

o oARos e DRERRT pbfn 458 ArbichRAls Ll Red0 Rold @Dtuo Lkt indag0 . The

surface is then expose ense infrare radi ati on causing
transfer of dyentue ahdén fieapisiionalThe ansfaf sheetédds alyocptingentthnediage eas.

The vacuumis then rel eased, and the photosensiti.ve sheet .is r and
{epl hoed Tt ¢ ROUSGREGHEI BT ELETSP AEBOCHORORU 41 RYOE QU U S nd. ¢ he
Rrocess I's 1 eRgaleed T bhict irfidlc AbxBBRAARE BloP satAibn SigReinRige Ofbnk h pbeiive Thi s

process is agaln repeated using a 20 third filter and photosensitive sheet
to produce a teibt otigingdgctodnipant ailatemnimagé.at e. One or nore portions of the
internediate are then cut fromthe sheet. These segnents are placed

agai nst a transparent -re tive film.in e I :
over themis pl aceg Cz?ng‘%/f‘g‘é( K@% cuoUred Cg%&ﬁgl\%@ﬁésaragﬁaiﬁﬂg@g&@gg? ﬁ?gldas
previously depgtiblResha KLl poleid is hasdhiepgRrilpsrel ¥efasab dagpsitftotdrat theansf er
sheet. 25 The three layéers are pressed together and _brjefly, heated.

£

Ther eaf t €5 t huorf-lightrsirgcl anees, ckheasyafapeistt iefly expasafl fo WLWSE AR | y cl ear,
full-color copy.of the.detai i ] :
backgr ound. it Rl ter §EEl 818, 0 ARt SRR YRed reny,

or Hai gh decehrseguth igthen ddeded, agthosieiagnsive teetfioramogpddme replasedf er

images in plastic 30 surfaces,, especially thin filnms. These several tents
flow either dwithesespndphatossnsitive sheerarrgngasscond dge Anf RERTPEFS 1HEB ! i

U.S. Patent Appltcal OBroptiatetol B htio et SFhis process is again repeated using a

20 third filter and photosensitive sheet to produce a fusll three-color intermediate.

&} o : One or more portions of the intermediate are then cut from the sheet. These
segments are placed against a transparent dye-receptive film in a desired arrangement,
and over them is placed a paper dye source sheet having a blue dye coating as
previously described, but minus the photoconductive coating of the transfer sheet.

25  The three layers are pressed together and briefly heated. Thereafter the film is
removed and is found to retain a brilliantly clear, full-color copy of the detail sections

on an equally clear blue background.

U.S. Patent No.’s 4,059,471, 4,202,663,and 4,465,728 to Haigh, or Haigh
‘deceased et al. detail methodologies for forming dye transfer images in plastic
30 surfaces, especially thin films. These several patents flow either directly from orasa
- divisional or continuation-in-part of U.S. Patent Application Serial Number 540,333

3




3 FSCOP001. W 1fy0862@0>. filed January 13, 1975. Each of these patents
utilizes a dye transfer process for formng a dye pattern on a ldy£09/2005
receptor plastic web, nost especially thin filns of from2 to 20 mls in

t hi ckness, by ifilt@rpasiyng, 8975arEdckiof tieke pdtaits itilizean dge tapddnpodaess for carri er
web, between the dye receptor plastic web and a _transfer .web cogtﬂ?i(ﬂi ng 5
di spersed dyes.{omniaga4pe ertierp B aglyg ssosplopRiggicay b, HP@E%SBBCI\@@@@% cl ose

contact and arg,d 938 96'hif i@ HRURLLTRY Bpl SIPLEA Rt o bRl Holjdictinly s,

and the several s are naintain mation tenperature until a
subst anti al pordairien web, lideeayths dpascesoryastie dvehradd ariznsferwel dortpigme: he

transfer web thyough, the | yol.efi,n web to.the dye ecept or .web.
Thereafter,5t héflsé’@’\'f’%‘il gyeﬁﬁg'g% &> B SPEIlaERos fFe s qu)hggﬁ]leﬁﬁl Ciﬁsetcgﬁ%gtraé’tdur e
of the dye recepfMard8h e s@NEnAtRG Y BeraReSRE@ble Weitht 8%&,9&?&&%:@9\16}11%13&5&
ot her webs. U. S. Patent No. 4,242,092 to G over teaches a _nethod of .

subl i matic pri mediniginednt the suldenatieaitmpaaiawstung ¢ suhstangal postiemolile dygsdiess or

tiles. According.to .0 al; r.- rreahl e | S, .1 ' d by
bl aci ng. an-_ai r e MELBR A BFIoRET gt B Fagaeauh g g5 618 o R RYED
subl i mati c dyeséddpfor Web.aTheesrdroht serrdl &lebt heesbled benothe softalings e
proximty, with the air-perneabl e sheet structure. The sjde of é%ﬁ ff?lil

havi ng t heltlyedenuferatingf the b resepraarebi andgha dxarereptegretissengratsd diem the

ai r-permeabl e ?)H}%]e‘tvebsstructur e, and the foil is heated at a tenperature and
ﬁgﬁ; a period o I mé Suitable to vaporize the dyestuff. At the sane tine,
a gas or vapor pressure differential is applied 20 so as to create a flow
of air from a spaceUdhdueent Ne. 4,241,092 bvardesghesrombthbil ef buhilimaicgprintihg

sheet structure, thereby. causing the dyestuff vapor to flow in t he.sheet

structure andO®3IPETRS Wﬁ%ﬁ%fg? ?‘?‘I@Féﬁ“ﬁh?‘sﬂr@m?‘g'%@ﬁtgﬁﬁﬂr&ﬂ_,gé%@%qnﬁ Suni

et al. teaches,gh 3PS Heudite iéfnﬁﬁﬁlfte%rbylﬂédhﬁ‘é i BemhdabR frintingfoiar ti cl es,
a

for instance tE/)pevvrlter eys, which are held on a plane 25'in rows and then
heat ed. ' 966 displimpsesondrde thhico! apdinzatio syéstuft inex fcerdo-fare selebonsbips prd 1f or

conveying the plurality of .articles to eating outlet, t t,] out | et
having inf rar@ﬁserpéa’Fl %Wﬁééﬁ @F“Beﬁeﬁgﬁﬁgﬁ%ﬁm‘g‘b‘& ﬁéidgﬁggi‘eg@ glsh a?i%gt her

i ncl udes a hol g ﬂgeshﬁﬁﬁhﬁﬁté@fhe%h(ﬂé ﬁ!@cédhﬁ cadthdtGistha hirdhepin€4lRE Slicet ned
position with respect to the article holder. Another holder is _designed to

hol d a transf estrusivenndthesfod echwatedrnt e denparatireaagd for a period of time suitable to
| vaporize the dyestuff. At the same time, a gas or vapor pressure differential is applied

20 so as to create a flow of air from a space above the foil, and through both the foil and
the sheet structure, thereby causing the dyestuff vapor to flow into the sheet structure

\_3 and to form an image therein.

U.S. Patent No. 4,662,966 to Sumi et al. teaches an apparatus for transfer
printing a plurality of articles, for instance typewriter keys, which are held on & plane
25  inrows and then heated. '966 discloses that this apparatus further includes conveyors
for conveying the plurality of articles to a heating outlet, the heating outlet having
infrared radiation heaters provided inside. The apparatus further includes a holding
device for holding the articles at a predetermined position with respect to the article
holder. Another holder is designed to hold a transfer sheet at a second predgtennined
30 position. The transfer sheet has a pattern layer formed thereon of thermo-diffusable
| dye. There is also provided a means for pressing the transfer sheet against the articles

so that the pattern is transfer-printed on the articles, and a conveyor for conveying the -

4




30 position. Fhendopwsf er sheet has a pattern |ayer formed thereon of
t hernmo-di ffusable dye. There is also provided a neans for presdigw02H&005
transfer sheet against the articles so that the pattern is '

transf er - pri nbag1 o4 evid th luesfity 8Nstidles MBMEN SHroh € the BEMBIY apParkiue akd
FSCOPOO t. WD 16/ 09/ 2005 article holder with the plurality of articles

t her eon t hr outfte vahieuhleddinggedipgrar at us and the various hol di ng devi ces.
U S. Patent No. 4,664,672 to Krajec et al. teaches a nethod for transfer

printing onto obj epls pIRAPNA! 4 BEAS & ke DAY Bkis PhitilddoPidage coat i ng,

by pressing a 5 thi ye carri’er ’on the surface to be printed during the
dye transfer pristhessito dhiess imde of plegiceor Hayingearisstiofsusfameroatitgnby phessing agas
pressure, whereby the surface iis kept at t enperature.below the. .

t her nopl ast i cthﬁlhéﬁe“aﬁ"ﬁeft%h?ﬁ‘ggﬁlc?&o I?ﬂi’réﬁ?‘f‘d% YRS RECOHe S ogy

taught by 67 Zﬁff&t% H&rs'of Eupefr-gﬁnés?ﬁé%g p?esBﬁ‘Q,eﬂE/(héiié’rBé/ &g iR is kept Bf £-

dried below the s mat 1 on t'enperature ©of the ink. The dye carrier is
cl anped, for thpersitrabelew the thespemlasiclrengerod e plasticlobjast. phesording {0 WBove but

not touching th rface tq , rinted. Thereafter, a gas _under_pressure
is applied tomﬁ@a‘aaﬁll’(?i‘lalg fgﬁngdé’ﬁf;?rflgﬁ’ }‘?r W\ﬁﬂ?ﬁ adjeilgere‘% “ egf EPi%ght
super - at NDs phgddheRive 8RWhBliAbliRCbmYyerdford Hthe 84l | Thea@icasier Ist@ampaic kai de of

the dye carrier, pressing the carrier against the object. Thereafter, a
heat ~soufce, intanceiin stspertaslaframain ¢lagt papximityiaboys brtagt tyching the Eace; at i on

i‘'s }di rected t,owar 15 _backsi f . . rd t No.
52408, 426+ Qe Tenetel Apip b BlooffE s BHERL hE bagotaor TRGReD.
obj ects, evi dghith y¥ad dxeft9ukRght RoperplAcphebpresuss dibyctly or Mdigethnagalishihe
support™ froma nmaterjal which is both extensible and.air _pernmeable and
which will cosksderithe fyrcanapprosing e cypicpeganst Hieobjek ZE?SB{}%E’ 3Rafsed to
envel op the ] | IS, 4 : | A ; i HARBh¥acuum
machi ne, w tﬁsgkl%g flsﬁ{?ma%épgg?dtﬁ?&r@l&gleﬂl?%sg ?IE%I ?ﬁ?%%?elg&fiiﬁt%ﬁgwheat ed
space, cafsi rigchtsidensffiee dyf caier. decorati on over the whol e surface of the
obj ect to be decorated. Exanples of extensible air-perneable nmaterials

suitable as ink c i.ers r Ll hzation in the '426 |nvention include
woven fabrics, knﬁ'%'elgat‘?lﬁﬁq' é?bbéhé?%hgag?@qﬂc %ﬁp@%@g%ﬁg erral . 25 U. S
Patent No. 5,:08infich idgdPiiEsbibda ehrientdy AREHIRERSLEMnEIbj@Rp by iftrgniAg ag ol or ed
decorative designed on a plastic substrate by heating the carrier and then
"ink support” from a material which is both extensible and air permeable and which
will conform to the shape of the object. This ink support is used to envelop the
20 object, which is then placed in a vacuum machine. The vacuum machine, with the ink
) support inside, is then infroduced into a heated space, causing fransfer of the
decoration over the whole surface of the object to be decorated. Examples of

extensible air-permeable materials suitable as ink carriers for utilization in the '426

invention include woven fabrics, knitted fabrics, and sheets of non-woven material.

25 U.S. Patent No. 5,997,677 to Zaher teaches a methodology for applying a
colored decorative designed on a plastic substrate by heating the carrier and then
placing the carrier in contact with the substrate by air suction, such that a sub-pressure
results between the carrier and the substrate. Thereafter, an inhomogeneous exposure
of infrared radiation is directed to the carrier in correspondence with the prevalent

30 color portion of the dyestuff to which the radiation is applied.




pl aci ng the catfhsp; W contact with the substrate by air suction, such that
a sub-pressure results between the carrier and the substrate. THes£8PY&Q05
an i nhonogeneous exposure of infrared radiation is directed to the carrier
in correspondence Winy drit BIoWhA 8 REbIZRatR peintiRE Hletddoliics Applitdas tolid t o
which the radiation is applied. 5 FSCOPQO I'. WO 16/ 09/ 2005 Many of he known
dye subl i mat i phestis ane smepnsibivh buiiristjprssin assuredemperadie dye ftaybsieale ke so

sensitive to variations d ressu r at : 4 A0t
and ot her manﬂ?i%%ﬁ?@ﬁ@‘%%ﬁé@?ﬁﬁh%ﬁqgga ggéﬁl Vgne?lhlrils\?&elﬁetcgerld éalgl%l rvleect ed
hi's inventivegfgitd Qﬂél? t6 Ble@hsk df rd-ERditRSIngafplptie sabudid fopdynaiblinatiast i
substrate for dye sublimation 5 printing. This pre-conditi OM%P@&@UQM
and expl aisnedpiinting. Shippreesonditioning isgughi god explainehisl onlatep t*he
formati on of gorﬁ)%igstg vibrant, durable images in solid plastic sheets is a
| ong- sought goa ¥ 'fl'he pl astics imaging industry, why are there currently

no flat solid sheets of plastic which have been inprinted utilizing this
met hodol ogy, |0 whGtdenshatehsfoanatidmsfipadise, vibtant, dorabby ipiages arsolid plastc The

| ack of success on the part, of other inventors.in this field is | ely
due to the fatheetsint longropghtiagal qfﬁ&eﬁ”?"rt{?ﬁgna%?%’&d?}%t_@ﬁ“f af%@eﬁer%uﬁegggl y
di scussed pat gnhs: JIBY sﬁ&%@iigﬂésﬁ@!vd}ﬁchk}%vemt}h@nﬂfed dtﬂ'%h%rfﬁi@hﬂd’thdﬁlﬁlogw

e

actual practice their use s failed to produce i ma? | at plastic sheets
at conmmerioi al wiichchentt @b femmbl istomonimercielartieles?aThy lagk 06 prcapisonbe pafes. 15

There are seve reasons.for this.lack of success. .The,fir on t hat
magy known pr%ég{éegé’%"eﬂ 21 Sl{eéiﬁll?rgglyidﬁe f:oo‘#ﬁg?'%?lgjlt’lw lesth%c%é'seé?%% i maged
articles is tfaliodeley nRReBbNY dieéhsééaiqﬁ'tdfﬁ& REPEesetivdliyche dapable bEs  an

ext ended period of time 'to successfully forman image, or which requires a
|l arge nunberinplencentpionx inaeéhaliptarigen theit nwshas failedite praducerimaged dat plashf a
successfully | ed 20 flat. plastic s : HiPRged. S SO
expensi ve as sthggt?gﬂ%?é?m?rtcm@g%g) E:a:bgeﬁogé %%gn&ﬁ%%%ll%ﬁ%}er, prgvi ous

| Magi Ng Q§ OCERERSaralsevedsl r880as for Vids 1a0k bespedsat ure variations that very
slight changes in processing tenperatures result in unacceptable inmages or
destroyed substrates._ The second regglon t hat magg of thege known progesses

o
have failed to yi el @ﬁ%"caﬂ_ thet a0y kNP BFacesses Rt yespEPL Iy BTE SRy of
these processNaLlaPhfe bR St they are slow. An imaging process which requires

an extended period of time to successfully form an image, or which requires a large
number of complex and delicate steps to effect, may result in a successfully imaged
20 flat plastic sheet, but one whose imaging is so expensive as to render it commercially

non-viable. Moreover, previous imaging processes are so sensitive to temperature

variations that very slight changes in processing temperatures result in unacceptable

images or destroyed substrates.

The second reason that many of these known processes have failed to yield the
25  desired result is closely related to some of these process variables previously
discussed. One particularly aggravating shortcoming of many prior dye sublimation
imaging processes is that, in order to form the dye sublimation image in a solid plastic
substrate, that substrate must have its temperature elevated above its thermoplastic
limit. In many cases, this results in substantial liquefaction of the substrate, with

30  attendant unwanted adhesion of the dye carrier to the now liquefied and sticky

substrate. This, of course, results in a substrate having at least a portion of the dye




di scussed. Onesperdoigid arly aggravating shortcom ng of many prior dye
sublimation imaging processes is that, in order to formthe dyd6/09/2005
sublimation image in a solid plastic substrate, that substrate nmust have

i ts tenperat ugriRl eltakeithateay efted perinhrsntipp Easth intierel it wippssibla tmampedbses,
“this results in substantial |iqguefaction of the substrate, with.30

att endant unwafk@ed ahesrer i 3@%0169 aubsirate; s SCEEPITHNY, SR rf’ﬂ%'@f“? 28°%nd

sticky subst iatee.. gt buQfis QMRS sighfitehlcdsd B nsWIahdiabe Ravingrao | east
a portion of tsﬁlg §ye15’F‘éCOS:OO|!;l'¥V\D’S1 6/ 09/ 20851 carrier adhered thereto,
of ten per manewfftgt. Even where it is possible to scrape the adhered dye
carrier fromthe cool ed substrate, this scraping not only results in a poor
surface finish, but, alse. requires sianjfi. . ' Lid.gnal

’ . tOfhe AddHahte
man- hour s 5?0 effegf)meé)%g%)er?%e‘(’)l?us?}ﬁéls%&e%llI%ush?ﬁ%?égtds%rs{eoﬁwﬁdvenﬁ ons, |9n

order to obvi afigsionefupventied to aEikgsilbyirart, Idye réRdrupen platingsbine kyaterial
substrates, have relied upon placing sonme_material = between th lﬁiseubstrate

and the dye chetwean thepubsiateandshe dyrcarrisra feamples of fiesqmalepals fychyle parting
conmpounds, su I e I i L -n%lbqh
parting or s g%éﬁd}knlﬁi?fgq %r#ga\?seﬂca S E’%ﬁ%&%%@% , ﬂl%ﬁmgg(?r]{acﬁ?ﬁ g%‘ gdr?g gg&l the
unwant ed adhesdpartiaf nidiialOmey preciade, ii®sorhoinstrcasyths unwaeted bdhestoniof thes done

with significant degradation of the inmaged _artigcle. These.nethpdol ogi,es
are adm tiled % @I $feats. G § 1g§9rfea‘8%h Flﬂ%ﬁ%&ﬁl}t deﬁf?@@é‘“‘r PRI, or
Imgge regi st r%&ib fl T‘i’lgscttﬁgthﬁ&mééiéﬂr@ aditfedtd Yaus@ BlorA@sfon i RREdc8 Fnish, When
applied to solid plastic sheets, known dye sublinhation imagi ng processes

tend to shri nikpageacsolsod, ofi intage tegishraen ehihetssbstMie. | e 15 t he degree of
shrinkage, warping, and distortion varies fromprocess to process and

bstrate t bstrate, t def ect t d utili.zi
SUbl |t fon | mag HGPe cHRGRBEEERa D, SFER AP AP PR PSR E,
surfaces to wWybAhMtiodlirighd fdcsbaabil Bawing vrh ahd @isRremaodd shyetof Widieat o

chips. Since the object of  dye sublimtion inmaging of solid plastic¢ sheets
is to fonfn arthi degyee of shvinkagehwamives andlistostiQovariss Siom Prgosss &0 BigBSaRE | al | y

pl anar nature n, un; shr.unken - Warpe e | [, OR- te, none
of the known Sbll;’ %Eoesélbﬁt&%c’géesg g?%&ts ’oenﬁguﬁ%r?@;ﬂ)ng%@% gééﬁpye %‘%)gﬁgig\?}é?, one
or nore of thgabRehaihesloghs! feQiliiBnggthipakih ndklly apspled spfaesd fooviddiget s

i maged b ot her e sublinmation processes are often | ost by subjecting the
shegt s tg theﬁzﬁ@r@@gsg@@ts having all the p%anarity of potato chips. Since the obje}/ct OE %'e g

sublimation imaging of solid plastic sheets is to form an image within the sheet while

20 retaining its substantially planar nature in an un-shrunken, un-warped and distortion-

J free state, none of the known processes can be said to be fully successful. Moreover,
one or more of the technical performance specifications of plastic sheets imaged by

other dye sublimation processes are often lost by subjecting the sheets to the process.

These technical performance specifications include, but are not limited to, shrinkage,

25  impact resistance, dimensionality, and mechanical strength.

What is clearly needed is a methodology for forming a durable, clear, sharp
image in a sohd, flat sheet of plastic by means of a dye sublimation process that
results in an un-shrunken, un-warped, distortion-free plastic sheet which retains all of

the original plastic sheet's technical performance specifications.




These technical performance specifications include, but are not limted to,
shrinkage, 25 F¥YX€41-W@si stance, dinensionality, and mechani call&f 0oy®005
~What is clearly needed is a nethodol ogy for form ng a durable, clear, sharp
image in a solid, flat sheet of plastjc by means of a dye,subli.mation
process that resul t‘g"‘ioﬁdléﬁlyu‘r‘fg%tﬁ W{é'rﬂcegﬁﬁl-l b %Sa?nﬁins%@og%f% ee plastic
sheet whi ch ret &inpﬁuﬁjsly ﬂﬁnjn%h%eﬂraglﬁéﬂﬁia B ia$blif s bgaks, and 8¢ Bfjaeahs _
per f ormance specifications. SCOPQOL. 16/ 09/ 2005 Accordingly, what is
finally needed dapatde of parfirmaomethretatfmdologyy for continuously fornming dye
transfer inmages in solid substrates, and an apparatus capabl e of

perform ng the nethodol ogy. Summary, of th% {n en iﬁgg 5 The present

i nvention provides a nethod for for‘g%g%a—%—gspgi%uéﬂﬂ—rration image in a
substrate with a dye carrier having an inmage fornmed thereon of a sublimtic
dyestuff. The i mage THe gréentiyieemtidhhireiddss mpdthakfbr fgaiimsa dye fublistationmhagee of
the substrate. . The substrate and dye carrier are conveyed .al o .path
with a first pdRe Sapirale wkkadye cvﬁ&?&havmg@&ﬁmaaﬁf%@e‘gﬂ@g 198 %8B RA ded
agai nst the fir g,j;.éq,% : E1h Sb 136 i fBakt the Rehskagond
part of the pat %tﬁg{ gﬂg(rﬁg eetc\;/\fggen. Thg{%gsgp%%grﬁgg?g{?asﬁﬁgﬁed to a

subl i mati on t erfhersabarate amd dykeaiier ate cpayayedhlonp e pptht with Tifizst s 2pdp secondj s

th led t t t in.th d I
an-al ornat | ve Poin ‘SUBRRR e Beroh g APy AT R PER! i ayl bR

sunface of ;@ Sqﬁﬁtpraﬁtaﬁd%éohdﬁm@ﬁﬁtlﬁ?ﬁthi £ thiviidigedd) THEGE cholerRchfegrean of
a~15 sublimatic dyestuff is provided. A conveyor is provided for noving the

substrate and suylenginrterperaiunig the first pariwt the pathi The dye eatighig thenswelAdo
part. A continugus pressure _system presse e ipage formed on the dye
carrier agai nsF%FWQQW?%PIPSWLfIé% SfSQ‘:tO gp%ﬁt@?r@&g, wherei n the continuous
pressure system applies a continuous pressure against the first surface of

the substrate in th id sl&dmbe] anodppaats dndopaing aafyetshielipatidn imdg2th héeter i s
provi ded for heating the dye carrier tQ a sublimation tenperature when the
substrate and ayécesf powistigieavifine dyrcarmigrdiavisgan 1mage femsd figreor ol er i s

provi ded TQr  eo8indil dyB%ufYEnbaEs CA bBydof ARG ﬁ{@@gtﬁé WhaReRdt he

substrate and dye carrrer he 'sécon art o wherein the
conti nuous predgacaerieraleqd pathebilayfirst part and a second part. A continuous pressure

system presses the image formed on the dye carrier against the first surface of the

substrate, wherein the continuous pressure system applies a continuous pressure
against the first surface of the substrate in the first part and second part of the path. A
) 20  heater is provided for heating the dye carrier to a sublimation temperature when the
| substrate and dye carrier are in the first part of the path. A cooler is provided for
cooling the dye carrier to a depressure temperature when the substrate and dye carrier
are in the second part of the path, wherein the continuous pressure is continuously

applied from before the heating until after the dye carrier is cooled.

25 In addition, a method of forming a formed object with a sublimated image is
provided. A dye carrier with an image is provided. The image of the dye camer is
placed against a first surface of a substrate. The dye carrier is heated fo a temperature
above a glass transition temperature of the substrate, while in a continuous process
machine. The dye carrier is cooled to a temperature below the glass transition

30 temperature of the substrate, while in the continuous process machine. The dye

carrier is removed from the substrate, wherein the image has been sublimated into the

8




applied fromb heating until after the dye carrier is cooled. 25
I n addition, Fs{%@%ﬁo@p f formng a formed object with a sublinmatl@/DA(@E00S
provi ded. A dye carrier with an image is provided. The inmage of the dye

carrier is 1%?&1:59@ fib s@bs treStl"hﬁ E‘l?ﬁsa'ﬁt% i©heafedS YRR SR B 1I|ﬂ’f‘erﬂ)4pfoﬁﬁéd' er

i s heated to a errpera ure ass transition tenperature of the

substrate, V\/nlmmﬂlafmdmbjeauonﬁfbmectmblede The dye carrier is
cooled to a tenperature below the glass transition 30 tenperature of the

substrate, while in the contin 0CEesSS The dye

removed fromthe s&B?B %a%@?‘gpﬁ H@’qﬁﬁg‘gﬁﬂ’ﬁ%ﬁﬁ%‘%e%#m&gu&%ﬁt t0 the
8 FSCOPQUL. VO pL6{:08d. 2&%&1 In&atgewéefl&f& difa dopuBtD A dopRiter PRt ibadedad e i s
heat ed. The substrate is thermal formed into the forned object. The forned

object is &oolmmtthersebdt@dthgml mgmnmﬁe@mnprwhévwﬁ&m@aﬁl@pmﬁté@ iRage on

aplastlcsubs |dd A _di gi

conput er. &F{E@ﬁ‘@fe fse*? ageg agapt atj% IEg";%f)fra?n dg%%t?e‘?fx ggedl gr taf i mage
on a dye Carrltﬁﬁte&ﬂté @teﬁ)@ra%&@ab@ﬁd%l@ssltﬁhﬁtmﬂ' benperm@e of die substraty,evldkrini er
is placed against a first surface a substrate. The dye carrie

heated to a t @rppeamqms arespeBackhing dde dye 6¥ErY is GRoled i icmnsraurgLe {% e
substrate, sxt?onctgﬂx]i)%r\%tﬁ?%& ik ?as OB Rt B Phe IQRindbEs HRESS ?ﬁachﬁte

cooledtoat ure s transition tenperature of

substrat ejo whiThe dw cirhier Beathovaddimsn ﬁrecsubstmte;mmhrenethe iBaghasdeen ewlnmmd is
renoved fromthe supstrate, wherein the image has been sublinmated into the
fitst surfacel®pP }tﬁn% E‘?B‘Eé‘f"’r%ﬁt@es‘iwt%f&dl tion, a nethod of formng a
sublinmated inage in a | am nated substrate is provided. Afilmwth an

i mge on a first Shgﬁdo‘?tfloﬂ Q?nétﬁddrﬂﬂﬁmﬂﬁgﬁ'sﬁiﬁﬁnatamﬁn ielif b larfind@d@fbdutae film
is lamnated to a substrate. The inmage I's sublinmated into the substrate. 15

I'n addition, wpramimatédilmwhﬁt amimmgwion fa fistsids) dfithe Blan ismigedpd Profiisted. A
fil ith st sj de ] T, d
et o R e S dalaried e bl phe e e R s £ 0

substrate. These and ot her advantages of the present invention will becone

apparent jsupon reapi &iditidhga {a@hihered %s&@ﬂe&ﬁtb&dsﬁﬁ&ﬁtddpﬁiagﬂﬁs modidsd.udyilmg t he
various figures of 20 t he Dravmnfq Brief Descriptian e aWIng
with an image on a first side of the film is provided. The first 31de of the

laminated to a substrate. The image is sublimated into the substrate.

These and other advantages of the present invention will become apparent
upon reading the following detailed descriptions and studying the various figures of
} 20  the Drawing.

Brief Description of the Drawing

For a more complete understanding of the present invention, reference is made
to the accompanying Drawing in the following Detailed Description of the Invention.

25  Inthe drawing:

Fig.’s 1A-H are cross-sectional views through a platen assembly according

to the present invention, demonstrating the method thereof.




For a nore co&cgé@#g derstanding of the present invention, reference is
made to the 5‘%]% ng Drawing in the follow ng Detail ed Desdré p0Bdi2 85

the Invention. 25 In the drawing: Fig.'s | A-H are cross-sectional views

t hrough a pl aten assenbl,y c I H@ﬁ&ﬁﬁt 1@‘5‘@&"%’
denonstrating the %‘%%dﬂy?%g?%éﬁgge‘ﬁ%%. |gff)f 2A-C arg frontal
views of a fi ksthaialicprasnt @wemtinf orm ng the nethod of the present
invention. Fig. 3 is a perspective view of the first apparatus for

perform ng the nethod.of the present jnvention. 16/09/2005 5.Fig.'s 4A-C
are frontal views 68 gl%%ﬁ?f?&f"’ﬁﬁ%&?‘é’tqf‘%hef%ﬁ @E?IPB’F%WI KL PSS et

i nvention. Fi gheu3q3ful & MOt Vi ews of a third apparatus for
perform ng the present invention. Fig. 6 is a perspective view of the

second and third apparatuses for 10 perform ng the nethod of the present
invention.s Fig. 7 Fig’'a4érCem Genalidews ofagerndappareisdpr e igdsf di ng to
one enbodi nent oft.t het. resent invention enploying an active cooling
device. Fig. BIP IV, sect i on through a thermal head according to

anot her enbodi nent of the present invention enploying an alternative
active cooling 15FgeybAael afd fgontsl viewsofartbisd egmcttiofor perfowghg thet her mal  head
according to another enbodi nent of the present invention enploying both
active and paR¥PePIWERI™g devices. Fig. 10 is a cross-section through a

t hermal head according to one 20 enbodinent of the present invention

enpl oyi ng a passi VECORld s i eCiew b the secohlAnk i BapptRfisseS &5t | Oons taken
through an alternative pllaten assenbly. Fig. 12 is an el evation view of a
pl aten raok hperfomyingthelawtiodet diaprasenpinvertlont y of al ternative pl aten

assenbl i es.
Fig. 7 is a cross-section through a thermal head according to one

embodiment of the present invention employing an active cooling device.

Fig. 8 is a cross-section through a thermal head according to another
embodiment of the present invention employing an alternative active cooling

15 device.

Fig. 9 is a cross-section through a thermal head according to another

embodiment of the present invention employing both active and passive cooling
3 devices.

Fig, 10 is a cross-section through a thermal head according to one

20  embodiment of the present invention employing a passive cooling device.

Fig.’s 11A-F are cross-sections taken through an alternative platen

assembly.

Fig. 12 is an elevation view of a platen rack having loaded therein a

plurality of alternative platen assemblies.

25 Fig. 13 is an elevation view of a platen rack having loaded therein a
plurality of alternative platen ass.cmblies, the platen rack being received into an

oven.

10




25 Fig. 13 is moopdoewad i on view of a platen rack having | oaded therein a

plurality of alternative platen assenblies, the platen rack bei righf88¢i2@a5

into an oven. 10 FSCOPOO 1.WD 16/09/2005 Fig.'s 14A-E illustrate an

al ternat e vacuum batg.lsnjalAeBeiisatieqn alttrmhteerapuums bay inipleeertatom offhg. 15 is a

graph of tenperature over tinme for one dye sublimation inmaging cycle,

havi ng super i PFES§EdIYHEPRoN a tinme line indicating the several 5 control

actions required to effect the cycle. Fig.'s 16A-H are cross-secti onal

views through upperrandg id P¥aph Bf RhRRranas 8t LBr 866 &FekuBimiatoranot her

enbodi rent of the present rnvention, denonstrating_ the continuous dye

transfer net hodegingyydahghng mepesinposed hereory a timedingiipdicaiingihesevsiié appar at us

for perforjm' ng tthe[ ctonti nuous d%t? E;trglrésfer nmet hodol ogy of the present

i nvention,” pr 8P4 SCUBISISAUNGT & %"i}g} Ng pressure between the upper and

| ower platen assenblies Fig. 18 is a front view of one apparatus for

perform ng the conkigrdqya-Hye: crodsascticial vielvh daekghoypperf aridiewpr glatent

invention, prior tqQ applying a clanpi n%_ pressure between th u(g_{ger .and

| ower pl at en &sgwhiies assordmg ipjapotharoembodiment gf ﬂkfiipé%e%tfmﬁffvéwap‘g%ﬁl feimgy

performng th - A, gy of the present

i nventi on, prﬁgﬁgﬁgﬁd&l&gﬁ% ﬁ%ﬂ%gergzﬁ anp.“ﬁ’rfyg%@gﬁ%ﬁ bet ween the upper and

| oner platen assenblies. Fig. 20 is a top schematic view of a substrate and

image. Fig. 21 is FigelT @ sdhvdewmbil onvapparapds fohperfuinsng the soiimonsdge af t er
i.S a side view of S IS the

thermal 20 forming. Fig, 22 trate. Fig. 2
Si'de Vi evidof  PHETE diathabiogy AF T stowa RPIRg o Shryness rap BE IREHL |

vi ew of “anot hgdweQnhb Bﬁ&%ﬂ%n@[d%@e‘%?ﬁtéiﬂas%fﬁﬁli%@] Fig.'s.25A and B are
schematic views of conputers that nay be used in the 25 enbodinents of the

invention. 11 _ )
Fig. 18 is a front view of one apparatus for performing the continuous dye

transfer methodology of the present invention, prior to applying a clamping pressure

between the upper and lower platen assemblies.

15 Fig. 19 is a rear view of one apparatus for performing the continuous dye
transfer methodology of the present invention, prior to applying a clamping pressure

between the upper and lower platen assemblies.
Fig. 20 is a top schematic view of a substrate and image.

Fig. 21 is the top schematic view of the substrate and image after thermal

20 forming.
Fig. 22 is a side view of a substrate.
- Fig. 23 is the side view of the substrate after thermal forming.
Fig. 24 is a schematic view of another continuous processing system.

Fig.'s.25A and B are schematic views of computers that may be used in the

25  embodiments of the invention.
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FSCOPO1. WO 16/ 09/ 2005 Fig. 26 is a flow chart for process used in another

enbodi ment of trREPPPh¥éNtion. Fig. 27 is a schematic view of a ddvpdP 2B

- printer used for printing on a substrate film 5 Fig. 28 is a schematic
view of a hot lamnatign and subplinpation system Fig.,29 is chematic

View of a cold I am R PG eV ERR 5t grooses e I weih dinbl eRLPIR o

subli mation syst.emioRef erence nunbers refer to the sane or equivalent parts

of the invention t%roughout the several figures of the Drawing. 10

Det ai |l ed Description of the Invention The succeeding di scussion centers on

one or nore pref err Big. dhisouichematic Gew of Asompeisesnd nraNaEsebiPr DIFEINEMRAt ed by
a nunber of conponents. Those having skill in the art wll understand

that, where thé& éﬁﬁ%éﬁﬁknts enunerat ed herein specify certain comercially
avai | abl e conponents, these are by way of exanple. The 15 principles of the
present inwention aFg. g@paldckemnitid vipl ofie hbblindration amd sublienatian sgttgmof
configurations and these principles specifically contenplate all such
enbodi nents. Wil e the_succeedi ng di scyssi (ag is directed to the dye

subl i mati on i magi ngtigf 29 I51aschepatigyiey of & Al dammponsYSteil principles of the
present invention may advantageously be applied to the dye sublimation

i magi ng of a wide vVeLi 8 ¥ 2QkhéBRicBER 0P R Subdihdliah gysdthy occurring sheet

mat eri al substrates, i ncluding but specifically not limted to netals,
stone, wood, waxes, polyners, nononers, resins, textiles, fahrics, glasses,

m peral s, |eather, Refdrcoenporberssitiethesnme preqyyaiertipartes! be RFEIPR esent

invention spegifl I applications. Having reference
nowto Fig.'s @%ulgﬁ%ﬁ%%&%%%gmﬁg ﬁ%@%bé%tﬁﬁ aught by the 25 present
invention for form ng dye sublinmation images in substrates, particularly in
solid plasbic substrates, is sDhetaiied Beschption bfthe $nvehhom a pl aten 10, havi ng
superinposed thereon a passive cooling device 12. The principles of the
D e O e G ol G TRl o b or ARk oS b O

the present invention, implemented by a number of components. Those having skill

in the art will understand that, where the embodiments enumerated herein specify
certain commercially available components, these are by way of example. The
15 principles of the present invention are capable of implementation in a wide variety of

configurations and these principles specifically contemplate all such embodiments.

While the succeeding discussion is directed to the dye sublimation imaging of
plastic sheets and the like, the principles of the present invention may advantageously
be applied to the dye sublimation imaging of a wide variety of man-made and

20 nafurally occurring sheet material substrates, including but specifically not limited to
metals, stone, wood, waxes, polymers, monomers, resins, textiles, fabrics, glasses,
minerals, leather, and composites thereof. The principles of the present invention

specifically contemplate all such applications.

Having reference now to Fig.’s 1A through 1H, a methodology taught by the
25  present invention for forming dye sublimation images in substrates, particularly in
solid plastic substrates, is shown. At Fig. 1A is shown a platen 10, having
superimposed thereon a passive cooling device 12. The principles of the present

invention specifically contemplate the utilization of either or both active and passive

12




16/ 09/ 2005 cogkidyhofiy ces, as will be explained |ater. Platen 10, in one
enbodi nent of the present invention, is a flat alum num pl ate tIr@ah80i/ )5
by a plurality of vacuumorifices 14. Vacuumorifices 14 are further
connect ed {0 oipuTIcey Sk 7 B O Rharat: abAkn loassiiéentoainagofiey ce 12,
for purposes o? rmng a dye sublimation imge therein, is 5 substrate 1.
In order to f presettmvedtion,ssblatrdumionm pleig &ansfixed baambeelity, of NasHURYOTHCES| mage

5 inprinted thergon util.j.zi t h revi ously, di scussed i L.ON

inks, is pl a&g'd%g‘f‘ﬂ’ﬁn eritices e ﬁ‘."gﬁ"é’“ﬂ%’i‘%‘?/ & Y5 ﬁ{gst%%( ?i“@'gp ﬂf‘éé%tbf hi s

enbodi nent  of pidiReRbEWEI HevidRVIEN o PlirpoSRRF ifsriin0h dge Ablielatibathag therein, is

extrenely low thermal nmass, for reasons which wll be 10_Isper‘ex | ai ned.
i

One enbodismensubstrateHe Ip pedss in form kg dyesHbimaiahipage </ Cagich s 18VE%on  of a
hex-cel | al uni i | L el isc1al AYe Slpssnisindsofced
pl astic uppe[q r@%%‘f@@%teﬁi&?&&%&tﬁ%@éﬂ%@%m%a e g ssélét ag e for '

i mpl emrent at i oplaesi atpasdisitededool i ng device 12 is a Fiber-Lok No. 2330
sandwi ch panel available from Burnham Conposites, Wchita, Kansas.

According to this odi.ment .of 1he present 15 inventi.on sive. cool i ng
device 12 is of sr’rﬁﬁgfoléarssgﬁf’?‘ﬁ% Wgﬁé Ofﬁ’%er%ﬁ’oé#@ﬁ%f&thatpﬂ%%g&%@mﬁeast as
broad in extegnsRfs Jfiafsldalnglaf exiétheh oW Hersl HiLCRS s@tomdwiith wilhbs 1 s

necessary in order that there be at |east sone of the plural |Ehy Q&;vacuum

orifices 194 lateaexplpined.t One enhodimgaicafibs pratant yentipnaonisRplales th yijratonye
subsequent | | ai n rri Qs | 16..4 lied
UbSeq Yy XAl AR, F36 -é’o(g%%f()lrﬁﬁog s%@saﬁh&lc{xﬁnglﬁ%ﬁ%{g%l‘%s %Qngoz%eﬂgse

over the stack conpri si ng evl ce
carrier 3. Mylintieigpdtnduswhesirfaver Ongsudi pinebsiitable far inipbemaitatpiuasen 10.

Menbrane 16, for ease of handling, nmayhe fitted to . spect Férarre, not
shown in thi sPaFiib‘E?@lmS@ﬁﬂP%%lSl‘gF@ WB@%Q@%?"&%]&P“F%PYH%EG pm
substanti al | yBlﬂ‘tlﬁaHl %énrp%%s W?Ehiﬁuf(&%ﬁg.SAQ(tortKﬁ/g%brf@ﬂﬁ'Qeﬁlﬂﬁlhﬁeﬂ%fﬁﬁ’éﬁ‘eﬂ:‘ﬁ@

carrier stack oge In tlose proximty. rane 16 should al so have
suf ficiens stinesmioh, gaesiebconlmgantict h2iswelispialle soffasuibeentdhan patdyd Oigptihe

thermal events_which constitute one _dye subli ion cycl.e a whi ch enabl e
dye subl i mat i%/PastRaGreRs l_aﬁafeawltﬁ%ﬁl}h%?tewﬁl&ba‘fqﬁtbe%"‘iﬁ}/ﬁeﬁ °Bé{-1|. &
expl ai ned. Gﬁ@%ﬁgmgﬁet Bt B8R Ul IR b SR AN kb G Rchiid brifited B

substantial ly y conpatible not only with substrate 1 and the
subl i mati c dysesildbiptoi fotred vaoudpath doronembrane B9, apill &k subsainedntlaeyplsinsdoduct s
out-gassed fromsubstrate 1 or dye carrier 3 during dye sublimation

| magl ng. Referring now to Fig. 1B, membrane 16 is applied over the stack comprising

20  cooling device 12, substrate 1, and dye carrier 3. Membrane 16 further overlaps at
) ' least a portion-of platen 10. Membrane 16, for ease of handling, may be fitted to a
spectacle frame, not shown in this figure. Membrane 16 should be capable of forming
a substantially airtight seal for purposes of clamping the substrate-dye carrier stack
together in close proximity. Membrane 16 should also have sufficient sirength to
25 - prevent the warping of substrate 1 during the thermal events which constitute one dyé
- sublimation cycle and which enable dye sublimation imaging and dye carrier removal,

‘as will be later explained.

Other properties desirable of membrane 16 are that it is substantially
chemically compatible not only with substrate 1 and the sublimatic dyes imprinted on
30 dye carrier 3, but also with any byproducts out-gassed from substrate 1 or dye carrier

3 during dye sublimation imaging.

13




13 FSCOPQO V\(B %8%%05 I n one enbodi nent of the present invention, the
| oner surface rane 16 is lightly textured to provide a coff8U@RB05
vacuum channel across the interface between nenbrane 16 and dye carrier 3

wi thout form ng bubbl es_bet ween the nenprane. an | Sl FmeiS St
bubbl es woul d precﬁﬁaﬁe%‘&‘ e rgt%?lhegprgﬁendl?gel‘ém%a&??%‘r%r%%desutT)%e{rate 1.
This texture ghksoligiimesmas t8 pratdtBohheas &aanith danaclabredthe ntedader ai | of f

t he vacuum when it is no | onger needed for _clamping. {;@reover, iLn order to
smoot hl 'y ol d bafeen mesmbsees 16 3d dye gerrFisr 3 iBawHPEIaE bibples babypyige
devi ce-substr - ryJ Pt I inb b b
desirabl e tha?{ e%gﬁﬁr%ﬁedyfgg%%{'f or rr%g&b(%)}i\%ab ?L?&ég%e%}lgkggﬁl%g?wgme% used on
dye carri e - sybsier atesubtraed| Thi tebeieadsostrvek s haadung rslegsei dnid@antblagder i cal

extent, for instance greater than about one_ ipch jn thickness, it further
desi rabl e t hat® ?ﬁéoﬁéﬁ%ﬁ‘%ﬁﬁmb@eﬂ@ﬂ%@?@@e ed@fﬁﬁ%ﬁiﬁﬁ@% material to nore
snoothly nold and fl ow over these several elenents- As the inaging process

taught herein util n&soveRRh drdef BREEREMY SrotD ANORSwW 028y thEkdveRs elefitalsaif g
periods of tenmperatures up to 600F, it is also required of the nenbrane

that 15 it becondingalebicetsebstiratcedyosiriv stagutas weHtasite plstend Qpia i desispble that

i t hst andi ted th | les b i gh | t
Wt houthar deMETrirE L6 thipied of e BEIHEE (W RRP i o e U sUBTREE @) 1 €
of. the prgvi ousdihgdictict SE6lk HakRR&Idhifant Veirdal ent Gregnineg grbates timiaboyt i t

wi |l be appreciated that a number of materials are sui tablg for menbrane
16. Exanpl es ofe igdein thickapssait Sirtherdasirable that thermembraggpe{ormea P32 not 1 ni t ed

, | H 5 , ‘. .
L& O\r/(l;pgﬁg Lé?%a&?x?xglgé %16%6?1'&1 oHdkE §m89ﬂél¥)yljnofd%gqfo%v oRPEIBESeral elements. As

ynmers, an her natural or nman-nmade el astoneric
sheets. Menbihaiadifig prochssaugiht hérsinartintstapidt teapérgtucociangespasweldbas act with
dye carrier 3, and caovers substantially all. of the plu jty of va m
orifices 14 rieapiedperady 9f EHRIRIEPs UByo é%%gi & @Weﬂﬁ‘&m%ée@?mfggﬁ

Ref er ringsnovy {05 fy ljrca@regiﬂﬁlé,%ﬁgﬂln%ﬂ%e %Bﬁa‘%l@c}]f Wik RIRdEFRMd émide
present invention 1s” explalned. rane 16, having preéeviously been

posi tioned ovsklesbetvibee higher middowstiesipemahzecwiihout Yanfeningcoraciang Jossofwel | as

at least a portion qf platen 10_including at |east one and. preferably a
ol ural sy of SEUGHIUBHD st 47 TR (85 Bt SuH TGS BREFTERC1 anpi ng

pressure, as shown at 20. As used herein, the term
From the foregoing discussion, it will be appreciated that a mumber of

materials are suitable for membrane 16. Examples of such materials include, but are
20 specifically not limited to, vulcanized rubbers, silicones, butyl rubbers, polymers,
\) chloropolymers, fluoropolymers, and other natural or man-made elastomeric sheets.
Membrane 16 is brought into substantially continuous contact with dye carrier 3, and
covers substantially all of the plurality of vacuum orifices 14 not previously covered

by passive cooling device 12.

.25 Referring now to Fig. 1C, the clamping step of one embodiment of the present
invention is explained. Membrane 16, having previously been positioned over the dye
carrier-substrate-cooling device stack, as well as at least a portion of platen 10
including at least one and preferably a plurality of vacuum orifices 14, now exerts an
atmospheric clamping pressure, as shown at 20. As used herem, the term

30  "atmospheric clamping pressure” denotes the use of a pressure differential between

 the ambient atmosphere and the atmosphere beneath the membrane to effect the

14




30 "at nospheri | anpi hg pressure” denotes the use of a pressure
differential lfgf"%‘)é’ﬂ'%q he anbi ent atnosphere and the atnosphere b@h68t/12405
menbrane to effect the 14 FSCOPQOI. WD 16/ 09/ 2005 cl anpi ng of the substrate

and dye carriefr. This.atmspheri¢ .clanpin ressune . by
means of vaculffimHRe %@85&3&@{6 ag{ dye rﬁ%‘?ﬁ‘ agﬁl%g‘fh%ng%Fl\Poﬂ.% ;ﬁ%gstﬁﬁe;rﬁgy
embodi ment  UndglfEited BS fict ofVabRER B Présstledi AgntifigRawieheddol s attai ned
by neans of connecting at | east one of a plurality of vacuumorifices 14 to

a 5 vacuum system 240, and ther eb(}/ appl ying a vacuu as shown 18, to
the underside of AeHisreathedipgent pp e§ﬁ@ﬁ‘ﬂséloﬂeatﬁ’&ﬂ&f@ﬁlﬁnﬂ%ﬂﬁ?ﬁ“%%q’ém 240

has been del (O . - fry bl lponal
as been del et g, [ e%sgglcﬁlglﬂeé%% ?tggzlspéllfé éﬁ:ﬁlﬁféﬁﬁﬁﬁ%ﬁc&m blifibkstiuab kona

clarity. Wiere a substa vacuu btainable at sea |evel,
this theorseti eaduuyh $y88kul 240, b thebaapplpgg faomcenm,afs shoyn aixi Syt i ynderside psi

over the entire surface of the dye caryier-substrat tack. Practically,

a perfect vacﬂﬁ’fﬁem?“’é"élléoﬁﬁS&S‘B’tﬂgg’ﬁé‘me t Ha?%ﬁﬂf{eé‘}/aﬁhﬁs b 888% g1y

necessary. d g .sﬁ%-ﬁ%a?ﬁg%il@&k%s bPitkérRihal @8y ngrd 4 abstagslly han
been ftoun

perfect vacuum have o0 yield dye transter inmages vastly
superior to theset vadmai isablainable aassp lotdhhistatonsitellprppult DaFeiETPIEE 160 t he

mechani cal properties substrate, the dye.transfer t es, and
the nature of© ?Pé’r?’ﬂ’él?%f f%‘ggﬂtogérfge 81&%5&“%?10&?%6%/3 ‘ﬁﬁec afﬁlsﬁlé%feggrtl%(ﬁ){f t he
princi pl g of piBEcdlyes Bifect PMRHN 19 Beld M OBtalBRIandGh aNpé gt iBInes getfeeslymay be
utijlized.” While the fofegoi ng enbodi ment utilizes vacuum cl anpi_ng,

al'ternative eesbesdnreparping ficewcanating torkbpss resplting digmn lesythemperiedy even

cl anpi ng pressure. .a rd b anni: Itg%zg |t hases i ncl ude,
but are not n&¢ %%le%l F'YI’ 38/3?8‘91‘?%"5’2%5# gé &th& d@ggeos'f cﬂ%ﬁflgﬁa(&}%ﬁ’sarrpi ng pads
i ncor por at i NgolRaip#Es Sy kLY bBvehtihgdolbgy eDepehdingiupst dranedhaminalmubreticsor!
sacrificial rigid foamsheets, and the use of air prfe sif{qe Iangs, for

i nst ance bag F edbsizate, fhe dyp angerdpuperBRsiottihe RATICY éﬁ?) W%reé'g re,

i ncl udi ngt he | REHEPAYY BEATTLC AP bRICRTBREHOR cvBRlovgr Ve as
a pr ocesglsng %ogélsﬁg%ﬁ%@)a{%%@l% o‘?%}% SO _|§magi gg ?o&ti nesﬁi n sone
substrat es, idlampiyglpecsadvambpyestiszedo nodify the cl anping pressure above
or bel ow the nom nal one atnosphere clanping pressure discussed above.

G anping. pressur eSWj}quﬁlre f%l%%gin(g)rér%b% {ﬂloe%qut%riz%s r\'rgé/uu%le Clgtthbl%i nﬁger@ﬂg/e

embodiments utilize other means of aftaining the very even clamping pressure

afforded by vacuum clamping. These alternatives include, but are not necessarily
20 limited to, the use of mechanical clamping pads incorporating a pressure-leveling
_} - -~ layer, for instance foam rubber or sacrificial rigid foam sheets, and the use of air

pressure clamps, for instance bag presses.

It should also be noted that clamping pressure, including the previously
- discussed vacuum clamping pressure, may serve as a processing control variable. For
25  some imaging routines in some substrates, it may be advantageous to modify the
clamping pressure above or below the nominal one atmosphere clamping pressure
discussed above. Clamping pressures lower than one atimosphere may be attained and
maintained by utilizing a vacuum regulator. Clamping pressures greater than one
atmosphere may by attained by augmenting the vacuum clamping pressure with a

30 sﬁpplementary.clamping force. One methodology for attaining this latter option is by
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mai nt ai ned by g(t:l |izing a vacuum regul ator. C anpi ng pressures greater than
one at mosphef %LWQ attai ned by augnenting the vacuum cl anpi rigb H08gA0 @5
with a 30 supplenmentary clanping force. One nethodol ogy for attaining this
latter option_is by.15 FSCOPOO . W) 16/ 09/,2005 :

super i nposed GF8P %/q%bal%’ﬁ?ﬁ’s SHRETRERESG YT g}ee“gel?}%g@% %%E?Oiﬁl\f/\lﬁtle@ %&cg g?%? 2ss
suppl ement st Bgg yRed P RIRABIMOVRUtaIclethilyyattahediigths armbadoeratoneRef er ri ng
nowto Fig. | D, a first, or heating thermal event for formng a dye

sublimation i mage is inposed on the nbr ane-.d carrier-supstrate,stack as

follows: 5 ther mal Refemmgnqvsiodigy 1%&?%?8%@%&5@%6"? féﬁg]%ac Sier 3

to substrate éubli&xﬂatioh%é%eﬁg’%ﬁﬂéﬁ?% {9 mb6raRs- 8 i b0NB 416 Brack 4s fadswhbeen
y |

found advant ageous not o erns of manufacturing efficiency, but of
ef fi cacy of | Hicemalreammgyiingpplipe tromghi reemBrand t@mdsdyssiarzare to subsiate - ndr nal

energy 22 be provided as r.apidl ssible to substr . .ener gy
22 may be appﬁﬁlse?fm?‘?#@ﬁl&t?f%?%ﬁﬂfqgn Oﬁ’ghﬁsslfeaeﬁ?? aﬁlag%@ﬁg’legﬁgﬁﬁtran eF known
to those havi RgmebEinRAifictekhd éfikRnty) Subdtteffidiay oMakdr reabvidg dpgearriendr ane 16.
The previ ousl éappl I ed at nospheric clanping force is, maintained throughout

this step. Exhoplsubstrte hihtitecamabensesit 22 hearavided seepighorsdpsEBls ) ude, but

are specifically not dimted to,,electr] ' 4
i nstance by r'r%'ek’ﬁ%atg?' Eeﬁagg{‘?ré% %? %lraggﬁe&#@?lég eﬁ%ﬁ@@%ﬁ@ﬁ ?ﬁbsrtréﬁ n%lrlgne
16, or appli eghyahidief keday® Bbse Haeing\wrdigarh skifldn 116 arbfhat witl myighmagt i on of

steamto an upper surface of nenbrane 16; by the appljcation.ta acP upper
sUrface of nempubrfae16. &he areviogsly gprhmlatwgsniigdc clepPIigfory 18 P ane or

heated fl ui d; plication of radiant energy to the top of
menbr ane 16. tﬂgcglﬁg%{uettstﬁg?é@uch radi ant energy include, but are not limted

to, 20 infrared energy applied by nmeans of infrared |anps, or ultraviolet
radi ation, and miEranmesefmppliabledrat t2avefen mcthmdologivainojede but appl yi ng

th I 22 i.s the [ i [ t f 16 of
e onduct e Whedifipnly e G0 Bt Al kR eBle MRBSE £ ARG SRR e 10 ©
pl ate maysbe et dkeARY wieoWabaRRE iftiembRinb 98 bragbREd ciftiee Bb@g drhose

previously discussed, -as well as by introducing into a 25 hollow interior
of the plate teldw owmbfankdds bylthelapplication ghsearpiaan ippsT syrdrceioh stoapene 16;

ther mof or mi n%)ﬂhg gﬁﬂlﬁ:gfionht%va% u% grcslu; a6 <|)tl IXGIqu)Ifaltlee €8 2 flow of heated gas

including steam, flame or heated fluid; or by the application of radiant energy to the

top of membrane 16. Examples of such radiant energy include, but are not limited to,
20  infrared energy applied by means of infrared lamps, or uliraviolet radiation, and
\) | microwave radiation. Another alternative for applying thermal energy 22 is the
application to an upper surface of membrane 16 of a conductive heating source, for
instance a heated plate. Again, this plate may be heated by any known heating
methodologies, such as those previously discussed, as well as by introducing into a

25  hollow interior of the plate a flow of heated fluid or gas.

Plastics, for instance thermoforming plastics, have specifically different
physical attributes depending upon their internal temperature. At room temperature
most commercially usable thermoforming plastics are substantially rigid, for instance
as rigid sheets. At the other end of the temperature spectram, heating a

30  thermoforming plastic substantially above its forming temperature results in the

substantial liquefaction of the plastic, with attendant destruction of the structure

16




physical attri endi ng upon their internal tenperature. At room
tenperature rﬁgg‘{’ﬁ@bg@grci ally usable thernofornming plastics ard6/09/2005

substantially rigid, for instance as rigid sheets. At the other end of the

t enperature spectr.um. heatin Ok Iyl | ially
above its for E?Iﬁbedb‘!’é’ r%lbqe?elg‘?tﬂ;rag ﬂr%eégﬁcgah%ﬁ){shyk %%bdgtgﬁét}”%?é#?g%ﬁgact I on of
the plastic, wkidmatdrerdpaiandesitrwidth e pbkti¢ begimtto yofier ent I6ndSECRUL. WO

16/ 09/ 2005 formed by the plastic_as the plastic |i 9u'ef i.es.. Inter ne%j te

bet ween t hese ligwg- Iidsat Batednigraediaimpramnerdiyes that thidye prhlimation PLeqGees é%ler ns to

sof ten but iPﬁegg}&i%&hg&yislogﬁd&émg! d. It is at these internediate
e

t enper at ures at t ye sublimation process of the present invention is

conducted. 5 In order to sinultaneously render substrate 1 nechanically and
chemical | ¥ sui t ablreorflartotsheulimeoustiurchdanuistraidylopechanigelly andgchemipflyyi de f or

t he sublinmation i I .ng dyes omthe solid t he v , the

t enper at ur e oF“‘faﬁI? fgﬁ%g?‘?tﬁ%é‘?e{%%&{yﬁeﬁcvé&tﬁzo ngé’.l(%aflﬂ grs}%gl?rruhgt?&g%feel evat ed
beyond the pl asddifs Syek i@hiha RELBRNEE oy staleThE othSiisusd éiitRe fubsaisfakle wher e
the plastic begins to soften, and where the 10 sublinmation dyestuffs

vapori ze. | n bengegthetdyecerrisr,mustbe stevated bevend thetmlaic's yigst andgsnerflysti ¢, and
to maintain the technica r £ or.nan | £ i stic, it is
necessary thaimplGtmﬂltl)stsn%%k ;ggtfltgdv}%e(r)e?‘Eﬁ%ﬁlg%%glu%ﬁérsgﬁﬁ%ﬁl%g]feﬁ}elg. The i deal
t enperat upe éublinRfio OYHsEEEs vapatiies dh bfifer mReri the sanducitpeegity obtheonl y upon
the type and thickness of plastic sheet to be irraﬁ%ed but. al so upon the
nature of t hePlpstigginddo masatainithe teghnigg prerfermanes spoet ﬁE‘P’?Fé?ftg?ﬁlf"ﬂif’?Eis to
raise the inter t - Ed19EmmerSREPr | ses
the firsr tnarraroEHRALE gl 1o B pahl 8k IBREACY AR Rimpbop T
first ther malisgfedtrse, applicition apgalificaid dzperripaot filg upodthesypedmtdahivkmasd of
enpirically. One of the netrics for determ ning.the duratjon of the first

t hermal eventPlasticshest (ol imaged butalw wonthanatyg Oof His BRSO YE mge into the

plastic. 20 Referring nowto Fig. |IE, followng the first thermal event,

whi ch actyally ef 1id fheftHRl dnbRY 20N LIRGWE thtGhal tBRpEMBRE BALE 1, a
second, (# cool i ngﬁrtﬁﬁgﬁﬁéﬁgn%eﬁtﬁﬁi S g%gorrpl I shed while thg substrate and

dye carrier rsshsfate Lagkdyecactinn conlpaised the fipt wsmalesvenigrfithe presenitpr evi ousl y

applied vacuum 18 is I,nt ai ned, duri t.his second ther t t

conpri ses thénYeé'ﬁB%a'lrﬁ%—lur s ?I&Pe ﬁrfé:ﬂ%?nﬁltevﬁ%.ls P& AP EallB bt antt8
determined empirically. One of the metrics for determining the duration of the first

thermal event is the desired degree of penetration of the image into the plastic.

) 20 Referring now to Fig. 1E, following the first thermal event, which actually
- effects the dye sublimation imaging of the substrate 1, a second, or cooling thermal
event is accomplished while the substrate and dye carrier remain under vacuum
* clamping pressure. Again, the previously applied vacuum 18 is maintained during
this second thermal event that comprises the removal of thermal energy at 24. It has
25 been found that a second, rapid cooling thermal event conducted under vacuum
| clamping preSsure presents advantages over previous dye sublimation imaging

fechnologies.

A first advantage accruing from this step is that the release of dye carrier 3
from substrate 1 is greatly improved over that of previous methodologies. Indeed, by
30  carefully adjusting the temperature and duration of the first thermal event, in

conjunction with the rapid cooling of the second thermal event, the unwanted
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25 been found gshapgoawsecond, rapid cooling thermal event conducted under
vacuum cl anpi ng pressure presents advantages over previous dye 1500 D@0 ®B
i magi ng technologies. A first advantage accruing fromthis step is that

the rel ease ofydpldsnCoFidik Birridr 3 td @IBISAO S hidhcRn bomBlethl L abvixtcil. MWIGleadt over
that of previous net hodoluggl es. Indeed, by 30 carefully adjusti ng tﬂne
t enper at ur e arvdshdug tethechound by Hisory, itds belisedihint the Eped coUINSOSFSIANEE PBHSA t h

e 00l bl SSCANTIE LI BB bR HANGRE Borbock SEPO01. VO

16/ 09/ 2005 adR&S] e carrier rate as been conpletely
obvi at ed. Wi kgrieps andvublirstg 11 @hiech réelendhdsy twé elemgntsistparsblbeThisved t hat t he

rapi d cool ing occasjioned by the second.thermal,_. eégnt ' n&%od ces,.sone
thermal or5 neéfremplishedswighaut Bemped Fr dpesial dfprmediatexdye fIpnstas Keps PRUES- whi ch
renders these (EFE e SERRARb ne Bl RuRATITIAG Shatbdgiaut t he
need for specicétﬂ@{nﬁ% rne@%?%?gg%cg tr%%g]?ersv\eg or fi m::-r consum’é?\g
pre-imagi ng conditioning processes required by other methodol ogjies. A
second advant age affsecatdcdgntage affadeaiby tbisstopgelaiss thbepretowlgfijcusesc ussed

probl ens of unwanted distortion of t substrate use - 1 h it ng and
cool i ng therB‘%pe\’iﬁst%‘HYmWEansmrgﬁq ogtﬁgf‘%aﬁﬁt? C%‘%fsﬁﬁﬁ‘éeg%ﬁ%%%a‘%? g‘%p%?lgg force
over the enti fiRrbPwibitdeReMloraRBons RIS AR icAGRINDiIROforvd G fg dntirde bound
by theory, it is believed that prior dye sublimation technol ogies,

n by
i nduci ng tohe $eface afthamebstratst iAgpiopotwishing iehsthouné by thaeey. dktls bebgved Higf

forces within_an uncagnstrai ned substrat.e . whic . l4i . to tw st,
Lo o e i R SR Rt gt i iR le nEftrE Ol Bing ¢AHE O

net hodol ogy i suekikedé, Nberutd DUl Ryebs withinlah @ntonseaihednbstibie Which, ionstelnge t he
vacuum 15 cl anpi ng technol ogy previously discussed, the present invention

avoi ds this piepbiosmistyrink, adywerp fhe uBttE. i Bnuizingan LmoSPLGIc dapRing | ot
shape of the IﬁgﬁS&oI&%fﬁHﬂﬁﬂl%ta&BP@l, Iyé@r\éﬁ[i@dt AR 16 ¥eNhSiattc thiPacive
rocess.” Referri 1F-1H h

subl i mati on i magl ng ng now to Fig.'s 1 , at the
conpl eti am ofclirhging échndogy pelviongly distessed | thepresenf invastiomavoids thisquedemat 26

and nmenbrane 16_ renoyed fromthe dye 20 rier-suhstrate stack at 28.
Thereafter, d%yefoﬁ%lf‘%%@?e@l%ﬁ’d’ Ff&{”éanlcyafgﬁtéhalpfap? gﬁ” #’F%t Ob%@%qt% cool i ng

device 12. Atglhhsnbgialbventd\6f thiBECbBIalST it Sroeakr i er 3 has been
formed wthi nsesugst ratae vie.n The degéresee ofal dye peneI?r ation within the plastic

- Referring now to Fig.’s 1F-1H, at the completion of the second, cooling
thermal event, vacuum is released at 26 and membrane 16 removed from the dye
20  carrier-substrate stack at 28. Thereafter, dye carrier 3 and substrate 1 are lifted from
) passive cooling device 12. At this point, the image carried by dye carrier 3 has been
formed within substrate 1. The degree of dye penetration within the plastic is
dependent upon several factors. These include sublimation temperature, clamping

pressure, and duration of application of thermal energy and clamping pressure.

25 A first apparatus for performing a methodology according to the present
invention is disclosed having reference to Fig.’s 2A-2C and 3. Dye transfer apparatus
200 includes a table assembly 202, at least one platen assembly 204, a thermal
imaging unit 206, and a vacuum system 240. Table assembly 202 supports thermal
imaging unit 206 and platen assembly 204. As will be discussed later, the utilization
30 of aplurality of platen assemblies 204 presents advantages with respect to

manufacturing efficiency. Accordingly, in one preferred embodiment of this
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dependent upo factors. These include sublimtion tenperature,

cl anpi ng preg@gﬁéﬁ'g‘}ﬁd duration of application of thermal enerdybA88/2005
cl anpi ng pressure. 25 A first apparatus for perform ng a nethodol ogy
according to th j f on.il ' NG arehelaeerd 0 Fig.'s
2A-2C and 3. Iﬁygmﬁtﬁlgfﬁg#}érama%}é‘g?g%%Eﬁ%‘gh?%%ﬁgﬁgg a t4a e adsenbly 202, at
| east one pl atsgbstasiatyidenti@Q4 Talkle uivembiy 202iismgfanably pquip@Qiso thatgplatevacuum

system 240. Tabl e _assenbly 202 supports thermgl ipnagi ng unit,. 206 .and
pl>/at en asserrblafr“?@h?s%@%%ﬂmb‘@aﬂ é@ﬁgéwgﬂ'ggg?e@fﬂgﬁgﬂ%!ﬁa@ﬁdﬂr@gh% a
plurality of Rﬁ?#d%f"toae?&%ﬂﬁié ifise : ﬁoﬁ' S MsEmBERDOI 3AE 204 4 Systepd BEOIedsO

manuf acturing efficiency. Accor gl'y, 1n one preferred enbodi nent of this
18 PSCOP004. wer di6de8 9la®@5malsnenttiu Thesclrollas aregprefemblydiooned puid sergh 0P| at en

assenblies 204 and_204' 6  which ar subst anti a i dent Tabl.e. assenbl y

202 is prefer é‘ﬂf@s %éﬂrb bl§ a§§5’mcbi)é§02pIa%%%ﬁégi?%laisﬁ%n%iﬁgaghmad 2(844&%@ be = .

introduced i ntAQtetHBVER! rollBR Gk BEdd Mdy %%@odiaedr@im& uBdersidé Bf plamarnsdemblitf ect

this insertion of platen assenblies 204 and 204’ _acdéa{ste_m of rollers 5 or
a

slides may be204pid2adht Qther Tiing: fitasion srdycime angbhads DE ASCHEEOMEs a seri es
of rollers 220.0n.table.asse o] ] Rhghssenmbl y 204 and
204" slide. B\?Olfsglf%g}e?a\llgﬁl@e,%’ %HOE#%EZSQ%IFS @&’&ZEO%%/%%HI rovi 1:ed on the
undersi de of platen assenblies 204 and 204'. Ot her sliding-friction
reduci ng met hods i Apparaius@0@isrfurthkateqoipped with & vhadmmetstdm 840.d¥aquuand PTFE
sl ijdes may, of course, be inplenent ed.’ef%}?, aratus 200 is, further equipped
with a vacuunfsies: 24 makydesmyanupn sQYSE.JAT BENGE L YArHIT BIO(R ource, for
i nstance a va PB4 QRAL ¥ BnREH BTRAE YOS vathdm Which is
connected by %‘?{%‘?%ﬁg‘?’%’%&%ﬁﬁ?&%um 245 Thi S \%j(ﬁ:ﬁugn source is then
connect ed by peam24Df THik exdunhesopiqeiinthe? dGnneeted by avaansol/febleiqgng g4l at en
assenbly 204, and nore partjcularly, to vacuumis orifice 4 thereof. A
simlar set ofd3faEHHg Y azgg&E}?ﬁeg&fss\t;@g}y an%ﬂf%@“ ar@bi%g%ciugmt he
vacuum squr Ceukeph #hfRedtS 28R 2P4f piplhBand Ghdkakd Riva] 24P anumal ves 248
and 248' may be manual, renote, or automated. In a preferred enbodi pent of
this appar at usonnecis e veswiny ssireAig pateh 24@nblx284'eTdetaciuetien of vasHumaRvEg
val ves oper at f.r.gm a control . statjon 300, 2 ef er ki L. 2B,
ot o s or ¢ et an e B Rl ShRbe i Sppu® B el cfifahtenkb

this apparatus, vacuum valves 248 and 248' are electrically controlled valves operated

from a control station 300.

20 Referring now to Fig. 2B, details of thermal imaging unit 206 and platen
\) - assembly 204 are shown. Platen assembly 204 comprises a perforated aluminum
platen 10, atop which is placed a passive cooling device 12. A frame, sometimes
referred to herein as a "spectacle frame", 216 is hingedly attached at one side to platen
1.0 by means of hinges 208. Frame 216 has mounted thereto a sheet of elastomeric
25  membrane 16, previously discussed, which membrane covers the aperture formed by
the frame. In this embodiment of the present invention, membrane 16 takes the form

of the textured sheet of DuPont Viton™,

Thermal imaging unit 206 in this embodiment is a substantially hollow box-
like chassis 207 having mounted therein a heat source. This heat source may
30  implement substantially any of the previously discussed heating methodologies, and

in this embodiment of the present invention comprises at least one, and preferably a
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assenbly 204 arg-spWRyo Pl aten assenbly 204 conprises a perforated al um num
platen 10, atop Ich'I's placed a passive cooling device 12. A ffr@n99/2005
sonetimes referred to herein as a "spectacle frame", 216 is hingedly
attached at on | S [ : as

15hRE dreidk frQd BYILER AR SCREss 09 SRty ffRNB 15610
mount ed theret? a Is#ﬁeet oﬁ%ﬁgstorre?ﬂl c 25 rrer%rane 16; pBF evi ously
di scussed, whi chsenip2ehiey meseraf hirtpes 2[ks suitablefdistansd abyve thheurfacgebtable t hi s

mbodi ment of th t ] ti . 16. t akes the for
Cextur ed sheet ETIBIoAH Uk A MHS AP AL G E i o205 P il dush®
enbodi ment i s aipylistRBiskRbly20ackawhRex 20V ikRwehashtEpldRT abeibig2eunt ed

therein a heat source. This heat source may 30 inplenent substantially any
of the previously discussed heating nethodol ogies, _and .in this e di nent

of the present inverfbF6Reredomel epparas 20 isirtheralesaritgd brung refpepoeiofde.'s
FSCOPQO1. WO 16/,Q942 ' , I i ghagsi s
207 is hingedl f%é‘/f't AD Pl & dre X Bhin€ LS |f{/aﬁgé022163§/5€$1§§§p Hoh %8’2%16210 a
sui t abl e di st an€fgae@Be adeslset didastiofultisabted is asseeabityp 20dlingudshiceHdt , when

closed, thermal_inmaging unit 206 is positioned. flush at o .at e
assenbly 204 whbFeREeL e Wri@avgw?@r & BAED> PRBHUH theeongr 953856)&%65§“%e
operation of BARAA Litee 30 Irbuifedl et ARAGADSARR AV ahee 10 FI Q.7

2B-C. At the start” o e I magli ng cycle, franme 2i_6 I's opened "as shown at
the | eft siode adfanfageausty DBpedibyimpratiiog thedfnagkailizingsubsantiaily any ksowmser t ed

atgp cooling device,12.. Thereafter, a dye carrier .3 I n e | 5

i Tipri nt ed thergﬁrflﬁggnﬁgﬁ Wﬁﬂ‘g{ﬂo QaRe S\“i% ofgee F%&%Q?#‘%r%fﬁar’%‘m% clgnt act
Wi th substrat ecilsedder {rERge cRriBRYuHRRatd QoAEhHeat ARG QAR kibstatiaRd abshowintti nt i ng
the image, utilizing substantially any known dye sublimtion_ dyestuff,

onto one sur f athe ight d¢eotRigr B Thereafiearaaiure valve 24his opeaed, S2UEHEEH By er
the dye carrier, %@tgf t%%%é&u%ﬁ:letpggrfggﬁ&e%ne%bar% ISquﬁhgg%'cﬁM&ﬁ @fisShown at

the right side vacuum val ve I'S opened, causing
vacuum syst enngiBrang 16 YepMahe otdng ﬂ&rdlﬁaviUMﬁ&ismﬁéﬂm, A6l prokides evacuat i on
seal s 15 nmenbrane 16 to platen 10 and the previously discussed stack, .and

provi des an aatmosipivar iclaupling foreego eieeidhe dyedranster Pt%éssd)léalf‘? s toeraiiddtess.
It also acts ta L rt‘;}a%'?ﬂ of %‘Qi%xé @ﬁ-ﬁ%{ﬁ %tglﬁl&gg&tté Qﬁ)ﬁﬂﬁ% 1 g%&% oval ¥shibn to

respect to subStrats nove reclu e unwant ed
di stortion of medisdd tht @nwantas distoetidroefulstebtes T, s pRhiously discussed.

Once suitable vacuum clamping force has been obtained, platen assembly 204
20 is slidably positioned beneath chassis 207 of thermal imaging unit 206, and chassis
;} . 207 is positioned on top of platen assembly 204. It should be noted that the hinged
elevation and lowering of both chassis 207 of thermal imaging unit 206, and frame
216 of platen assembly 204, may be manually performed, or advantageously may be
performed by any lifting methodology known to those having skill in the art. These
25  lifting methodologies include, but are specifically not limited to, pneumatic cylinders,
| hydraulic cylinders, servo motors, spring devices, counter weights, screw or geared
devices and all other elevating and depression methodologies known to those having

ordinary skill in the art.

After chassis 207 is lowered onto platen assembly 204, infrared bulbs 209 are
30  energized causing the heating 22 of membrane 16, dye carrier 3 and substrate 1, while

dye carrier 3 and substrate 1 remain under the previously discussed clamping vacuum.
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Once suitable §§¢éﬂ%arrpi ng force has been obtained, platen assenbly 204
20 i s slidabl yﬁég !#"Shed beneath chassis 207 of thernal i magi ndl 68A08 /2080 5

and chassis 207 is positioned on top of platen assenbly 204. It should be

noted that the.hinged . el.evatjon and | I . ¢, 207 of

t her mal i nagi ﬁ[awﬁ PerayEs be %ﬁ re%%agnezl%éﬁ% ol Q%EOEQ%&%E%?S? f%04, may be
manual |y per f ahdRdeowple 2vaRithgedbatvycpasive codepidevice d2 byd membranktléng
met hodol ogy known to those having skill ioﬁ 1th,e rt. These 2f5 (#igfti .
met hodol ogi es AliEraliye fenppratiedniorns mesiodglogiss Kpewa-fadgosePt 9 fogfq]cm
cylinders, h i ' et B4 20%0re AR GREizPE OF
wei ght s, screv){\}qé(’)%wéig ’rogﬁbﬁﬁgﬁezlggﬁg{r%&al ot ﬁjer el evatei ng an?depr ession
met hodol ogi es shevified time empisealisadétergqinaitd ibaaptmsgkiol theisnbsttate, sehlimaifoper
chassis 207 is | owered onto platen assenbly,204, infrared bul bs 209 are 30
ener gi zed cau&¥ Vﬁﬁé‘gﬁéﬁ??ﬂgdwwgﬁmﬁ%%%%‘? dye carrier 3 and
substrate 1, while dye carrier 3 and substrate 1 remain under the

previously di scussegicsiRpidifed REMHNIMZEn SR dla MW 1684 200 208 enay
t enperature beneath nenbrane 16 may be nonitored by neans, of a

t her mocoupl e b degaeizrdrdassiseiidesioyaed pudplelssiapsgblesd Te rgmo ¥ iR nbr ane
16, Alter natixe., (HIRELDY Wil TMARLAL 10Tkl AN LAGHGI KO Wyd QvhRERS o
ordinary skill™in e art nay, of course, be inplenented. Infrared bul bs
209 reneim enei gnBedimenrofahis apeeiths aving tvwo watpn assembligs 2(ek andiFldeate nowbe
optimal for the substrate, subli ma&i on dy

stuff, and degree qf e

tFansfer i magfiyide¥hieplatensssenibhe %‘é&P‘Fngé}n PEATHIT f F’rggat?ft'rig%ﬁ]és

el apsed, infr 5 3 j ined 39 hodiBo@idevat ed,
and pl aten asgsé%ngggdhiggggg@en%ﬁ\yégﬁ?l%?mﬁgﬁger Q@ﬁ%@g?%ﬁfgf V\/E?Ileoa vacuum
i's retained umgter chmsiboanef thermal magidy amit AQ@ sCldssit Q0Ams theblbaveneshentof t his
appar atus having two platen as es 204 and 204' are now. S . \Wile
pl aten assenbff§i2gko PEF_’IETGBP@&US}E’%"! S HF%IS%\%?’%QI ’gtgtaﬁ(_iﬁ mgﬁ?pg’}l]{ﬁ&asseml y
204", havikng HREhR8Yih @dshirel-0a0adc30R g AGHIGR fABARAEmbIiss TOISidd 20veid
under chassis 207 of “thermal “i magi ng uni't 206. Chassis 207 is then | owered
onto frane 2d®liog whilatkrothadehtiting2ekile otk retsie theicresprstiveaibstrae/dyast ance

i nfrared bul bs 15 %Og r%a% f:l%%i.n be energi zed. Accordingly, one of platen
assenbl i es 209 AHAF 621G CAEBEE MGt 1 e the other is heating, while both
retain their respective substrate/dye

In this embodiment of the present invention, which implements a passive )

cooling device, cooling 24 is accomplished by exposing platen assembly 204 to

20 ambient air temperature. This exposure may be augmented by introducing a flow of

) _ ambient air across the surface of platen assembly 204, and most especially across
| membrane 16 by means of a fan or other airflow-inducing device. Passive cooling

device 12 serves to passively cool substrate 1, dye carrier 3 and at least a portion of
membrane 16 in the following manner: being of very low thermal mass, passive

25 cooling device retains little unwanted heat. Once the first thermal event is complete,
and the second thermal event commenced, passive cooling device 12, contributing

little additional overhead, enables the rapid cooling of the membrane and the elements

under if.

Again, the temperature beneath membrane 16 is monitored by means of
30  thermocouple 212 until substrate 1 has reached a temperature sufficiently cool to

return it to its rigid state without distortion. Thereafter, vacuum valve 248 is actuated
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carrier StaCksﬁsEB%Evﬁ anpi ng pressure. In this enmbodinent of the present
i nvention I npl enents a passive cooling device, cooling 246/89/2005
acconpl i shed by exp05| ng platen assenbly 204 to 20 anbi ent air terrperature

Thi's exposure Q%H‘Eg g}gﬂeci BieksuBCT 0SS
t he surface of aten asse ﬂﬁg%%ﬂélﬁ rmfgt es elgj;éla y across rrenbrane 16
by neans of até albsﬁ&te(ltalndl’dyabﬂirhbﬂw Onchuciampjng preisame Isl?abasedes@emtc ﬂlgnddew ce

12 serves to paSS|veI substrate dye
portion of meWHFARE BlaV ef%o‘feélffoéﬁpﬁ&nﬁéﬁ?@?yﬁ%%% h%[fngv%?‘? ? ther nal
MBSS, passi Ve feaeep] BYQsal wvs 1&&;&&&3&1 bt} BistefMIAaRdDeat o ReRtivEe

fII’St thermal event 1s”conpl et and the second thermal event conmenced,
passi ve cool i hgatdedced te@substoate fi histhanger, lineging thaoehpibis aparky &bk

enabl es the rapid cooling of the nenbrane and the elenents wunder it.
Again, the tenperatu [paﬂp !}@9'!5 ATeRRg nRf 30

t hermocoupl e 212 un &f %@g&[qfrogt e E}Iglggqlég%ﬂh& t%e%gl?gﬁore sufficiently
cool to retuaarylit shieet whsutilizgd ds sibatraic Wi Theatrylic stieot Wasmmag‘ﬁﬂby@amtlemng
vacuum val ve 248 is actu ted 21 FSCOP(1. WO 16/ 09/ 20dg,5 to.r eve
vacuum beneatHW‘éﬁfé’o deies Bbynd Hea SUrGHIPrRosIEE @ ﬁﬁ?ﬁ{jfg E‘U’re as
substrate | drATRERE oREARS YESlié Shdef

substrate 1 a% g%{rﬂ??lrer glm%@emveg fromp ellten assenbl y 204
after |ifioi ngBImmngtthtvhﬁr mf:mbranc BY. Ixsihm@mbmilrpmﬁ asiliconsanbligr eeet o

|n$tance 204 a 204', to ajternati and cool, the bst,rate i n
tHl s manner, goFRed # B RSE Lp- Aﬁ@ %/‘faflwﬁ Hie SPRGF BIET 1S %Fcatlpbn of
this enbodi ”Efﬁroc&gmgIﬁ?oo%&sfsﬁ'ﬁe\h&)éﬁfmb&@sed%r1%9.5 dﬂﬁﬂodnﬁ@x{ty]m ﬂu§metthd\/as

utilized as substraté 1. The ac %El c sheet was imaged by positionin it on
passi ve cool |mgyld-‘eﬂh|ectevasmr0@ﬁ@dt Iﬂmup@mhpmmgﬂwed#&@ &% ripfdor this first
t her eover, shown. .S then,l owered over the acrylic

sheet and dyethglél? et egngglg\ggerc{ ﬁ&sPlﬁg}r%us %hscusse rane 16. In this

enbodi ment, a silicone rubber sheet was inplenented as nenbrane 16. After

evacuatign of the wWhaeendraDbdime:iboaihe pldsent W@ﬁ%ﬁﬁh@spﬁdﬂﬂﬁéﬂs’ci@as
previously discussed for this enbodinent. In this_case, the riém}P& sheet
At éamals ot

was processedrpypusipdispusseds anethererpbadiaeniutibzesopndingive hogting
thermal event . ool E&ﬁugﬂ&ecﬁﬁg&glﬁ§ SIS retinR € WS FRDs 4A-4C and 6. This

embodiment shares many characteristics of the previously discussed apparatus, but
with one significant difference: where the previously discussed apparatus used radiant
20  heating, this embodiment utilizes a conductive heating plate 402. Table 202 and
\ ) , vacuum system 240 are as before, as are platen assemblies 204 and 204", In this
embodiment, however, thermal imaging unit 400 defines a lateral tunnel 450

therethrough.

Conductive heating plate 402 is retractably mounted within a portion of
25  thermal imaging unit 400 overlying tunnel 450. Conductive heating plate 402 in this
- embodiment is typically retracted upwardly by means of a retractor, in this
embodiment, one or more tension springs 406. Alternative retraction devices known
to those having ordinary skill in the art, including but not limited to counterweights,
pneumatic cylinders, vacuum cylinders, chains, bag presses, cables, hydraulic

30  cylinders, and electromechanical devices may, with equal facility, be implemented.
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15 Wiere one eghadhiept of the present invention utilizes radiant heating,
as previously discussed, another enbodinent utilizes conductivd 61629/ 2005
An exanple of such a conductive apparatus is shown having reference to

Fig.'s 4A-4C and 6pggfiied berRed affepper sliidicesiopenyordheaiiwdicating platst08fand he
previously discussed apparatus, but with one significant difference: where
the previ ousl gn Bingcwsfee4Gippithermed imagiee yElACR S 2 SlBmping TS EHF Y nbodi nent
utilizes a conductive heatin 402 ARducthBUL SHE a0p 240
are as befor e}”g”e? fiig %|ogpg%9%§§§%§ﬁ1@e§'n§%§m§ﬁg%g% “n this gzerlbodi ment ,
however, ther f cim@givit roerhbradO 5. diafthhesbalimettdes illostrated, thisorging

t her et hrough. Conductive heating plate 402 is retOr act abl% unt e%o 'ﬁlgi n a
portion of5 25devieertalas thegneg 2Re Praaotlsh 248 RIFsS§OF FhFRNCHED ™ TARHICE] Ve

heating plate 402 gfgrésgﬁeﬁggg%ghﬁgwaﬁss O'igglahd'vﬂe&sr, a6t gdwupwesiel y by

means of a refracto i ment, or nore tension sgri ngs 406.
Al ternative rfifuaabietBctdeyingas diieming flate 4B ko benthatgvidraembiape 4&i Of in the

art, including but not |imted to counterweights, n B -4 S,
vacuum cyl i ndeusse, alipanatye clpping ecugws d&&lﬁ?se@%"“’ﬁ;}aﬁg"&??ggw aéi%{]{illr% e?{f, and
el ectromecha n%rf%lay %@M ing %};Hﬁ?}éﬂteﬁ’i‘us hignuad fuhawdd. INOh-lilétingexlagmpiastod such2 2

FSCOPOO . WO 1 97 2005 Posi tioned between an upper ,surf,acg 403.ofl )
conducti we heatiudghpiratle aydiadendneanainebindesmagnetionging oS MANdiNggi ng

unit 400 is a_.clanping.or uragin ' | ds Ny RIRRIRS tion to
tepsion spri nﬂ%‘:tlﬁ’g%gf‘%w&@ggfgﬁgﬁsgﬁ %%%ﬁ%ef%}%%ﬁhp; at ?%8’2 into contact with
nenbrane 16. hbhbitgo@BbRS ifBRtinkaietantidllislideat mdtion kisviutoghoge & otdniye t akes
the formof a bag Eress 404. Bag press 404 is connected to a controllable

1

source of prekdlmitaedtgas, or air by neans of piping and val ves, not shown
inthis figure, to effect the urging of heating plate 402 into contact

w th menbrane 16. Igfergﬁlgi)’xfr:@ietﬂF?%tsgﬂ'ﬁ@@iaﬁ@l@,lm%&bi&radt&—ﬁmgsé&mhces known

to those of ordinary e art may also be inplenented to fulfill
this fungsi orthroNgh tHeimiltiagingxmitpl08sthe bpsratidn afihis wotbodmneny éf explaiged. At

cylinders, pneumatic cylinders, neti,c urgin Vi C i i :
el ect r omagnetigug Adh R MFEE%@Y zaggrﬁ")&?ttcbg?n %Féf%ﬁ@ ﬁ&f‘{ @%m\}\%g%lggmggﬁl ot her
met hodol 0g es0h0fpidPRkLHAG 2045 BBl Bhdet WitiNeREATBYiad dysouit 8, dshose  of
ordinary skill in the art: ) .
before. At this point, both platen assemblies 204 and 204" are retained under vacuum
clamping pressure by means of vacuum valves 248 and 248' being opened to vacuum
20  system 240. It will be appreciated that conductivé heating plate 402 has been

retracted upwardly by means of tension springs 406, rendering platen assembly 204'

} slidably insertable into thermal imaging unit 400 by means of tunnel 450.

Conductive heating plate 402 may be heated by any means known to those

having ordinary skill in the art including, but not limited to: electrical resistance

25  wiring; the introduction of heated gases or fluids into 2 hollow interior portion 403 of
conductive heating plate 402; radiant or convective heating of the conductive heating
plate; open flame including one or more gas jets, as well as substantially any other
methodology of controllably heating a conductive metal plate. In the embodiment
depicted in the referenced figures, conductive heating plate 402 takes the form of a

30  flat alumimm plate rendered partially hollow by the formation therein of at least one
labyrinthine passage. In the embodiment depicted in this figure, conductive heating

plate 402 is connected by means of piping and valves to an oil heater, including an oil
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Ref erring nowgsgogdogv&;os 4B- 4C and 10, which depict a cut-away section 15

t hrough t hermal” Tmaging unit 400, the operation of this enbodi nel6/09/2005
expl ai ned. At Figure 4A, platen assenbly 204 has just been renoved from

t hermal i magin I . Qﬁﬁgg}} ' I pth
Substrate | an%cﬁly{éé%%lﬁgﬁe?ﬁ%@ géht be réé?id%?d A%ioﬁf}gﬁ%%?ﬁg?v Og%tg %g%lggt en
assenbl i es 204hmogh #Q4ntedddateiml ofcbndneive hestingpiate d02mbeny ipdesgsdite by
means of vacuum val ves 248 and 248' bein

d t 0 240.
T w11 be- apirEcHeRE. (iRatoUChdakA 0 AR HETE ah e 2Rl DR R O
retracted, UDWVQ!%% B%(t &F@g@g;&%%tt@{?&z{iﬁ RortREiRGRaliBplafeeftBak hagsiRdat en

assenbly 204" “sli y oI able i1nto thermal inBging unit 400 by neans
of tunnel #50.terjpangiuct oveithieatdesgedoienperah®@rangss be heated by any neans

known to those having ordinary skill in the art including, but not [imted

to: electrical resi n W ring; Lntroduct | or
fluids into a holl @&/ﬁ%?’g:r %@Fen&g?etﬁﬁ%%ﬁ%gaso eeﬁ%@%a%%%%edﬁgg)ﬁgggﬁ:@g 402;
radi ant or conwgetdrmel iRRginah@itaf0] i andtiot hetinhphité M2 uRkdieo chpen fl ane
including one or nore gas jets, as well as substantially any, othet

. . y
met hodol ogy ofomtaitvith dnamipyr svateee ahmembisnel 4@ tywecant pRP2ENESA0% (fhise

enbodi nent depi.cted in th fe i | ,jae%%i ol at e
402 takes the &t SFCA" %ﬁﬁ?c{éa m%%ﬁ%fﬂ%%%%@ gd Flgﬁ%g#g%&%a?tl 16; ol I ow by
the fornmajg onidthei Ritdticd podionl FdsE pRRE404 Bbyiedns biitmepressed afeval vav Lhaad

enbodi ment depicted in this figure, conductive heating ﬁlat 402 is
connect ed by A¥ERIESSH aﬁipﬁl%‘lﬂﬁdc%ﬁuﬂge }t‘fﬁméﬁhplé'iel“oﬁe%‘?’ég,eqt‘?fﬁ Cddi ng an oi
23 FSCOPQQL. %9(% e i [ iNEitigh teniRB4t8Fe ihRiSstRfeOVi des a
controll abl e \%éaglﬁé eagleegt %ﬁﬂh@%ﬁﬁ%ﬂ%#@?%{)—fﬁﬁpg}# :teor I abfri nt h of

conduct i ve heaid dyg cptrizr 8, difitshatrheating of e sibstate tloouglemembranediboethe The

fl ow of heated oil may be.th stati.call ontrolled by.a hot.oi.l valve
and hot oil pii‘fﬂrﬁ‘éjpw qf@meef\&![ﬁﬁeggﬁg{%{he@ﬁﬁggﬁtil%@rﬁﬁg%g uﬁ@’f %ghl & desi red
5 tenper aléur €plafh alMehibly2 @4, H83hE BRVIRERYea] tinfve@ BOR: théfmAiiGagihEunirhoo,en
assenbly 204'" has been slidably insertéd through tunnel 450 1nto thernal

i magi ng unit #@O0¢lednsiprwivdsiytdiscessedati2hg pl ate 402 urged into close
contact with an upper surface of nmenbrane 16' by neans of bag press 404.

This wurging is acgonplished by .introducin C | . essed
gas, or air, 10 i ﬁé@n&ﬁssi ﬁﬁépzi%?’lsop% ﬁeg r%u0 %’g“’%%egtﬂg %félglg uﬁ%pf elﬁ)s%%ng%ﬂ'g&ggé
conpressed ai dye\talieg 348d satiitrate 1 above the nominal one atmosphere clamping pressure

attainable by means of vacuum clamping alone. In one embodiment of the present
20  invention, it is contemplated that the auxiliary clamping force attained by pressurizing
) ' the bag press may contribute as much as an additional 20 atmospheres of clamping
pressure, where the substrate/sublimation dye combination warrants such elevated

clamping pressures.

Once the temperature of substrate 1 has been elevated to the desired degree for
25 the desired period of time, pressure within bag press 404 is relieved, again by means
of compressed air valve 452 and compressed air piping 450. Conductive heating plate
402 is then retracted to the position shown at Figure 4B by means of tension springs
406. Thereafter, platen assembly 204’ is removed from thermal imaging unit 400 to
the position shown at Fig. 4A, and platen assembly 204, having been re-loaded
30  following the cooling of its previously imprinted substrate, is ready for insertion info

thermal imaging unit 400.
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conpressed air pigqi ng{o450. Conductive heating plate 402, being heated to a
t enper at ure sUFFPRI0EMO t o i nduce the desired sublinmation tenperdtéyse9i/2005
substrate 1 and dye carrier 3, effects that heating of the substrate

t hrough nenbrane 16 for the . desi r_edglger_i od of tine. Wile thi§ fi.rst
thermal event is comBRcIRPHCHtipn ofithis eabpdipnt ofdheprssent MY EY 3984 havi ng

previously. beagyd e, LraMLRE! ik k@30iROs D A0Q waslibagahed as

previ ously di scussed, ag press may al so be used to’increase the
cl anpi ng pr es positoniet invarpaskivecooling dedes 1% rndihanm dupsuipmosimge dyeaBoige3 t he

i nal t h | amj attajnable b f
G ampi ng-al ondHereD AG AL CHRERL gt 04 e T oV ai T pee? ™
contenpl ated tghatartibes, dbvdrlHgahdm it RbMErahO16; Snakib @hibedinidnt I esei® i zi ng

the bag press iy contribute as nuch as an additional 20 atnospheres of
cl anpi ng  pr eskaroelastainer sheehwasmpdemented asuptmbrans Bn 4ffer evsatativaof 8K

h el d__cl anpj . : of
Substrate 1 haepue o Pl ¢ o RrE I SRea it S BRBGRE RIS

period of tiMmembpdiBREUITE thik tiieNths BhtIERdRetdlh préceseddifow £d, mingts at by neans
of conpressed air valve 452 and conpressed air_ piping 450. Cog%*:ctive

heating pl at etempgatyrs of RRHFy &oHawingdhis sirgt therpalavenlo FOUMSATOHEI Hur e 4B by

means of {.ensiap: [ 06. Thereafter, platen assenbly 204" is renoved
f_romtherltr(r)al P%glé’?% d%%?sfseéltoo to the position shown at Fig. 4A, and platen
asgenbly 204, having been re-1oaded 30 follow ng the cooling of its

pievi ously i npri nt &ils txsemiatdiments of thagyeséms inventies piegiouskytdisclosad piikige 2

i mgi ng unit 400. 24 ES oo, WO 09/2005 In o applicati £ S
oo Tant ! b S5 SralgRtor plaREs b Tuoraggs grtet e Patditiel 20l Sgzbly
utilized as spyQgidnabie dﬁderfﬁ@th@hﬂ%lriﬁﬁéihg S ERE theWalcipTBRGFehdref@s idvesifnng i t

on passive cooling device 12, and then superinposing a dye carrier 3
t hereover, ascatmeplate Sligroatins reethpdotegis for pesitidning platreraswrmdies 20handi04t r a(r)

sheet and_5 d carrier._3 . covering-ihem w t.h. r thi.s

enbodi ms*(r]'it5 , a‘yr%lfef @‘ﬁlﬁ’a}q ml??ﬂ% VBJE fLQQ‘t gh'eesF Hée#«g’gF mv(\;rrlglsrg%i %&%@%ﬂgﬁxté@om nbr ane
16. After evafuaid & @fmdb platgPasembd 0 vemibilanatchfositioroeRls séspert py oceeds
as previously discussed for this enbodinent. In this case, _the Sibréiormg(r)

sheet was pr obeswdimiging wniv40f, gud efatghly positioning such platen assemblies 204
thermal imaging unit 400. Moreover, while platen assemblies 204 may be manually

slid into position with respect to thermal imaging unit 400, the principles of the

20. present invention further contemplate the use of a positioning member, not shown, to
effect the slidable positioning of platen assembly 204. Examples of such positioning
menbers include, but are again not limited to, pneumatic cylinders, hydraulic
cylinders, gears, screw drives, gear drives, cables, chains, electrical coils,
electromechanical devices, and other positioning methodologies well-known to those

25  having ordinary skill in the ari.

Referring now to Fig.’s 5A-5B, 6, and 7, a further embodiment of the present
invention implementing an active cooling system is disclosed. Again, table 202,
thermal imaging unit 400, and vacuum system 240 are substantially as previously
disclosed. This embodiment, however, introduces an active cooling element 550 in
30 place of the previously discussed passive cooling device 12. According to one
embodiment of the present invention, active cooling element 550 comprises a

thermally conductive flat plate, for instance an aluminum plate, defining therein at '
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t enper ature of S§8§‘F’ EJ:O| lowng this first thermal event, cooling proceeded
as 10 previou L&5sed. Wile the enbodi ments of the presentlsN@8ita®D5
previously disclosed utilize a systemof rollers, for instance 220, in

or der o T endt, ph AR AR SRADISSR A0 ielchdabloto RBSHd ekl xineatioghe

t her mal i magi FncCiples 0 e present ntion contenplate
al ternative neyhedshogbepriiahinesild aflivalvepb2d eomnasigdelivesodian clengn04' 15
under thermal 1 maging unit 40Q0. These nethods include, but are not limted
to, forcing oA8 tof coming spIse é%2-assenbl i es 204 vertically into position
with respect to thermal inmaging unit 400, and rotatably positioning such

pl aten assenblies %%ﬁlil?ﬁé@gée §ﬁ%ﬁ§%mﬁlg??dgﬁﬁnﬂmﬁ aryABo AP bER A BFeratithl | €

pl at en assenbl i es manua Into poSitionwith respect to
t her mal i nagi mepthmiotogdGRowh hethoss nving @dinefy skilbinbe pt.e Barwayi ol vibesabon,

further contenplate the use of .a positioni menber 1 ffect
the si 1 dabl e BRI TBHATG oo bie e ipaeribt ot Cardmiibe 3Pt By, B
posi ti oni ng  HRERASHpBGdddRuid2Yhd Bhds AB@infroRRitiobiinfotcadity §51 @hefiombt c

cylinders, hydraulic ‘cylinders, gears, screw drives, o%gar drives, cables,
chains, el ect sipsaicoaled liguid, for Estanembqtid Ritoarn, @ad thednduckiog byaPs BH3i t i oni ng

met hodol ogi es | -known to those .25 Vﬁ'ﬂgﬂ F DAr bbby BenAdet -
Ref erri ng nowSl)t{j%ll1 ﬁ?é?ﬁ %’6‘%&? %léf 9%, Ofaa%l XB% a UO% ﬁggﬁéﬁ%@ﬁi&l h‘lg}]‘%l{%g tthJ

present jphvesgleinen: §30pl ementing an active cooling systemis disclosed.
Again, table 202, thermal inmaging unit 400, - and vacuum system 240 are

substantially as previously disc|osed, is enbodi nent, h VEr ep: »
i ntroduces an act i Ve EEemERatanefihs ms@emﬂgse@u tg@’é‘ﬂ%fs ctoﬂg‘\{%?cgwlgﬁ%q y
di scussed pasgiye,Efihif s AW ofce pIAGE HsethBY 202 haHBcendikodliceB ito Of T he

present invention, active cooling el'ement 550 conprises a ther malqlﬁg
conduct i ve f| tiermd!ameging onit 50 axhagnad withuespacite pordustiveledating slpmeer®.n at

25 FSCOPOOL. WO,,16/ Q9/ 2005 |.east. one internal . cavi ' I.5 connect ed

to a cool i ng &§Q¥ _ %Iﬁ‘ﬁr.ességcﬁaf’rfﬁr ngluseAt 5‘26“%‘@%5@ ﬁgglgéip‘lf%@ng% and

val ves 526 copRgatd figind A0 Yeto @R0hRNbr 6f 108REss 4050niisting Regiresgiogand ce 522.

Cool i ng source 522 'may enpl oy substantially any cooling or refrigeration 5

met hodol ogy kuwrging condictive cditegiotrnant 0% dewnveat fnto ipfrpse captact vah way of

i1 Tustration, membrane 16. Conductive heating element 502 is retained in infimate contact with
membrane 16 by maintaining pressure within bag press 404. This pressure may be

maintained or regulated by means of a pressure regulator, not shown.

: ) 20 Conductive heating element 502 is heated, in this embodiment, by means ofa

| | controlled flow of heated oil from oil heater 560 introduced into an interior portion
503 of conductive heating element 502 through heating oil piping 562. The flow of
heated oil is controlled by means of a hot oil valve. An oil return line, not shown,
returns cooled oil from conductive heating element 502 to oil heater 560.

25 Thermocouple 212 measures the temperature under membrane 16.

Once the temperature under membrane 16 has reached the desired sublimation
temperature, it is maintained at that temperature by means of a continuing flow of
heated oil for the duration of the first, or heating, thermal event. Thereafter, pressure
is released from bag press 404 by means of valve 452, and tension springs 406 retract

30  conductive heating element 502 upwardly, compressing bag press 404. A controlled

flow of chilled water is then introduced into an interior cavity 551 of active cooling
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but not limtation, such refrigeration nmethodol ogi es include, but are not
limted to, tHRCOPMOPIGNOOf refrigerated |iquids and gases, the intr@doot/izngs
into cavity 551 of a flow of super-cooled liquid, for instance |iquid

nitrogen, and the induction by ans of . a mal |, .qrif] ity 551 of
an expandi ng platasrbygagans p@g@ﬂ%?ﬂ@@p}pﬂ%é@@ﬂﬁl nge%wa&%hgﬁgﬁng%h%w. The

i npl ement ation of t Rhe 58188  origFi@ bebling, tenshlevedt. Wt whiezi ng
thi s enbodi mﬁ?oqjggsp%lcﬁg%&d%%ce SI aten as?éanY_ 204 ha%tzgteen i nt.r oduced

into thermal réurmdinagnanshdwr Oeuen ovaanedwalr i PRIRSEPEt OB Pve

heating el enent 502, a flow of r ' @, @id whérs
i ntroduced t hlA(Sﬁ’&ht%\?é‘?W TR (gﬁags%@pfl‘é?g%?lgggPﬁﬁ%mg%%b%o’ t hewi nterior

O}‘ bag pg 25dé\%txaﬂegfﬂaebééiﬁeﬁ@&dnb@ssuwa%ﬁa]mpﬂgidrsgim@e;ﬂwmg@hi%d Wet i ng
el enent ownwar Into Intirmte contact wmt rane . tive
s Vel gt

heating el emeitio s@eicooling pirieS§0 inserwed Ry measy rané 16 by

mai nt ai ni ng pressuy e, wthi dhi s pressure nmay be nmaintained
or regul ated B T°‘|Qlegfcoélﬁp(glg%ggﬁg’%ﬁ%rgﬁfgeor, not shown. 20 Conductive

heating el ement 502 is heated, in this enbodi nent, b% means of g .
controlled flow of Abaas gsingplatenransandily 20dkitsbdatdpoetiap 4 Siome bgrmaligagns

I nteriror portion_ 503 of con I ve heating. el 1 hr i ng oil
pi pi ng 562. TH& FPGHhreeh ‘1%?%&63} the Zackyitp ?’ngcﬁrepép %3&%3%%@2%?{ gloi I

val ve. An,oi | {eﬁ%égh LieBate N0nd 250 Witrier 3,88 tldasedipomeshsaifvadmomvasnddEt i ve
hg@tl ng el%nef to ol heatef 560. 25 The_rrrocogpl e 212|]rgea$§rt§s t he
tehperat ure uaekvacnenipiging 246 . Tigresdter,Henmeckhoas Hited SOMmRIAFD (2 ABT RRE W8 has
reached the desired sublimtion 1enper.atur it LS | 4R afopt hat

t enperat ure bm%ndé?ulbét?%ﬁhﬂ%t’?fgﬁglt%w&%ﬁw#eagte ’eaéggt?liﬂ&%gr t he gur ation
of the first, ,QfeR6atdd ate!s86! ThireaRSlate hesemblit 204, npydedutreducrd inie| eased

from bag press 404 by neans of valve 452, and tensio ring 6 retract
3.0 conduct i véhehpatimaging uaitsAe a%@m%mﬁd?gﬁﬁteé&ﬁgF%E‘EPcﬁéjod’gg%baﬁgnss 404. A

controlled flow i |l ed [ ' ef Blkatk @ibstrixtdrandr
cavity 559 of asi‘c“:‘i“%’e?% 6%”??1%%%%@%%%@%3/5%05 plate 550 by neans
of chilled Wal@s cqpidH3)andpHtcansseaitly betmwntien beatadicdsDEIBPBION TfE HTFG!
source 522 to effect the second, or rapid cool |£|g theélg% in%)%% A wat er
return |ine, Moagiegionihd00 bllowme thaprreeusldicusssd S Phg EBTEle 535 f or

re-cooling.

Yet another alternative is presented having reference to Fig. 8. This
embodiment is similar to the embodiment depicted in Fig. 7, but with this difference:
20  active cooling plate 550 is not utilized in the present environment, but both heating
\) and active cooling are performed by means of a thermal plate 802. Thermal plate 802
is similar to conductive heating plate 502 shown in Fig. 7 with the exception that 1t
provides both heating and active cooling to substrate 1 and dye carrier 3 through
membrane 16. This is accomplished in the following manner: to effect the heating of
25  thermal plate 802, there is introduced into an internal cavity 803 thereof a controlled
flow of heated fluid, for instance a 50 percent mixture of ethylene glycol and water,

this mixture sometimes hereafter referred to as "water", by means of hot water piping

804 controlled by hot water valve 806.

This heated fluid may be heated in a furnace, boiler, or other fluid heating
30 means known to those having ordinary skill in the art. Moreover, in order to attain

substantially elevated temperatures without boiling this heated fluid, the pﬂnciple; of
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Again, the tenperature of substrate 1 is neasured by thernocouple 212, and
when 5 substr atrecdprobawobeen returned to its substantially rigid 14 A0®e./ 20@5

flow of chilled water into active cooling plate 550 is secured by neans of -
- chilled water valve 526. This concludes the second,_or_ cpol. ngy tth r mal

event. At thi s fipgiratent iphertion castemplitsrapgug the pesyiaa BN BT PORUIE 5Y¥FD

thermal imaging uni 0 r. h tuanel : LE4EB jegdtideds been
mai nt ai ni ng cl Qﬁ%’F?Fd-h‘igeag‘fdte@Eg%gnb OIfsPn[hisgrrégﬁgse]ﬁggraJﬁgﬁgégﬁcar r‘lf1e§l{ru_3, is

rel eased by neans; @t quacH diavish ¥Ethe4Bst tasislaVeventims bepi regcled6 At e PEALt er
frame 216 is litted fromplaten 10 and both déﬁ*_carrl‘gr 3ta9er§%19§535@te 1,
now beari ng t hehedisi pBlbtiwaterdhronglohotayRicradpipg 8 B8P eLE iV &2chol i hg pl at e
550. Thereafte | at en ass . | R $afch inMhie endbb itk

i magi ng uni 58@31%?,%“;)?818‘330??%%%}%%@5‘{%%&5%@%@%% Bed above. Platen 15
assermbly 204 ngylbe uagktansagaacladethe pravimudiydiisonssed arisuree! wte ate 1

and dye carrier 3, and platen assenbly 204 h i
i nsertion int oghisek itethen infFaduged 1nfathe @é’ﬁ“a?fi?‘f%ohé)%@heg& %félg%gggwq%eiag%ussed
vacuum cl anpi N9s DiEPRter ﬁ(fﬁinr%?ﬁgtc@ﬁ&oﬁdtbﬂyrdnﬂwdwwﬁraweesszenﬂm Haaviieraffect

g. 8. I's” “ernbo

reference to Fi iment is'simlar tQ the _enbodi(g%%t Bgepi cted
in Fig. 7, but ofitaphily boctingithdrawbplets:802 204 trensforaniog Bief WYt By EOURE PIAC o1

utilized in the present environ t u t ' ENifle€ QRIh A0
are perforied BIPCHBEMHS GPILE PHEP tbﬁ\t&ésﬁgggo%dr@ﬁtec?gn%fg’gﬁjﬁgaw is
sigilar to congdue goenieatbintmelsa sibstad 1549 Weer Btuieg to Tts wilhstentinBy 8tk pt i on
that it provide oth heating and active coqling to.g%lbstrate 1 and dye
carrier 3 throusgte. Therdafiemprotessingyreceeds Qfd@@)‘ﬁﬂ‘l‘ﬁ%%ﬂn “the follow ng
manner: to effect the heating of 25 thermal plate 802, there is introduced
into an internal cayity 80 r eqf: MR Enteab &0 il ui d, for
I nstance a 50 perce Oﬁlﬁ%PPg?aégng?g{J%%Pgﬁﬁgﬁ%ﬁydég%%ﬁ%ﬂ vvatert],i_tﬁ@thi S mxture
someti mes  her egfylgi® st waedtilizzdas sibstrbier!’ ThoyK ydex®shedt Wis imagrddhty pi pi ng
804 controlled by hot water valve 806. This heat(gpg Fluld gay be hegd in a
furnace, bigi| eppsiGening Hen piaten 1), BadHicn §UPesRPSIAEAYSGTENA -t 0 Those havi ng
ordinary skill 4in,the L0V ' ex®@shést Bnd daarien Bl | y
el evat ed tenpeﬁg?cﬁarcéesfri%% %(1)%/& %}ﬁi(v%édﬁﬁﬂﬁg)?ed fluid, ?ﬁ pri ncj gl es of
27 FSCOPQOQA . WOcdsfeh 1 A0 frith senpbresel . mnhdenmbgd#n@@htaéwﬁﬂa't@%“&?‘é‘?‘ﬁ% 8

pressure w thi Qhetep v?rashi?gptlélggntga/ gst n%ym{)roane 16. After evacuation of the space under

membrane 16, processing proceeds as previously discussed for this embodiment. In
20  this case, the Kydex® sheet was processed for 5 to 10 minutes at temperatures from
N , 3359F to 370°F. Following the first thermal event, a flow of chilled fluid was
) introduced into the interior 803 of thermal plate 802 to cool the Kydex® sheet,

substantially to room ternperature.

An alternative to this embodiment contemplates the ufilization of separate
25 heating and cooling plates, either in the same thermal imaging unit, or in separate
heating and cooling units. These units could be substantially identical, with the sole
difference being the type of plate, either heating or cooling, employed therein.

Still another embodiment is shown having reference to Fig. 9. The apparatus
shown in Fig. 9 is substantially identical with that described above and shown in Fig.
30 8, with the addition of passive cooling device 12. Accordingly, it will be appreciated

that this embodiment employs both active and passive cooling. The utilization of a
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prevent the heated fluid fromboiling. Processing proceeds as previously
descri bed unksdorobewdesired duration of the first thermal event] dAgake05
reached. At this point, the flow of hot water through hot water piping 804
is secured at hot water valve 806. 5 Thereafter, a flow for

5 of ?c{gol atﬂt :
i nstance chi | pagiveabeling ddvicet 2iimaddifien tertbaraahplate 802ihes ths @IVEIRESHHSHY 1

i ncl ude the previou di scussed m xt L1 Sinenized betle, 1S
t hen introducéﬁwﬁﬁ?fgk%laﬁga’i"ﬁ?ré‘?%ﬁjé’lt@%gﬂsﬁh%n@%fegﬁtq{hﬁgﬁ%l plate 802 by neans
of chilled wapgh dbRioRgassiad coslitgrdekiced2by chilled water valve 526. This has
the effect of rapidly cooling thermal plate 802 and transform ng that unit

i nt i late. 10 On i.n, | j.ng | | t d
dye carrier 3. howdBgthenmhalmEnSf AinprorHpecs L b Sl AE gt an
substrate | hag, DGeR_f GLUARERH teid ifosiEl L d platch gisdmbit H108, similar fo

p

Ther eafters, Sing ptoceeds as previously described. In %Eel I ication
of this enbodafest oné of he praviselytdesanibed platem, assengBicpd PlateRARIHY 1818t was

utilized as substrate 1. The Kydex(r) sheet [ [ 2iROSHhbani ng it
on pl aten 10,h‘a‘f'i€l"e€=rf@ﬁ18§%@rﬁ96‘é?lﬁﬁéa$g ﬁ?@raﬁ%\ﬁf%}bsga? Eig?g%/)e\?e , as shown.
Spectacl e 11 ae, 2Qulis st ot WIIAE. 19¥E'h shbitratéyand dyo cainive O, bavinglipesged i er
3, covering emwth nenbrane 16. In this ent)odlme?]ta .a, bu

nothis ) yl
r ubber - cover ethnimsththereshastizingdys sublimation WS 45 PIFEIRY ﬁ]égck’ég‘i’&fet lopded as
evacuation of the space_under nenbran L\ RECL S8 USaded until
QL‘."gvi ousl¥ di BO%s efqgﬁe{,ﬁﬁgfn@t}ﬂgggyeﬁ%ﬁﬁsﬁgf%ﬁég%@ﬁ% case, the Kydex(r)
sheet was progessadelsPlk 200 Phdthgdihp dbsedalickhesparfatuedess fhowm at 335 1Bo 370F.
Following the tirst thernmal event, a flow of chilled fluid was introduced

into the interior 803 of thernmal plate 802 tg cool .the Iftgerfé)(ﬁ) sheet
substantially to rbohistesthodiaengmatengssemblyy 190 cORPEES AR L, Abodi ment

contenpl ates the, ufi.lizati . A4 fudRerEpdistid bnndhmpiggpevices,
either in thes'@ﬁwga?lkyears IF‘H%N%?J%SE%?T%& or irn separate heating and cooling
units. These ppinbRGOfhde DE10stiopidtant 00| hyshovmrat Figall ICwEang HE0S8) e

ther ol n. 15t 1 | putanstiAl HErBoaTIRSHED oBhHRay P o Ba P 5 REE. °2 the
S ol e b UG ratierls wilh R it st
12, Accor di ngbpmplrg ielttethitbpmprs o apbuslityledbolinl G2O6RseaH RERRELHFby S bot h
active and pafs'o?rim\éc(la al():(?u? ltﬂenpgéﬁpggr?( o? iaxlniezlﬁtl - 0d %%re%ﬁ%é@ﬁ%gﬁ@
corresponding plurality of matching holes formed about the periphery of platen 1001.
20 Thereafter, a nut 1022 is threaded onto each of bolts 1020 to secure frame 1010 fo
‘) platen 1001 and capturing, under membrane 16, substrate stack 1003. While the
clamping together of frame 1010 and ﬁlaten 1001 in this example has been effected by
the simple expedient of utilizing a plurality of threaded nuts and bolts, study of the
principles enumerated herein will elucidate to those having ordinary skill in the art
25  that a wide variety of known clamping methodologies may, with equal facility, be
| implemented. These clamping methodologies include, but are specifically not limited
to, patent clamps, over-center clamps, wedges, C-clamps and other threaded clamps,

ratchet clamps, catches, magnetic catches, electromagnetic clamping devices, and the

like. The principles of the present invention specifically contemplate all such known

30  clamping alternatives.
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16/ 09/ 2005 passive cooling device 12 in addition to thermal plate 802 has
t he advant agergchatotamy unwanted heat transferred by the first tihesovl/2005
event into platen 10 is mnimzed by the wutilization of passive cooling
device 12. Anot her enbodi nent of the present invention is disclos havi ng
reference to 5 FigftersfrabdeAl(10 ig glamped Ojlé@teﬂ'ﬂa@@’éﬁﬂl?&inrf’éhfg'ﬂhﬁrH’%@gﬁn pl at en

assenbly 1000, sinmlar to at |least, one | hnReaCdlihsidepl at en
assenbl i es. PF&P ?‘Fde?é§W%E?’§’vﬁm¥§ﬁ%@§r§&%ﬂgi@g§%dpto ac%lg%n%date a

plurality of substsAtRosPdRABRK 4030 Ones aangEtic abmpitgMiisreapkedst ack 1003.

At Fig. 1 1A~ a substrate 1 and dye carrier 3, having ina haprd ot ed
t hereon uti | i themgpl dyergs isApphed 37 o FrEe @%teﬁ?@mtﬁﬁ§f§'9°c§h§tglg‘%§gé?b§;{r%éh oaded
as 10 before. Thereafter. alternatipg.d Sf cimbaloaéssurt igmdinthisedcar ri er
3 are | oaded %ﬁﬁ{r?#su 11“?88%?%@?% stac Slagﬁgg gvi_?\g 1?htegp3ée$i,r_ed t hi ckness is
formed, as shgwubatatEs@ck 10038or the balahtesofehbbuigingRrocqs a@@ﬁ“ﬁ&@@iﬂ?&’ﬁ%ﬁ%ooo

' | at 1001 bstanti al | ] th
Cbr por at | niremone s sarisah et cerubie HETHd Tt Eb BEHESRE R e bos,
as shown at Fj gire&%l%wﬂrrgd{ﬁe&Q&&}ie%,uﬂiﬁnﬁiﬂﬁﬁeﬁg,aﬂhbmdl ekergy eerepmoned Gus| y

di scl osed franes, as provisions for bein cl anped. to 1ater.l 901. In
the enbodi menz4 forepsisintiecbeveraFshgets of substrate 1 forelwa 19 Seisypstantially i&id ate,

effected by neans of a plurality of t [ ; it 188
formed adBut PHERSEHi Ffé@ﬁ&f“?@ﬁ%d%@%@%%3%3?@%@5@%@?&3 t roﬁgh a
cor r espondi ng&d@yll%élﬁiahﬁé 101 0,/ Gkl 01 0 r@io fedr froen phatemut00L h Fhisempplre iy of

ptaten 1001. 20 Thereafter, a nut 1022 is thr ed,.gnto _each 1020
to secure fraemotdiftom platgsl 1908 ef hocubyise %%@ﬁgﬁﬁq%fﬁﬁgarm %‘;ﬂel‘%%'ta%g

substrate stack .1003. Wi l.e..t| ' torsOf. Af olft 14 efistepl at en
1001 in this B qoglﬂ?ggnt%%wﬁg?lfsgéﬁép Slr)iglanht ehgﬁlﬁrpsfje expe ien%L of
utilizing a phefahde fhrBid byYeeaseinapetsshan beerbinirséorred fnfd fheofeverabongsof i pl es
enunerated herein Will elucidate to thqsge having ordinary skill in the art
25 that aswi ddumelini eftsybgratehmmbelraedirtgl %t hodol ogi es may, with equal
facility, be inplenented. These cl anpi ng net hodol ogi es include, but are

specifically not Ifﬁgﬁf}%@f&ggﬁ HhEPesdnt ARERt o RAbles Sighificant nivpger iwagiges,

C-cl anps and ot her rea anps, ratchet clanps, catclae ,lma nebl C
catches, el eciheTEnRes leagthbmuyinagingéinespsoscrirhyth ayaniapgean 'ﬂi@l?ﬂﬁgﬁc Bfes of
t he present invention specifi C%'&Xyﬁgﬂﬁa%gﬁ’ﬁ&?gh%h{thﬁ‘éﬁﬁektﬂi@l@ﬁbss 3Pte! anpi ng

al t er nat i ves . adysntage is that a substra
' substrate, resulting in a particularly rich, translucent image. The challenge in this case

20 is to confine the image to one substrate. Long imaging times enable the unwanted
" ) migration of dyes from one substrate to another. This can lead not only to loss of

resolution, but loss of registration accuracy, and uneven imaging throughout the

several substrates of the substrate stack.

In order to preclude the unwanted migration between substrates, a dye stop
25  may be inserted between individual substrate-dye carrier pairs. By placing such a dye
stop, for instance a layer of metal foil, between a first subsirate 1 and the dye carrier 3
of the substrate adjacent thereto, this unwanted dye migration may be obviated. The
dye stop layer may, with equal facility, be implemented by forming the dye stop as a

layer on the side of dye carrier 3 opposite to the image formed thereon, for instance

30 by laminating a layer of metal foil.
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. stack 1003 for

FSCOPOO . WO 16/ 09/ 2005 After frame 1010 is clanped to platen 1001, as shown
at Fig. | |DFEOPEENPn is applied at vacuumorifices 14, whi ch MGLO9M2005
forms the atnospheric clanping pressure previously disclosed at 20. Once

at nospheric clanping. .20 is appl.ie .her mal. ener I ' tin22 tO

rai se the tenperat eBP‘%’Lﬂ?E{)Wb&YiO%O[‘%@CﬁO%g&ﬁ%Stq%é %nﬁggkpgg'zegu%ll mat i on

t enper at ur e. &*ﬁi@cﬁ TR RRR6Y bftherl?%mlﬁg dR§cRSEEE Bparatuses] the atiliztion ofthiubst r at e
e bal ance” of the imaging process_until it i sirable to

i S
remove the sepleteabssembimpetableslargasnatorhatch preceexng obMbsiZHF B%teﬁl@l'gﬁs%ecessi ng.
After the desi req. i.ntp%{gal. reguired far dve. &H)lkﬁﬂiﬁéhﬂeaswﬁ@aﬂ@, t her mal
implnetiing S} afersglt piAScHot.

energy is rendv¥d he severa eets of substrate 1 to

return tosthe;%)r@fmagm&iiﬁybyﬁﬁﬂsgb@bse;ﬁheniﬂ:kﬁ'ﬂl%(éafter, nuts 1022 are
removed from®bolts 1020, bolts 1020 wi thdrawn from platen 1001 and frane

1010, and franme 1010 renoved from platen 1. .This proval
from pl aten 1001 oflatenaack i78f inythis %Wﬁg%eﬁw&%ﬂ%%ggg%&%l%gﬁe 11:)]¥1ﬁt hat

stack into i{s.co LA M AHR! a ptetash FsBEvds 10 foyecdampitlemrendt At
this point, a@a%n%%?%??ﬁehﬁﬂﬁh%g% oarprqred ttgr reverse image gi%a,s bge@n
transferred il ohbendmeferaily ophsaliy of platen assepiblien] §40y AYTHHSIIRG® 1 in
substrate stack 1003. Thi s, embodi nent of, t r 858 achivenbliQnosaakings
si gni fi cant | ynpgRgean Ri(of ATy Bresspre by ae[ﬁ’g%%heneagh% an L] mes present
both advapt ages;a044 ahehdHNEMS thdAngl cveshy anitegeissblithationsprecssstanghie maybe
kmaged throughout the entire thickness of the substratoffﬁ_ resul ég%glziog a
i |

parti cul arly lereh, the sevesd] veamm omifigse 14 Frecoppeaiedg@eis o fivao iy S to

confine the i mtage to one su ! ' LARBer® Easkéablisawant ed
mgration of @y éan&R?sSWQKtS)@%é?érg{agbé%g@%%%?ﬁfélﬁl érl’%ﬁ %a%aﬁi not only to

| oss of resoﬂd@bin%bdluﬁddd%anQifeam&g'resthepmiay)heimwﬂda@dphaﬁhdfeahﬁa‘i}’éwni magi ng
t hroughout the several supstrates of the substrate stack. In order to
precl ude the hﬁﬁ%ﬁ?@ﬁmﬁ‘@?gﬁ% bet ween substrates, a dye stop 25 may be

i nserted between individual substrate-dye carrier pairs. By placing such a

dye  stop, for insiangefilakes aPbydiPlsaD chsiblo ofaesding tiaéinableagionsiandt o 1
and t he §/e carrier "of the substrate aaéacent thereto th':pi?tunwant ed dye

mi gration maylefeaidl apmeality héplatty eacks 6R00. dyege thegesingd mpmb fility, be
i mpl emented by formn he, dye st | aver : e of nMen §RI i er
3 opposite toasm@h%g%é M%@nfﬁgg ég(ﬁ) %?%yeeﬁﬁes%egr%géﬁﬁfg Lﬂ%nﬁ‘fal?n nating a
layer of met a('Jvefl%bO, oven door 1302 is secured, and the temperature within oven 1300 elevate:
| to a temperature sufficient to achieve the thermal imaging temperature required by the
20  several substrate elements of substrate stack 1003. This temperature may again be

g) monitored by means of a thermocouple, inserted beneath membrane 16.

Once the desired imaging temperature has been reached and maintained for
the desired imaging time, the several platen assemblies 1000 may be cooled to effect
the second thermal event of the dye sublimation imaging process taught by the present

55 invenfion. This cooling may be effected by the simple expedient of withdrawing
platen racks 1200 from oven 1300 and allowing platen racks 1200 and platen
assemblies 1000 to cool by natural air circulation. Alternatively, platen racks 1200,
retaining platen assemblies 1000 therein, may be subj ected to an active cooling
process. Such active cooling may be effected by means of inserting platen racks 1200

30 into a refrigerator, or immersing them in a bath of chilled fluid. Alternatively, where
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30 FSCOPOO . WD 16/ 09/ 2005 While platen assenbly 1000 disclosed in Fig.'s |

| A--F may be HE€PRO2BWO n  conjunction with any of the previouslyl g o6l/exas
apparatuses, the utilization of this platen assenbly enables |arge-scale
bat ch processing of substrate material. One negns, for.inple ' uch

| ar ge- scal e peveutid0dn alse Fﬂ‘i‘@@‘ﬁ'ﬁh?éﬁ%@r@%,cagﬁﬂﬁ@’ f)‘?cgfréeggﬁrl%g%ﬁ% B?al ity
of transporta iRl f infAGkent 20 Qclive doblisg selodi ment

t akes the for%@fapég%&géﬁg@%@g%%ﬂ having at | east one and preferably
a plurality of shelves 1210 for receiving therein at |east ong g@ld
preferably a pl ur ali éne applipitined ths sbadimert of goppreseat invepliong gk fe o8 e ¢ o

mai ntai n at nospheri.c. cl anpi.ng pressure .b ; teed to
vacuum 10 ori ﬁcﬂg%mﬂe{aﬁﬁt%@%' e??igo??}g%ﬁ%%esﬁ%%%qg u%liiilg_ gyesms?%lgl i mation
process taughty HgrGiyor ABS SRRAKOVEL iMaRd b sepdrimsrngldderanodredtedeby
nmeans of a vacuum hodse 1204 to a vacuumreservoir 1220 fgﬂ traﬁégg%atlon

froman area siopiayepl@Q3aiopsarhrshedteThe plopditnelHBS sBerityCredien POy ere
t hey nmaybe inmaged. Such an area j ' [ &FSEELREFerin® the SbverkB. 15
At Fig. 13 is? Hml\éenco(ggggﬁi‘gg%i%a%%% 0% }F@e@gﬁlvﬁlg t’herer%n% at |east one,
and pr ef er abkyhsBateldye @hirey-d9é stop stacls wicksmbe 16 Ohcthis diebafanented! nunber
of platen assenblies 1000 and_platen racks 1200 een recei vf%lei nto an

i nterior port kibponsirublsysheet 3@ INplowpantgd gt me FZ‘DF’%Eg F &I ART e
ot f‘dng%%és%ﬁlig reckad &fm@\ggﬁﬁ GisGusbéd for @i§ to

tenperature w_t.hi
' TEP&F?YE.'PQG:{%W%QI ng tenperatu required e 20 several

achi eve the t

SU%st rate el egabddimeht. Sultist cakepths ABKshte® YereTrosessedhios taeaharngh? agai n be
nonitored by neans of a r mocoypl g, . j,nser.ted benea I ce
the desired | W&@Pﬁ@ﬂ?@ﬁrﬁé&gt GHiEer ﬁﬁ%gﬁéﬁlﬁmﬁ"é%%d"’é’g’ﬁg ﬁgﬁ%@#ﬁgﬁfﬁ“@he

desired i magi pg.tiie, the several platen assenblies 1000 may be cooled to
effect the second thermal event of the dye sublinmation inmagi ng process
taught by the present 25 invention. This cooling nmay be effected by the

si npl e expedi ent oft shawtléh e avled ghat flearse af paseine CaBtng dovism 4vePPiesRbinhs

al | owi ng platenbnﬁﬁ%s 1200 and platen assenblies 1000 to cool by natural
air circuPati RO %ﬁnatively, pl aten racks 1200, retaining platen
assenbl i es 1000 therein, may be subjected to an active cooling process.
Such active cool i ngermyptHee e@bbdintearbfile pressns inventiorsie disclagedphargireferencs 1200

to Fig.’s 14A-E. This embodiment of the present invention implements a vacuum

bagging approach to applying the previously discussed vacuum clamping. At Fig.
14A there is shown a vacuum bag or envelope 600. Vacuum bag 600 may be
) 20 ativantageously formed frora any number of heat-resistant, flexible materials which

are substantially impervious to air transmission. By way of illustration, but not
limitation, examples of such materials include silicone rubber sheeting, butyl rubber
sheeting, heat-resistant plastics and other polymers, and impregnated fabrics. One
material particularly suited for forming vacuum bag 600 of the present invention 1s a 2

| 25 mil advanced nylon sheeting available from GEM Polymer Corporation, P.O. Box
210 Lakeside Avenue, Delano, Pennsylvania 18220-0210. This material is heat-
resistant to temperatures in excess of 400 degrees Fahrenheit and is available either as

custom-made bags, or as rolls of sheet film for user fabrication.

In order to evacuate the interior of vacuum bag 600, a vacuum probe 602 is
30  fitted therethrough. Vacuum probe 602 serves to form a vacuum-tight penetration

through vacuum bag 600 and to attach a vacuum source, not shown, for evacuating
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30 into a refrigerator, or imrersing themin a bath of chilled fluid.
Al ternati vel yFSaiiF8PeW81 FSCOPOOL. WO 16/ 09/ 2005 oven 1300 is al sd &400pEei0s5
with a refrigeration capability, such refrigeration maybe activated and

oven 1300 maybe utilized to |npl t acti.ve caool i one
appl i cati on ofheiRieEoRAIEATHR Hgé)@qedhrf‘ﬁ‘@' %psggeéﬁlltkﬂloﬁv\?g%? ]IE% ?5329%18& %el

Acrylonitrile; B .Fﬂﬂﬁ' HoRNECRRR Y ¥R 1réFeSk ashedel VIRAS audilableeun as
substrate 1. b5 ‘%ﬁ'ﬂra ift§h é’?l ABS sheets V\I/(erre imagg%d by sugﬁ?ilnposi ng a dye

carrier 3 andTardeehndoges, bmydd3302sl St HpWe defpugh dbshicgipn ality of ABS
sheets were then pgsitioned .ato Si.V opl1ing device 12. Franme 1010 was
t hen | ower ed, tEV’é‘PY%ﬁaCPHIéIpé'%lefépgqﬁg@c&%%%@é ye carrier-dye stop stacks
with nmenbrane 16. In this enbodinent, a silicone rubber sheet was

i npl ement gd as NeNAR3RAshS stall 540 isevae watas Golloos: & Mebstrated e SURAHIRIOSHE DI ane

16, processing proceeds as previoysl I scussed fqr this | . In
this case, ththerRsaglyesemichdrds Pﬁ?"é‘é‘@ﬁ%‘gécuﬁﬁﬁ' t‘ﬂ?%gyeh%at??%r 35%2&9%2% tr(zarat ure
of 300F. After this flEs ShtuncRal iNgrItiocsetiedidast fyesdrdeas| y
di scussed. ItStgﬁgé‘?a&gqeﬁlhg{Ogggt Jfal(t)ie%{he use of passi vegcoolj n evice 12 is

optional in tBiopposith tieninege vidatheresd magrhavh bmingiebiierAeR OT He@sBnt

invention is disclosed having.reference ,to K q.,' E | odi ment
of the preseniayeiRf<YE SR Wﬁ#@rﬁﬁ?@gﬁc%@ﬁﬁﬁﬁgﬂéﬁigﬁeﬁgé}eip%rpglg%%y?gb appl yi ng

the pr evil(auslXna%{i/%cgmgwm&'sﬁaﬁﬁém{oﬁﬁirﬂ@lgbd%ﬂﬂhere is shown a
vaguum bag or e ope 600. Vacuum bag 600 nmaybe 20 advant ageously forned
from any nunber of heat-resistant, flexible materials which ?re s 654
substantial |y i npekmigingbady 60mayreptionslbsineiide ege HaPoGRTFEFUL P bn: but
not limtatign, exanples of suc t-e | B¢ hHdScsdshiiganRitédreber
sheet i ng, but%‘m?ﬁ%@he@ﬁg‘éﬁslsoﬁﬁ,al}r%gsalﬁéﬂrl@éé?gt%%t pi _gstsi c_?qand ot her

pol ymers, andsﬂﬂmn@é‘naﬂeem Iﬂ-bishﬁﬂeveﬂ]ng layeest &3y why phillustcaiioas byt n8hi t ed for
form ng vacuum bag 600 of the present invention is a ) d
nyl on sheet i nimiigizen, shifening Bﬁ%ﬁe@ﬂygélf%‘i ‘%@hwozgt F‘SH’}S%%B’ gogo%@%g@
Lakesi de Avenue, .Del . Ia8cld SBALn P elehay beingleratnted heat -
resi st antt o ?5%@?3@3@3@?%9%%@?% 400 degrees _F_ah¥ enheit and. is

avai | abl e ei taizi@spade 6§ beahresiciant besijisnt famg ot pihEr Ksidpnigpaarals; ol user

fabrication. {llustration but not limitation, one example of such heat-resistant foam is a layer of

expanded silicone rubber foam.

Once imaging body 650 has been formed, it is inserted into opening 604 of
; )} 20 vacuum bag 600 as shown at Fig. 14B. Thereafter, as shown at Fig. 14C,_opening 604
- is sealed at 606. Seal 606 may be effected by substantially any vacuum sealing
methodology known to those having ordinary skill in the art. Again by way of
illustration but not limitation, such seals include the thermal bonding of adjacent
portions of opening 604, the use of sealihg extrusions, cements, tapes, glues, clamps,
25 and the closure of opening 604 followed by rolling at least a portion of opening 604
upon itself and thereafter securing that portion with clamps. Additionally, some of
the previously discussed closure methods may implement the use of sealing

compounds, putties or dopes to perfect the previously discussed vacuum seal.

Once seal 606 of vacuum bag 600 has been formed, vacuum bag 600 is
30 - evacuated at 620 through vacuum probe 602, forming evacuated imaging package

670. A vacuum source, not shown, is utilized to effect this evacuation. Th¢
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In order to evacuate the interior of vacuum bag 600, a vacuum probe 602 is
30 fitted theretdwoouwty. Vacuum probe 602 serves to forma vacuurmg/gbt/2005
penetration through vacuum bag 600 and to attach a vacuum source, not '
shown, for evacuating 32 FSCOPQ01. WD 16/ 09/ 2005 the interiqr of yacuyum bag
600. Any of sevsauafiokefimagingpackage 6dbesy ntilizdracuws ping 4ot %&O“ﬁlhi"’glcﬁdﬁc’ti on:
one such vacuum probe js a_nodel. VP36 avail able.fro hnol ogi es,
Inc., 1435 22|1Rff‘StRla%.dW“flgK{?Bﬁ?ﬁ?g%ﬂ?ﬁf%&lgﬁy‘@%fdﬁcﬂﬁ%&‘r%t%?ve vacuum
probes may, OERC%&H)E’S?IEI Bfichid bEsk valven Thamgtaeptsnalabh duagingrasegpsds

foll ows: a substrate % has superinposed thereon a dye carrier 3, as

previ ously di scbsbeded Mdgsmeyed Fomitheyacgumsopics dupng; B stop 652

consisting of a sheet of alumnumfoil. Alternatively, the side of dye
carrier 3 opposite the | lﬁ.ﬁ?t% ' Yo @ME it id Rt Retfoanian, or
printed t er et o, aEOIItI%y FU0 H@%%gt%f%%%%tﬁépﬁ%g forlilnstance a | ayer of

metal i zed foi Erevfbupiyuﬁs’thbs‘e& fiedt tHBmbhevgin dn she ckbodmeniaidhe pres¢id iER4%%ked t o
form i magi ng body 650. | magi ng. body 650 mgy apti.onal ' r nore
accessory | aydnshetng is psroppetRy Be stfgégseﬁ%tgég? pf”‘%%ég‘%@%lb ﬁgﬁﬁgg,@ﬁgut are
not necessar i by lddiidtflolofing o%td ddore1rly ahll Risehg asinmrios oL enl 100 ing

I TTus

| ayers. By way Of tratton, but not Ilimtation, stiffeni ng@b?t es
maybe formed désiet ymegiog temeicedture h Busging nadkagofis reteinad witgingyvey 790 tor a

i ncl udi ng _honeyco anel s. Pressure_.| evel er i Bted evaii | 1 zi ng
pads of h@at-Fl‘*e%‘iegbt“B $ 229 et %ﬁﬁ?ICSPiegttﬁé’rgﬁ?‘%glﬁTeisgﬁ%ﬁ@t erials. Again,
i illustrat Tﬁgc%g%?hniaéhgﬂ hakhE6700R8y bxeffgted 8 hravimbslyhdistussaiiyst ant
foamis a layer of expanded silicone rubber foam %e i W%bo 650
has been for neans of withdiaveeg inmegingipaskagredi Higors 9xehF003d Al Je as

shown at Fig. .14B.. Thereafter. h i E e 5680 seal ed
at 606. Seal %‘&%’?W Ogé“r ?F%"éil“é‘%éfﬁgpé)%%?gﬁ?i %\Wé@%ﬁ\@g%%?gg{gﬁi ng
met hodol ogy kpgyBe tSoltdBS Srehid Mgradudingar Yovs ki ¢dolddpas Hinids ar airgwith by way
of illustration but not |imtation, such seals include thﬁ ihefrcrégiedbondi ng
of adjaceiit peagingpaskege (I9eon HjnBoRsing HEagEE PR Y TP 2RIPLY BRE
cenents, tapeﬁ ..glues, clanmps, 25 and the closure of opening 604 foll owed
by rolling at Plgast a portion of opening 604 wupon itself and thereafter
securing that portion with clanps. Additionally, some of . .

Once imaging is completed, vacuum is released from within imaging package

670, seal 606 is opened, imaging body 650 removed therefrom, and the several

elements thereof separated resulting in a plurality of imaged substrates 1.

} | 20 In one application of this embodiment of the present invention, a plurality of
40 mil polycarbonate sheets, 30 inches by 60 inches, were imaged by forming
_ imaging body 650 as discussed. Imaging package 670 was formed by evacuating
vacuum bag 600 to a substantially complete vacuum. Thereafter, imaging package
670 was inserted into oven 700 and heated at 265°F for a period of three hours.
25  Following imaging, imaging package 670 was removed from oven 700 and allowed to
cool, utilizing natural air circulation. Once cooling was effected, vacuum was

released and imaging body 650 separated into its component substrates, as discussed.

Reference was previously made to both those thermal events of adye
sublimation imaging cycle taught by the present invention, and to a control station for

30  controlling the several events of such a dye sublimation imaging cycle. Each of these
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the previously discussed cl osure nethods may inplenent the use of sealing
conpounds, putFBC@PObWOdopes to perfect the previously di scussed Mat@omM2005
seal. Once seal 606 of vacuum bag 600 has been fornmed, vacuum bag 600 is

30 evacuated at 620 through vacuum prohe 602, form acuat ed 4 magi ng
package 670. GMWEEG%MW}@&TGW&VI%?%?“CF? Fasi an]g‘g fgc/)lsé‘fgré@fo hi s

evacuation. The 33 O EuAsHehaB uifizinpaeivirophakage
670 may utili E?%%%%%%%ﬁ%é&%o@egﬁé%ﬁ, whi c%ﬂ?sy left i g&pl ace during

the inmaging process, or may utilize a disconnect valve incorporating a
vacuum check val veFiglh} furthat tretudeps tioe lieaislienting thegererab ke e to be

formed and renoved fromthe vacyum sour.ce .duri ng i ' ' he
formati on of FHYFHY ?;g&k%élygqlgﬂmp?mpémﬁ%gg & II%OA{S%E% g?’rfa? %%gé ér%wg}iﬁi})%sl y
di scussed fir %adt':éf'@?tﬁ% Iegéf%ﬁé subsfaRiR e @aRREPAIE Ak pevicubly discaswedt Attlvent i on,

this heating is pertorned by neans of insertjng |_magi_n? agﬁgp@e 670 into an
oven 700, thepimhinttéme,choeinpgrabye af tespbstratyadyeZAdichBHT Fﬁge Phteri or of

oven 700 to a, desired, nmagipg _ ; 62014 of T et ai ned
Within oven 7&8PREEtuLS. fét:ﬂ%sle, ¥ Oc%%% Iﬁ#ﬂeﬁ to I}Hg?,g{ré?ﬂ RBGRKAGET

I magi ng per and thereafter cooled, to

performthe Sﬁfa%ﬁ%s_&éﬁﬂﬂ?ﬁdm,;eﬂemng thd previvaslyidirgusstd ?MP@%&@RH@@:@‘PB may

Dackage. 670 | Tomeahesnit Joiolats Seemo A i MBarLint UF terp o ata it

cool i magjn ackage 6,7.6. ' ' ' iefBynde cool ed
0 L ag g, BAS C.étgtﬂge ﬂ,ﬁlsatqgagaggpxggoggg@b@&aaa@b@cﬂ@y«%@m oo

by ; means of I'n oW o | uid, or air about 15

ry

iTfgi Ng packagghshaie.1. ot tie Tytersquiedidyagublgngsmo kemgperaine: hasthser ali@erf- of
cooled fluid. Once.imaging is conpleted, v umis rel Wi t hin
i magi ng packadghe tlm@@te%’é]abe%ﬁg@'?%a”géﬁﬁﬁf?se?% {%eﬁﬁ?ycg%gag‘é%\%gd
therefrom _ant,l e, SEYP LAl @l U3 chdief £8f te appizal ot sutshidtiong i n a

I maged s 1. 20 |

plurality of ubstrates . n one application of tr}i@s enbodi nent
of the presentempewtnti dncordinglyitavilltbe appreciatedinat Taol's commssatts ket s, 30

i nches by 60 inches, re,i ed by f.ormn ' i ; s di scussed.
| magi ng péc ka%%ﬁ@vﬁga"fgg# ﬂ’zgwﬁ’)’;c%{}ta%ﬂ%{ﬁoﬁ‘g&t %ﬁ%hggg‘}ﬁé%gqt’% a
subst ant i al | ygaakieh Gmeariem had ke aétieved, ddtrhe tige patkeagd's BT swas

inserted into oven 700 and heated at 265F for a pgr_ i O%dl%];elt k re?%ﬂré?k'trﬁ'
represents this interval. At time T, heat is secured, and imm y
cooling is applied to substrate 1 and dye carrier 3. At time Tg, substrate three has
been cooled to its substantially rigid temperature and cooling is secured.

20 Accordingly, it will be appreciated that T7 - Ty represent the second thermal event of
the present invention. Thereafter, at Ty, platen assembly 204 is removed from the
‘thermal imaging unit. At time Tyg, the vacuum is released beneath membrane 16,
releasing the atmospheric clamping pressure of that membrane to substrate 1 and dye

carrier 3. At Ty, the platen 10 may be unloaded and subsequently reloaded for

25  another dye sublimation imaging cycle.

One or more of the control actions indicated may be performed manually,
remotely, or automatically. An example of a manual control action is where a human
operator manually operates a control element, for instance one of the previously
disclosed vacuum, heating, or cooling valves. A remote control action is where 2

30 human operator utilizes a remote control, for instance a switch actuating a remotely
controlled electrical valve, to initiate the control action. An automatic control action

is where a sequencing device initiates a control action in response {0 a predetermined
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25 Fol |l ow ng i magi ng, imagi ng package 670 was renoved fromoven 700 and

al lowed to coddscormifiazi ng natural air circulation. Once coolingM9/2005
ef fected, vacuumwas released and imagi ng body 650 separated into its
conponent substrates, as discussed. Reference was previously made to both

t hose thernal einenhtered oatodystate sndidatinmt Aoexamplgiof gpayacitae pu yWheie

t tion and t trol statjan,f : |
B vente of Mo 5 lapaoets reacd B ierdroRte 2Tz pilcn i iRR LA ittt Rinpay o 2

FSCOFQD1. WO 16/ @02 08ue QRERR biwicsn Thisnd TRy, atkibe eareyshd b iofi tenrpef agwiesbeve o

Fig. 15. Fig. 15 i1s a graph of tenperature over_ tine of %e g%'% control
subl i mati on i nibgivwegn 8y ehd Tutbint 2150 eryldgaryete alswrichyoreriagd cse f GFFHg,

includes a tine Jine indicatin afefions required to
effect the %Iyev{YBIH?W&ﬁg%ﬁ%feéﬁlgp%rgﬁ%%s/%\égﬁgﬁ)&ﬂg%ﬂr%, agl | east one pl aten
is 5 loaded with at | east one substrate-dye carrier pair, as previously

di scussed. At this pedrthd gredading ditchssidrenfimaging timesf clamping peessyras, dnagias

carrier pair is the anbient. _ tenperature. At t. T2, vac j ied to

the several yaéﬂmﬁf@l’i@ﬁ%‘é§°q]&‘_1&ﬂmeﬁaﬁé‘_flg%eé‘8%r§%{é§ﬂ?’%ﬁ,‘ep&@ g:g%él %&ﬂ{% éé(F

previously di S%Hﬁ%ﬁ-le%e gﬁéﬂﬁﬂ@%ﬁrb& @&@@gfﬁ%eemabmemidme spedficEdf apy at en
oade

assenbly 204 i5S nto the thernal” imaging unit of the 10 apparatus.
At time T4, heatveh$magipg repiine hlredlw@hhighltytsp@ngc ag! qrepidgalycdatermanabie, 4hd

substrate 1. At tine T5, the required dye sublimafi. e has been

at yai ned. 10The BERGHR IPAelDG RFCSER; O%ﬁgﬁﬂaﬁfgs_%%élggg#ﬂgpi Eeg ﬁrﬁr‘é requi red

to elevate the b&%&ﬂt%ﬁt&ﬁpé&@?&sb@%&ﬁzm -dyo°B;ansre prrtButaslytbiesveen

required dye 58 lTmation tenperature. Accordingly, it wll ﬁgoﬁ:p reci at ed
r

that T4 -T6 coBR¥Fsmd 400%F, kid srore partieidarkadtillea) Fmparalitsh DCwFep ent

i nvention. At %h(g;% T6, the required dye sublimation tine interval has been
achi eved, and tinme between T5 and T6 represents this interval. At tine
T6, heat is secured, and immediately thereafter at T7 cooling is applied
to substrate 1 and gi&leB frhainBiméd oftticteechias secings and &2 howrg dayleenpeen

cooled to its substantially rigid tenperature and_.cooling.is cyred. 20
Accor di ngl 3, i showin to bsadymiteasennios gop a@g 9“‘1’*@%&&%%8&?"?’@"% g‘élg‘%d

t hernmal event . | i hanal ddronedoud Bay bk atiplemeaednbl y
204 is r emvedgéefg%r%gﬁ%g&ggﬁgﬁl%e?%?Pr%%#%o%ni t. ?JAt t(}nre?e T10, Yt he ga Hgm IS
rel eased beneatthnvdntaee St more phemslary, inhgingttinsspieby ¢ ) S&ﬁ%‘r@%@ng ssure

of that nenbrane to substrate an e T .
m?nutes have %eenaftoum% satlsgac{jo)fy for some imaging regimes.

In like fashion, imaging pressures equating from .25 atmospheres to 20
-jf"'i_) | 20  atmospheres may be utilized to advantage. More particularly, such pressures from 0.5
) to 5 atmospheres, and still more particularly, imaging pressures of 0.7 to 1.5 imaging

pressures are satisfactory for a wide variety of plastic substrates.

Having reference now to Figs. 16A-16H, a methodology taught by the present
invention for continuously forming dye sublimation images in substrates, generally in
25  solid plastic substrates, is shown. At Fig. 16A is shown a lower platen, having

superimposed thereon a substrate 61. At"A", a dye carrier 63 having a dye
sublimation image 65 imprinted thereon is disposed with image 65 in confact with
substrate 61. At Fig. 16B, an upper platen assembly 72 is shown superimposed above
image pair 67, which consists of substrate 61 and dye carrier 63. As shown in this

30 illustration, upper platen assembly 72 here includes heating element 74 and upper
platen 76. |

36 -




carrier 3. At T1l1l, the platen 10 may be unl oaded and subsequently rel oaded
for 25 anot hemsdymoswigl | mati on i magi ng cycle. One or nore of thdag&o0o/0005
actions indicated may be performed manually, renotely, or automatically.
An exanpl e of a manual control action is where a human operator manually
operates a control AelFegrd6C, uper platestasseodlofizhastapphied thewta, sL<F'y2 di scl osed
vacuum heating, . or cooling valves, A renpte control aeti | ere a 30
human oper at oCORUOPS glampi W'@ecgmsrciﬂ[?m?%?w?sr% I{e%r?ggl?%f’ gg\?dtec h\Q/gct uating a
remotely contpabl ety ehasih&Plaat/ GentirRoldly hirdésintape paioGT.r bi thact i on. An
automatic control action Is where a sequencing device_initiates aeréoptrol
action in resppmsfication andeleides @ cortinagu OSFUIS deEPpo PP Higa
interval or to a state i.ndicati.on. .,An_ ex I : i; tideation i s
where the t ef®rltl r@%ﬁ%"é&gf)’?é}t#}é’ﬁr&%g@@g F‘gos%tf%ah%% aglolg{lage Els(r)t? rbonI y
effect the ragRadtBred§SucBIROARLISNLE cEROIME hesnearnldnattdvd bay gpatialigapgs on
ranp- down of tenperature shown between T7 and T8, geut al sokhctg: Llli|ngl 1%erve to
alternately opmpasiaef Hlessbstetaiohoryihe Fnegeds b EinslErEed- REFR P e Re
tenperature S%FC__p‘}ArgEﬁE’res%ﬁﬁe"B Do Berch 380 pBi LR pLAGBFARGH MBratpseitisalyon of

i magi ng tinmes, ampi ng pressures, 1magihg tenperatures, and cooling
times, it wil budbeoafimionsichinging pratsutepaipbs brtwpdne®-268 powiss FEREHUAFSPEl N ar e

applicable over a wide range .of these varjables. \Wijle_ t i £ of any
gi ven i malfi ngSEELFRENEEUS RERINDS PISRTIE @ﬁ%és‘f’ & “¥H 5% |?%cgg)loﬁl3%g%{egrﬁ?ne nabl e,

i'n,10 general }Tlta?rhg% thEQErFQEFeEﬁﬂ& §isEdHch OB tEOSPpHER A Epladiiagipagsure "C",
ténperatures TO0r nbst plaStic substrates at tenperatures between, 200F -
600F; nore pantiigulG haat edpplied) at 25 B beating elbmentftiandshe UBRGTPHAER Kbl y stil |

at tenperatures between 250F and 370 i.mlarly. . ' IS Qfntbet ween
15 seconds an#e ebyﬁawglgﬁa%t%@éaep% rzsh](?‘%nh?a cg%p%édv;an%%%te{gﬁs ?c?r 'some

embodi ments ofjcihe FRHBSEMNe uBYRALibPMnagh Qubst@edi fical |y, imaging tines of
bet ween one m nute and one hour may be inplenmented with advantage. Still

more particularly, imaging tines between 90 se,cgnds and 1% m nut edhave
been found sati sf athohsatingrorduaahermabevegt isapphied to 1mper PRE O AL AR Cragi ng
pressures equating.fram._. 25 . OI'l?e(’ﬁ]%n fied ABs PHRIRS di@NoDef its
utilized to a%@&’ﬁ?dgﬁg?orl\%sfpgc%%@?lgﬁe%ﬁ?ﬁ' suc g%r essures fromO0.5

application, are highly application specific. Generally, the heating may betoa

temperature above the glass transition temperature of the substrate. The glass

transition temperature Tg is the temperature above which the substrate loses its
20 rigidity.

} Subsequent to the application of the first thermal event, or heat "D" shown at
Fig. 16D, a second thermal event is performed, as shown at Fig. I6E. In this thermal
 event, heat is removed from upper platen assémbly 72 as shown at "E"” by means of

cooling element 78. At this stage of the process, heating element 74 has been

25  rteplaced by cooling element 78.

Clamping pressure "C" is maintained during both the first and second thermal
events as shown at Fig.’s 16D and 16E and between such steps. Moreover, it should
be noted that the second thermal event, or cooling step "E", may also be performed at
a specified temperature for a specified period of time, which may be dependent on the

0 type of material being processed. During this step, the substrate may be cooled to a
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to 5 atnospheres Ellrr\g still nmore particularly, imaging pressures of 0.7 to
1.5 imagi ng B§Cé§) § are sati sfactory for a wde variety of pliast06/2005
substrates. Having reference nowto Figs. 16A-16H, a nethodol ogy taught by

the present jnvention for i L0 TSIy Bhihgiedd efmperaages in
subst r at es, ggﬁlé)rﬁ’éqtﬁuﬁblc{?w%g%%% 'gélggﬁ%gg%%%rsugstrafges, is shown. At Fig.

16A i s shown @& thowaipepinat 8BlowhehitintheSulptmieipagald t her eon a substrate 61. At
"A", a dye carrier 63 having a dye sublimation inmage 65 inprinted thereon

is disposed with inmage 65 .i.n confact with ubs " i 168y an
upper pl aten assenBpowide fis %%éﬁ‘gwgﬁ%oc}é’&plé%g%%mﬁ%n%?g ré;%i&;edm, whi ch

consi sts of Syhat pake: Alordifl78NhiBRIsTsBeqihilyASaR@pvanily s rgGnoe o
pper p

illustration, aten assenbly 72 here I ncl udeg %ggti ng el ﬁent 74 and
upper  pl at enshdbm BFiEICOPORErewiBrliBlage pgiD 63 issemoyvgd e ,WE‘&%@‘Pﬂg aten
assenbly 72 has appld.e reto, .at, " C ' & LH¥RIneAL Pressure.
Thi s cl anpi ng%ﬁ@?@fﬂ%qiﬁgiﬁﬁg?%%?éz %Q%Bhgggfgg%&hggﬁng?lnati on with | over
platen 70, copddpiieus! dyeatits 3 laf@aesealk 616 Bubdinitd Glenovs peatahs tmaagedy. ahd

clainms, a continuous clanping pressure is defined as essur, IS
spatial |y constiommoi&igdaHndt shanid hsaoted that thepiensy E?@é‘i%e;g? ¥ \fﬂpg&laa?\l%ﬁrmge

is to be transferred. Such - S i B £2SHPIE 704k BediOt have

any spati al g%‘ﬂ%E%ﬁer??wﬁﬁgm%so%g&{e%g@égh%@%?lg?éerq?% wher e ?he image is to be
transferngd. Quakeq bt RigoUSE. cl anpi ng pressure may be between 5-50 pounds
per, square inch. Mre specifically, such continuous clanmping pressure may

bé bet ween 9-20 pounds, per Sqlﬁéé{/i Q%Ewp%%fﬁ%@?c%fé&m& ik ARG 1o

pressure may al so RefeER{EOVIg Ssure - may have the

same pressure fih th@oampit baanef sophedintds nefepedbeumefier@s,  at
Fig. 16D heatoﬁtgyg%gﬁﬁggfmat Ca i p

, to heating el ement 74 and the u ﬁ:r
platen 76, thaoetiyuapyy ingsftrémeging appagias’pif impdemented Q1 &, ﬁ?eéﬁ?gﬁ"%es t he
~first thermal_eyvent used.in i.ng d [ ' ' hdly Balsineat e 1.

15 The heat i nG.025HPRq %Ytlﬁ%*rmﬁ-ng@ﬁ%@?@gg% i€ 9'?8”“ gg éri)')éi r 67 at a
speci fi eﬂs teﬁ%%é!?h&%ﬁt d1Qhdid s Ratdel t@tpdrnisOfdr ofstantersquatichatedd pewinkl ed heat
and the duration of 1ts application, are highly applijcation Sl%%?i({f C.

‘ansi tion

General |y, t harthedof Ing-roiled, beldtrolled, peewiewdad seal. AWRrRAtIVE AFTIALY
tenperature Ogougsha,ebés %pﬁél%gﬁtgd. %Ent% 8% Frame assembly 7102 is lower platen assembly

70.

Lower platen assembly 70, in this embodiment, includes lower platen 7104
. 20 which supports lower slide 7106. One embodiment of the present invention
} contemplates implementing a hex-cell aluminum-cored composite sandwich panel
having glass-reinforced plastic upper and lower surfaces for lower platen 7104, One
such panel is a Fiber-Lok No. 2330 sandwich panel available from Burnham
| Composites, Wichita, Kansas. The use of such panels provides a lower platen which

25  has exceptionally low thermal mass, which can contribute to the efficiency of the

apparatus.

Lower slide 7106 is preferably formed of a material which exhibits a low
coefficient of friction with respect to lower belt 7108, as will be later explained.
Lower belt 7108 forms a continuous loop about lower platen assembly 70, lower-idler

30, roller 7110, and Jower drive roller 7112. Lower belt 7108 is contained within frame
7102 and may optionally be supported, on its return path, by one or more lower refum
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transition tenperature TGis the tenperature above which the substrate
| oses its 20 BSCgP@iMp) Subsequent to the application of the firnsg/obe¢rambs
event, or heat " D' shown at Fig. 16D, a second thermal event is

performed, as shown at Fig. 16E. In this thgrra event, heaé. itﬁerermved

from upper pl aekey agssEthkiss 311742 Lepaveg et O ma e?fb’%ﬁ?@sgfmg%o%l i'hg el ement

78. AL this Slage:qlihiieR kOGRS sy mBER!d AN, SRRAbly R0baRid eeplaidbdr epl aced
A )

by cooling el ene anpi ng pressure " I s mai ntal ned during both the
first and second thermal events as shown at Fi 3 's 16D and 16E and between
such steps. Moreovene drinstofietim pelenassenbli¢ritl 1¢ad b3 omay brEPWEEd 8Uent , or

cooling step "E', ma SO be rforned at . a speejfy re for a
speci fied per i“ﬁﬂo‘ﬁ?refg-i %,S lm%ﬁ'ﬁ?’fﬂ)}n"’g@r 8@568][?(1]@#%1#71?%%11%6 Eygéeﬁtl é(;f mat eri al
bei ng process ?%aam hagint dicossl BRy alif@taebsdly ahployaye bemonopatrédreain 37
FSCOPQOI . 1 9/ 2005 tenperaturé bel ow the gl ass tragﬁl tion tﬁﬂnﬁerat ure.

The gl ass t r ansliariassembbinplorfacilitate mption ofdheieresRacay e Peish dn de SRATRH RS
substrate is rji %IF %ﬁqﬁg%o%nug %s%é}hlﬁié%%g%& ?@?%‘i}@ﬁ%}f}d’ GhAEGsiPoPr essur e

"C' is renoved" dpper en asseé S _subsequentI%
retracted upwaiithwhblokles hdusisy doartngasvhich sshpaidler shifls ori@Ech Freapeetedihe | mage

pair 67 is renoved fromlower platen 70, as sho In £i4g. Bos pair
67 may then b&ew@raHesedVhert 61 qestr %&?W&éﬂOfe%%%&H@?{%ﬁe gﬁgszarrl 63

and substrate %@[?; e 6284 &bRSthe BFEEpPhe oASof loWerdrivd  Fi g.
16H It s 0gul (ﬁ%ﬁebn e%fé(?’hjgyvgltlﬁgy‘g%g‘%s Il ['ust rat e%l at Fig.'s 16G and 16H

may be perf or gRdclen 720ambyppsi ditvemprieket 14 &y wpiaes ol ttEh ralkg eRBNYO2 has
been 10 retracted, as at _ Fi 16F. Referrin w to . Fi.g. . : ar at us
7100, for per SFYR- n@lt%rﬁéh‘f?égﬂ?f VS&FCLWS”P%%BB&%‘Q%P Ih%)\?%gl[ ‘Imag&%l S ghown.
Thi s appar at U, SRRRTBSy MalELERE Rshgidaiksar as "a continuous dye
transfer imaging apparatus”, is irnplenented on a frame assenbly 7102
supported by legs 7101. Frane assenbly 7102 may, advant ageously be forned 15
as a wel dnent of i Higper mateh assembly Boapwvebly Superoppased P LeVEdliaFR st eel

channel forned o t-rolled cold-r } Shiken Abdrggipati ve
mat er i al s°may 2SS Llyc \d qu%ﬁnﬁ%ﬁgk%ﬁ%%uﬁf@jﬂgﬁﬁﬁ@é ass el y97102
is |ower platenyassedHakto lower platen assembly 70 is substantially restricted to movement

orthogonal to the plane of lower platen assembly 70 by means of one or more platen

alignment assemblies 7116.

In one embodiment of the present invention, platen alignment assembly 7116
} 20  comprises alignment column 7118 and alignment bearing 7120. According to this
N embodiment, alignment column 7118, which may be formed, for instance, of cold-
rolled steel, is affixed between lower horizontal rail 7123 and upper horizontal rail
7125 of frame assembly 7102. This attachment may be by means of welding,

mechanical fasteners, or other attachment means well-known to those having ordinary

25 skill in the art.

Alignment column 7118 is slidably received within alignment bearing 7120.
Alignment bearing 7120 may be formed as a simple bushing, for instance ao oiled
bronze bushing, or may take the form of a ball bearing assembly. Alternative bearing
methodologies for reducing sliding friction under load may, with equal facility, be
30  implemented. Alignment bearing 7120 is affixed to upper platen assembly 72,
thereby enabling upper platen assembly 72 to be moved substantially perpendicular to
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70. Lower platen assenbly 70, in this enbodi nent, includes |ower platen
7104 20 whi clrscopopowos | ower slide 7106. One enbodi nent of the 18 geent2005
i nvention contenplates inplenenting a hex-cell alum num cored conposite
sandwi ch panel having gl ass-reinforced plastic upper and | ower surfaces
for |ower pl at@resr plide astsbly S0othilpanistantie lnmainiaining dhe algnmesserteeiidwi ch
panel avail abl e from Burnham__Conpposi t W chi f such
panel s provi d8BPSA Plakieass k@i’gﬁ WEP‘E’FFW?%?S%%&E?T ?ﬁgﬁfﬁ&at %-\%%Elﬁgﬁngl mass,
- Wwhich can CO”E@?&% u%;?ertsﬁ@e 4207 Héaﬁ\%\lﬁ%leﬂfentmco@higadiﬁﬁm 78  derefstablie 7106
Is preferably forned a material i ch _exhibits%low .coe{éfic{ t of
friction withanespletr 7124 Intspescd bptwvern bepting slegent 7hand coolipe BRI} fReq.
Lower belt 71Q8 forns .a contin ploefdRasaddll i e,
| ower - i dl er Bg%ie AHET ahigffﬁ,n E%‘ﬁ%‘%@ﬁg‘?ggfﬁ%%kﬁg@%@fg nger. belt 7108 is
cont ai ned Wi t Rt fndy! #iR eqal @il chenimplapinitadn dlhese inelude bubarcspsciberlytndtr et ur n
path, by one or nore |ower return 38 ESCOPOOI . \\ %tg/tOQI chi)sosgrﬁﬁlzéseﬂiding
assenbl i es 71limited inahe yseiof: hydrahpagruparsRRAFMELE ATHEPY: TG0 'Rt he

di recti on i ndl 6at g 8o b TRANSHA AediokBnaRS@Nbkors, IRARrVS) ol the
(0]

expl ained. One or 'nore of ‘return r er assenblies 7114 and 7136 maybe
powered or ufipewered. This is primarily a matter of scale: |arger
i npl ement ations of the 5 apparatus herein disclosed may advant ageously

enpl oy one or nor e@leq%glp Esggfa%ﬁfi%’aﬁ;@e%{gﬁhﬁgﬁrﬁeﬁ%“ﬁ& hQuidaslt ibat e notion

of ,their Pespectiv erern- presented, return roller
assenbl i es 7134 andiyARGindtd BIRENEEE fosistmde hetiap sfor distanpé by vwals Wcks

housi ng bearings whi'ch support idler shafts on_whi no t he
return roller dﬁ@ﬁt@ﬁ@lﬂtmcb§Vlt¢é§mbé@iieﬂﬁﬁilpllfﬁén‘{1)}°“f?6ﬁgﬁs?’z]t%&raﬂﬁ%ﬁg’eorr
assenblies 7114 and. 10 7136 he 3Bgnd akeM biten t he
appropriate of@UE? A& Oﬁrqr&glﬁgﬁ%gg%%ﬁ%gd% upper dri 5e sprocket 7214
by neans of a,gfbatidh df@ldasito@ltaifice dfaippersindowerAlette 7 hét ande7 1085 bethedr i ve
mechani sms, well known to those having ordina skil.l..in_the y with
facility ibe impliestontiea sutpiser ufap%r_tf’@ﬁg%%fgwgﬁ ﬁ%@%\ﬁ&d&%%{e"ﬂ%os ed
over | over pl aten 48, ASSAADhITO: Mialddid 'R BY tRSEBIBhbn GH O eRcrgy v N
of upper pl at & 'Xs5e y ) )

upper and lower belts 7134 and 7108. Examples of such radiant energy include, but

are not limited to, infrared energy applied by means of infrared lamps, or ultraviolet

radiation, and microwave radiation.

20 Another alternative for applying thermal energy is the application to a surface

) - of upper and lower belts 7134 and 7108 of 2 conductive heating source, for instance a
heated plate. Again, this plate may be heated by any known heating methodologies,

such as those previously discussed, as well as by introducing into a hollow interior of

the plate a flow of heated fluid or gas. One preferred embodiment utilizes conductive

25  heating and cooling as shown in Fig. 17.

This embodiment utilizes a conductive heating plate as heating element 74. In
this embodiment, heating element 74 may be heated by any means known to those
having ordinary skill in the art including, but not limited to: electrical resistance
wiring; the introduction of heated gases or fluids into a hollow interior portion of

30  heating element 74; radiant or convective heating of the conductive heating plate;

open flame including one or more gas jets, as well as substantially any other
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72 with respect to lower platen assenbly 70 is substantially restricted to
movenment  ort ESCERIG1I.WOo the plane of |ower platen assenbly 70 by gre@any 2§05
one or nore platen alignnent assenblies 7116. In one enbodi nent of the

present invention, platen alignnent_ assenfly, 711 C [ sesq.al . gnnment
col urm 7118 amuthadplgssrefeonyetpbligestmer cog@%%wam% Pf??‘?' hﬁsqﬁgﬁ%‘gﬁqﬁrr%nt?,
alignment - col yim 73 1Sne WA JBREG! BLARY ok T418kanBe fordi ofallal- 1ol | ed

steel, is aff en T'ower *horizontdal rail 7123 and upper hori zontal

rail 7125 of sfufdiEn skserbiered phdallyThilovely the foranationdheraie obgt lFshARS of

wel di ng, nechanical fasteners, or_other attachnent .nea | 0

those having dbarinthing passsse kinthe Pmb?chglﬁatr pr%%i ”ﬁ-‘r’ri‘eﬁg‘“(‘?gﬁe&#n% ‘7‘565‘%9@{3

o daDlY eCe el HlinGle (AR Bhg 89 1Bn 64 Bdater, Mchalinpat ob olculallpn7 120
P e usiﬁﬁ%g, or | [

may be fo med “488s| I nstance an oil ed bronzcg i?ushi ng,
or may take thempoiorsidwa Tiad dil reariting pacddastsl opnirallabie Bawioy EeHEGPY ng

met hodol ogi es for reducin li.dj.ng..friction k4 geaual
facility, be ﬁ'@o‘ﬂ&?ﬁp‘é%ﬁogcﬁ’yﬂp W@ﬁ@%%gp?%%gggﬁh?ﬁgdgﬁﬁdgggé?o upper

pl aten assenbl el 2. ﬂo@%ﬁmﬁteﬁ%ﬂ%@ﬂﬂe BpResstabalyaonasiehty kotad] Yabvasengoved
substantial | y perpendi cular to 39 FSCOPOOL_WO 16/ 09/%%%5 | ower 1'hgllﬁa(gren

assenbly 70 whot el sipings moishewn,yo reidinhastmefreant 74 36 EET (HRISHE upper

pl aten assenbly.72 and wer assenbly 70. Upper platen assenbly 72
conpri seleUpp&gthg’lz‘r%@“%%?“ﬁ@%?&%%eél ement 74, cooling elenent 78, and
preferably an insulator 7124 interposed between heating el enent 74 and
Cﬁbl i ng el ement d78Up§er/le1<dtia1lr mmwlﬁ 7alib grgmmmréidvﬁﬂd@lat@} @fe%l:w TOYIMFADE o

t hose having ordi nary ski in the art may, wth equa el ]

i npl ement ed. Fhsss 'ﬁiﬁé-l e %‘EHOdﬁ‘F@Jté’ﬁg@iRr%/séﬁﬁW/eW(‘} - Pf ?Srrﬁ?g&%%:th t e use
of hydraulic agt fgfg%[q%&: Iﬂ%@%@% oEn@ Gilad QS of SuCh 3 pAEURARCIESY predsipiovides but t
‘bl ocks, |evers, cranks, cables, electromagnetic actuators gear
drives, and t heextteniety evie afidl aogtirewusflagppigipsessie apiess theeafes face 0

met hodol ogi es i ncl ude, but .a specifi.call Lm Lshsr2iRGsdsi cal
resi stancl heBRReRBlAtGESqRlY Qﬁc@.ﬂ%@y F@g?%ngotﬁe ?o@*ng%{:ﬂ%@% fesl st an%e Wires
embedded in uppar %@F.dTEQYJ‘% gl dndt t#d hoapttrié LOping systmplesetibed shwve ushove
or bel ow upper and | ower belfts 7134 and 7108; by the ) ial

a gas pressure differential to provide clamping. Such gas pressure differentia

systems provide an even pressure, while allowing an easy heating and cooling of the

substrate and image carrier, since gasses may have a lower heat capacity. Alternative

20  press methodologies may of course be implemented. By way of illustration, but not
limitation, these alternative press methodologies include hydraulic presses,

J mechanical presses, electromagnetic actuation, and substantially any other means of

linear actuation or urging well-known to those having ordinary skill in the art.

While press 7126 is implemented to impart downward motion and pressure to
25 upper platen assembly 72, it is also desirable that platen assembly 72 be raised above
lower platen ;ﬂSSGmbIY 70 when the apparatus is not in use. Accordingly, a lifting
device may be optionally implemented, for instance between upper platen assembly
72 and upper horizontal rail 7125, for imparting a lifting motion to upper platen
assembly 72. These lifting devices include, but are specifically not limited to,
30 springs, pneumatic cylinders, hydraulic cylinders, servo motors, counterweights,
screw or geared devices, magnets including electromagnets and all other elevating and

depression methodologies known to those having ordinary skill in the art.
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application of steamto a surface of upper and |ower belts 7134 and 7108;
by the 15 appkjgoatdiovoto a surface of upper and |ower belts 7134 gng9o71af)5
of a flow of heated gas including steam flane or heated fluid; or by the
application of radiant energy to upper and | ower bgl ts 7134 andrgnlv(%&
Exanpl es of such ragpaset bemmetigylowee furfise obuper slide Tée GAPRYHPE “HSt r ar ed

energy applied_by ans of i.nfrared,| o) J 4 adh@dribeim, and
i crowave radicdei gt 32%“%&%8’}“’%‘?@%;? ?‘\?88%%%65%{6 é;:g%gwtl %erng}l%[energy i's
the applicatiop4tio.AraHed RREin Rind e andfddy bptierallyéetsproldd, s P18 of a

conductive heating source, for instance a heat plLate. i, IS plate
may be heat edpdily, baroye knoare mﬂ%’gﬂﬁ%‘ﬂ%éﬁ@:l“@a?se@gﬁ' iﬁ’@ﬁrg@pﬁ%s%ﬁﬁezvi ously

di scussed, as || as by _int. ugi | Rk et by dfArivefassetubty pl ate a
flow of héat eﬂy%tﬁg‘??“ﬁly%é%{as%}ﬁ%%e&%érag?%{rﬁr ed errbodioyrrgv'snt utilizes conductive
25 heating angbopoRtdrBgplaigeghown in Fig. 17. This enbodinent utilizes a
conductive heating plate as heating elenent 74. In this enbodi nent,

heati ng el enent 74 may be_ heated an S wi ng
ordinary skill in UPReTand Iopye Pt ﬂéf’f 7 T@%&Wh@?@é@é’%@%&‘ 11 cal
resistance W rjngy the i i ‘nh grttRdnabsestowhith gouititapee a

hol | ow i nt eri%@%g?htei on fgghgglgﬁgﬁe?gg&gflgnent_ 74; r.adi ant gr conv.grcti ve
heating of t héyeaobiiuationweyclesatiiwijclpénbls, dye spelmFoR HAAEHE T} A EHE or nore
gas jets, as well as S_III stanti allliﬁ ny ot her 40 FSCOPQOO 1. WD 16/ 09/ 2005
met hodol 38y ofemeys: ROV I R EXRPHY 2" conductive netal plate. In the
enbodi ment  depicted in the referenced figures, heating el ement 74 takes

the formof a flatomal sohatis @dsatble of Gptet and pawet belld @ASH@mﬂa\}\p%yrettheé

formation therein of a east one labyrjinthin assage,. .l nbodi nent
depi cted in tthepatkisghstantialiy abrpigaldy eqptpiblesof %ﬁg%ﬁﬁﬁgé?aetﬁg%éﬂ%hgns of

pi pi ng and val yes to.an.oil. hea ' RO 18 Wwith lhn ¢ bisialiadts om-gagsedp, not
shown. The oiq“\éﬁ@ﬁ{’%?lyetsﬁﬁlgnﬁtrﬁg\?%g%gC%gﬁg%)%rgﬁ]abl e fl gwi_’%? heated oi |

through the ipga&issraledlydridyt Ragfer bR dinimgdyel sebmatioimdedie. i t is .desired to
heat the plate. The flow of heated oil may be thernostatically controlled

by hot oil valves and hot ojl piping, ngt shown, t Foy 1082bhéosr €l enent
74 at a désired té#@@?&ﬁ‘@?@?l%‘?o %%WS? i%veﬁg%g?er%ﬁfat%%%gr ature range.
Upper pl aten assenbil iy, 22,48 59880 ¥ ROPWKLch GRictPlial camriasisenbightly Bxbyedreans
 to provide a continuous vacuum channel across the interface between upper and lower
" belts 7134 and 7108 and dye carrier 63 without forming bubbles between the belts and

dye carrier. These bubbles may preclude even and continuous clamping of dye carrier

) 20 63 to substrate 61.

Tn order to flow smoothly around the several rollers, idlers and slides of the
present invention, it is desirable that upper and lower belts 7134 and 7108 be formed
of a flexible material. As the imaging process taught herein utilizes rapid temperature
changes, as well as sustained periods of temperatures up to 600°F, it is also required
25 of the belts that they be not only heat-resistant, but that it be capable of withstanding
repeated thermal cycles between higher and lower temp eratures without hardening,
cracking, loss of structural integrity or loss of any of the previously discussed

properties.

From the foregoing discussion, it will be appreciated that a number of

30  materials are suitable for upper and lower belts 7134 and 7108. Examples of such
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of press 7126. In one enbodi nent of the present invention, press 7126 takes
the form of asduegoipwess. It has been found that the use of such@/09/2005
pneumati ¢ bag press provides an extrenely even and continuous cl anpi ng
pressure across the entire surface of 15 upper pl atenzgazép%nbl §1‘72 t her eby
rendering t herhttishtindudebuithre speciivelenotilingitpddo: FHigaa DCH, 1B%{gs’pr ess
and the atnospheri ¢, cl anpi ng system,descrd 1 Bf RSBUr e
differenti al 'Efy{)‘?"g@‘?rﬁfé’%rﬁ%ﬁi 80.1'01’:?396}%%%61%‘}%%&8 suéfig’ a(l‘tjila? %h ee?gﬁtﬁi&al syst ens
provi de an evgRJPLIEfSMES: shdisl € al | owi ng an easy heating and cooling of the
substrate and 1 nmage carrier, since gasses may have a | ower heat capacity.

Al ternative 20 press net hodol ogi es may of .cour.se be i e d y way of
illustration, but HB‘[GICﬂhbl?fltl%lpl%éﬁfthﬁIRE3§%nté?‘feép?%ﬁe\?gpg%aetgrsgesﬁ%eatﬂﬂsgglgl ogi es

i ncl ude hydraulic presse [ ficBlof Ghi PGB Eidtiondetvzhi on,
and subst anti Qﬂvh%ngor%%%t}ce%ﬁgggﬁ%ﬁr@%g{?ﬁg& uation or urgi nqg | I - known
to those havi pgyeprst Ravey belkd T134iand 7heS, apper authidveer plidess/ 123 2d 710 ﬁ!ﬁ ement ed
to inpart downward nption and pr re 25 U p ealy 72, it
is al so desi rW%W%W%%Y%W@%@iaﬁla@d%ﬁ%@g?ﬁo@g&samﬁgﬂ?gév\@r platen
assemdly 70 When.ifiieaBRBRIAYS lidoOliclPpiifts, fGmmmingic/or rhirfimages
devi ce nmay be" opt a Igﬁilirrpl emented, for instance_between upper ﬁpl Len
assenbly 72 emplastipsheeth baving axtants pawidens far fees byieighh fef ALEENIE 1Y  not i on
to upper platen . assenbly 72. These |ifti ] LAgude, but are

speci ficallly IOFSWBH%%‘? Seé’ﬁrag Fﬁﬁtg?leéﬁuﬁ\éﬁ% (?b?%%ﬂyl inders, hydraulic
cylinders, servo notors, counterweights, screw or geared devices, nagnets
i ncl udi ng el ect r onpaREk fargetat) deviekd) eiie @kefckinit nffriction bekypea beltopnd slides

met hodol ogi es known to those having ordinary skill. i.n e ar

FSCOPCO . WO 16ugdezo0Brd asiow &a Pesidat ‘ﬁma/q%%hﬂes'fjﬂﬁﬂ%‘téeqw&u%ﬁEéﬂss‘i“%dde
7122, and abopt .upper _dri : BehusRRE brdvilicahe Farfuistie nifb3ip ati s a
conti nuous up Fmgépgp%%iﬂ%%%edrfﬁ@gﬁﬁﬂﬁ34di% cgnt ai ned ﬁ thin frane 7102
and may opti opalih-Yeed@ideuwbpios 4ppdratario dtasy the froaging pair Fito Big 29R&2BY- nore upper
return roller assenblies 7136. Upper belt 7134 nmay be 5 advant ageously

Valer exobal nea - cppersmneck et i v or M AP Ry Sh NI PO
S\H gﬂgégnts?i t%%gﬁ%ﬁc}émteﬁ%fw BiyBg: e, duRalchAes Gl @sprective diecoftshides@l22event s
' | and 7106 having a relatively low coefficient of friction and the other, which contacts
imaging pair 67 having a relatively high coefficient of friction, so that the relatively
low coefficient of friction is less than the relatively high coefficient of friction. This
) 20  desired result may be had by forming the belts of two Iayers, each having a different
- * coefficient of friction. According to one embodiment of the present invention, belts
7134 and 7108 are formed of canvas belting having laminated thereto a layer of
DuPont Tyvek™, where the canvas belting contacts and nips in the imaging pair, and
the Tyvek™ reduces friction across the appropriate slide. To further reduce friction
25  between the appropriate slide/belt pair, the contact surface of the slide may be formed
or coated to further reduce friction. In one embodiment, this may be done by
implementing polished stainless steel sheet to form at least one of slides 7122 and
7106. In another embodiment, DuPont Teflon™ is coated on at least one of the belt

: and the slide to further reduce friction. Alternative friction-reducing methodologies,

30  well known to those of skill in the art, may also be impl_emeﬁted.
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dye sublimation cycle and which enabl e dye sublimation i nmaging and dye
carrier 10 reRBNGHOOL.E® will be |ater explained. Qher propertiqs dgsi qu§
of upper and |l ower belts 7134 and 7108 are that they are substanti al

chem cally conpatible not only with substrate 61 bl t,]

i nprint edyon (rjrge cafn G@Kra%me)l{fmtwéll@WWWVSFR)I%ﬁgg@BE%1%%{P‘Bﬁ% hlghg rom

substrate 61 or SIY%tL:arr et gg ﬁ%{ %Xﬁh@ﬂ?’tﬂﬂ% %éﬁﬁ% 9. Thidmhpibene
QERFH A R eh

enbodi ment of P € surface 0O I"'east one of upper
and | ower belt gech sﬁé’éitbﬂrbﬁguﬂ\é’lthehuﬁmt(ﬁ(at kagtypee oédmveeroﬂ@s 7130 ppcyhk]

textured to provide a continuous vacu nnel acros th ce
bet ween upper AdemaEvRY. m}ﬁéﬁ%Ysbeﬁfgﬁn%}ffg‘néigbg’ rslugfra&géiec{vévt%hout

form ng buhbl egor%%‘f‘st ’f&%%%&*’r@@%*rﬁ& cfi’s%ﬁ'chN%xtﬁ%éﬁdl@érfofEﬂ&Mohﬂﬁnlgb&Shﬂﬁ%es

precl ude even conti nuous cl anpi ng of dye carrier 20 63 _t0 SLibStl‘ate
61. In order tofbdlmwisdand fl08, mudulike whikseweBamm phetegigphip dilgy SIFRAYP| des

of the resent .1 nventi on, desirahl e r 134
and 7108pbe fo%‘?@&n'lﬁ?re%qg @gpgfoé ORigY greﬁgfl 9% @ﬁ%&?ﬁsﬁk@?ﬁgﬁ%%g&%ﬁ%igg ht

herein utilizeg, l%1g1|;>d3ﬁit&tj_errperature changes, as well as sustained periods of
tenperatures up to 600F, it is also required 25 of the belts that they be

not only heat-resistant, but that it be capable of w t I n [ epeat ed
thermal cycl es bet V\Beﬁrrrmwmﬁw J8oaubiont WAL PRATELS m‘%&? W%F %ni ng,

cracking, loss. of str gg@{%gn' 1#9 g&t'otflﬂleoa[ phQRS oFkneA¥seat mﬁr&molaﬁﬁusml y

di scussed 105 o FRYAY or €gor ng di scussi on, it will
appr eci at ed t haje e feudroietic apfparams;mtmll altxrtamleietmispétﬂhﬂnff@uﬂ@ﬁ?&bh&ﬁal]r‘bwer

belts 7134 and 7108 Ex ch 42 ES |
el ude, but asel cSHBIATE NS EIPTRE LS 108 B, ey Bt o7 e
silicones,  buingladiy BP8icn RCKY ERA M CIIRE RAGK WAL apfaero isthal rerspesils afd

ot her natural or made el astomeric sheets. \Were t he g}r nC| Ies of the
present i nvent advaner ia thesp twe direaions sewirecissbamatcheds o fiah g e Fnstance a

device for form |dent i cat.i gn bhadges, uepgs and
| oner bel tls 71%EC 80%30 cﬁ?ﬁ%ﬂ@y 2‘8 ooleleorftbg z{eds #ffgjzbgﬁ%deg%hgs and upper
and | ower dri vgeeﬁ%bﬁg@mﬁ%g&rgﬁ&l ngé;abwzd@mmmﬁpresw%sﬂh@fe nemthe

aligned imaging pair 67, to draw the imaging pair into apparatus 7100, to maintain a

continuous pressure on the imaging pair during the first and second thermal events of
the imaging cycle and, finally, to retain the registration of dye transfer sheet 63 with

20 Tesp ect to substrate 61 during the first and second thermal events of the imaging
-} cycle. '

Also shown in this figure are details relating to the formation of return roller
assemblies 7114 and 7136. Return roller assembly 7136, in this nonpowered
example, is shown to comprise a pillow block 7135 containing a bearing, not shown,

25 which rotatably supports return roller shaft 7137 on which is mounted return roller

7139. Return roller assembly 7114 is similarly formed. |

Fig. 19 illustrates the cut-feed, or rear aspect, of apparatus 7100 according to
this embodiment of the present invention. Again, it will be appreciated that the
movement of belts 7134 and 7108 in the indicated directions, "N" and "M" at this

30  stage of the image processing, serves to advance the imaging pair through the

épparatus and thence to release clamping pressure therefrom. In this manner, the
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principles are applied to a | arger scale apparatus, for instance one for
form ng i magegscomopWast i c sheets having extents as wi de as four; 4 get/0os5
eight feet or even greater, the 10 friction between these several elenents
needs to be accounted for. In such |arge scal e devices, the coefficjient of
friction betwhasgihebiis6Brdmptisidesubstrateto! mad dymtrensder sheet 03 AreE20sBaddy| e
Conversely, the friction between the l.ts a L-nMagi ng pair shoul d be
sufficiently Fh‘@‘l‘gl’eﬁ%%wgf:‘ggw‘?ﬂ?f‘ﬁs’{ lpéa(ﬂ;ﬁllq%?utcgp%f%gﬁng at the in-feed
side of the apparatus to draw the imaging pair into the apparatus. 15 To
acconpl i sh these engk, sheRe iOFightd Mredbtailp peatirartd driveesselblyt200.1 3nthend 7108

may be formed of two |ayers: one, which contacts the res Ihve of
slides 7122 embodir@at ¢;*>a/fb¢ prgseat W@tquwqt%&ﬂé%%ﬁt‘ﬂ% @ﬁ\%e@;obfl?‘?l ‘{ﬂe%&n and
t he ot her, which contact i i i : | atolthe &lthviadh¥f loif gfhich
coeffici ent ofoq?rlyipgﬁeﬁﬁqu%%eo %ﬁ%{“ﬂ‘?ﬁg& ngftg%%in\%f!tlm?bv?/tcoef icient of c
friction is | gstabi@mmaétbespredkat 720d| WMdtboiprodef 7204 impartorotationde layrer dREs 20
desired result may be had by form ng the s of two.l h having a
di fferent co#gler z{i By mramsof Wy HFQ%EQ%? g?‘&é@ﬁ%’ﬁﬁ@r‘?@éﬁ“&%@n@gf t he
present ‘”Ve”L'b@Qr dllf’s%ls%ﬁ)ckgt%& ﬁgEa:Fs,l RES s wadirhk saamy2e9, behtiomg havi ng
r on

| am nated thereto a layer of Du t TyvekTM where the canvas, bel ti.ng
contacts and miwes diine tdiler 7 Higgilogepdiive shafid/20 frrotapshix mornisd GRS 9PPPLE on
across the appropriate slide. %éﬂﬂhﬂ reduce friction 25 between the
appropri dfe sHiflg HYt & Pparfigiassom ntact surface of the slide may be forned
or-coated to further reduce friction. In one enbodinent, this my be done
by inplenenting pgldshastslc Ipvesdivisaeh 73teatintonddatadiv spredest 7oHe of
slides 7122 and 7106. In another enbodi nent, DyPont Tefl onTM i ?{ﬁfﬁtzled on
at | east one bfermiediatsedrive sprogketd@lQ mppstsrataryieHed o WG E 15 PLITEh!

Alternative friction-redugi n t 1 kRO WY ehiford, Ramoulaf
skill in the @F@“M&%Y%%‘%@%@%wg%@%é@oﬁ 35 WO 16/ 09/ 2005 I n
contrast, thepd fidt6d ianthbeiznmparT leWwéndeive sploeket 7208 (nternedidte drivtisprpeksbe hi gh

to provide for accurate, positive driving of %‘e belt thr,ough
appar at ugs ThTX Onand wwer divespprokehed 459 1gul Wén@&?’f'gbees%g?&sgﬁ | east
one of drive rpllers. 7130 [ @k i VeinYtchdd) s tHBshelper and
acconpl i shed a?%er%uﬁ grcaggg&é%r]btjeﬁ%ﬂs%%@c@ otﬂydri \(/:e 5 rollers 7130 and
7112, which clegsr pEsmavedmarsiakiyper f orations forming on the edges of
belts 7134 and 7108, much |ike well-known 35 mm phot ographic film

Al ternative

In order to provide the requisite reversal of rotation between upper and lower
drive belts 7134 and 7108, a pair of reversing gears, first reversing gear 7216 and
: ) 20  second reversing gear 7218 are employed. First reversing gear 7216 is driven by
upper drive sprocket 7214. First reversing gear 7216 meshes with second reversing
gear 7218, providing the requisite reversal of rotation. Again, it should be noted that
first and second reversing gears 7216 and 7218 are identically sized in order to retain

- the equality of motion between upper and lower belts 7134 and 7108.

25 After the substrate has been cooled below the glass transition temperature, the
clamping pressure may be removed, and the image carriér may be removed from the
substrate. Cooling the substrate to a temperature below the glass transition
temperature before the pressure is removed may allow the clamping pressure o

prevent warping and may allow the image carrier to be more easily removed from .the

30  substrate.
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friction-increasing nethodol ogies, well known to those of skill in the art,
may al so be Fkgplresrembed. Referring nowto Fig. 18, a front view®f09/2005
apparatus 7100 of the present 10 invention is shown. This aspect of the
apparatus of the present invention illustrates the in-feeg of tg.?o
apparatus, as wel | Thssuberdtasubscipenily mapbe rabieeiet to piemPeraiue BB %14 and
7136. Study of Fi 18 sho t belts..7 d Ahatal |y

i nwardly as SMQ%EFW N?ov&ﬁ%m%'%nwgpfﬂlg%ﬁgﬁﬂ%éggﬁ%ﬁébéaﬁ%gﬁ?ﬁ?éf}% t hat the

speeds of  adyaAncewhBrelleRm b cliri@s taanevasks peieaics Glesubsitaitiady 0881t hat
the belts nove 15 synchronously. Accordingly, the_.action of belts 7108 and

7134, once pr Asslongativasof botressn 45§0Vewould nghtmse the dpage 2 duieBi%} o5 by means
of press 7126, s er-Vei%&,gq Gi ,g%;ﬁcgﬁﬂy fédil%‘tﬁg éﬂt%ﬁgﬂgﬂﬁ%égé}? Fig.20d¢ awpt he

i magi ng pair FALSURP 0 nalntain cont I nUous pressure on the
i Magi Ng pai r gusiord ki subdtragnél with antnade0rel Teysubstate 1 mayede hedlsing
cycle and, finally, to retain the regisfiratign of d tr 63
with 20 respedtove thesgidss traptiborEmparaitie tf“ﬁ'él"*? el%%%ge%@%éf%%@%l%%vent s
of the imgin cycle. 4t h U tRérfallfimi diengatddabouty t o
the formatio ?ho&éttﬁer%%%%ﬁ?érgﬁ%s}ts%ﬁbblgﬁlsﬁ%lm and ?136. Return gol | er
assenbly 7136500 At 41% clongdionds éfined xahpling a finaldenatn ahayt §BYFPAE 83 | | ow

bl ock 7135 contai njing a bearing, ho 25 whi bl ports
return rdpl erthgheEgm mtho’rﬁhww&%ﬁo M‘E‘é‘“ﬁ’éﬁoﬁf’%? %’ﬁk%%&' 1 cSgi;utHRet urn

rojler assenblyLhid ihSedianl hasbyd Ao Elsdnto 1 bbbttt iedsamlietrel that - f eed,
0

or’rear aspecﬁ, apparatus 7100 according to this enbodi.nent of fthe
present i nvenhielngAghinageivtillbavd atleash it of iherlatenyiyzAs ﬂ[*%%“g‘{’r%l\}%ﬁt i
belts 7134 and 7108 in the indicat.ed di.rect] N -t s 30
stage of the bakgyd tﬁf“o%l%%Eﬁoﬁﬁuogé@ﬁé’gg?lgm‘gaﬁﬁi%d%cﬁugn | %&gie?\%lt%gi}ﬂr b1t hr ough
the appar at qﬁaﬁg‘%%é}ﬁﬂygfih% efcﬁgﬂééﬁné‘ée&ﬂw H@nbeessitnr éhant e br B9 of thet hi s
manner, the 4 OO0~ WO 16/ 08/ 2005 1 magi ng_pair 67, capprisi g_‘gle%%{gst rate
61 and dye t raipfidimsgecietendsy. g X2riaasisterviernof ¢ sbsuh O SHH 3 TR

apparatus 7100 ip a contipuoys fashi | hitire 2 tBe@nadet ai |l s
relating to &ﬁ-v@‘%@@%ﬁ’ gplfgﬁ&egﬁﬁ&%ﬁge é&%ﬂ?ﬁ%ﬁt&%&t he‘3 present _.
i nvention il gghhakesh iat hbididi ength Leds inceeai @0y mors thates0%, as shown Fig.

23. The inventive sublimated image in this region does not significantly reduce image

intensity.

- 20 The provision of a continuous pressure from the heating region to the cooling
) region may help to provide the desired image. Without being bound by theory, it is
;. believed that, since the pressure is not removed as the substrate and image carrier
passes from a heated region to a cooling region, the image quality is improved. Itis
further believed that, if the pressure is removed and then reapplied as the substrate
25 and image carrier pass from the heaﬁng region to the cooling region, the image
| quality would be reduced and it may be more difficult to remove the dye carrier from
the substrate. Tt is further believed that the continuous pressure helps to keep the
substrate from shrinking, enlarging, extruding, or warping in at least one direction and
in possibly all directions. Shrinking, enlarging, extruding, and warping may also be
30  limited by the lower temperature and lower pressure required by the invention. The
continuous pressure may also be useful in keeping the relative positioning between

the substrate and the dye carrier during the heating and cooling cycles.
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5 rotary power source, for instance an electric notor 7202, to the out put
shaft of whi clrscomicawoached notor sprocket 7204. Motor sprocket 172069/2005
imparts rotation to lower drive roller 7112 by neans of |ower drive chain
7206 and | ower drive sprocket 7208. Lower drive sprocket 7208 inpaLts, by
means of | ower dri Vdthehglf in tHizembodistent mowppRepbel} @WeIPWEFWEaIFb‘F?detP%Vi

Lower drive shaft 7209 is Fotatabl | L3 9PRQS) 4 Gath Mheti de into a
beari ng assenﬁlcﬁmﬁ/ﬁ?ysm LSt egﬁo%%téeq}l&gﬁ%/%nsha@ 09 is

i nternedi at e @hhwsospkrRaketaytithBed in stharemdditatentdr i ve sprocket 7210 inparts
rotary notion to upper drive sprocket 7214 by an upper drive chain 7212.

In this enbodi nent of the present_jnventiaon, it shoyld .b thap the
sizing of |ower driFife24pyp0kemato ?@Wé’?ﬁlé Gt 83119%1@?)%}%3&%9“&% %210,
and upper fr i Y SREPGKE TAliBed 1R bhiitbadd b olcBhuteR prister 2408 Tpeeds  of

advance of” upper~and -l ower belts /134 and 7108 are matched, so %hat t he
upper and | owemptiet printen2A08 syaydieraprioki it printenor aplpgps PrnT BF SRMeehe

requi site reversal of .rotation hetween upper,and | ' 34
and 7108, a p&PPPYRr PIEver %’ﬁl}?g‘ 1@5}@? gpﬁtﬂﬁ)@ﬁa&%&iﬁﬁ%g&%“%‘%&%ﬁﬁ%ﬁéﬁ
second rever Sifg O8e fdkfnoR dGBPHDY BFb cabiidr¥ 12 Slethis sagbogément /e prinsr
driven by upper drive sprocket 7214. First reversi n% gear %.6 nmeshes with

] 72
second rever s24@p isdest enotzhao previsle adyegarice thabisfpd frectydploasqmiBEot ot at i on.

Again, it_should ted th fl 6 and
7918 b e VaontTEsrg R Seie 711 dhrop 5T UERAYRERICREN i opRerD) o

bet ween upper gaReate BRL4DE kS the ¢838mdNSinTd@Srander Aftear 2416e Thetsebsteatafilins
been cool ed bel ow the glass transition tenperature, the clanpin essure
may be renpvedd24and thndys seede Qéé?ﬂeé?feﬁ?ﬁ‘itoﬁéé‘%m@aom“ Kt Suggggér ate.
Cooling the s g&g@é %rgggm% S EIRe3k UL ?Fs('%ﬁéﬁ‘t b @biiiohs presdure Sy¥tem

t enperature beé e pressure 1s renoved may all ow the cl anping pressure
to prevent wa43s, tg saberamadddlandiyt harien2d@ acaheatesktoagubbmatipnteEpsTaiire,

e L hBatas i P ISR ARl BB RSBl aberL
Formed wher o 2t {‘%hﬁé‘é?%(“é‘ng%‘?i‘é@???E?ﬁ“i%ﬁzi’?ﬁ??ffﬁﬁ?‘bﬁ?ﬁ%ﬁi rate
may occur. continuous pressure system 2428, where the substrate 242 and image dye carrier
2412 are cooled to a temperature below the substrate’s 2424 glass transition
temperature by a cooler 2436. The substrate 2424 and the image dye carrier 2412 are
20 then removed from the continuous pressure system 2428, where the substrate 2424 is
separated from the dye carrier 2412 and the substrate 2424 is placed on an output
roller 2440. The spent dye carrier may also be collected on a carrier output roll 2444,
As described above, the continuous pressure system 2428 provides a continuous
pressure from before the heating until after the cooling. The carrier oufput roll 2444
25  may be powered and used to help comfe')fr the substrate and dye carrier through the
continuous pressure system 2428, making the carrier output roll 2444 part ofa

CONVeYor.

Ink jet printers are able to provide inexpensive images of dye sublimation ink.
Images printed on a computer printer, such as an ink jet printer, allow a user to not

30  need to store and transport any dye carrier with an image. Instead, the image may be
placed on the dye carrier on demand. Since dye sublimation inks printed on a dye

carrier are perishable, being influenced by humidity and temperature, it is desirable to
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An el ongation of between 45-60% woul d not cause the inmage at the region of
5 el ongation trgcordonwcsi gni ficantly reduce the intensity of theligrge)y2005
Fig. 20 is atop viewof a resulting substrate 61 with an i mage 2050. The
substrate 61 nmaybe heated above the glass transition tenperature, thernal
f or m el ongat edot ased t6 btere andatassporfFiugh itedd, Edrgewumbers efidigitplimagesmay ber j t

has been heated and thernal f el ongat e out 0% .A 20% fon is
defined as hawiosgl op #1p ﬁ%’iﬂp'llt@ﬁ%{d?cg%ﬂ%g’%foo eé‘éqI@Jru‘% nind ’E%%%‘g&gﬁggﬁm
length. The i gRos 135y AERRSERGREIBWiR 18O GRtdn o piSvidee lidge
sublimated i nages are dyed several mllimeters into the substrate, it is

bel i eved t hat nutnher eflavaijpblcitnagentiet mey be sblignatd inedbe SwbsHREVIthRO | ntensity

as the original i e. It i eliey : j M hioqthiot
significa |y1‘i“’&8§ﬂ@g“"i‘1ﬁ§88‘°“‘ﬁn9§ S?‘%‘?‘ﬁ?’iémﬁ‘%,‘%‘%gtt Ig‘tﬁqﬁgﬁﬁteng ty of the
el ongat ed i MagRaFHRY¥ne Yo @ aRahEimagErch A0 bomputddthé dydeards. or i gi nal
image intensity. Fig. 22 is a side view of a substrate 61 with a region

length L. The substrate 61 is heated ove .the glass transit] -

tenperature and t hdpeaEsulting suhshak ,lﬂkﬁﬁéﬁyt{eﬂémﬂ’@&%c}ﬂ a@ﬁg?fﬁhﬁ ajewith

i ncreased by §RifablBly87 e 8o AR I the Aibker ibsirid St ih¥ Restidlp | Mat ed
n doe

image in this reqgi S not significantly reduce image intensity. 20 The
provi si on of sulsoakifimA484 pitkthe reagermay eBaded an amiiecdignareld.ovithdiecool i ng

region may help to provide the desir i,mage. Wiho [

theory, it0isimgs fﬁ%@%ﬂlﬁtlwﬁfl?f%ﬁq e B ‘ﬂe*hﬁﬁgﬁ%ﬁﬁeﬁﬂ%%‘f ‘?‘F‘gﬁ%gﬁg‘ggéﬁ%&he
substrate andyTRgge. fafahifRfred RARS SSbstrh@Ml A@dkRek fhegubitrtofiin sgddcedg
region, the inage quality is inproved. It is further believed tﬁ:@tg% if the

pressure is rotheddddotew theprsfirned filrg ta hemeraresiy placedindhgmo

carrier pass fromthe_ heating region to the cgoeling: I 4, iRge
qual i ty woul dp%@q%%g‘éﬂﬁﬁﬁﬂg?t?&%ﬁ?&ﬁémwg maoﬁ?.f ?ﬁ%ﬁ@o@éﬁ%@ga}ehe dye
carrier from glohgesudplabi, Gnd tHe shbstfat filiemap adtiasu ebitdtivte itdage camtingniibers
- pressure helps to keep the substrate from shrinkin

.. enl arging,, extruding,
or warpi ng i nplastid asdsubsirate Gim mey be soelpdiang thﬁfp?@éfsqugiw&r Fhed&?lacﬁeﬂﬂéﬁy’
Shrinki ng, en] argin t r ydi ' Yih & 8 1aQedd thikdu@H thy the
| ower terrperaf%ﬁgu%s%gtﬁe%ﬁleswdﬁﬁggesg@%ér?@g%ﬂragiggﬁy th-gggi nventi on. 'I"J%g
conti nuous prgmpswite iy al so be useful in keeping the relative positioning
between the substrate and the dye carrier during the heating and cooling
. _CyCl es. 40 FSCODOOI:ILl'ﬂ\{\éD al%e%z?tlgv/e,zg 8)?6 carrier may be placed in the injection mold, with the

image facing the interior of the injection mold. Plastic may then be injected into the
20  mold. The plastic may be cooled and removed from the mold. The dye carrier may

: } be removed from the plastic, leaving the image sublimated into the plastic.

Fig.'s 25A and 25B illustrate a computer system 900, which is suitable for
. implementing embodiments of the present invention. Fig. 25A shows one possible
physical form of the computer system. Of course, the computer system may have
25 many physical forms ranging from an integrated circuit, a printed circuit board, and a
small handheld device up to a huge super computer. Computer system 900 includes a
monitor 902, a display 904, a housing 906, a disk drive 908, a keyboard 910, and a
mouse 912. Disk 914 is a computer-readable medium used to transfer data to and

from computer system 900.

30 Fig. 25B is an example of a block diagram for computer system 900. Attached

to system bus 920 are a wide variety of subsystems. Processor(s) 922 (also referred to
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Al t hough in this enbodi nrent an upper belt and |lower belt are used to

provide a corscoperl®ystem for noving the substrate and dye carnigroel/ommne
pat h, other conveyor systens may be used in other enbodinments. Fig. 24 is
a schematic illustration of another enbodi ment of the invention. A 5
conput er syst smeRéfldrovessiigiesitsppt GPUSGeeaned(te SI9Tags S TCes “k?lrl‘fdﬂlfge r 2408.

Some. ot hor - cORBBDEI2prtne opranics SghLeopish Heflory (RAM) AR o o

sone ot her print”a digdgital imge from

the conputer h&nSfﬁﬁw?HAs isM@Ekeafwroehesath ROMtaco o tyesdeichitzandye carri er
2412. In this enbodinment, the printer 2408 is_ fast enouEh J@?Bfe?‘dﬁtqe a dye
carrier that instrdasignglimiedirecijon Véﬂﬁle&?ﬂﬁqﬁ]%ﬁg“fém?mga ¥ TR sVSt em

2416. A feed ral.l 2420 of g.st i 2% 1RO Wee 8T inBforissinay r at e
film 2424°to @ﬁén%ﬂjﬁ IPWUIB&}I?#&%%J%%%%#%?BWMemSZ 6. The substgate film

2424 and L he gy¥RdE ahy hefabR4j dthe wmseeteadagbtm?ﬁa dﬁ‘«sfpl_’ib%d oW )
pressure by a_ continuous pressure system n.a.- : t he
cont i nuous pr@lglsﬁ?ﬁalss'%ﬁé’tcé‘ﬁiﬂe‘ih’z@,e@ﬁ@é’&ﬁéﬁ%@’ gﬁﬁ“&# ;gﬁ (%:gc}a?% er 2412

?Lg gﬁgtste?at gst(gragc?g& .agﬁ?); él%ﬁ)‘?ﬁ‘i@@ﬁﬁfdd& Gny dOh¥BbEputesraaditdenedatdeseibattov e

S transition tenperature by a heater 432. . The
substrate 2424elandFityé diskiogs eraybei@ed oetorapipgrans, datacaihibe §ke endf ¢ he

continuous pressure system 2428, re.t r ! e
carrier 19412ypicalledsfca %stgrqggﬁ?\é\%‘flg? &ﬁugﬁ @%g%htd%?g%géﬁgtvgﬁk 2;@234%I ass
transition te t Qe tha? th3Gnfolthiohubiained trathie A4 cddi i mge
dy’g carrier Zﬁ%é%r%m%gg?ﬁperﬁ rer_m\;led frgm tlhe co ti_nuous.nﬁgfssure- ystem
2428, \émterettm%gmﬂogaﬁ@e mmbbsncogéﬁa%meﬁqﬂﬂﬁ?@rﬁ %231%‘% Ef‘y%% ??%ffyd 12 and
e substrate aced ,on. f thd@ngRet dye
carrier may dp%o%’edzgoﬁegﬁvgﬁegﬁﬁglgafrBi ere%gt ﬂc’fr o?l 2444, " As descri bed

above, the coRhddRHAHSIIPHSREHEEDEYW] em 2428 provides a continuous pressure
frombefore the heating until after the cooling. The carrier output roll

2444 25 may be powered and used to hel p copvey. the  .sub:
carrier tifirough t@&J 9%%malwlesﬁ%§§ﬁ‘§%yQﬁ??é%?“i&%@p%‘fz?{#g‘ %@Spgl%éfreri er

output roll %glé é%:d?lOﬂnoﬁW@yaﬂHspéaﬁgrszQO. B getlei] Sandinputéduitmt devips ovi de

i nexpensive | ye'sublimation ink. |Images printed on a conputer
printer, suchn@sb@dny dfkvides displapd, érack ballspmics, pands, IHEEOHIONER YED st ore

and transport any dye carrier, with an [nmage. | nst i KBy, be
placed on t hesem}évec%ﬁl?l_ﬁﬁi ﬁé‘ﬂ?%@“f‘?ﬁ_ﬁ?ﬁegeﬁ% gﬂa%%ucsour gﬁﬁ%%?%ﬁa?%g’s printed on
a dye carrigg ale Wit &h@?&@ﬁﬁbﬁeeggﬁiﬁr&, BesmERdcdayadusrioiother aodputers.
t enper at ur e, X 15 desirable to o
20  CPU 922 optionally may be coupled to another computer or telecommunications
) network using network interface 940. With such a network interface, it is
contemplated that the CPU might receive information from the network, or might
output information to the network in the course of performing the above-described
method steps. Furthermore, method embodiments of the present invention may
25 execute solely upon CPU 922 or may execute over a network such as the Internet in

conjunction with a remote CPU that shares a portion of the processing.

In addition, embodiments of the present invention further relate to computer
storage produets with a computer-readable medium that have computer code thereon
for performing various computer-implemented op erations. The media and computer

30 . code may be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and available to those having skill

in the computer software arts. Examples of computer-readable media include, but are
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47 FSCOP0O01. WD 16/ 09/ 2005 not need to store and transport such itens. Large
nunbers of di gétGHooi.wages, may be stored on the computer 2404 arg/09/2005
transferred to the conputer and naybe mani pulated by the conmputer for a

custom zed inmage, allowi ng the systemto provide a | arge nunbei{? of
avai | abl e i nagetdinitet tormygrstic ntsdiarucle as hawd disks Eoppndisks fad HRERetTJans:

I nventory requirtepent. The ' |: . AT NE jaf f erent
g tal i mmgBRiEhEeth et ey e helhEapis gB R aghit Shudd e T e
carrier. The Lesuktiopicad dRRs; add Batkivare &44s thayarb epdaifyranfgured testotsiasiter

substrate with the I nmage between the substrate fil mwand tth%@l&isﬁ’:er _
substrate, orexdeptopeeaiimicads, SuEbastapRiEPP PR tegraie ¢rrtp y be

pl aced in _an injecti | d ] t ' RARK BSitder] edof of the
nol d. The ssubBEJW?%T?%&ﬁMﬁ%@Ib@f%@%ebygﬁ er ?ﬁgé%%rrgjégﬁlﬁs transferred
to the subst ra&rﬁ%&éﬂ Jodandidde heichink kedes sidtaspraiuted by & soppidereand filss o t he
nold, to allowthe prefornmed filmto be nor%easOWI aced . exteolg o ld. A
pl astic rmay t trersainaghigherienel coRe Bt fe crefuisdOYHF T UHE A ARGE W |

subl i mate int [ nj - &% Sisdnsaiteed by dedmputaciatas a
protective i alélbﬁg%%{elmri\%ﬁ@g%gﬁ%l%sﬁe?dgglg%%?gubstrate fi I)Am may be cool ed
and then renpsgehl bmbodithin arcdrder WBamemd répygsentnghseguenrercs trstuciions HFErY be
cl ear enough to alJow the inmage to be seen through the substrate film In
the al terlﬁati%?utéblagé!aé’é?qﬁﬁ “may be placed in the injection nold, with
the image facing the interior of the injection nold. Plastic may then be
iTijected into the 3Q 7pkd flolhéhal FEShbtheramybddémenof e ianchtiopmbiretk digitah t he
nol d. The dye carrier may be renoved fromthe plastic,.|eavin t%e I mage
subl i mat ed i nimge fssefectedtone, comingters Fims A7 trgschepatiq flyslratonol g cg fer

syst em 900, FY%JOS'Q ?Agxgai ﬁ%}ég%g :qgayfb%rstori%n{l"gﬁ &%Bh&)@%f $ . S (PR REsretto tRe present

I nventi on. possi phys m of the conputer
system O coinffierbhentgbeuiipusted Bytherympateef® orslomipidisiagel allowings

ranging froman'integrated circuit, a printed circujt boar angd. smal |
handhel d 18evi besysrnt i proyidge laapermbenfi GREP™ 1@6&%%?"%’5?‘2?% 88685 Udes a
oD or 902 BBl of 10 B sl done, B0 amsh oy bour o
transfer dat aGémeralygcorhpaen primtgrs wh o5 yrijetnpri@@es and laser printers receive 2

command where a digital image is represented by computer data, which is interpreted

by the printer to print the digital image. Such data may represent pixel points or raster

20  points or may be a vector format. The printer 2708 prints the selected digital image

: } 2712 on the substrate film 2716 (step 2612). The printer 2708 uses sublimation dyes
to print the digital image 2712 on the substrate film 2716. In this example, the

substrate film 2716 is provided in separate sheets. In another embodiment, the

substrate film may be a continuous film on a roller. The substrate film 2716 is then

25 laminated to a target substrate, and the image 2712 is sublimated into the target

substrate (step 2616).

Fig. 28 is a schematic illustration of the substrate film 2716 being laminated to
a target substrate 2804 in a lamination device 2808. In this example, the lamination
device 2808 is a hot lamination device, comprising an upper platen 2812, a lower
30  platen 2816, and a heating device 2820. The upper platen 2812 and lower platen 2816
| provide a press for pressing the sﬁbstrate film 2716 against the target substrate 2804,
so that the image 2712 is between the substrate film 2716 and the target substrate
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30 Fig. 25B is an exanple of a block diagramfor conputer system 900.
Attached to sgcipesnwas 920 are a wide variety of subsystens. Progegsord¢os
922 (also referred to 48 FSCOP001. WD 16/ 09/ 2005 as central processing
units, or CPUs) are coupled to storage devices, includin -rrermrﬁ

924,
Memory 924 i nz8add dehertmattmdeaize @820 hesinthy flmanystraied 716 2ad B tgree ‘Fée(RoM.

As is well kn in the ar . act.s £ 0. o bONS
uni - directi onngot%ovt‘%eehwwmq%gtﬂﬁs%%%élgé l():gﬁe?/ t?(g)@%hrlgdgi Pféa?ﬁltggt ab
and instructi ofg infb tBe RiglbutRGhic080Y soriiankmindion hndfutdinegientypes of
menories ma I nclude any suitable type of the conputef-rea e.redi a
doscr i bed bel smuliAndonsoHhe mitetaiiin %ll%aqf%mﬁr’ﬁ!dég‘%ﬁ SP&F?%%??@%‘SF@‘% o CPU
022; it provi dgs additlonal., 2t MhIR0RIARRAIARG diBLoakso | ncl ude any

of the coﬁput nme escribed below Fixed disk 926 may be used
to store prograns, data, and the like and is 10 typically a secondary
storage nedi um ( suChs @sulinhprodudiisk jlye hilimiatsdsmegemn a tazgst proshaieyithst or age.

It will be appreci.ated that the infornation.retain .t Dl i di sk 926

may, in appr oPofestiee g‘é‘éé‘g’,ﬁrﬁt@ CPYFEO%B(C\}}%. kﬁs %ﬁgéﬁﬁgqegﬂtﬁ%gﬁ%lﬁﬁ s virtual

menory in me Relay i bk 3. tThe résmilthngnfrodwmf nedy t he

corrpu%/er- reaggﬁggggnéaiaa des%%egggh%gﬁegv%faggywu 922 isr al_siz:;(;;?,ggeto a
10,

variety of i nipidatedtapdthegwel fovned lrpi2634) iithgmagner ganyn kg nmouse

912 and speakers 0., Ln general pnput / out put device may be any of:

vi deo di §EI aygﬁfe ?Bﬁ‘@ﬁtegéﬂl&ﬁls ﬁ?sg&n?goeéyhﬁﬂoﬂar%s, ni cr ophones, touch sensitive
di-spl ays, transducer card readers, magnetic or paper tape readers, tablets,
styl uses, voi ce orimhangdwmdiiveghe eatigaticnansy bayprovided by 8 colddamingtiopdedeher

co ters. 20 CPU 922 optionally ma cqupled, to her ,co or
t elrrgg onmsmi ca?908nas S_hﬁ‘é?\gk)!ﬁg- &% %@hr%’%qtﬁﬁﬁmﬂﬁ}"@ g&@ag@%mamﬂg%‘ljﬁ 4
networ K i nt erfaceorhbnd £ lovi BHETBO A Bhrtdidke g 7L AUGDE theeasee: film

i nfor mati on f¥emThé “netwo mg out put "information to the network
in the coursexmub apsinftaheniangt bibstraie @964.dAs erdhdsie maychensed &2 Bigyiderur t her nor e,

thod embodi ments of th i nvent | 5 | CPU
050 o s exiamiAon jstead of bt ke RIS SRR AR 275E St Ardlisfabal? 0N 11
a renote Cpuogdéﬁ&mﬁ}}ﬁéﬁe n@a&%ﬁ Egﬁbﬁh?ﬁctheaemcegag&i A8 uphét pAsteh B0Dhand a

enbodi nment s the-prese invention further relate to conputer
lower platen 3016 may be used to hold the subsirate film 2716 and target substrate

2904, while a heater 3020 provides heat to cause dye sublimation.

The hot and cold lamination devices 2808, 2908 illustrated above may also be
) 20 used to laminate the substrate film with a sublimated image to a thicker substrate, as

described earlier.

An list of plastic substrates that may be used in the above embodiments
comprises, PVC, PVF, PET, PBT, polyesters, polycarbonates, acrylic alloys, Lexan™
by GE, Valox™ by GE, Atoglas Solar Kote™, Plexiglas™, Tedlar™ by Dupont, and

25 Korad™ Polymer Extruded Products.

From the foregoing discussion of several embodiments of the present
invention, the ordering or spatial arrangement of the several elements of these
embodiments was presented. It will be appreciated that these are by way of |
illustration and not limitation, and the present invention specifically contemplates

30 modifications thereto.
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storage products with a conputer-readabl e nmedi umthat have conputer code
thereon for pestorari.wg various conputer-inpl enented operations.]ghgored@s
and conputer 30 code nay be those specially designed and constructed for

t he purposes of the present invention, or they may be of the kind well
known and avai | abl e Fimilly/wekite ceatainasticishibstraies havedesn pragenied a%% & arts.

Exanpl es of conputer-readapl e di,a j nclude ut

16/ 06] 2005 not TeTcH HHSPEGAL HEGHERHES hikdh B8l e e&éghgﬁoﬁgﬁi@%,ﬂ%ppp i sks,
and magneti c t%ﬂ?érentgﬁsﬁ&alAdEﬁﬂﬁ@in%@pﬁ&é@& e precht nentioragiecificaldy i ces;
magnet o- opti cal nedi such as floptical disks; and hardware devi c&s t hat
are special |y conitinglateilic appliseidrrethareaf toeeidavarigy 95paMH e he FEqmREs

application-specific.jntegrated ci Ld.S: : ogramabl e | ogi c
devi ces (PLDs) P I%H%Wéi&f‘ﬁ“@%@’@é@%?@% oi tﬁ%brrput er code include

machi ne code, such as produced by a conpiler, and files containing higher
| evel code that areTaypawsmthveytion hoateen partiodngstomni andaleperdred with iegnestit er

readabl e nedia nmay al so_be _conputer cqde. trapsn jted by a a

si gnal enbodi edo féitag l?fﬁfepie‘éP“Khﬁ&@leéﬁd’%g@&%%@’ﬁﬁef)hgﬁﬁwgae/eﬁﬂégﬁgoew dé?@fea&li‘w

| nstructions tﬁﬁﬁar%g?o thb&h &’%ﬁgﬂd&ﬁ@l&l BMth@aP EHAE $A&RAE chdrigls aRBmibdifkaidre\in
er e the invention. First a

chart of anoth odi nent o ] digital %tng eis
sel ected on a denpakieletailfngy bomadewiher deprating fipm tienink angscepe of B®onput er

2704. Digital inmages may, be stgred o he. conput er - fs red to
the conputler HHEIHRRASS “ﬁﬁ i‘%&eﬁBﬁ%ﬁécaﬁgS'%%ﬁCg%’g g? B{G{m%:lg%tg g?n&{ged
iTage, al | owi ngrl&LRRnSNSiRAT S PEMMIAR theihoapoatibeof afe @ustmmiilmages. A
command is sent Is sent fromthe conputer to the printer 708b§o rint the
sel ect ed i mage v{riue feapsesind adeentages|tanght hermnpne wide vaney o e FRUnalgR; o
printers and | aser printers receive a comand where a digital inmage is

r epr esent ed bya@@ff’ﬁ&e@r data, which is interpreted by the printer to print
the digital inmage. Such data may represent pixel points or raster 20
points or may be a Waglk@kahiplesaf suclaitempiives @avel@f ppasemted herewitbeit sl ba

digital image 2712 on the substrate film 2716 (ste 12)..dhe printer
2708 uses Subl rpraediased by those eiskyf myffic Mébaé?‘é‘?rf@%eﬂ’f@ﬂégﬁﬁ%f%ﬁ S?‘%éil
substrate fil ' - t8ethdddid@ésl @langpifg ovi ded
in separate S%lé%%&s Féﬁgg%%ﬁg’%%ﬁ%ﬁ? Ir%%aﬁ]t%g atﬁﬁgég]g%bst rate %i I mérrfg);ﬂgbe a
continuous fi | petiodalogiet,laad melives Sotysisitapimgfant md2¥ing plajen prspmblies may, with

equal facility, be implemented to enable the features and advantages taught herein.

Similarly, while discussion of the invention disclosed herein has centered on the
. 20  utilization of that invention for forming dye sublimation images in solid sheets of
) plastic, study of the principles enumerated herein will elucidate to those having skill
in the art that these principles are applicable to a wide variety of substrates, including
natural and man-made substances, films and polymer-coated materials, including
polyesters. Each of these alternatives is specifically contemplated by the princip.les of

25  the present invention.
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25 lamnated to a target substrate, and the imge 2712 is sublimated into
the target sBEEAROGLWO(step 2616). Fig. 28 is a schematic illustyrgtpon qfos
the substrate film2716 being lanminated to a target substrate 2804 1n a

| am nation device 2808. In this exanple, the lam nation device 2808 is a
hot | am nation device, conprising an uppgfimpl aten 2812, a |lower 30 platen
2816, and a heating device 2820. The upper platen 2812 and | ower platen
2816 provide a press for pressing the substrate film 2716 agai nst the
target substr 3hat B8lrmed o that the i mage 2712 is between the substrate
film2716 and the target substrate 50 FSCOPOO1l. WD 16/ 09/ 2005 2804. The
heati ng devi ce 282Q heat ] rabe : : hatelvatlgeysubstrat e
2804 to provi g'e hogwfgtﬁ?(ﬁ%%?ogﬁﬁ%?@'%g&ng%g@g%% used to 3s(ubl i mat e
the i mage 273Rribti9irghe ifnageRirmsd tistdoatof a28flinals dyesinfl] Geineriiedbn and
sublimation are sinultaneous. The |am nated filmsubstrate 2716 and target
subst r at e 328020 & he 5 sublinmated i nage may be renoved fromthe

| am nati on device and cool ed. The resulting product is a dye sublinated
~image in a target gaﬁ%mtiﬁlagé bHthd dyPERLS gkt f fifsT3B{H06 bf theaubdmaty .  Such a
filmsubstrate may be at |eaSt partially transparent to allow the dye
sublinmated image to be seen. The resulting product may be heated and
thermal fornmed (stlptizgite)dyegamrise tovaiwblmaiopignoeiiyPy. ' s 20-23. The 10 dye
sublinmated inmage is resistant to thinning. In the alternative, the

l'am nation may be provi ded - €0l ' ' ' o hainghpawn i n
Flé 29. Such a co‘%’&?m% er%? %é%%eggo\/?%%)?%%gtt%r avesggﬁeqﬁg%gr press 2912
and a | ovwer pagsgma@lidto press the image 2712 side of the substrate film
2716 against the target substrate 2904. An adhesive may be used to provide

15 lami nation instead of heat. The |am nated substrate fi Aidar get
substrat d® 2904 nefoYHEE aﬁ‘@ngp%qpé@rqsis,urgagf{mﬁqiﬂ}?ﬂ%%ﬁl dg‘\a/f}i(;lél@gé%%& An lﬂ%per

pl aten 3012 | rfBapbe used to hold the substrate film
2716 and tar S‘thhgaﬁﬁéﬁﬁg?‘é Qagidafﬂ%v%ha% e a heater 3020 provides heat to cause
dye sublimation. The hot and cold | am nation devices 2808, 2908 illustrated
above may al so be 20 used to lam nate the substrate filmw th a sublinmated
image to a thicker substrate, as described earlier.

2. The method, as recited in claim 1, further comprising conveying the substrate

—

and dye carrier along a path with a first part and a second part, wherein the heating is
15  done when the dye carrier and substrate are in the first part of the path and the cooling

is done when the dye carrier and substrate are in the second part of the path.

3. The method, as recited in any of claims 1-2, wherein the continuous pressure
provides a pressure between 5-50 pounds per square inch for every point on the first

20 surface of the substrate to which the image will be sublimated.

4. The method, as recited in any of claims 1-3, wherein the continuous pressure
limits shrinking, enlarging, extruding, and warping of the substrate during the heating

and cooling.
25
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An |ist of plastic substrates that nmay be used in the above enbodi nents
conprises, PVGscBMB1.weET, PBT, pol yesters, pol ycarbonates, acrylﬂ@/@g(
LexanTM by GE, Val oxTM by GE, Atoglas Sol ar KoteTM Pl exi gl asTM Tedl ar TM
by Dupont, and 25 KoradTM Polyner Extruded Products. Fromthe foregoing
di scussi on of fHeverkie n@aﬂmljamit@i infany héclpm@sleﬁ,tWh@eréhﬁ tpqyﬁnu?q«?epr@?%gn ng

or spati al arran enent . of e. sev el enents o B wWas
presented. |t lgafsshyaking El&%‘d‘%lﬁ#&ﬁ a(nﬁevgagplggg faﬁg%ag%m ust r%tion
and not lim t%ﬁghe.‘ﬁﬁ ahﬁ%o sent invention specifically contenplates 30
nodi fications thefeto. 51 FSCOP001. WO 16/ 09/2005 Finally, while certain

pl astic substrates have been presented as exanples herein, the present

i nvention has been found to be useful for imaging a vast array of

different plastics. Accordingly, the principles of the present invention
spect {1 cally | ¢ on 4TRL i BrcERl hGal bpaLer solndtinddbbimesioh ot Y of

pl astics, and the exanples presented herein are illustration
and not | ini ta&mparatui’a]eammattmabawﬂlﬁ(gmhasnsm@iemﬁltﬂ @I arly shown and
described with respect to certain preferred enbodi nents of features

t hereof . However, it should be readily apparent to those of ordinary skill
in the art that various changes and nodifications in formand detail nmay
be made without departing fromthe spirit and-scope of the 10 invention as
set forth in the agnensebdshietlied hanpaf tlhimsl a6, whdreinghé deprgsbws of t he
present invention specifically conte Iaie t he.incorporation of one or nore
of "the vari otenfesatieres tamperaturehislongbs elass grsitinl IBRCBRTS Wi de variety of
dye sublimation apparatuses. Wil e exanples of such alternatives have been
pr esent ed 0herewith, it will be 15 appreciated by those of skill in the art
that altelnative orientations of the several elenents taught herein,
alternative heating and cool i ng net hodol ogi es, clanping nethodol ogi es, and
met hods for p@siti @hée ngtlmddas mcimdlmgnpbﬁQl@Ides&éﬁhﬁfﬂEéhﬁrwunﬂﬁ“’tsr?wséﬁr&aI
facility, be inpl errent ed to enabl he.f.eat ure n aught
herein. Sini ISHEPYIdedBy 7 EapIEsSHE 'Ef[ € if;al%?] B9 dse ﬁ ?%nﬁﬁ g%ér herein has
centered on the 20 utilization of that |nvent|on for form ng dye
sublimation i mages in solid sheets of

9. The method, as recited in any of claims 1-8, further comprising:

15 heating the substrate;
; ) thermal forming the substrate into the formed object; and

cooling the formed object.

10 The method, as recited in any of claims 1-9, wherein the heating and cooling

20  ofthe dye carrier is in a continuous processing machine.

11.  Apparatus for forming a dye sublimation image in a first surface of a substrate

with a dye carrier having an image formed thereon of a sublimatic dyestuff, the

apparatus comprising:
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pl astic, study_of th%&écﬁ)ri nci pl es enunerated herein will elucidate to those
havi ng skill FSPOP#E-YP ¢ that these principles are applicable tag/eRde2005
vari ety of substrates, including natural and man-nade substances, filns

and pol yner-coated nat eri.al.s, .including. I (o .t hese
alternatives is speaﬁqareegqrﬁg?h%%tﬁgﬁﬁ %ﬁ%@qgé‘%ﬁﬁﬁéﬁ%?‘ﬁnﬁéﬁg%}%@&%f 25 the
present invention. 52 FSCOPOO1. WO Cl ains What is clained is: 16/09/2005 1.
A net hod for form ngooaldd¥er coubhg tietdiye bartiskgsdqnent ts tedteptngoithe Hyacamper
carrier having an inmage forned theregn of a sublimatic dyestuff, the nethod
5 conprising: ipitiecsublmalien {eFpgEEe: e dye carrier against a first surface
of the substrate; heating the dye carrier to a sublinmation tenperature;
cooling the dye carydciindds BredSRE SR for pREBRE Thd e KR WRThe Iy dueidi ng
the dye carrier; and 10 provi ding a continuous pressure against the first
surface of st heagsinbisthe fitst suhfirce iof thetshibsttateaibargimihg cCORBIORYPERTTE HEIEbet ween;
2. The net hod, recited in claiml further IS Ay | t he
substrate andlpgﬁ"eg & 1p%9us§|r?§ﬁbre§gﬁg§tﬁﬁq,ﬁsﬁsugﬁ? ?-rggﬂthéps)‘g%%ﬁ %ng agg%cond
part, wherei nHeQ@thth@god']ﬁ Lhd depreewhrp. t he dye carrier and substrate are
inthe first part of the patﬁ and the cooling 1is done when the dye carrier
and substrate are in the second part of the path. 3. The nethod, as recited
in any of clains 1-2, wherein the continuous pressure provides a pressure
bet ween 5-50 pounds per square inch for every point on the first 20
suptace of 1N, SUBSEapSarkils, 48 fltol RPCITPOL e BifipALAL bEBARGor for The

net hod, as recited in y oF “clai s -3, erein the continuous pressure
limts shid nkingingthk anlgitm, andxiye vatiingslomna path vthregfiest parhendsaissPREPEL dur i ng

the heating ?v%%re?r? allelhrégfer %%d%%enﬁ%ggg%gfp\ﬁ of the path and the cooler is adjacent to

the second part of the path.
13.  The apparatus, as recited in claim 12, wherein the conveyor comprises:
15 an upper conveyor belf; and

a lower conveyor belt.

 14.  The apparatus, as recited in claim 13, wherein the upper conveyor belt and the

lower conveyor belt move synchronously.

20

15.  The apparatus, as recited in any of claims 11-14, wherein the continuous
pressure system provides a pressure between 5-50 pounds per square inch for every

point on the first surface of the substrate to which the image will be sublimated.
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16/ 09/ 2005 5. The nethod, as recited in any of clains 1-4, wherein the
conti nuous presgupiwa M ts shrinking, enlarging, extruding, an i

the substrate in all directions during heating and cooling. 5 g_gggg/%&?,
met hod, as recited in any of clainms 1-5, wherein the sublinmation
tenperature isiga termRapairdfe, 8 baed ihenyfakamt 1 #1§) vhanntthepamtanowse. 7. The
nethod, as recited in any of clains 1-6,, wherein the depres ﬁ{ee btrate
tenperat ure i PressueHpEeElgE sBERGRS. HET &:seé‘trtlﬁil&ﬁsﬁnﬁi%aﬁlglpgr?% atare. 10 8.
The met hod, as, r.eci I: ..glainms 1-7, wherein the continuous
pressure is pdrug\?/lgh%e f;}&aﬁ{g%cgg%? ssure differential to provide the
continuous pressure. 9. The nethod, as recited in any of clains 1-8,

further conprising: 15 heating the substrate; thermal formng the
substrate into the formed object; and cooling the forned object. 10 The

met hod, as recited.n any of clains.1-9 er el i ol ing
20 of the dye Qarri]g]f’ aPEi;ii’ﬂS’é’SEec?htF”&Hh%i}fs‘)f\éT%’%gggﬁlﬁgg %@ﬂ%ﬂ&%ﬂoﬁsﬁpay at us
for formng aﬁmgwtém%@hﬁﬁmgg, enfr@ng,| dxGlidiay dndeearpibg af thebwbsteai®in wi t h
a dye carrier "having an inmage fornmed thereon of a sublimatic déest ff, the
appar at us conptlidsiepigons sy g aydbeadmgang yhsreinihs £9pI8F ISAGESHEREINY St he
dye carrier to sublimation tenperature; a cooler for cooling the dye
carrier subseaﬁsg?ﬂl' to the heating of the dye carrier to the sublimation
tenperature; and a continuous pressure systemfor pressing the imge forned
on;the dye carrier 5 against the first surface of the substrate, wherein
thé continuous pressure system applies a continuous pressure against the

first surface of t substrate dyring th heat i : ' and

t her ebet wden. 1%—2. %ﬁ‘éawsataﬁg‘?ﬂﬁimrg@giogg&up#ic"lrfg’i i %T,&l@ﬁeu@t% eraﬁg%rrpri si ng
a conveyor fO'Eer%&rz{mi‘éiwgt&ﬁ%ra'iﬂ@%é@éme%&ds ghygithartempéramkang a path with a
first part and second part, wherein the heater is adjacent to the first

part of the path and the cooler is adjacent to

19.  The apparatus, as recited in any of claims 11-18, wherein the depressure

temperature is 2 temperature below the glass transition temperature.

15
20.  The apparatus, as recited in any of claims 11-19, wherein the continuous
} . pressure system uses a gas pressure differential to provide the continuous pressure.
21. A method of forming a formed object with a sublimated image, comprising:
20 _ providing a dye carrier with an image;

placing the image of the dye carrier against a first surface of a substrate;

heating the dye carrier to a temperature above a glass transition temperature of

the substrate, while in a continuous process machine;

cooling the dye carrier to a temperature below the glass transition temperature

25 of the substrate, while in the continuous process machine;
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t he second part of the path. 13. The apparatus, as recited in claim12,

wherein the ¢ YRI wePnprises: 15 an upper conveyor belt; and j5 )
conveyor bel t%%ﬁ The apparatus, as recited in claim 13, wherein J't’ﬂg@'upopoefr)

conveyor belt and the |ower conveyor belt nove synchronously. 20 15. The

apparatus, as reci tgdojifl MaYlyetarlerirti thd subdratyiveiopdin tehinagohtd breous
pressure system provides a pressure between 5-50 pounds per square inch for
every point anblitheed intesthe Swstisafacectf thewubsltai®t rate t o which the image will
be sublimted. 55 FSCOP0O01. WD 16/ 09/2005 16. The apparatus, as recited in

any of clainms 11-15, wherein the continuous pressure systemlimts

shrinki ng, enlargi E‘S%tmg%?ﬂlgig%%s’ and war ping of the substrate during the
heating and cooling. 5 17. The apparatus, as recited in any of clains

11- 16, wherei n t he gepnbl fousig thesubssate ts ihstfemddiobject; aghr i nki ng, enl ar gi ng,
extrudi ng, and warping of the substrate in all directions during heating
and cooling and wher inﬁﬁh cooler is a passive cooling system 10 18. The
appar at us,> as reci CeY1g %ﬁyma‘?@ﬁgﬁ-m 11-17, wherein the sublination
tenperature is a tenperature above the glass transition tenperature. 19.
The apparatus, as recited in any of clains | 1-18, wherein the depressure
tenperature is a tenperature below the glass transition tenperature. 15 20.

The apparatus, as recited in any of clains 11-19 wherein.the .c i nuous

pressure syst @k usdbe gehwd, %rfé%léslrlé CHi 24, ¥ r?%lm?@ogﬁ%?géefﬁbéﬁg{gnti nuous

pressure. 21. A neth f gFp) j biHatrateSald whatiadhd mage,
Zp Eﬁ)vg}r%% \:}1%%21%6 el d@/{ﬂgloﬁgfitﬂﬁrﬁ?gr%@dlﬁ&fth%ﬁﬂg e

conpri si ng: a carrier wth an imge; placing the inmage of
t he dye carri efiblagatdiaiagaifnot shinsdk f ace of a substrate; heating the dye
carrier to a tenperature above a glass transition tenperature of the
substr at el,0 while in a continuous process nachine; '

23. A method of providing a sublimated image on a plastic substrate, comprising;

selecting a digital image on a computer;

using a computer printer to print the selected digital image on 2 dye carrier

with dye sublimation inks;
15 placing the image of the dye carrier against a first surface of a substrate;

heating the dye carrier to a temperature above a glass transition temperature of

the substrate, while in a continuous process machine;

cooling the dye carrier to a temperature below the glass transition temperature

of the substrate, while in the continuous process machine; and

20 removing the dye carrier from the substrate, wherein the image has been

sublimated into the first surface of the substrate.
24.  The method, as recited in claim 23, wherein the substrate is a substrate film.
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cooling the dye carrier to a tenperature below the glass transition

tenperature 25caHootwe substrate, while in the continuous procegs hggRieaIs5
56 FSCOP001. WD 16/ 09/ 2005 renoving the dye carrier fromthe substrate,
wherein the i mage has been sublimated into the first surface of .the

substrate; heasi ngThhmetwlsistatitzd in by ofdlaife 2Ri2dg frther SRS BNAIgE  he
formed object; an 5 ¢ooling. heﬁfbor d object. 22. The nethod, "as recited
in claim?21, We® ?W?tfiﬁ]@%”rtg‘ﬁt‘fﬁr S'ir%e‘ea' substrate provides a greater than
40% el ongation in a region of the substrate, and wherein the sublinated

image is not thinned. 10 23. A nethod of providing a sublimted i mage on a
pl astic substrate, conprising: selecting a digital inage on a conputer;
using a conputer printer to print the select igital i > dﬂﬂ)@ea
carrier wth26ye Themefhed wiesinddn ango lﬂﬁsﬁg'ﬁh&%ﬁ&@n@%ﬁgé&oglye carrier
against a first surf . : (28 iddheFoflyeer g point e thiedirst

t enper at ur‘{a aB%‘%}ﬁlﬁgusgﬁc*g%sgkt‘%é‘ﬁé%ﬁﬁ gﬁﬁﬁ%gﬁﬁﬁ%ﬁ‘h t he ?liggt rate, while in
a contiNUOUS piEeess Hyaabitag: tooxith the ihge willkbecablineted fom befaraiar heatng

bel ow the glass transition tenperature of the substrate, while in the
cont i nuous pr SeEACHHIPAEIS- and 20 renpving the dye carrier fromthe
substrate, wherein the inmage has been sublimted into the first surface of
the substrate. 24. The method, as recited in claim 23, wherein the
substrate is a substrate film 57 FSCOPOO1l. WD 16/ 09/2005 25. The net hod, as
regited in any of clains 23-24, further conprisi

_fu ng | am nating th
substrate fil@¥to Fhemiethedrasgesitadineleim 36, whesgn (R Frmiuaus Hxﬁ“%ﬁeelg&tsn any of
claims 23f025’ Sﬁﬂ%%?gﬂgr%lrg)t extriting) 20 k\qu@l% &¥ the substrate during the heating and

cooling.

28. A method of forming a sublimated image in a laminated substrate, comprising:
provide a film with an image on a first side of the fibm;
15 laminating the first side of the film to a substrate; and

sublimating the image into the substrate.

29.  The method, as recited in claim 28, wherein the providing the film with an

image, COMprises:
20 placing the film in a printer; and

printing the image on the first side of the film.

30. The method, as recited in any of claims 28-29, wherein the providing the {ilm

with an image, further comprises:
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5 continuous pressure between 5-50 pounds per square inch for every point

on the first siebppewaf the substrate to which the inmage will beg gpobi/aed
frombefore the heating wuntil after the cooling. 27. The nethod, as

recited in claim26, wherein the continuous pressure |imts 10 shri nking,
enl argi ng, extrudi Relectiipch digitgiimggoén 4 bempudrsendat e during the heating and
cooling. 28. A nethod of forn‘ingasublimat’edir'rageinalamnated

substrate, conprising; rovi de, a mw th an.i first side of the
film 15 |am natingeidieg E commagq i 6?r“?tﬁret°fppflﬂﬂeor@é&%§:ﬁ%§éf ate; and

sublimating the imge into the substrate. 29. The nethod, as recited in
claim28, wherein the providing the filmwith an 1inmage, conprises: 20
placing the filmin a printer; and printing the inage on the first side of

the film 30. The nethod, as recited. in an of. cl ai 28-29,. iLn the
provi di ng t he 3i | mThgimathagh aﬁ‘??&ﬁi‘éimfcéﬂ‘?‘ﬁgr gﬁ’ﬁ‘r"k‘%@ ect%iéti‘%-%%@‘%‘gﬁﬁ%

sel ecting a di W&lee. and sending a command to the
printer togiprl ﬁft’nﬁaﬁﬁe cggtg&tl%ﬁ |rra e. 16/889/ 2005 31. The method, as recited

in claim30, wherein the selecting the digital inage, 5 conprises
custom zing the digital inmage. 32. The nethod, as recited in any of clains
28-31, further conprising thermal formng the filma nd substrate. 10 33.

The net hod, as_rec edln | ai s g}ﬁ%ngthe
first side of? theL[{hF ﬂﬂ 5?%05%%“%2%8 sub t| ngnélﬁ |ma%1e into

the substrate &g %rﬁ}ﬁrﬁﬁquggﬁﬁg taneously. 34. A Iam nated substrate with
subl i mat ed i mage forrred by the nethod, 15 conprising: provide a filmwth
an image on a first side of the film Jlamnating the first side of the
filmto a substrate; and

10 33.  The method, as recited in any of claims 28-32, wherein the laminating the first
side of the film to a substrate and the sublimating the image into the substrate are

performed simultaneously.

34. A laminated substrate with sublimated image formed by the method,

15  comprising:
; ) provide a film with an image on a first side of the film;
laminating the first side of the film to a substrate; and

sublimating the image into the substrate.

20 35.  The laminated substrate, as recited in claim 34, wherein the providing the film

with an image, comprises:
placing the film in a printer; and

printing the image on the first side of the film.
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sublimating the image into the substrate. 20 35. The | am nated substrate,
as recited in i wherein the providing the film wth anqi ,
conprises: pl ag%(r%ﬂgpﬁéofi Imin a printer; and printing the imagelé;(?riggl’{ezoo5
first side of the film 59 FSCOPOO1l. WO 16/ 09/2005 36. The | am nat ed
substrate, ‘as recited in claim35, wherein the providing the film wth an
i mge, further conprises: selecting a digital imge on a conputer; and 5

sending a command to the printer to print the di gital i.mage. 37, 'é'ﬂe
| ami nat ed subsBé.at e Thasminated abstrate,cis atarted & clame s 5 wherdia tiegrevdinghs fitm

digital imge, ¢ rises custom zing the digital inmge. 10 38. The

| ani nat ed subsf”r“gl{%,lmégeﬂrf%%fef8‘&‘“?’?\363'ny of claims 34-37, further conprising
thermal formng the filmand substrate. 39. The | am nated substrate, as
recited in any of cg@g&ﬁgiﬁz{ﬁ%&mﬁ%r&iﬁmtedm nating the first side of
the filmto a substrate and the sublimating the image into 15 the substrate
are perforned sinultaneously. 40. The pethod,. as recited in clainms 9 - 10,
wherein thé thernal Seﬁdmﬁﬁm@dttﬁéh@%?rrtﬁfﬁnb%gf IMAEY eat er than 40%
el ongation of the substrate and wherein the sublimted i mage i s not

t hi nned. 60 FSCOPO01. WD 16/ 09/ 2005 METHOD AND APPARATUS FOR CONTI NUOUSLY
FORM NG DYE SUBLI MATI ON | MAGES I N SOLI D SUBSTRATES Abstract of the
Invention 5 A nethod for formng a dye sublimation inmage in ubstrate
with a dye caBT.i erThaiamigatemsubata:gaas@w@élw(@%éﬁ%fﬂ%nmeﬁﬁw Cdyest uf f
i s provided. The. j.age of the dye carriersi. ed against a first
sufface of the ’éon?ﬂéesscﬁgtgfr?%?%{h%é%%&é% arrier are conveyed al ong
a path wwth a first part and a second part. A

10 38  The laminated substrate, as recited in any of claims 34-37, further comprising

thermal forming the film and substrate.

39.  The laminated substrate, as recited in any of claims 34-38, wherein the
{aminating the first side of the film to a substrate and the sublimating the image into

15 the substrate are performed simultaneously.

{;} ' 40. The method, as recited in claims 9 - 10, wherein the thermal
forming of the substrate provides a greater than 40% elongation of
the substrate and wherein the sublimated image is not thinned.
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continuous pressure is provided against the first surface of the substrate

in the first ;Fgeﬁﬁ{ Wd second part of the path and therebetv»ee'l[nﬁ/ggt/r%y@5

carrier is he sublinmation tenperature in the first par
path. The dye carrier is then cooled to a depressure tenperature in the

second part of the path. 61
P METH(?D AND APPARATUS FOR CONTINUOUSLY FORMING DYE

SUBLIMATION IMAGES IN SOLID SUBSTRATES

Abstract of the Invention

5 A method for forming a dye sublimation image in a substrate with a dye
carrier having an image formed thereon of a sublimatic dyestuff is provided. The
image of the dye carrier is placed against a first surface of the substrate. The substrate
and dye catrier are conveyed along a path with a first part and a second part. A

..... continuous pressure is provided against the first surface of the substrate in the first

10  part and second part of the path and therebetween. The dye carrier is heated to a

sublimation temperature in the first part of the path. The dye carrier is then cooled to

a depressure temperature in the second part of the path.
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