WO 01/ 88432 PCT/ GB01/01973 1 EDGE LIT I LLUM NATI ON DEVI CES The present

invention relates to edge lit illumnation devices and, in particular,
edge it Wwdumsgati on devices 5 with roughened surfaces. pduni@sQuwiors
applications for edge lit illum nation dgyices are known. Edge Ilit
illumnation devices include illum nated display units or signs, lap top
conputer screens, LCD display back lighting, road signs, street furniture,
advertising units, illumnated 10 shelving, internal |ighting of appliances
such as illumination of tHOGH dd¥, WLIMINATERD FVEGEIge units i ncl uding
di splay fridges, wine chillers/coolers. Edge I|it illumnation devices also

i ncl ude appliance fronts and fascias such as dial and control knob panels.
15 Edge |it deyi gpeddnd | savetoreausrélghds saur cedgencludi nig lydiarearidr ght
sources and curved |ight sources. Generally, th iL# m nation deyvi ce
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and at | east one I ngress edge adjacent to the light source so that
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t hrough the surface. The light transm ssion elenent typically acts as a
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of , or 44 shelving, internal 1lighting of appliances such as
illumination of the sides, back, or top of fridge units
including display fridges, wine chillers/coolers. Edge
lit illumination devices also include appliance fronts and

fascias such as dial and control knob panels.

15
Edge 1lit devices utilise numerous light sources including
planar light sources and curved light sources.
Generally, the illumination device includes a light source
20 located adjacent to a light transmission element. The

light transmission element includes a light output surface
and at least one light ingress edge adjacent to the light
source so that 1light from the light source enters the
transmission element via the said edge to propagate

25 through the element.

Many attempts have been made at modifying the roughening
at the surface of the light transmission element so that
the light propagating through the transmission element
30 escapes through the surface. The light transmission
element typically acts as a display window with the
material to be displayed located behind, in front of, or

on the actual surface itself.
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on the actual surface itself. WO 01/88432 PCT/ GB01/01973 2 For instance,
DE 2356947 di scusses the possibility of providing what is said to be
finely rowgharsseé2or frosted parts of the surface. HoweverpCTiGRo1fo1973
roughening is 5 enployed so as to avoid the possibility of coarse
roughening inpairing the transparency of the unit. The [|ight output of
this material is discussed in DE 3223706 and is said to be insufficiently
uni form across the sheet so that increasing density of roughness with
increasing 10 distance fromthe Iight source is required. DE3223706
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rel ativeély <HeFFnGRetHdtn bl FRBFFBntSof S 3B FRE  r oughness is by
abrasion using a flapper wheel with strips of sandpaper attached or by

cutting the surface of
DE3223706 discloses the benefit of increasing the density

of roughening with increasing distance from the light
source in order to increase output which naturally falls

15 across the plate.

US 4385343 discloses an edge 1lit product, including
acrylic material as the light transmitting body, which has
both surfaces of the 1light transmitting body roughened.
20 The distribution of the light on the light egress face
surface can be attained by selecting an appropriate
angular relation between the backing material reflecting
surface and the surface of the sheet when they are spaced
apart or by tapering of the light transmitting body which
25 1s convergent in the direction away from the light ingress
edge surface. Plane parallel faces are also shown. The
document indicates that the plane ©parallel faces
arrangement of figure 7 is only adequate if the edge 1lit
sign is relatively small. The method of application of
30 the roughness is by abrasion using a flapper wheel with
strips of sandpaper attached or by cutting the surface of
the transparent plate. The cutting device is said to give
a cut into the surface of the transparent material between
5/1000 of an inch and 100/1000 of an inch. The document
35 indicates that there is a falling away of light with
distance from the light source and that the solution to

this problem is to wvary the thickness or to converge the



the transparent plate. The cutting device is said to give a cut into the
surface of the transparent material between 5/1000 of an inch and 100/ 1000
of an incwo ditss4xdocunment 35 indicates that there is a fal lnaGBMayIf |i ght
with distance fromthe |ight source andsthat the solution to this problem
is to vary the thickness or to converge the WO 01/88432 PCT/ GB01/01973 3
plate with increasing distance. It also discusses the possibility of
angling the plate if spaced fromthe |ight source. 5 US 3497981 solyes the
probl em of IR1fe eieds IRCEEITHRY adistamts- t o 1S 238838 SHRESHANTES by
which the roughnessiity 8pphhglihg the Adteclfidesacheniean ehehilnglias
wel | as sandbl asting. The docunent discloses that it is necessary to use
differenti al®*®tcHing in order to have sufficient 10 light output in
anything other than small letters. US 5625968 does not relate to surface
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| i ght diffusing device and an

US 5625968 does not relate to surface roughness but the
application of a dot matrix pattern to allow egress of
light from within the sheet. The dot matrix pattern is
15 preferably of increasing density towards the centre of the

sheet and away from the light source.

GB 2161309A again solves the problem of light egress by
increasing the coarseness of the roughness away from the

20 light source.

GB 2211012 discloses an edge illuminated display aid which
includes the display element 63 of transparent material to
produce a scattering, which treatment is intentionally
25 increased in severity or optical density with increasing

distance from the light source 62.

GB 2164138 relates to a light diffusing device and an
illumination apparatus employing the 1light diffusing
30 device. The diffusing layers are provided with
thicknesses which are different from each other oz,
otherwise, arranged to have a density which varies along
the device, thereby illuminating a desired object
uniformly as a whole.
35
UK 2196100 discloses a light diffusing device which
includes a light diffusion layer 3 but also a 1light



illum nation apparatus enploying the light diffusing 30 device. The
diffusing layers are provided with thicknesses which are different from
each ot hewoori/ss4nt herwi se, arranged to have a density whi ®tTvGBG18397a] ong
the device, thereby illumnating a desirgd object wuniformy as a whole. 35
UK 2196100 di scloses a light diffusing device which includes a |ight
diffusion layer 3 but also a |ight WO 01/88432 PCT/ GB01/01973 4 reflecting
film7 which decreases reflectivity with _increasing distance.fromth
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grooves and iiidgesnAcs 0Sshd 5 dhe Sr fAageEadhe gocwmnt 1diggRuUS$aF il ng
advantages in thinning the sheet with increasing distance fromthe |ight
source. PCT RAFE4 04838 di scl oses a di spl ay device whereby both the 20
upper and | ower surfaces may be roughened by nailing, blasting or

stampingo Thes IPGLIBDE 33 AddNES988qL N1 PN {ACH €SI g dla W th
I ncreasi'ng distance from
rear surface and a reflecting layer generally against the
rear svurface. The effect of the roughened surface is to
increase the light reflected through the front surface.
The roughening is described as grooves and ridges across
15 the surface. The document discusses the advantages in
thinning the sheet with increasing distance from the light

source.

PCT WO84/04838 discloses a display device whereby both the
20 upper and lower surfaces may be roughened by nailing,
blasting or stamping. The document also addresses the
problem of decreasing light with increasing distance from
the light source and this problem is solved by using a
convex rear surface so that the plate is progressively

25 thinner with increasing distance from the light source.

EP 0561329 This document discloses an edge 1lit light
display device having light sources along all four side
edges. The document also envigages the possibility that
30 the density of the roughness of the dots applied to the
surface may be uniform in one direction. The document
teaches that it is necessary to have variation in density
in the other direction in order to have uniform
brightness.
35
US 5649754 discloses a combination of two types of
roughening. It also discloses the possibility that there



the light source and this problemis solved by using a convex rear surface
so that the plate is progressively 25 thinner with increasing distance
from t he Wigghissgnur ce. EP 0561329 This docunent discl oses p/€glgaidizt |i ght
di spl ay device having |light sources along all four side edges. The
docunent al so envisages the possibility that 30 the density of the
roughness of the dots applied to the surface may be uniformin one
direction. The docunent teaches that it is necessary to have variation in
density in isheant hadedilyénsi sAliRTer gaudBassie uRPf 8PV SbEPGhEFEERLe™s5 US
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sandblastindﬁﬁﬁ re VEl'y coarSe. above docunents show a
clear trend towards the provision of either varying density surface
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speci fi c prosughst . Acctuah ngkyhnegohspraotrictiifficult and expensive to
apply to the surface or the sheet. Furthermore, each
application requires its own optical characteristics and,
therefore, in the case of density wvariations, it is
15 necessary to specifically wvary the roughness density in
relation to gpecific products. Accordingly, each product

is typically customised thus further increasing expense.

According to a first aspect of the present invention there
20 1is provided an edge 1lit illumination device comprising at
least one light source;
a light transmission element having at least one light
output surface and at least one 1light ingress edge
gsubstantially perpendicular to said surface, the 1light
25 source being located adjacent to said light ingress edge
gso that 1light from the light source enters the
transmission element +via the said edge and propagates
through the element, the said at least one light output
surface being uniformly roughened across the output
30 surface, wherein the roughening is sufficiently fine to
give an average Ra value across the surface of less than

1.0um/mm thickness of the element.



is typically custom sed thus further increasing expense. According to a
first aspect of the present invention there 20 is provided an edge lit

i 11um nat weoidgysace conprising at | east one |ight source;paa/GB@EMo73
transm ssion el ement having at |east one light output surface and at | east

one light ingress edge substantially perpendicular to said surface, the

| i ght 25 source being |located adjacent to said light ingress edge so that

light fromthe |light source enters the transnission elenent via the said
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lless  than ﬁg%%dé%-the element, the said at least one light output

surface being uniformly roughened across the output
surface, wherein the roughening is sufficiently fine to
give drop-off of light output across the surface of less
than 5000 lux.

15
Preferably, in relation to the second aspect the average
Ra value across the surface is 1less than 1.0 um/mm

thickness of the element.

20 By wuniformly roughened is meant that the level of
roughness does not generally increase or decrease with
increasing distance from the light source. However, there
may be small localised variance in the roughness due to
the inherent variance in the process or the means by which

25 roughnesé is applied. However, such variance would be
random and would exist across the whole surface and would
not create any particular trend across the whole of the

output surface.

30 Preferably, the transmission element maintains
substantially uniform thickness with increasing distance

from the light source.



15 Preferably, in relation to the second aspect the average Ra val ue
across the surface is less than 1.0 mnmm thickness of the elenent. 20 By
uni f or m ywoougsened i s neant that the | evel of roughness POBGEBI1GN973
general ly increase or decrease with increasing distance fromthe |ight
source. However, there nmay be small |ocalised variance in the roughness
due to the inherent variance in the process or the neans by which 25

roughness is applied. However, such _variance would be random and woul d
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el emrent maintains substantially uniformthickness with increasing

fromthe |ighticowse, Wrelpseds2aPCy GBS O1loF3 0740ypi/val Ijhiaknesmver age
Ra val ue across_the output surface _of t transmi ssion el enment is |
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t han 0. 150 npFarse: af 4OR el eReney erkgel RASvENER BctBLE/MMe surface of the
transm ssion element is found within the range 0.01- 10 1.0m mmt hi ckness
of elenent, nore preferably 0.02 0.75n mm t hi ckness of el enent, nbst
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average Ra value Ln Lhe.range 0,05-0, 30, LM MRS R SdD B I

10 1.0um/mm thickness of element, more preferably 0.02-
0.75um/mm thickness of element, most preferably 0.02-
0.40um/mm thickness of element. Especially preferred is

an average Ra value in the range 0.05-0.30 um/mm.

15 For example, on a 10mm thick sheet the average Ra value
may be 1.8um, whereas equivalent uniformity of output with
a 5mm thick sheet may be obtained with an average Ra value
of 0.9um. In both cases, the average Ra wvalue would be
0.18um/mm thickness of sheet. Similarly, if more than one
20 surface is roughened the Ra values may be additive so that
a roughness of 0.9um on the upper and lower surface of a
10mm sheet would also give an average Ra wvalue of

0.18um/mm thickness of sheet.

25 Preferably, roughening is applied to one or more light
output surface(s). However, in addition to roughening of
a front surface roughening of a back surface with or
without a reflector to redirect light to an output surface
islalso envisaged.

30
Localised fluctuation in the surface Ra value may be
between 0.0luym-1.0um, preferably, between 0.05um-1.0um,
more preferably 0.1lum-0.8um, most preferably, 0.2um-0.6um.



may be 1.8m whereas equivalent uniformty of output with a 5nmmthick
sheet may be obtained with an average Ra value of 0.9m In both cases, the
aver age Raovalssaeszwoul d be 0. 18nm mm t hi ckness of sheet. Sirdm/GBdiy1973f nore
than one 20 surface is roughened the Ra vwalues may be additive so that a
roughness of 0.9m on the upper and | ower surface of a 10mm sheet woul d

al so give an average Ra value of 0.18m nmthickness of sheet. 25
Preferably, roughening is applied to one or_nore |i ut surface(s).
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is also envisaged. 30 Locali'sed fluctuation in the surface Ra value nay be
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0.1m 0.8m nosi. preferably, O. 0.6m_ WD 01/ 884 / /.019 8 .For
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surface havi ggbscdRrmaliy ckpassdom Heweverwill tdhet averageesursf ack fioughness
is 1.1m this wl| be so across the surface and any fluctuation will be 5
subst anti al | Y2¥bdbes abd APNE1RYt 2EFedfethedE8Prh@ES variation in density
across the surface. It is possible to apply roughness to both a first |ight
out put surface and a second |ight output surface which may 10 be spaced
fromand oppbsi e resiklst on epelopposahetse bd beeh randdrssi diidienent
and, in such_cases

, the Ra _val ue/ mm wquld B_ taken. tqg._he the of the
two average O%EP%%|%%E§%?$i68§ By SEHe™ vg%g E PHF?%ﬁeEEEJ %ﬁuﬁ%ﬁ%ﬁn@ay
10 be spaced from and opposite the first on the opposed side
of the transmission element and, in such cases, the Ra
value/mm would be taken to be the sum of the two average

Ra values divided by the overall thickness of the sheet.

15 As mentioned above, the invention may be put into effect
by applying roughening on one surface of the transmission
element or, where the element is a sheet of material, on
both surfaces thereof. In addition, a plurality of sheets
may be in superposed relationship and roughening may be

20 applied to the outer faces of the superposed sheets, the
inner mating faces or any combination of inner faces and

outer faces.

Preferably, the drop-off of 1light output across the
25 surface is less than 4000 lux, more preferably, less than

3000 lux, most preferably less than 2000 lux.

Preferably, the initial drop-off measurement is taken from
a position of at least 50mm in from the edge of the
30 element, more preferably, at least 100mm in from the edge,
most preferably at least 150mm in from the edge of the
element. The final reading may be taken from equivalent

points in relation to the opposite edge of the element.



15 As nentioned above, the invention may be put into effect by applying
rougheni ng on one surface of the transm ssion elenent or, where the

el enent iwoiggeRt of nmaterial, on both surfaces thereof pdiged@diéizon, a
plurality of sheets may be in superposeqarelationship and rougheni ng may
be 20 applied to the outer faces of the superposed sheets, the inner
mati ng faces or any conbi nation of inner faces and outer faces.
Preferably, the drop-off of |ight output across the 25 surface is |ess
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preferably, atrbeasthdO0fnwetn fromthe edge, nost preferably at |east 150nm

in fromthe edge of the elenent. The final reading may be taken from
equivalent points in relation to the opposite edge of the elenment. WO
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sheet with increasing
output edge lights. It is envisaged that the drop-off may
be negligible and may also be negative so that an increase
in light output is found across the sheet with increasing
distance from the light source.
15
Preferably, the transmission element is a sheet of,

preferably, transparent material although optionally,

translucent material.

20 Typically, the transmission element is a rectangular sheet
which may be square. However, the sheet may be of any
shape, for example round, square, rectangular, triangular,

cylindrical, irregular.

25 The sheet may be made from any suitable plastic material,
preferably acrylic material is used. Preferred materials
may be selected from polymethyl methacrylate, polyethyl
methacrylate, polypropyl methacrylate, polybutyl
methacrylate, polyglycidyl methacrylate, polyisobornyl

30 methacrylate, polycyclohexyl methacrylate either as
homopolymers or as copolymers of at least one preceding
polymer including such copolymers containing a minor

proportion of another monomer selected from at least one



di stance fromthe light source. 15 Preferably, the transm ssion elenent is
a sheet of, preferably, transparent material although optionally,
transl ucewo omssex2i al . 20 Typically, the transm ssion el en@UT/GBI121973
rectangul ar sheet which may be square. ldgwever, the sheet nmay be of any
shape, for exanple round, square, rectangular, triangular, cylindrical,
irregular. 25 The sheet may be nade fromany suitable plastic material,
preferably acrylic material _is used. Preferred materials. may _ be s%!ﬁgted
from pol ynet Byl fedhEcrgFaytatpol yRIFAST aRhacPyt ¥REthyd| ﬂ% rylate

nmet hacryl ate Sg%g¥pptyl met hacryl ate, polyglycidyl nethacryl ate,
ponisoborny% 30 net hacryl ate, polycycl ohexyl nethacrylate either' as
honopol ynmers or as copol yners of at |east one preceding polyner including
such copol yners_contai ning a mnor . proportion o not her ner. ted
fromat |easfroher W H1/ §glﬁ’3§lﬁ’€ﬁ@8%ﬁ Qﬁ%em% C%‘-S4 g i“?’/lrr%glgpyl?’a@n%
Preferably, pelyAst byhmamiiacrydapendisulsedtoPoel ey yFrofe thearsigissi on
elenent is less than 3000nm 5 in the dinension perpendi cular to or away
fromthe |igheurepueseadg@Oorforr Hreiattabl v, eFésstidan 22000 7 (&S

wdth di rensyot, sk RLRORr ahbke. LessetianyIooREm khdhisode chi

di mensi on. 10 fera the transm ssion elenent is [ess than 100mmin
t hi ckness, moiétlprefreeabign.l ess than 50mmin thickness nost preferably,
| ess than 30mmin thickness. Typically, the range of thicknesses of the
transm ssi on

10 Preferably, the transmission element is less than 100mm in

thickness, more preferably, less than 50mm in thickness

most preferably, less than 30mm in thickness.

Typically, the range of thicknesses of the transmission
15 element is 1-100mm, more preferably, 1-50mm, most

preferably, 3-25mm.

Methods of making the transmission element include cast
polymerisation, moulding, extrusion and embossing and

20 coextrusion.

The embossing of an extrusion sheet may take place during
or after manufacture. Roughening on the surface layer of
the co-extruded material may be effected by suitable
25 matting or gloss-control agents. Suitable matting ozr
gloss-control agents to cause sufficiently fine roughening
on the surface layer of co-extruded material are known in
the art of co-extruded materials. Suitably fine frosting
of glass to produce the level of roughness required during
30 casting is available and known 1in the art of glass
manufacture. An example of such casting glass is

available from Pilkington UK plc.



15 element is 1-100mm nore preferably, 1-50nm nost preferably, 3-25mm
Met hods of making the transm ssion el enent include cast polynerisation,
nmoul di ng, wexdirgggsaon and enbossi ng and 20 coextrusion. The@mdeamieg of an
extrusion sheet may take place during of,after manufacture. Roughening on
the surface layer of the co-extruded nmaterial may be effected by suitable
25 matting or gloss-control agents. Suitable matting or gl oss-control
agents to cause sufficiently fine roughenin on the surface |ayer of
co-extrudednmnﬁﬁiablwxetknnmhransm@a@iqntéiemﬁﬁQmﬁxﬁa@@aﬁﬂ%ﬁi%@sﬁhe

Suitably fi frostipg, .of -gl ass od. eql ; s J.equired
during 30 cgﬁég% i%EaEEFI&%ﬁ%&hﬁ%ﬂﬁﬁ%ﬂﬂﬂfﬁbéﬁedgﬁ¥ﬁg%gglg%g%ﬁggguﬁgggﬁle.
,8\2/ ggigrz)l gc_lo_[j_yggglp?gﬁlgsgg@gr@é a&fs: iélbo@/athabllngMrmBulrk:éngidSE UKE pltche WO

7 11 Preferably, the transm ssion el enent ,
corresponds THEEHEL - | eRGEh GRATE 991G FRITY i FEY ha L PmBs 6T a1 e

with thelighlosoures 6y akago theghi ohiectaurce edge ofishe dilemnin. The
transm ssi on es%nent may al so be marginally 5 longer than the |ight source
in this di nepséberabPyef ehablyghtheohirgat igoaterdpseel ongate. Typical ly,
the transm ssion elenment is between 100mm and 3000mm | ong in the di nension
perpendi cular to or away from 10 the light source edge, nore preferably
bet ween 200mMy el ZOPOMihleongrarmsiissiah nehsnent nestbeteden abbymve taven
300mm and 1500nm long in this dinension. Es ecigLI¥_ preferred is %fmjdth
in this di neh39ORmotoBSt hBehRB0G1HRHS19BoBMPSNAICULar to or away Lrom

10 the light source edge, more preferably between 200mm and
2000mm long in this dimension, most preferably between
300mm and 1500mm long in this dimension. Especially
preferred is a width in this dimension of between 400 and
1200mm.

15
Usage for the invention includes illuminated display units
or signs including lap top computer displays and LCD
display back 1lighting, =road signs, street £furniture,
advertising units, appliance fronts and fascias, such as

20 dial and control knob panels, internal lighting of
appliances such as illumination of sides, back and top of

fridge units, display fridges, wine chillers and coolers.

The light sources may be straight or curved as may the
25 edges of the transmission element. Preferably, the light
sources are planar. Any suitable light source may be used
but suitable light sources include fluorescent tubes, cold
cathode tubes, neon tubes, LED’'s conventional and organic,
fibreoptics and light bulbs.
30
Preferably, fluorescent tubing is used. The diameter of
the fluorescent tube may vary from typically 6mm, commonly

referred to as T2, to 25mm. The distance from the edge of



15 Usage for the invention includes illum nated display units or signs
including | ap top conmputer displays and LCD display back |ighting, road
si gns, stweetl/sBamniture, advertising units, appliance freacBndisasci as,
such as 20 dial and control knob panels,gnternal lighting of appliances
such as illumnation of sides, back and top of fridge units, display
fridges, wine chillers and coolers. The |ight sources may be straight or
curved as may the 25 edges of the transm ssion el enent. Preferabl t he

li ght sour dee ak E9BF af&ensAHy tdaet e i bt t@ﬁu%@%f%et]&%eﬁu\é’ﬁutls
suitable [i ef%%ﬁﬁf% ink enf | Yor eseent otbes, cphd zgat hade tihes,e neon
nal an

tubes, LED s conventi organic, fibreoptics and l'ight bulbs. 30
Preferably, dihmtiserntthabfhgoissaset. tThe deamst epesturehdufeyor 3tieht

tube may vary fromtypjcally 6 onmonl referred T2, t 2 The
di st ance frd%%@%egtdEEESfLaé 6%%§§§Bf”b3ﬁ%%fbﬁﬁﬁ%%7 ai?zgﬁhg%ﬁigﬁﬁ

transm ttsi ngrdPEnett 1eet Regriest with ha tilhetsscaie! epabliyigbeiweespl @hd
2nmm I n an alternative enbodinent the fluorescent tube is an aperture,

tube. This ilype Bhet aerhadecddt & Rt heli bl de Sheer T PSS 405
reflective coatifg wi{dpa gw%ansﬂéocgﬁ%iag opet 0P, OF riie, ThE @peridire

is a part of this tube, for exanple of the 360 around the inside of the
tube, with noatcioadi ngThiki opepénongunenghdhel ¢remigh hobf thhettblbe amdd i

arranoed oo ks, dhr£5t 400, Ligbto Lo hechLohlcfoute B0 i e o
each flueresgentedgybec@ndn@@Y ight transmitting sheet. A reflector is
typically positioned behind each fluorescent tube and may
be any material capable of reflecting light, for example
mirrored aluminium. Preferably, the light transmitting
sheet isg in a fixed relationship to the light source.
15
By way of illustration only, the invention will now be
described with reference to the accompanying, non-limiting

examples and with reference to figures 1-5 in which:-

20 Figure 1 shows a comparison of light output vs position
across the sign for single and double sided type B and
gingle sided type A roughened surfaces.

Figure 2 shows a comparison of light output vs position
across the sign for double sided type A and Prismex.

25 Figure 3 shows a comparison of light output vs position
across the sign for double and single sided type A and
single sided type B.

Figure 4 shows a comparison of light output vs position
across the sign for double gided type A and multiple

30 gingle sided type A;

Figure 5 shows a comparison of light output vs position

across the sign for co-extruded type A and Prismex; and



be any material capable of reflecting light, for exanple mrrored
alum nium Preferably, the light transmtting sheet is in a fixed

rel ati onsWiguiisgszhe i ght source. 15 By way of illustrati geroagBo/oiéiie
invention will now be described with reference to the acconpanying,

non-limting exanples and wth reference to figures 1-5 in which: 20
Figure 1 shows a conparison of light output vs position across the sign
for single and double sided type B and single sided type A roughened
surfaces. FiRigwre® showbomscoaparedam Jfitl | ghspdaipursiBIposi t9hret adibss

the sign for cgc?o:'l%%l]%néédﬁgffllly’&?eAié\?gnglgﬁnex' 25 Figure 3 shows a

conpari son ot out p vs position ~across the sign for double and
single sided type A and single sided type B. Figure 4 shows a conparison
of light output vs position across the si ubl e _si ded

f d d
multiple 30-%§n§veisicGedteYpera: 9 gbbe é]lfﬂ:}%jeé?cﬁﬁﬁgtaF?&n %%gleib%ﬁann

output vg Pofdfiony BCF 98Sitdecdi GN RO pePuaxtbwded type A@ndaREi siye and
WO 01/ 88432 PCT/ GB01/01973 13 Figure 6 shows an edge lit display using a
sheet in actesdaiice Whehrehemhendadi pnocTFhursar fatedetriroialon Ry an

roughened surf.aces S, been f mean f Ray a%% er. 4287
and 4288 deostcl%ellf)e h%aetlr%‘:(:l()cnarrénggac#agf%c%'r es oe%ség:teelﬁfem ning Ra arﬁﬁc?%%ot her
statistical |paiafrebeTALIRERFUMEENE S Wece: nedlevenisemee a TAbbSURRnfeters For

conveni ence, those surfaces wth Ra in the rang .3 are dengted as

0. 9-
Type A and I0-%ho88 sift f 5B8s TWRPER ah- Ralih PRE r ?fb%tel‘%Sé‘f. §YR%e gerfbt%ed

10 those surfaces with an Ra in the range 1.3-1.8 are denoted
as Type B. Gloss measurements were made using an Erichson
mini glossmeter 507-M (85e). The equivalent gloss values
for Type A surfaces are 24-30% and for Type B surfaces 14-
22%. The roughness can be considered as a higher

15 frequency surface effect superimposed on top of waviness
and form. The roughness is usually described by Ra or
gsimilar parameters which is within a 10um vertical range.
The afore mentioned ISO standards describe the recommended
sampling links and cut off values for making measurements.

20 For instance, for a periodic profile of 4mm (upper limit
of the range), the cut off value is 8mm and sample length

is 40mm. This is for an Ra value of around 10um.

Experimental details
25
The examples use a rectangular sheet of thickness range
3mm - 25mm made from clear cast polymethylmethacrylate
which has one or two frosted or matt surfaces. The frosted
surface was made by cast polymerisation against an etched
30 glass plate. The frosted surface is characterised by gloss

measurements and by surface roughness measurements.



as Type B. 3 oss neasurenents were nmade using an Erichson mni gl ossneter
507-M (85e). The equival ent gl oss values for Type A surfaces are 24-30%
and for TwoeeiBssurfaces 14- 22% The roughness can be consicdeGrd/as3a

hi gher 15 frequency surface effect superjgposed on top of waviness and
form The roughness is usually described by Ra or simlar paraneters which
is wwthin a 10mvertical range. The afore nentioned | SO standards descri be
t he reconmended sanpling links and cut off values for naking neasurenents.
20 For inst dhleess f oreaspeeneare pW%??Iem%¢e4nﬁﬁ€GEpePnli#?ﬂcgﬁﬁnthguﬁ§nge),
the cut off ' \d, S l.e.-l.engt I sS4 LS d

val ue of aré%%%ﬂﬁﬁ%geﬁEg%g?ﬁﬁeﬁggﬁﬁgéﬁgiIghES%%ﬁgg%§%%%%eéhis%%gr@&H%B

rect angul ar sheet oftt hhrcknesslia ange S&nmdedsiaa naded r diypsl e® gdstss

pol ynmet hyl met hacryl ate. whi ch has .one or two_frosted or_matt surfaces. The
frosted ~surfeRSLEESHate by cddt t%tﬁ Vit9Satfon &dainst an ¥reh dct%blsgl ass
pl ate. The frosted-syrfacesi s gharacteri sed by gl oss neasurenents and by
surface roughness neasurenents. WD 01/88432 PCT/ GB01/01973 14 d oss
measurenents were nmade using an Erichsen Mni  d ossneter 507-M measuring

the percent age, gl el | gelad,. ddais alean angle,of) B3He0r geae Fosydype, B

gl oss neasure S were I n the range or Type Athis 5
i ncreases t 2drodDé Reuglatssuntasueeaent supRaiedi cogns Ramdr-§aydde:-usi ng

o el LR TEGh oupRlLsd Bt Tovl el tbgen Tl
rough metal (dd epirate dibrence used is a rough metal tileplate (240
micro inches) with the meter in calibration mode. The Ra
of the sample is measured directly. For the samples used
in the examples, Type B has an Ra value in the range 1.3 -
1.8y, whilst Type A has an Ra of 0.9 - 1.3u. (The range of
15 values 1is due to wvariability in the roughness of glass
used for casting and also due to wear of the glasses

during repeated use through their lifetime.

All roughened surface panels were made from acrylic cast
20 against frosted glass, two different degrees of frosting
being used to achieve Type A and Type B finishes. The
chosen panel is placed in a framework that forms the sign,
light sources are placed adjacent to the input edge of the
panel. In the examples two light sources have been used on

25 opposing edges of the panel.

Light output measurements are made by placing a RS Digital
Lightmeter (RS 180-7133) on the surface of the sign: An
array of points are measured on the surface, and points
30 equi-distant from a tube are averaged. These averaged
values are displayed graphically in figure 1-5. Typically
the light output with distance from one or both of the

light input edges is recorded.



mcro inches) with the neter in calibration node. The Ra of the sanple is
nmeasured directly. For the sanples used in the exanples, Type B has an Ra
val ue in woeowrsasge 1.3 - 1.8, whilst Type A has an Ra of ®CA/6B@/03973( The
range of 15 values is due to variability{gn the roughness of glass used
for casting and al so due to wear of the glasses during repeated use
through their lifetinme. Al roughened surface panels were made fromacrylic
cast 20 against frosted glass, two different degrees of frosting being
used to achieve Type A and Type B finishes. The chosen panel is placed in
a framewor k t t [ Lght.ssQu e o ' ta, t he
i nput edge 6?Q$H%£ﬂ%gﬁglggf% ?ﬁ%pgtgﬁp%égﬁtaggﬁpgﬁtf?%ﬁfgggéﬁg%g%%ggﬁgzsed
on 25 oppogimglLedgesvinfch his panaucddsgfiulouppoduabasuténent doar enatudiex by
placing a RS Digital Lightneter (RS 180-7133) .on.t surface of the sign:
An array ofp]ifd‘?%“?‘z %?Ekg%%sﬁ?e%c heY‘F\elrEB1f?X%g,T%\%ggng%PEEBO equi - di st ant
froma tube are averaged. These averaged values are displayed graphically
in figure 1-5. Typically the light output with distance fromone or both
of the |igHx Sedges is recorded. WO 01/88432 PCT/ @B01/01973 15 The
sanpl es were conpared with Prisnmex fromlneos Acrylics UK Ltd, which is a
successf ul 0 Lt 0. t i X ri S 0 | exe ds; ed

| i ght out puﬁ." g‘&}é%a\rlr}%l géﬂg%g ﬁ/i?eer %?ﬁgld%hg)ﬁ(?egé%éﬁ%&dgub Si e(fl\r?&r%e A
singl e sided, sAdesl,gn2 2fiignperftueger thimasshdan (Higpr e(Fgute 1)

10
Acrylic Panel dimensions: 635 x 455mm x 5mm thick
Light source: Philips TLD fluorescent aperture tube, 18
watts, colour rendering value of 85, colour temperature of
6500K, tube diameter 25mm.

15

2. Type A v Prismex, approximately Al sized, 1lOmm (Figure

2)

Acrylic Panel dimensions: 885 x 635mm x 10mm thick
20 Light source: 2 x Philips TLD aperture fluorescent tube,

30watts, colour rendering 85, colour temperature 6500K.

The Type A samples were produced from cast Type A sheet.
The Prismex samples were made by screen printing an array
25 of white dots onto opposing surfaces of clear cast acrylic

sheet.

3. Larger area sign: Type B single v Type A double v Type
A single (Figure 3)

30
Acrylic Panel size: 945mm X 865mm x 10mm thick

Light source: 2 x Philips TLD aperture tubes, 30W, etc.



Acrylic Panel dinensions: 635 x 455mm x 5mm t hi ck Light source: Philips TLD
fluorescent aperture tube, 18 watts, colour rendering value of 85, colour

t enper at uwe) Afss4RS500K, t ube di anmeter 25mn 15 2. Type A Vv pPeri/SBRN1973
approximately Al sized, 10mm (Fi gure ﬁ rylic Panel dinensions: 885 x
635mm x 10mm t hi ck 20 Li ght sour ce: I1-’> ilips TLD aperture fluorescent
tube, 30watts, colour rendering 85, coI our tenperature 6500K. The Type A
sanpl es were produced fromcast Type A sheet. The Prisnex sanples were
made by scréBnigr emeinpg canshevay Ustof l\Wm%% deee RS opposTiersar fidtes of

I t | T
Goubl e v TyRR ISy NELter orr EfEhn RER, FhE bl ERAePoC b RERt L MR,

10mm t hi ck higdd, sapiice: aPsx Phhéi peoil:té)capelrbughn'esbes fo30Wehet c.pan@l
01/ 88432 PCT/ GB01/ 0197 16 This exanpl e shows that is | ortant to
choose the <O1¢ %‘&O%u?iﬁeg tho&dh ]fo]i"e?ﬂ‘ée?hf‘:g‘?ngé"é’ oF i BaRel P ditHy

used, butg a'&\osiﬁe Coﬁhecéorﬁﬁélﬂbé‘éﬁs f O t Rachnel  2di BBsE O d eagtihof
panel between the two tubes in this 5 case). In conparison with exanple 2

above wher e aeinabt paaklpans| a/vaﬂ?s‘zfme'l'%péuixﬁgrﬂfamebﬂﬂboﬁhdgﬁdeélerﬁ‘erae a
e A ey Aol MR Sl L8 DT 0 g hangen lvm%t Lengtyds

used. However Q%e trends are Sane name hat the out put

charact eri stgaish i Mpieh ass Lsddie Boskeslelr rbhghnﬂsancm‘ 'ahre panel dasne,
reduced.
namely that the light output characteristics improve as

10 the overall roughness of the panel is reduced.

3ft sign using various rough surface panels: experimental

details as described previously.

15 4. 1 x 10mm double Type A v 2 x 5mm single Type A (Figure
4)

Panel dimension and light source as for example 2.

20 This example illustrates the point that multiple
superposed thinner panels can be used to create the same
output as a single thicker panel as long as the surface
roughnesses of each are chosen appropriately. Here a 10mm
panel with two Type A surfaces is compared with 2 panels

25 5mm thick with a single side of Type A on each. In the
example the rough surfaces are on the outermost faces of
the combination, however there is no measured difference

when the rough surfaces are in other orientations.

30 Various data for Type A surfaces made by casting have been
described above. There are other methods of creating a
rough surface. These include coextrusion and extrusion

then embossing. Detailed here is an example of a



aft sign using various rough surface panels: experinmental details as
descri bed previously. 15 4. 1 x 10mm double Type A v 2 x 5mmsingle Type A
(Figure +o dager dinension and |ight source as for exanplgZcBRd1IBI S
example illustrates the point that multiple superposed thinner panels can
be used to create the same output as a Single thicker panel as |long as the
surface roughnesses of each are chosen appropriately. Here a 10nm panel
with two Type A surfaces is conpared with 2 panels 25 Smmthick with a
singl e si de ofeRypeded ofyrach. sheethaisask il ecddre +bughibar f #beFeardion

t he outernn;&ﬂ%gggﬁggé%%gﬁgscgn@i@@i%ggOPaﬁg?%gﬁaéggre IS no neasured

di f ference

sur fac orientations. 30 Various

data for Type A surfaces nade by casting have been described above. There
are other nethods of creating a rough surface. These include coextrusion

and extrusion

t hen enbossing. Detailed here is an exanple of a WO 01/88432

PCT/ GB01/501973 17 coextruded Type A sheet used for edge |ighting, where
the Type A sheet has a single rough surface. 5 5. 1 x 5mm Co- Extruded Type
A vs Prismex (Figure 5) A2 sized sign, panel dinensions: 635 x 455mm x 5mm

thick, 10 cgexjruded Type.A {00 ded JVPE Akmekl 9RE 52U 8§ 2 X
u g# 8V§ gp f ngog

Philips TLD Tl uoriéscent aper

i nvention wll

ure ecific e iments of the
now be further 15 described with reference to the

acconpanyi ng dramﬁng (Figure 6{ which is a sectional vie\/\/throuqﬂliacr]c

A2 size

sign, panel dimensions: 635 x 455mm X 5mm

10 coextruded Type A (Co-Extruded Type A).

Light source: 2 x Philips TLD fluorescent aperture tube,

15

20

25

30

18W.

Specific embodiments of the invention will now be further
described with reference to the accompanying drawing
(Figure 6) which is a sectional view through an
illuminated display system according to the invention and
is illustrated to show an embodiment of the invention in

use.

In Figure 6 the light transmitting sheet (10) is a 945 x
865 x 10mm clear cast polymethylmethacrylate (PMMA) sheet
as exemplified by a type A surface single side which is
untreated on the rear surface (11) but has a rough surface
formed on its light output surface (12). The light sources
are Philips TLD 30W/865 FA30 fluorescent tubes (13, 14)
which both have a power output of 30 Watts, a colour
rendering value (Ra) of 86, a colour temperature of 6500
Kelvin and a diameter of 25mm. These are each placed
adjacent to an edge of the light transmitting sheet and
surrounded by a mirrored aluminium reflector (15, 16). A
further reflection sheet 18 is located adjacent to and

parallel with the rear surface 11 to reflect light Dback



illum nated display systemaccording to the invention and is illustrated
to show an enbodi nent of the invention in wuse. 20 In Figure 6 the |ight
transm t twiegseert (10) is a 945 x 865 x 10mm cl ear cast pcT/GB01/01973

pol ynet hyl met hacryl ate (PMVA) sheet as eyenplified by a type A surface
single side which is wuntreated on the rear surface (11) but has a rough
surface 25 forned on its |ight output surface (12). The light sources are
Philips TLD 30W 865 FA30 fluorescent tubes (13, 14) which both have a
power out puttofaids Witites, oratpotomurﬁ‘mer’iﬁng(ﬁm usefRertaforgeshaetolisur

t enperature gé §%0g88§e§¥| and%gH er of Zggn% hﬁgﬁagéﬁ eqach placed

30 adj acent g Sheet strrounded by a
mrrored al upi nhidmlcef heahdiy( JébuaG)agaAnsrcurther Heaft eetirdaceheef Ifhd s

| ocated adjacent to and parallel with the rear surface 11 to reflect I|ight
back WO 01/ 8843pspET? BH01#0a9Y5- 18 towards the output surface 12 (the
reflection sheet is shown spaced for illustration purposes although, in
use, it would usually abut against the rear surface of the transni ssion
sheet). 5 Thehe eadsadesr’'at t exftieortion diirsectiedepbedl I tpap@l% a@@peld%cuméiht S

hCh Bre 1) LS COMEUT LTl YLt Or PLEKLOS 0y B SRSE L SA

connecti on are O en tO 0] IC I nspec |on

with this 10:specipbeatioacisndihhecaantenbs afital khiwchpyiperss iand and
docunents are incorporated herein by reference Al'l of the features
di scl osed i nWRh¢R sR%ESfi @@§Bn tO  public inspection  with — this

10 specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification
(including any accompanying claims, abstract and
15 drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

20 Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced Dby alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwige. Thus, unless expressly stated otherwise, each

25 feature disclosed is one example only of a generic series

of equivalent or similar features.

The invention 1 not restricted to the details of the
foregoing embodiment(s). The invention extend to any novel
30 one, or any novel combination, of the features disclosed
in this specification (including any accompanying claims,

abstract and drawings), or to any novel one, or any novel



(i ncluding any acconpanyi ng cl ai ns, abstract and 15 draw ngs), and/or al
of the steps of any nethod or process so disclosed, nmay be conbined in any
conbi nat i W, 01/88xept conbi nati ons where at | east sonme of swahGBEAIUBES

and/ or steps are nmutual ly exclusive. 20 Egch feature disclosed in this
specification (including any acconpanying clains, abstract and draw ngs),
may be replaced by alternative features serving the sane, equivalent or
simlar purpose, unless expressly stated otherw se. Thus, unless expressly
stated ot herapweinaipn2s Gleathfe BreRs osdd PRY oitetdiRMpIF oRFYCEFSa SO
generic serigs, Pl gquivalent or simlar features. The invention is not
restricted to the details of the f oregoi ng enbodi nent(s). The invention
extend to any novel 30 one, or any novel conbination, of the features
disclosed in this specification (including any acconpanyi ng cl ai ns,
abstract and drawi ngs), or to any novel one, or any novel WD 01/88432

PCT/ (B01/ 01973 19 conbi nation, of the steps of any nethod or process so

di scl osed. WD 01/88432 PCT/ GB01/01973 20 CLAIMS 1. An edge Ilit

illum nation device conprising at |least one light source; 5 a |ight

transm ssion el ement having at |east one |ight output surface and at | east
one light ingress edge substantially perpendicular to said surface, the
light source being |ocated adjacent to said light ingress edge so that
light fromthe light source enters the



10 transm ssion elenment via the said edge and propagates through the

el enment, the said at |east one |ight output surface being uniformy

r oughenedwacyi@sssat he out put surface, wherein the roughenipig/égo1/01973
sufficiently fine to give an average Ra,yal ue across the surface of 15
| ess than 1.0m mm thi ckness of the element. 2. An edge lit illum nation
device conprising at least one light source; a light transm ssion el enent
having at |east one |light output surface and at |east one |ight ingress
edge 20 subst&¥$ ally perpendicular to said surface, the |ight source
bei ng | ocated adjacent to said light ingress edge so that light fromthe
| i ght source enters the transm ssion elenent via the said edge and
propagat es 1hrdughetige el tpertl luntigagdict adevieast comonisging 28t outqast
surface being unifogﬁ roughenecj across the output surface, wherein the
roughening is sufts Je%kftrys ¥fHs’to give drop-off of Iight output across

the surface of d essgiithapr586RikHXon3eléfefdyBabiihgl lltumigaatd anelavigte
according to claim?2, 30 wherein the average Ra val ue _across the surface
is less than 1.DWGRWmM SMrdansssaBf tde éPeREntone. LAghddgangress edge

il'lumnation devj 2CE01 th aj 13 SMergi t ioh
transm ssi on el eérrLg[ﬁSt nmai %%%lfgsbg %%L{ ggﬁ%‘ékP{é%%(%% 08197:5;;1(:d 21 HsHljebsltlz;‘]Intti ally

uni f orm t hi cknessowi¢d brdmgasiagatdisratieechtontohediqghl igbr ciglgssAn
cige 111 ol | um neflencdevics. avcarsl i ke, oy ool 4 M5rde fepblereia e
is less 1o transmission element via the said edge and propagates
through the element, the said at least one 1light
output surface being uniformly zroughened across the
output surface, wherein the roughening is sufficiently
fine to give an average Ra value across the surface of
15 less than 1.0um/mm thickness of the element.
2. An edge 1lit illumination device comprising at Ileast
one light source;
a light transmission element having at least one light
output surface and at least one light ingress edge
20 substantially perpendicular to said surface, the light
source being located adjacent to said light ingress
edge so that light from the light source enters the
transmission element via the said edge and propagates
through the element, the said at least one 1light
25 output surface being uniformly roughened across the
output surface, wherein the roughening is sufficiently
fine to give drop-off of light output across the
surface of less than 5000 lux.
3. An edge 1lit illumination device according to claim 2,
30 wherein the average Ra value acrosg the surface 1is
less than 1.0 pm/mm thickness of the element.
4. An edge lit illumination device according to any of

claims 1-3, wherein the transmission element maintains



than 0. 75m mm t hi ckness. 6. An edge |lit illumnation device according to
any of clains 1-5, wherein the average Ra val ue across the surface of the
transm sswouigkseyzent is found within 10 the range 0. 01- 1.pgWaBoioiéakness
of element. 7. An edge lit illum nation vi ce according to any of clains
1-6, wherein roughness is applied to both a first |ight output surface and
a second light output surface which nay be spaced from and opposite the 15
first on the opposed side of the transm ssion el ement and, in such cases,
t he Ra val ue/ nmawhsidadeiadken tenibern he Humlsiedhe tWidhyerldgEeRE W ues

divided by the overall thickness of fhe_sh . 8. An edge lit illumnation
devi ce accordi nd%t%t%%?/eogrorﬁogﬁ aifﬁ%ﬁtl-%$u€\§%fei na plurality of sheets
may be in smperposedgeel Bit onshiupiaadibaughenicy aeyokdiappliedanyo dthe
outer faces of the superposed sheets, the inner mating faces or any

combi nation of iFREYS aded antbeERARr thEcSYCLERAPY. Ran g | PELPFFufififati on
devi ce aggcordi n?ﬂl@p@@y DfreLdal 08 1o WherRinl ddiedr eRepkhtof 141 ahiss

out put across e surface 1s less than 4000 lux. 10. An edge |lit
i I1umi nation deviltan a@copdinngmt bhaekness. cl ains 1-9, wherein the

Lo or away T omt nEPEgT Codt b eRgE L0 D) 433 PET CHBL/ DLor e 25 11

An edge |it ill wiiaahéon -ggviweedstor dhag dviemye oRa otaius deibsswhdrei n

the transm ssion elenent is less than 10Qmmin_thi ckness. .
surface of the transmission element is found within

10 the range 0.01-1.0um/mm thickness of element.

7. An edge 1lit illumination device according to any of
claims 1-6, wherein roughness is applied to both a
first light output surface and a second light output
surface which may be spaced from and opposite the

15 first on the opposed side of the transmission element
and, in such cases, the Ra wvalue/mm would be taken to
be the sum of the two average Ra values divided by the
overall thickness of the sheet.

8. An edge 1lit illumination device according to any of

20 claims 1-6, wherein a plurality of sheets may be in
superposed relationship and roughening may be applied
to the outer faces of the superposed sheets, the inner
mating faces or any combination of inner faces and
outer faces.

25 9. An edge lit illumination device according to any of
claimg 1-8, wherein the drop-off of 1light output
across the surface is less than 4000 lux.

10. An edge 1lit illumination device according to any of
claime 1-9, wherein the transmission element is less

30 than 3000mm in the dimension perpendicular to or away

from the light source edge.



12. An edge lit illum nation device according to any of 5 clainms 1-11,
wherei n nmethods of making the transm ssion el enent include cast
pol yrer i s@ig @mksaz2noul di ng, extrusion and enbossi ng and cog¢dmesiimierzl3. An

edge lit illum nation device according tg,any of <clains 1-12, wherein
roughening on the surface layer 10 of the co-extruded nmaterial is effected
by suitable matting or gloss-control agents. 14. An edge lit illum nation

device according to any of clainms 1-13, wherein the transm ssion el enent
is between 1I00mm ardg8000m Ldhyminat hendidestisionagsopipandicudBy &F or

avay, fromine |8k pUCE Ctforel oD SiRRIAIGH N ORSD deviens
her ei nbefore destgi bedomndi mi thicefesence to figure 6. 20
12. An edge lit illumination device according to any of
5 claims i-11, wherein methods of making the
transmission element include cast polymerisation,
moulding, extrusion and embossing and coextrusion.

13. An edge 1lit illumination device according to any of
claims 1-12, wherein roughening on the surface layer

10 of the co-extruded material is effected by suitable
matting or gloss-control agents.

14. An edge 1lit illumination device according to any of
claims 1-13, wherein the transmission element is
between 100mm and 3000mm long in the dimension

15 perpendicular to or away from the light source edge.

15. An edge 1lit dillumination device as hereinbefore
described.

16. An edge 1lit illumination device as hereinbefore
described and with reference to figure 6.

20



