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TRANSPARENT ARTICLE 

0001. The present invention relates to transparent articles 
and more particularly to a method of producing transparent 
articles having a coating thereon, e.g. to improve their 
abrasion resistance and/or optical properties. The invention 
relates particularly, but not exclusively, to the production of 
transparent articles for use as windows in display devices. 
0002 Display units in articles such as calculators and 
mobile phones generally have a transparent (usually plas 
tics) window with a thickness of at least 100 microns (e.g. 
200 microns) which acts as a protective barrier for the 
display device yet allows the information displayed to be 
viewed by the user. 
0.003 For many applications it may be desired to improve 
the Surface characteristics of the window to avoid factors 
Such as abrasion, glare in Strong or direct Sunlight and 
fogging in cold and/or humid conditions and for this purpose 
various coats have been employed These coatings have been 
applied to the Screen by techniques including May coating 
dip coating and flow coating. 
0004. Whilst the coatings have red the physical and 
optical properties of the display Screens the coating methods 
themselves have a number of disadvantages associated 
there with. In particular, the methods are capital intensive, 
requite Substantial facilities and Services therefor and need 
highly qualified technical Support. 

0005. In addition it is very labour intensive using the 
above methods to coat Selected areas of the Surf as this can 
only be achieved by masking of the areas of the Surfaces that 
are to remain uncoated. 

0006. It is an object of the present invention to obviate or 
mitigate the problems outlined above. 
0007 According to a first aspect of the present invention 
there is provided a method of producing a transparent article 
comprised of a parent base Substrate having a thickness of at 
least 100 microns and a Surface coating of a transparent resin 
wherein the resin is applied to the base Substrate by means 
of a jet printer. 
0008 According to a second aspect of the invention there 
is provided a transparent article produced by the method of 
the preceding paragraph. 

0009 Thus in accordance with the invention a transparent 
resin coating is applied to the transparent base Substrate by 
means of a jet printer. Such printers provide a particularly 
convenient method of applying the coating (which may be 
continuous or discontinuous) Since they may be operated 
under computer control to provide the coating on the desired 
areas of the Substrate. Furthermore Such printers are readily 
available and provide a relatively cheap means for the 
accurate application of the coating in the mass production of 
transparent articles. 

0.010 Generally the substrate will have a thickness of at 
least 125 microns preferably at least 150 microns, more 
preferably at least 175 microns and most preferably at cast 
200 microns. Typically the thickness will be at least 300 and 
more preferably at least 400 microns. Generally the thick 
ness of the substrate will be at most 20 mm, preferably at 
most 15 mm more preferably at most 12 mm and most 
preferably at most 10 mm. Typically the thickness of the 
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substrate will be at most 8 mm, more preferably at most 6 
mm, even more preferably at most 5 mm and typically at 
most 4 mm. 

0011 Most usually, the thickness will be in the range 750 
microns to 3 mm. 

0012. The coating that is applied may for example be one 
which improves the abrasion resistance of the base Substrate 
(a so-called "hardcoat’) and/or the optical properties thereof 
(e.g. an anti-fog coating). The coating may incorporate a dye 
or pigment whilst still retaining its transparency. 
0013. It is preferred that the jet printer is an ink-jet printer 
or a bubble jet printer. Most preferably the printer is an 
ink-jet printer. A particularly Suitable printer is available 
from WEBER, model ML 500. 
0014) An ink-jet printer has a plurality (e.g. 96) of 
irk-jets. The jets may be operated continuously or may be 
operated in accordance with a particular programmed pate 
for applying the coating. By operating the jets in accordance 
with Such a program coating of Selective areas of the 
Substrate may be achieved For example portions of the 
Substrate that need to be affixed to other members in order 
to form an assembled device can be selectively left 
uncoated, e.g. edge portions. 
0015 The invention may be used for the coating of 
transparent Substrates of relatively Small size, e.g. having a 
longitudinal dimension of up to 20 cm and a transverse 
dimension of up to 15 cm. Such Substrates may be fed in 
Succession to the jet printer for the coating operation to be 
effected So that relatively Small coated articles may be 
produced at a high rate. The invention may, however, also be 
used for the coating of larger Substrates. A digital ink-jet 
printer having a number of printing heads is particularly 
Suitable for the coating of larger Substrates. 
0016. The invention is particularly applicable to the 
application of coatings onto base Substrates of a plastics 
material which may be a thermoplastics or thermoset mate 
rial. Examples of Suitable plastics include polycarbonates, 
polyacrylics, polyesters and allyl carbonate (CR39). Alter 
natively the transparent Substrate may be of glass. 
0017. The resin to be applied by the jet printer is pref 
erably formulated as a Solution or Suspension in an appro 
priate carrier liquid. It is particularly preferred that the 
solution or suspension has a viscosity of 50 to 500 cP as 
measured on a Brookfield RVT Viscometer, Spindle No. 
RV2, 20 rpm at 25 C. Solutions or suspension of Such 
Viscosity are particularly Suitable for formation of a coating 
by a jet printing technique 
0018 Various types of resin may be applied by the 
technique of the invention, e.g. polyurethanes, acrylates 
Siloxanes, acrylics and combinations thereof. It is particu 
larly preferred that the resin is croSS-linkable So as to be 
capable of forming a cured coating on the base Substrate. 
CroSS linking may, for example, be by means of air drying, 
uV curing or thermal curing. 
0019) “Hardcoats” will generally be based on either acry 
late or Siloxane chemistry and cured using either uV or 
thermal means. Anti-fog coatings may for example be based 
on hydrophilic polyurethanes. 
0020 Aparticularly preferred embodiment of the method 
of the invention comprises feeding transparent articles in 



US 2004/0191414 A1 

Succession to the jet printer and then through a drying tunnel 
and a curing Station. The coating is applied at the printer and 
residual Solvent is removed on passage of the Substrates 
through the drying tunnel. Finally the curing Station effects 
cross-linking of the resin (preferably by uV curing) to form 
a coherent coating thereof on the transparent Substrate. 
0021. The thickness of the rein coating will depend on the 
intended application of the Substrate and/or the nature of the 
coating but will generally be in the range of 5 to 100 
microns, more preferably 5 to 50 microns. In the case of a 
“hardcoat for improving abrasion resistance the coating 
thickneSS will typically be 5-8 microns Since increasing the 
thickneSS does not have any beneficial effects on the coating 
performance and may in fact be counter productive. In 
contrast the performance of anti-fog coatings is improved by 
increasing coating thickness So that values in the range 10 to 
20 microns or higher may be most beneficial. 
0022. For preference the method of the invention is 
performed in a “clan' environment, i.e. an environment that 
is Substantially free from dust and other atmospheric com 
ponents which may detrimentally affect the coating proceSS 
by affecting the binding of the resin to the base substrate 
and/or its Subsequent curing. 
0023 Preferably the method of the invention is carried 
out in an environment Separated from the ambient atmo 
sphere. This may be achieved by opening the method of the 
invention in a “tent, particularly a tent which has its own 
integral air/gas Supply. In this way the tent atmosphere may 
be modified, e.g. to provide an inert atmosphere for the 
coating process and/or a positive tent pressure (i.e. a pres 
Sure above atmospheric) to exclude contaminants. 
0024 AS indicted above, the resin may be one which is 
intended to provide an abrasion reset coating on the trans 
parent base Substrate and/or improve the optical properties 
thereof e.g. by way of being an anti-glare or anti-mist 
coating. 
0.025 The invention is particularly applicable to the 
application of abrasion resistant coatings to plastics Sub 
Strates. Abrasion resistance may be measured in accordance 
with ASIM D-1044 in which a CS1 OF Standard wheel 
having a 500 gram load is rotated 1000 times on a sample. 
The HAZE value of the abraded substrate may then be 
measured. Uncoated acrylic and uncoated polycarbonates 
substrates give HAZE values of around 30% and 33% 
respectively (the exact value depending on thickness and 
Source of Supply). Use of the invention to apply a “hardcoat” 
to these substrates mikes it possible to reduce these HAZE 
values to less than the 10% maximum permitted by the 
ASTM specification. It is possible, for example, to reduce 
the HAZE values to and typically to 24% and even lower in 
certain cases, e.g. 1-1.5%. 
0026. The advantages obtained in accordance with the 
method of the invention render it particularly suitable for the 
production of transparent Substrates for use in a display 
device (e.g. LCD device) in a mobile phone or calculator. 
0027. Therefore in accordance with a third aspect of the 
present invention there is provided a display device having 
a display window which is a transparent article in accor 
dance with the Second aspect of the invention. 
0028. The method of the invention may for example be 
used to produce a window (for a mobile phone or other item 
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with a display device) from a pre-moulded transparent 
Substrate to which is then applied a transparent coating in 
accordance with the method of the invention. Optionally the 
transparent Substrate may also be provided with an opaque 
boarder formed of appropriately pigmented resin. The 
boarder may be applied to the same Side as, or opposite Side 
to, that to which the transparent coating has been applied. In 
either case the opaque border may be applied by pad coating 
or by means of a jet printer. The use of a jet printer will be 
particularly convenient when the opaque boarder is applied 
to the same Side of the Substrate as the transparent coating. 

1. A method of producing a transparent article comprised 
of a transparent base Substrate of a plastics material having 
a thickness of at least 100 microns and an abrasion resistant 
Surface coating of a transparent resin, wherein the uncoated 
transparent base Substrate has a HAZE Value as measured in 
accordance with ASTM D-1044 in excess of 30% and the 
coated Substance has a HAZE value of less than 10%, 
characterised in that the resin is applied to the base Substrate 
by means of a jet printer. 

2. A method according to claim 1 wherein the transparent 
base Substrate has a thickness of at least 200 microns. 

3. A method according to claim 2, wherein the transparent 
base-substrate has a thickness of at least 300 microns. 

4. A method according to claim 3 wherein the transparent 
based Substrate has a thickness of at least 400 microns. 

5. A method according to claim 4 wherein the transparent 
base Substrate has a thickness of 750 microns to 3 mm. 

6. A method according to any one of claims 1 to 5, 
wherein the jet printer comprises an ink-jet printer or a 
bubble jet printer. 

7. A method according to claim 6, wherein the printer is 
an ink-jet printer. 

8. A method according to any one of claims 1 to 7, 
wherein Selected areas of the Substrate remain uncovered. 

9. A method according to any one of claims 1 to 8, 
wherein the transparent base Substrate has a longitudinal 
dimension up to 20 cm and a transverse dimension up to 15 
C. 

10. A method according to any one of claims 1 to 9, 
wherein Substrates are fed Successively to the jet printer for 
the coating operation to be effected. 

11. A method according to any one of claims 1 to 10, 
wherein the transparent base Substrate comprises a plastics 
material. 

12. A method according to claim 17, wherein the plastics 
material is polycarbonates, polyacrylic, polyester or allyl 
carbonate. 

13. A method as claimed in any one of claims 1 to 12 
wherein the resin applied by means of the jet printer is a 
curable resin and the method further comprises effecting 
curing of the resin as applied by the printer. 

14. A method as claimed in claim in claim 3 wherein after 
application of the coating by the printer the Substrate is fed 
Successively through a drying Station and a curing Station. 

15. A method according to any one of claims 1 to 4, 
wherein the resin coating thickness is from 5-50 microns. 

16. A display device incorporating a transparent article 
produced by the method according to any one of claims 1 to 
15. 

17. A mobile telephone incorporating a display device as 
claimed in claim 16. 


