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(57) ABSTRACT 

Atopsheet for a touch screen includes a support layer having 
a touch surface and a second surface opposite the touch 
surface; a polariZer layer having a ?rst surface and a second 
surface With the ?rst surface of the polariZer in contact With 
the second surface of said support layer; and a ?rst conduc 
tive layer in contact With the second surface of said polar 
1Zer. 
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TOUCH SCREEN WITH POLARIZER AND 
METHOD OF MAKING SAME 

RELATED APPLICATIONS 

[0001] This application claims bene?t of US. Provisional 
application Ser. No. 60/179,873 ?led Feb. 2, 2000 entitled 
“POLARIZER TOUCH SCREEN FOR A LIQUID CRYS 
TAL DISPLAY DEVICE.” 

FIELD OF INVENTION 

[0002] This invention relates to a touch screen With a 
polariZer in the top sheet and to such a touch screen 
integrated With an LCD, With one polariZer of the LCD in the 
topsheet of the touch screen. 

BACKGROUND OF INVENTION 

[0003] Touch screens are Widely used in many applica 
tions, including computer interfaces, LCDs, and many of 
today’s small portable devices such as personal data assis 
tants and cellular telephones. Touch screen/LCD combina 
tions are especially useful in such portable devices. Touch 
screens include, but are not limited to, resistive ?lm type and 
capacitive touch screens. 

[0004] The optical ef?ciency of typical resistive ?lm type 
touch screens is 75 to 85%. LCDs are even less efficient, due 
to the polariZer layers Which are inherent to polariZers, With 
typical optical efficiencies of only 50% being common. 

[0005] PolariZer layers have been added to touch screens 
to improve the optical ef?ciency of touch screen/LCD 
combinations, however, the polariZer layer Was placed 
above the polycarbonate support layer, i.e., closer to the 
touch surface of the touch screen. This implementation 
eXposes the polariZer layer to substantial physical contact. 
Because the polariZer layer is less durable than the polyeth 
ylene terephthalate (PET) layer Which is near the touch 
surface of typical touch screens, such a placement of the 
polariZer layer results in a less durable touch screen. 

[0006] Additionally, the placement of the polariZer above 
the support layer requires that the support layer be optically 
isotropic for the touch screen/LCD combination to function 
properly. This results in a thicker and more costly touch 
screen because the polycarbonate support layer cannot be 
made from a draWn polycarbonate material, Which is 
cheaper and may be draWn to much smaller thicknesses than 
polycarbonate materials Which are cast or formed by other 
methods. Also, draWn polycarbonate material is not suf? 
ciently optically isotropic for such applications. 

[0007] One such structure is disclosed in the article “Van 
guard of Liquid Crystal and PDP Development” by Y. 
Mitani, et al. (Japan, 1997) and is shoWn in FIG. 1. This 
structure includes a polariZer 56, comprising polyvinylalco 
hol (PVA) polariZing layer 50 sandWiched betWeen tWo 
cellulose triacetate (CTA) layers 52, 54. This is coated on the 
top surface With a hardcoat 58, Which reduces scratches on 
the top surface. The polariZer is bonded to polycarbonate 
support layer 60 coated With indium tin oXide (ITO) layer 
62. The polycarbonate provides physical support required of 
a topsheet, and is optically isotropic. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of this invention to provide 
an improved touch screen With a polariZer Which is more 
durable. 
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[0009] It is a further object of this invention to provide 
such an improved touch screen Which is loWer in cost. 

[0010] It is a further object of this invention to provide 
such an improved touch screen Which is lighter in Weight. 

[0011] It is a further object of this invention to provide 
such an improved touch screen Which is thinner. 

[0012] It is a further object of this invention to provide a 
method of manufacturing such a polariZing topsheet for a 
touch screen. 

[0013] This invention folloWs from the realiZation that 
touch screens can bene?t greatly from having a polariZer 
layer beloW the support layer of the topsheet to provide the 
optical bene?ts of a polariZer layer While being more 
durable, less costly, thinner and lighter than polariZer layers 
above the support layer. 

[0014] The present invention features a topsheet for a 
touch screen including a support layer having a touch 
surface and a second surface opposite the touch surface, a 
polariZer layer having a ?rst surface and a second surface 
With the ?rst surface of the polariZer in contact With the 
second surface of the support layer, and a ?rst conductive 
layer in contact With the second surface of the polariZer. 

[0015] In a preferred embodiment, the support layer may 
be a polyester sheet or it may be a polycarbonate sheet. The 
polariZer layer may include a K type polariZer. A ?rst 
hardcoat layer may be in contact With the second surface of 
the polariZer layer and the ?rst conductive layer may be in 
contact With the ?rst hardcoat layer. The ?rst hardcoat layer 
may have a roughened ?nish. 

[0016] An adhesion promoting agent may be in contact 
With the second surface of the polariZer layer. A second 
hardcoat layer may be in contact With the touch surface of 
the support layer. The ?rst conductive layer may include a 
plurality of discrete sections of conductive material. 

[0017] The touch screen may be a resistive ?lm type touch 
screen, and the ?rst conductive layer may engage a second 
conductive layer of the touch screen. 

[0018] This invention also features a method for manu 
facturing a topsheet including providing a support layer 
having a touch surface and a second surface opposite the 
touch surface, laminating a polariZer layer to the second 
surface of the support layer, the polariZer layer having ?rst 
and second surfaces, and coating the second surface of the 
polariZer layer With at least a conductive coating. 

[0019] In a preferred embodiment, the method may also 
include applying a ?rst hardcoat layer to the second surface 
of the polariZer layer prior to the coating step. An adhesion 
promoting agent may be applied to the second surface of the 
polariZer layer before applying the ?rst hardcoat layer. The 
hardcoat layer may include a rough surface. A second 
hardcoat layer may be applied to the touch surface of the 
support layer. 

[0020] The coating step may be a vacuum sputtering 
process. The polariZer layer may be vacuum etched prior to 
the coating step. The ?rst hardcoat layer may be plasma 
etched before the vacuum sputtering process. A thin ?lm 
metal oXide layer may be applied to the second surface of the 
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polariZer layer before the coating step. A thin ?lm metal 
oxide layer may be applied to the ?rst hardcoat layer before 
the coating step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Other objects, features and advantages Will occur 
to those skilled in the art from the following description of 
a preferred embodiment and the accompanying draWings, in 
Which: 

[0022] FIG. 1 is a cross-sectional vieW of a prior art 
topsheet With polariZer; 

[0023] FIG. 2 is a cross-sectional vieW of a topsheet With 
a polariZer according to the present invention; 

[0024] FIG. 3 is a cross-sectional vieW of a touch screen 
With a topsheet With a polariZer, combined With an LCD, 
according to the present invention; 

[0025] FIG. 4 is a cross-sectional vieW of a topsheet With 
a polariZer and a thin metal oxide ?lm, according to the 
present invention; and 

[0026] FIG. 5 is a How diagram of a method of manufac 
turing a topsheet With a polariZer layer according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] The present invention features a polariZer topsheet 
as shoWn in FIG. 2 Which overcomes the technology prob 
lems found in prior art. The polariZer topsheet in FIG. 2 has 
a PET or polycarbonate support layer 70 laminated above 
the polariZer 72. The thickness of the PET or polycarbonate 
support layer is betWeen 0.001 and 0.010 inches. This 
construction With the support layer above the polariZer 
protects the polariZer material from damage caused by the 
crushing pressure on the topsheet resulting from ?nger or 
stylus contact. It also reduces the potential for damage due 
to ?exing of the topsheet as it is pressed by a ?nger or stylus, 
by reducing the radius of ?ex of the polariZer material. 

[0028] A hardcoat 74 may be coated on the top surface of 
the topsheet. This protects the topsheet from scratches. 
Hardcoat is typically a cured acrylic resin, coated onto the 
surface of a substrate by applying a liquid acrylic material, 
then evaporating aWay the solvents in the liquid, then curing 
the acrylic With UV light. The acrylic may also contain silica 
particles. These transparent particles give a roughened ?nish 
to the cured hardcoat, giving it anti-glare optical properties. 
Hardcoat materials and coating services such as the Terrapin 
product from Tekra Advanced Technologies Group in Ber 
lin, Wisconsin have proven suitable for the purposes 
described herein. 

[0029] A hardcoat 76 may also be coated on the bottom 
surface of the topsheet, betWeen the polariZer 72 and the 
conductive coating 78. This hardcoat protects the polariZer 
and reduces the dehydration and other effects of vacuum and 
heat on the polariZer during the conductive coating process. 
In addition, an anti-glare hardcoat under the conductive 
coating has the effect of diffusing light that is re?ected from 
the adjacent conductive coating layer, reducing glare and 
also reducing NeWton rings Which otherWise form due to the 
proximity of tWo re?ective conductive coating layers sepa 
rated by an air gap and spacer dots. The hardcoat betWeen 
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the polariZer and the conductive coating also protects the 
polariZer from physical damage When pressure is put onto 
the topsheet by ?nger touch or stylus. Such pressure causes 
?exing of the topsheet and also can cause damage Where the 
touch screen spacer dots are pressed against the topsheet 
causing local, severe deformation of the topsheet. The 
relatively high durometer of the acrylic and silica hardcoat 
relative to the polariZer material reduces local stresses on the 
polariZer material under touch or stylus pressure. 

[0030] The conductive coating described herein is typi 
cally ITO (indium tin oxide) With a conductivity betWeen 
100 ohms per square and 2000 ohms per square. For higher 
resistance in the range of 1000 to 4000 ohms per square, tin 
antimony oxide is sometimes used. These coatings are 
typically applied onto sheets of organic materials such as 
PET, using a vacuum sputtering process. The vacuum sput 
tering process may include plasma etching of the support 
layer, folloWed by sputtering of one or more coats of metal 
oxides. For touch screen use, the last layer to be deposited 
is a conductive layer, so the surface is conductive. Thin ?lm 
layers of silicon dioxide and/or titanium oxides may be used 
in combination With the conductive layer in suitable thick 
nesses to form an anti-re?ective stack. Typical thickness of 
each layer for this purpose is 1A Wave of visible light. The 
loWer layers of metal oxides may also be selected to serve 
the purpose of enhancing adhesion of the conductive metal 
oxide layer. Deposition of such layers of thin ?lm metal 
oxides is done by Neovac of Santa Rosa, Calif. and others. 

[0031] A resistive ?lm type touch screen 10 With a top 
sheet 8 including a polariZer layer 6 combined With an LCD 
12 is shoWn in FIG. 3. Touch screen 10 includes substrate 
4, typically glass, coated With a transparent conductor 1, 
typically Indium Tin Oxide (ITO). The ITO is typically 
applied in a vacuum sputtering process Which may also 
include additional layers of sputtered materials such as 
silicon dioxide (SiO2) adjacent to the ITO 1. Topsheet 8 is 
separated from substrate 4 by spacer dots 2. Topsheet 8 
includes a layer of plastic 3, typically PET, polariZer layer 6, 
and ITO layer 5. 

[0032] The LCD 12 comprises a layer of liquid crystal 
material 14 sandWiched betWeen 2 substrates 16, 18, typi 
cally made of glass. Layers of ITO 20, 22 are deposited on 
each substrate adjacent to the liquid crystal material. Elec 
trical signals are selectively applied to speci?ed areas of the 
liquid crystal material via signal lines patterned in the ITO. 
PolariZer 26 is laminated onto glass substrate 18. With 
polariZer layer 6 in topsheet 8, there is no need for a 
polariZer layer on glass substrate 16, as Would be typical of 
an LCD Without topsheet 8 according to the present inven 
tion. 

[0033] All materials betWeen the tWo polariZers of an LCD 
must be optically isotropic. An LCD functions by orienting 
light into certain polarities, and any material Which diffuses, 
refracts, or changes polarity of light Will reduce the perfor 
mance of the LCD. Glass and some polycarbonates are 
optically isotropic. PET is not. Thus, the construction of a 
polariZer topsheet must use all isotropic materials beloW the 
polariZer layer. Materials meeting this requirement include 
some polycarbonates and cellulose triacetate (CTA). By 
placing polariZer layer 6 beloW support layer 3, it is possible 
to use non-optically isotropic PET for layer 3. 

[0034] There are several types of polariZing materials, 
including re?ective polariZers, dichroic polariZers, and 
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hybrid combinations of re?ective and dichroic polariZers, as 
described in US. Pat. No. 6,096,375. Dichroic polariZer 
types include H type and K type. Both H and K types Were 
invented by Land and Rogers, and are described in US. Pat. 
Nos. 2,173,304; 2,255,940; and 2,306,108. H polariZers are 
used in many commercial applications, including virtually 
all current LCD displays. H polariZers are made by linear 
orientation (stretching) of a polyvinylalcohol (PVA) ?lm, 
the surface of Which is then imbibed With an iodine solution 
Which forms the required chromophores. A boron compleX 
is then used to stabiliZe the coating. Sheets of cellulose 
triacetate (CTA) are then laminated on both sides of the ?lm 
to protect the relatively vulnerable polariZing layer. K polar 
iZers also start With a PVA sheet, but the PVA molecular 
structure of linked H—C—H and H—C—OH molecules are 
selectively dehydrated to form a polyvinylene of linked HC 
molecules. Suf?ciently long, oriented chains of the HC 
structure absorb light in the visible spectrum. 

[0035] The molecular structure of K polariZers are more 
stable than H polariZers, so K polariZers are more robust for 
general use issues including temperature range. In spite of 
these advantages, K polariZers have not gained Wide com 
mercial use due to problems including cost, polariZing 
ef?ciency, and lack of absorbance in the red region of 
crossed K polariZers. These disadvantages are balanced 
hoWever, by the K polariZer’s particular advantages in areas 
that are uniquely important for touch screen applications, 
including resistance to degradation by ?exing, and resis 
tance to degradation by crushing pressure of a stylus tip, and 
compatibility With chemicals such as acrylics used in hard 
coats and With the chemicals used in PSA’s (pressure 
sensitive adhesives). 
[0036] PolariZer touch screens are used to great advantage 
on LCD displays. The upper polariZer required by an LCD 
may be laminated With the topsheet of the touch screen 8, 
rather than being mounted on the top glass substrate 16 of 
the LCD. The touch screen may then be placed over the LCD 
display, or alternatively the touch screen substrate 4 may be 
eliminated, and transparent conductor 1 may be coated 
directly onto the LCD substrate 16, so the LCD substrate 16 
serves as the substrate of the touch screen. This fully 
integrated touch screen/LCD con?guration is possible only 
if the top LCD polariZer is moved to the topsheet 8. 

[0037] There are several advantages of such a polariZer 
touch screen and LCD combination. The optical ef?ciency 
may be improved, e.g., ambient light re?ections can be 
signi?cantly reduced. The structure alloWs omission of the 
touch screen substrate, With the topsheet mounted directly 
on the LCD. This reduces thickness and Weight. Cost may be 
minimiZed because of reduced components, and because 
integration may be done as part of the LCD manufacturing 
process. 

[0038] A preferred embodiment of the topsheet structure 
80 is shoWn in FIG. 4. PET is used for the support layer 82. 
PET is loWer in cost than polycarbonate. PET is proven 
structurally and optically appropriate for the topsheet appli 
cation, and it is available in thinner sheets than polycarbon 
ate. Optically isotropic polycarbonate cannot be made by 
draWing the material into sheets. This limits the minimum 
thickness of polycarbonate sheets to the range of 0.010 
inches, Which is greater than the optimal topsheet thickness 
of 0.005 to 0.008 inches. Polycarbonate is also more eXpen 
sive than PET. 
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[0039] Though any polariZer 84 may be laminated to the 
PET layer, the preferred polariZer material is a K type 
polariZer. 3M Optical Systems Division in NorWood, Mass., 
formerly a division of Polaroid, sells a commercially avail 
able K polariZer knoWn as “KE”. 

[0040] Optically isotropic hardcoat material is used for 
hardcoat 86. Cured acrylic hardcoat materials such as the 
brand name Terrapin from Tekra Advanced Technologies 
Group in Berlin, Wis. have suf?ciently loW birefringence to 
qualify for this purpose. 

[0041] An adhesion promoter 83 may be used to improve 
the bond betWeen the polyvinylene based K polariZer and 
the acrylic hardcoat 86. It Was found that silane primer 
vinyltrimethoXysilane, [Si(OCH3)3] applied to the polariZer 
surface immediately prior to hardcoating, provided suf?cient 
adhesion to Withstand the demanding requirements of a 
touch screen. The primer that Was found best is made by 
Witco of GreenWich, Conn., USA under the brand name 
Silquest A-171. K polariZers are suf?ciently chemically 
stable to tolerate application of the silane adhesion promoter 
Without degrading optical performance of the polariZer. 

[0042] Second hardcoat 88 may be applied to the touch 
surface of support layer 82. Topsheet structure 80 compris 
ing support layer 82, polariZer 84, adhesion promoter 83 and 
?rst hardcoat 86 is vacuum sputter coated With conductive 
coating 90. The design of topsheet structure 80 alloWs it to 
Withstand the temperatures and high vacuum environment of 
the sputter coating process, as Well as vacuum plasma 
etching process. Thin ?lm metal oxide layer 92 may be 
applied to conductive coating 90. Thin ?lm metal oXide 
layer 92 may be a multi-layer structure and may be useful as 
an anti-re?ective stack. 

[0043] A method 100 for manufacturing a topsheet With a 
polariZer layer is shoWn in FIG. 5. Method 100 includes the 
steps of providing a support layer having a touch surface and 
a second surface opposite the touch surface, step 102, 
laminating a polariZer, having a ?rst surface and a second 
surface, to the second surface of the support layer, step 106, 
and coating the second surface of the polariZer With a 
conductive layer, step 116. Applying a ?rst hardcoat layer to 
the polariZer, step 110, may be done prior to coating step 
116. Applying an adhesion promoting agent to the polariZer, 
step 108, may be done prior to applying step 110. After 
applying step 110, plasma etching of the hardcoat layer, step 
112, may be performed. Applying a thin ?lm metal oXide 
layer, step 114 may be performed before coating step 116. 
Step 114 may be performed more than once to that a 
multi-layer anti-re?ective stack is formed. Applying a sec 
ond hardcoat layer to the touch surface of the support layer, 
step 104, may also be performed. 

[0044] The improved topsheet of this invention may be 
used to advantage in several different con?gurations. These 
include a resistive polariZer touch screen overlaid on an 

LCD; a resistive polariZer touch screen, laminated to an 
LCD; and a fully integrated LCD and resistive polariZer 
touch screen. These improved con?gurations can reduce 
optical re?ectance of the touch screen by 15% to 30% While 
reducing thickness of the touch screen by as much as 85%. 

[0045] While polariZer touch screens can be used to great 
est cost advantage on LCD’s, they are also useful With any 
type of display including CRT’s, OLED’s, and plasma 
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displays in applications Where minimizing re?ections is 
important. For example, When a display and touch screen are 
used outdoors, the display must be readable in a Wide range 
of ambient light conditions, including direct sunlight and 
darkness. Examples of such applications include outdoor 
ATM machines, ticketing machines, and gasoline pumps. 
Where sunlight readability is required, a polariZer touch 
screen’s reduced re?ections become a major bene?t Worth 
the added cost of a polariZer. 

[0046] Although speci?c features of the invention are 
shoWn in some draWings and not in others, this is for 
convenience only as each feature may be combined With any 
or all of the other features in accordance With the invention. 
The Words “including”, “comprising”, “having”, and “With” 
as used herein are to be interpreted broadly and comprehen 
sively and are not limited to any physical interconnection. 
Moreover, any embodiments disclosed in the subject appli 
cation are not to be taken as the only possible embodiments. 

[0047] Other embodiments Will occur to those skilled in 
the art and are Within the folloWing claims: 

What is claimed is: 
1. A topsheet for a touch screen comprising 

a support layer having a touch surface and a second 
surface opposite the touch surface; 

a polariZer layer having a ?rst surface and a second 
surface With the ?rst surface in contact With the second 
surface of said support layer; and 

a ?rst conductive layer in contact With the second surface 
of said polariZer. 

2. The topsheet structure of claim 1 Wherein the support 
layer is a polyester sheet. 

3. The topsheet structure of claim 1 Wherein the support 
layer is a polycarbonate sheet. 

4. The topsheet structure of claim 1 Wherein the polariZer 
layer includes a K type polariZer. 

5. The topsheet structure of claim 1 including a ?rst 
hardcoat layer in contact With the second surface of said 
polariZer layer and said ?rst conductive layer is in contact 
With said ?rst hardcoat layer. 

6. The topsheet structure of claim 5 Wherein said ?rst 
hardcoat layer has a roughened ?nish. 

7. The topsheet structure of claim 5 including an adhesion 
promoting agent in contact With the second surface of said 
polariZer layer. 

8. The topsheet structure of claim 1 including a second 
hardcoat layer in contact With the touch surface of said 
support layer. 
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9. The topsheet structure of claim 1 Wherein said ?rst 
conductive layer includes a plurality of discrete sections of 
a conductive material. 

10. The topsheet structure of claim 1 Wherein the touch 
screen is a resistive ?lm type touch screen and said ?rst 
conductive layer engages a second conductive layer of the 
touch screen. 

11. A method of manufacturing a topsheet for a touch 
screen comprising 

providing a support layer having a touch surface and a 
second surface opposite the touch surface; 

laminating a polariZer layer to the touch surface of said 
support layer, said polariZer layer having a top surface 
and a bottom surface; and 

coating the bottom surface of said polariZer layer With at 
least a conductive layer. 

12. The method of manufacturing a topsheet of claim 11 
further comprising applying a ?rst hardcoat layer to the 
bottom surface of said polariZer layer prior to said coating 
step. 

13. The method of manufacturing a topsheet of claim 12 
further comprising applying an adhesion promoting agent to 
the bottom surface of said polariZer prior to the step of 
applying said ?rst hardcoat layer. 

14. The method of manufacturing a topsheet of claim 12 
Wherein said hardcoat layer includes a rough surface. 

15. The method of manufacturing a topsheet of claim 11 
further comprising coating the touch surface of said support 
layer With a second hardcoat layer. 

16. The method of manufacturing a topsheet of claim 12 
Wherein said coating step is a vacuum sputtering process. 

17. The method of manufacturing a topsheet of claim 16 
further comprising plasma etching said ?rst hardcoat layer 
prior to said vacuum sputtering process. 

18. The method of manufacturing a topsheet of claim 11 
further comprising applying at least one thin ?lm metal 
oXide layer to the bottom surface of said polariZer layer prior 
to said coating step. 

19. The method of manufacturing a topsheet of claim 12 
further comprising applying at least one thin ?lm metal 
oXide layer to said ?rst hardcoat layer prior to the coating 
step. 

20. The method of manufacturing a topsheet of claim 11 
Wherein said coating step is a vacuum sputtering process. 

21. The method of manufacturing a topsheet of claim 20 
further comprising plasma etching said polariZer layer prior 
to said coating step. 


